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Abstract

Children with Autism Spectrum Disorder (ASD) exhibit characteristic atypi-
cal facial expression features, including a predominance of neutral expressions,
reduced positive expressions, low frequency of social smiling, and impaired spon-
taneous facial expression imitation ability. These features remain stable from
early childhood through childhood and have become important markers for ASD
risk assessment. However, traditional research methods (such as manual eval-
uation and facial electromyography) suffer from limitations in analyzing facial
expressions of children with ASD, including strong subjectivity, time-consuming
procedures, and difficulty in generalization. In recent years, the rapid devel-
opment of artificial intelligence has enabled the application of automated ex-
pression recognition technology based on computer vision and deep learning,
which not only significantly improves analytical efficiency but also reduces sub-
jective errors in human evaluation, providing strong support for large-scale early
screening of ASD based on atypical facial expression features. Future research
can further optimize recognition models by designing elicitation paradigms that
more closely approximate naturalistic contexts, deeply explore the diverse facial
expression characteristics of children with ASD, and simultaneously enhance
model accuracy and sensitivity to advance the development of early screening
and intervention for ASD.
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Abstract

Children with Autism Spectrum Disorder (ASD) exhibit distinctive atypical fa-
cial expression characteristics, including a predominance of neutral expressions,
reduced positive expressions, low frequency of social smiling, and insufficient
spontaneous facial expression imitation. These features remain stable from
early childhood through later developmental stages and have become impor-
tant markers for ASD risk assessment. However, traditional research methods
(such as manual evaluation and facial electromyography) suffer from limitations
including strong subjectivity, time consumption, and difficulty in large-scale
application when analyzing facial expressions in children with ASD. In recent
years, rapid advances in artificial intelligence have enabled the application of au-
tomated expression recognition technology based on computer vision and deep
learning. This approach not only significantly improves analytical efficiency but
also reduces subjective errors in human evaluation, providing strong support
for large-scale ASD early screening based on atypical facial expression charac-
teristics. Future research can further optimize recognition models by designing
induction paradigms that more closely approximate natural contexts, deeply ex-
ploring the diverse facial expression characteristics of children with ASD, while
simultaneously enhancing model accuracy and sensitivity to advance the devel-
opment of ASD early screening and intervention.

Keywords: autism spectrum disorder, facial expression, computer automatic
recognition

1 Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder character-
ized primarily by social impairments, difficulties in verbal and nonverbal com-
munication, and repetitive and stereotyped behaviors (First, 2013). ASD not
only poses significant challenges for patients and their families but also creates
substantial economic burdens for society. Although no clear cognitive-neural
markers or effective treatment methods have been identified to date (Saral et
al., 2023), research indicates that early identification and intervention can sig-
nificantly improve language abilities, cognitive development, and behavioral per-
formance in children with ASD, thereby enhancing their long-term quality of
life (Thabtah & Peebles, 2019). Consequently, efficient early screening forms
the foundation for subsequent precise intervention and is crucial for the overall
development of children with ASD (Wieckowski et al., 2021).

In recent years, atypical facial expression characteristics have gradually been
recognized as important clues for early screening of ASD (Egger et al., 2018;
Hashemi et al., 2021). Compared to children with typical development (TD),
children with ASD typically exhibit more neutral expressions, fewer positive ex-
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pressions, and lower frequencies of social smiling, while their spontaneous facial
expression imitation abilities are also weaker (Manfredonia et al., 2019). These
atypical facial expression characteristics directly impact their social competence
and emotional communication (Keating & Cook, 2021) and are considered im-
portant contributors to their social and communication impairments (Wieck-
owski et al., 2021), difficulties in emotion understanding, and delayed empathy
development (Grazzani et al., 2018). Therefore, early screening methods based
on atypical facial expression characteristics provide important evidence for ASD
diagnosis.

Assessment methods for atypical facial expression characteristics in children
with ASD have undergone three main developmental stages. The first stage pri-
marily relied on subjective judgment methods such as manual evaluation, home
video analysis, and retrospective interviews to assess facial expression charac-
teristics in children with ASD (Adrien et al., 1993; Clifford & Dissanayake,
2008). This approach required professional evaluators to make judgments based
on standardized tools. While professionally robust, it suffered from high subjec-
tivity and consumed substantial human resources and time. The second stage
employed electromyography (EMG) sensor technology to capture facial muscle
movement information for identifying atypical facial expression characteristics in
children with ASD (Beall et al., 2008; S5, %k7&%&, 2014). Although this method
improved measurement objectivity, it required children to wear contact devices
such as EMG electrodes, which could cause discomfort and inhibit natural ex-
pressions, affecting data authenticity and validity. Additionally, its operational
complexity limited application in large-scale screening. The third stage has ben-
efited from the rapid development of computer vision and artificial intelligence
technologies, which record facial expression data through non-contact &% de-
vices and analyze it using automated recognition algorithms (Egger et al., 2018;
Hashemi et al., 2021; EfsE%, 2020; EZ4%, 2021). This approach effectively re-
duces the impact of human intervention on evaluation results while significantly
improving efficiency and accuracy, making it particularly suitable for large-scale
screening scenarios. In the future, automated expression recognition technology
is expected to become an important tool for ASD risk assessment.

With the rapid growth of literature on children’s facial expressions, early screen-
ing methods based on atypical facial expression characteristics are considered
to have significant developmental potential. This article provides a systematic
review of empirical research in this field: First, it focuses on analyzing the mani-
festation, specificity, and stability of atypical facial expression characteristics in
children with ASD; second, it traces the developmental trajectory from manual
evaluation to computer-automated recognition technology, deeply exploring the
applicability, advantages, and limitations of each method; finally, it examines
the application of ASD early screening based on these facial expression charac-
teristics, with particular emphasis on the introduction of artificial intelligence
technology. This technology not only improves the ecological validity of screen-
ing (no direct contact with participants required) but also enhances screening
efficiency (capable of processing diverse data types and increasing processing
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speed) and demonstrates potential for large-scale sample screening, making it
highly representative and practical.

2.1 Literature Search Strategy

The literature search was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al.,
2009). Studies on facial expressions in children with ASD were retrieved from
PubMed, EMBASE, Web of Science, AMS-journals, China National Knowledge
Infrastructure (CNKI), and Wanfang databases from inception to September
2024. The search combined subject headings with free-text terms. English
search terms included Autism Spectrum Disorder, measuring Autism Risk Be-
haviors, Facial Emotions, Facial Expression, and Emotion Automatic. Chinese
search terms included MREERER (autism spectrum disorder), 1E#&RE (emo-
tion expression), #1& (empathy), IIMERHATHZE (autism early screening), and JL,
EEEKIE (children’s facial expression).

2.2.1 Inclusion Criteria

(1) Study participants: Children with ASD and TD children, where ASD
children met diagnostic criteria for ASD and were diagnosed by profes-
sional physicians, with no gender restrictions.

(2) Study content: Included measurement of facial expressions in ASD with
clear measurement indicators, using TD children or other non-ASD chil-
dren as control groups.

2.2.2 Exclusion Criteria

(1) Study participants: TD children only, and primarily adolescents and
adults (age > 12 years).

(2) Study content: No clear measurement indicators for facial expressions.
(3) Duplicate publications.

2.2.3 Literature Review Method

Based on the above criteria, six eligible studies were identified. The screening
process is shown in Figure 1 [Figure 1: see original paper].

Figure 1 Literature screening process and results

2.2.4 Basic Information of Included Studies

The results of the included studies show that with the rapid development of
artificial intelligence technology, researchers have used methods such as view-
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ing emotional face pictures, videos, cartoons, and human interaction videos to
elicit children’s facial emotional expressions, recorded these performances with
#B#& devices, and applied computer-automated recognition technology to identify
and evaluate facial expressions in children with ASD. This approach effectively
explores the potential of facial expressions as stable and effective markers of
risk behaviors, clearly distinguishing children with ASD from TD children, and
demonstrating that atypical facial expression characteristics have broad appli-
cation prospects in ASD early screening.

This review systematically included six studies on atypical facial expression
characteristics in children with ASD. Table 1 summarizes the research designs
and outcome indicators related to atypical facial expression characteristics in
these studies. The methods and results of the six studies are analyzed and
summarized below.

Table 1 Summary of sample characteristics, induction paradigms, and outcome
indicators of included studies

Measurement  Induction Stimulus Material ~ Facial Expression
Method Paradigm Emotion Indicators

Hashemi et Computer Watching videos Bubbles, jumping
al., 2021 recognition rabbits, and toys
(16-31

months)

BEEI5%E, 2020 Computer Watching videos Positive and negative
(3-6 years) recognition emotion cartoons
BEftE%, 2020 Computer Real-world Still-face paradigm
(8-18 months)  recognition interaction

ERRE, 2021 Computer Watching videos Funny videos of

(3-6 years) recognition mother feeding baby
Carpenter et Computer Watching videos Jumping rabbits,

al., 2021 recognition puppets, singing
(16-31

months)

Egger et al., Computer Watching videos Videos of women and
2018 (12-72 recognition toys

months)

Note: Computer recognition: Camera records children’s faces, computer auto-
matically recognizes facial expressions. Appropriateness: Facial expression emo-
tion matches the current situation. Automatic mimicry accuracy and frequency:
Children’s spontaneous imitation accuracy and frequency of facial expressions
without prompting. Frequency and duration: Frequency and duration of differ-
ent emotional facial expressions over a period. Reaction time: Time difference
between emotion induction and facial expression appearance.
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3.1.1 Prevalence of Neutral Facial Expressions and Reduc-
tion of Positive Expressions

Facial expressions are typically categorized as positive, negative, and neutral.
Generally, positive and negative expressions are triggered by specific emotional
stimuli, while neutral expressions often appear in situations lacking clear emo-
tional stimuli (Briot et al., 2021). Research indicates that children with ASD
show significantly different facial expression characteristics compared to TD
children or non-ASD children (Yeung, 2022). A meta-analysis by Trevisan et
al. (2018) revealed that children with ASD typically express emotions less fre-
quently through facial expressions, showing lower expression frequency and,
when expressions do occur, relatively shorter duration (Trevisan et al., 2018).
This characteristic makes a predominance of neutral expressions one of the early
features of ASD, particularly in social contexts where children with ASD more
frequently display neutral or emotionally flat facial expressions (Clifford & Dis-
sanayake, 2008). Related studies have further validated this characteristic. In
simulated daily interaction contexts, children with ASD showed significantly
longer durations of neutral expressions during mutual gaze with their mothers
compared to non-ASD children (FEf¥E%, 2020). In laboratory settings, when
viewing positive amusing videos (such as bubbles and jumping rabbits), chil-
dren with ASD still showed significantly prolonged neutral expression durations
while positive expression durations were markedly shortened (Egger et al., 2018;
Hashemi et al., 2021). Cross-sectional studies have also found that with increas-
ing age (1-5 years), the characteristic of neutral expressions predominating re-
mains stable in children with ASD. Although positive expressions increase with
age, their proportion remains significantly lower than that of neutral expressions
(Egger et al., 2018).

In summary, the characteristic of children with ASD showing predominantly
neutral facial expressions with reduced positive expressions may reflect signifi-
cant difficulties in emotion perception, social context understanding, and self-
emotion regulation. This feature is particularly prominent in social contexts
and remains stable with age. Therefore, the frequency and duration of facial
expressions can serve as early screening indicators for ASD risk behaviors.

3.1.2 Low Frequency of Social Smiling

In child development, smiling is one of the most common social behaviors. So-
cial smiling refers to children smiling while looking at others, a behavior that
typically emerges in TD children at 2-3 months of age and increases in frequency
with age (Ahn et al., 2024; Pezzotti et al., 2024). However, research indicates
that children with ASD show significant deficits in both the frequency and at-
tentional focus of social smiling. Compared to TD children, children with ASD
display social smiling less frequently in social contexts, a characteristic consid-
ered one of the important early indicators for ASD identification (Ahn et al.,
2024). A retrospective study by Alvari et al. (2021) used home videos com-
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bined with OpenFace Al-based software to analyze facial expression behaviors
and micro-movements in children aged 12-16 months. Results showed that com-
pared to TD children, children with ASD had significantly reduced frequency
and duration of social smiling (Alvari et al., 2021). This difference was particu-
larly evident in interactions with close family members; even when facing their
parents, children with ASD showed less initiative in displaying smiles. Similarly,
a study by Nichols et al. (2014) recruiting children aged 12-23 months showed
that high-risk ASD children had lower social smiling, non-social smiling, and eye
contact during smiling compared to lower-risk children (Nichols et al., 2014).
Additionally, Filliter et al. (2015) found that high-risk ASD children already
showed significantly lower levels and durations of social smiling at 6 months,
a characteristic that remained consistent in follow-up age groups at 12 and 18
months (Filliter et al., 2015). These results indicate that delays in social smiling
and emotional interaction in children with ASD are evident in early developmen-
tal stages and remain relatively stable in subsequent development. In summary,
the frequency, duration, and eye contact during smiling can all serve as reliable
markers for identifying potential ASD risk.

3.1.3 Insufficient Automatic Facial Expression Imitation
Ability

In social interactions, people typically imitate others’ facial expressions—for
example, unconsciously smiling when seeing a smiling face or frowning when
seeing an angry expression. This behavior is called “facial mimicry” and forms
the basis of multiple key social-cognitive functions (Liu et al., 2023). Clinical
research indicates that abnormalities in facial expression imitation ability are
closely related to severe social dysfunction (Korb et al., 2010).

Assessment of automatic facial expression imitation is primarily based on
contact-based facial EMG and non-contact video expression recognition
methods. Assessment indicators include multiple dimensions such as imitation
accuracy, automaticity, intensity, and reaction time. Through EMG analysis,
different expressions correspond to specific facial muscle activities: the zygo-
maticus major (located on both sides of the face, connecting the cheekbone
and mouth corner) is typically associated with smiling and happy expressions;
the corrugator supercilii (located above the eyebrows) is responsible for pulling
the eyebrows down and inward, commonly seen in angry expressions; and the
medial frontalis (located in the forehead region) is responsible for raising the
eyebrows, typically associated with surprise or confusion expressions. Based
on these muscle activity patterns, researchers can precisely analyze children’s
imitation abilities for different emotional expressions. Accordingly, Deschamps
et al. (2015) used EMG to study automatic imitation performance in 20
children with ASD and 27 TD children (aged 6-7 years) when viewing pictures
of angry, fearful, sad, and happy expressions. Results showed no significant
difference in imitation accuracy between the two groups, but social response
impairments in children with ASD were significantly associated with reduced
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frequency of imitation for fearful faces (Deschamps et al., 2015). In contrast,
a study by Beall et al. (2008) on children with ASD aged 8-13 years showed
that EMG responses to different emotional expression pictures in children
with ASD lacked stability and discriminability, suggesting that their facial
imitation ability may be deficient compared to TD children. However, the
imitation ability for happy expressions in children with ASD improved with
age (Beall et al., 2008). On the other hand, studies using non-contact video
expression recognition methods have reached similar conclusions. For example,
Liu et al. (2023) had children view static colored facial expression pictures
(such as happy, sad, and fearful) and used automatic facial coding software to
analyze video recordings. Results showed no significant difference in expression
imitation accuracy between children with ASD and TD children, but the
imitation intensity in children with ASD was significantly lower than that in
TD children (Liu et al., 2023).

Overall, studies based on both contact-based facial EMG and non-contact fa-
cial expression video recognition technologies consistently indicate that children
with ASD exhibit certain abnormalities in automatic facial expression imitation
ability. Although differences in expression imitation accuracy between children
with ASD and TD children are not significant, children with ASD show lower
imitation intensity, particularly with more ambiguous responses and weaker ex-
pression discrimination when facing negative emotions such as fear and anger.
Notably, with increasing age, the imitation ability for positive emotional ex-
pressions (such as happiness) in children with ASD improves. These studies
suggest that social response impairments in children with ASD may be closely
related to deficits in automatic facial expression imitation ability, particularly
in recognizing and imitating complex expressions. Future research could com-
bine larger sample sizes and multi-dimensional physiological response indicators
to further explore the developmental mechanisms of facial expression imitation
ability and its underlying neural basis, which would help develop more precise
early screening tools for ASD.

3.2.1 Manual Assessment

Manual assessment primarily relies on behavioral observation and evaluators’
subjective judgment to achieve early screening of children with ASD (Dawson
et al., 2005). This method mainly includes two approaches: First, evaluators
assess children with ASD based on standardized diagnostic tools, such as using
infant autism screening scales to collect data on children’s daily behaviors and
cognitive abilities, with professional doctors conducting evaluations through ob-
servation to screen for ASD (Guthrie et al., 2019; Thabtah & Peebles, 2019).
Second, evaluators conduct frame-by-frame analysis of facial expression changes
in children with ASD based on videos of their overt behaviors recorded by par-
ents, according to standardized tools (Clifford & Dissanayake, 2008). However,
whether based on standardized tools for professional evaluation or manual cod-
ing through frame-by-frame analysis of home videos, these traditional screening
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methods have the following limitations: (1) Dependence on professional re-
sources: Professional doctor screening requires long-term training, but short-
ages of medical resources lead to extended screening times, potentially missing
critical intervention periods. (2) Subjectivity limitations: The evaluation
process is susceptible to evaluators’ subjective factors, reducing the objectivity
of diagnostic results. (3) Difficulty in quantification: Direct observation
of children’s facial expressions is difficult to quantify precisely, while frame-
by-frame video analysis is extremely time-consuming and labor-intensive. (4)
Insufficient scalability: Manual observation methods are difficult to support
large-scale screening, limiting their application scope.

In summary, traditional ASD early screening methods have significant defi-
ciencies in human resource costs, objectivity, and efficiency. To address these
challenges, there is an urgent need to develop a new, efficient, objective, and
economical screening technology pathway to compensate for existing method
limitations and promote the popularization and scientific advancement of ASD
early screening.

3.2.2 EMG Sensors

Facial expression changes are complex and fleeting, making direct observation
and recording difficult. However, EMG sensor technology provides an impor-
tant objective tool for capturing and quantifying facial expressions in children
with ASD by detecting bioelectrical activity of facial muscles. Compared to
traditional manual assessment methods, EMG technology has the following ad-
vantages: (1) Non-invasive: EMG sensors only need to attach electrodes to the
skin surface to measure muscle electrical activity, causing no harm to children.
(2) High sensitivity: EMG sensors can detect weak muscle electrical signals,
accurately reflecting muscle contraction and relaxation. (3) High temporal
resolution: EMG sensors can collect muscle electrical signals in real-time with
millisecond-level temporal resolution, suitable for analyzing dynamic processes
of rapid facial expression changes. (4) High spatial resolution: EMG sensors
can be placed on different facial muscle sites, such as the frontalis, zygomaticus,
and corrugator supercilii, to study regional differences and coordination of mus-
cle activities. (5) Objectivity: By quantitatively recording muscle electrical
signals, EMG technology can precisely present facial expression characteristics
of children with ASD in data form, avoiding subjective bias.

Nevertheless, EMG technology still faces some limitations when applied to chil-
dren’s facial expression detection. First, sensors are typically concentrated in
the cheek and eyebrow regions, which may be insufficient to comprehensively
capture complex facial expression activities, thereby limiting judgment of the
severity of facial expression abnormalities in ASD (Pellicano & Burr, 2012).
Second, facial attachment of sensors may inhibit children’s natural expressions,
affecting the ecological validity of results. Additionally, EMG measurement
requires a certain degree of cooperation from children, thus limiting its applica-
bility for early screening of younger children.

chinarxiv.org/items/chinaxiv-202412.00116 Machine Translation


https://chinarxiv.org/items/chinaxiv-202412.00116

ChinaRxiv [$X]

3.2.3 Computer Automatic Recognition

In recent years, the rapid development in computer artificial intelligence, partic-
ularly the maturation of machine learning and deep learning technologies, has
brought revolutionary advances to the application of computer vision in ASD
early screening (Leroy et al., 2024). ASD screening based on computer auto-
matic recognition technology demonstrates numerous advantages: (1) Precise,
objective, and quantitative description of children’s facial expression
patterns: Computer automatic recognition technology can accurately capture
subtle changes in children’s facial expressions, enabling quantitative description
of facial expression patterns. This method avoids subjectivity in manual eval-
uation and provides more reliable data support for facial expression research.
(2) Saving labor and time, supporting large-scale promotion: Auto-
matic recognition technology eliminates the need for manual frame-by-frame
analysis, greatly reducing analysis costs and time investment, and substantially
improving screening efficiency. Its high scalability makes it suitable for large-
scale population screening, potentially alleviating medical resource shortages in
traditional screening methods. (3) Simple equipment, wide applicability:
Facial expression recognition only requires an ordinary camera to complete data
collection. Its non-contact characteristic not only reduces operational difficulty
but also avoids interference with children’s natural expressions from equipment,
making it more suitable for screening in daily family or educational environ-
ments. (4) Multi-modal combined classification: Computer recognition
technology can combine facial expression data with other biological-behavioral
indicators (such as eye movement trajectories and attention measurements) to
construct more comprehensive ASD screening models through multi-modal data
analysis, thereby improving screening accuracy and reliability.

3.3 Application: Early Screening of Atypical Facial Expres-
sion Characteristics in Children with ASD—Computer-
Based Automatic Recognition

As noted above, atypical facial expression characteristics in children with ASD
include a predominance of neutral facial expressions, reduced positive facial
expressions, low frequency of social smiling, and insufficient facial expression
imitation ability. These features remain stable from infancy through childhood
and serve as important markers for ASD risk assessment. Currently, with the de-
velopment of computer vision technology and artificial intelligence, automated
risk assessment tools based on these atypical facial expression characteristics
are gradually being refined, demonstrating high practicality: strong ecological
validity (no direct contact with participants, reducing human interference), out-
standing efficiency (rapid processing of diverse data types), and applicability to
large-scale screening with strong representativeness. The following explores the
specific applications of computer technology in early screening of atypical facial
expression characteristics in children with ASD from these three aspects.
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3.3.1 Application of Non-Contact Facial Expression Recog-
nition

This section explores how non-contact screening can be achieved based on fa-
cial expression characteristics, demonstrating the ecological advantages of this
method. Tang et al. (2020) proposed an early automatic screening method for
ASD based on children’s facial expressions. The study included 30 children aged
8-18 months (10 children with ASD and 20 TD children), who engaged in simu-
lated daily playful interactions and still-face states with their mothers while their
facial information was recorded using concealed &% devices (such as ordinary
cameras). Researchers combined manual annotation with computer automatic
recognition methods to identify children’s facial expressions. Results showed
that in the still-face state, children with ASD had significantly longer durations
of neutral facial expressions than TD children, and the automated classification
accuracy based on facial expressions reached 83.3% (Eft&Z, 2020). Similarly,
Hammal et al. (2017) studied facial expressions in children aged 16-31 months
(42 children with ASD and 82 TD children) while they watched simple video
stimuli (such as bubbles, jumping rabbits, and puppet toys, with video dura-
tions of 30 seconds, 66 seconds, and 68 seconds, respectively). The study found
that these videos could effectively elicit positive expressions in TD children,
while children with ASD showed fewer positive expressions, again validating
the effectiveness of non-contact facial expression recognition for ASD screening
(Hammal et al., 2017). Additionally, domestic scholars used cartoons of interest
to children as stimulus materials, extracting 5 positive emotion videos and 5
negative emotion videos from the animated TV series “Home with Kids,” each
12 seconds long. Researchers recruited 3-6-year-old children (14 children with
ASD, 14 TD children) to watch the cartoons while simultaneously recording their
facial videos. Results found that when watching positive emotion videos, chil-
dren with ASD were less likely to be elicited to show positive facial expressions
compared to TD children; when watching negative emotion videos, there was no
significant difference in negative expressions between ASD and TD children (B
4%, 2020). This study demonstrated the quantitative analysis capability of
computer real-time facial expression recognition, and its generated recognition
indicators have reference value for screening children with ASD.

In summary, researchers using cameras for non-contact facial expression recogni-
tion technology have shown significant application potential in ASD screening.
First, this method relies on &% devices for data collection, eliminating the
need for unfamiliar researchers to record on-site or for participants to wear con-
tact devices (such as EMG electrodes), effectively avoiding the possibility of
inhibiting natural expressions due to contact, thereby significantly improving
the convenience of data collection and the ecological validity of screening. Sec-
ond, by designing experimental methods that simulate daily life situations (such
as recording natural interactions between children and their mothers, watching
simple stimulus videos, or emotionally engaging cartoons), researchers can cap-
ture more authentic facial expression characteristics of participants in more
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relaxed environments. This data collection approach that approximates natural
states not only optimizes the ecological validity of screening but also enhances
data representativeness, providing more reliable technical support for ASD early
screening and risk assessment.

3.3.2 Efficient Data Processing Application of Facial Ex-
pression Fusion with Multi-Modal Data

This section focuses on improving the accuracy and efficiency of ASD screening
by combining facial expressions with other data types (such as head movement,
eye movement, physiological signals, language, and behavior). Multi-modal
data can reveal multi-level abnormal patterns in children with ASD, provid-
ing more comprehensive information support for early diagnosis. Carpenter et
al. (2021) collected facial videos of 22 children with ASD (mean age 26 months)
and 74 TD children (mean age 21.7 months) while they voluntarily watched
simple stimulus videos (such as bubbles, jumping rabbit toys, puppet toys) to
elicit spontaneous facial expressions. Consistent with previous research, com-
puter vision and machine learning analysis results showed that children with
ASD displayed more neutral expressions, while TD children showed richer facial
expressions (Carpenter et al., 2021). Based on this, researchers further intro-
duced competitive visual stimuli (people and toys appearing simultaneously),
using cameras and computer recognition technology to track children’s facial
orientation to determine their attentional bias toward people or toys. Results
showed that multi-modal analysis combining facial expressions and orientation
information significantly improved screening accuracy, helping to distinguish
between ASD and TD children (Carpenter et al., 2021). Similarly, B4 et
al. (2021) recorded facial expression videos, eye movement data, and cognitive
question response scores and reaction times in 3-6-year-old children (74 children
with ASD, 70 TD children) while they watched short videos (“mother feeding
baby”). By fusing multi-modal data and using a random forest classifier to
identify ASD and TD children, results showed that the classification accuracy
of fused multi-modal data reached 85%, significantly higher than the accuracy
based on single facial expression data (BEZ4%, 2021). Finally, a study by S5
and K& (2014) further integrated physiological signal data (skin conductance,
skin temperature, and finger pulse) of children with ASD while they viewed dif-
ferent emotional pictures. Results showed that changes in skin conductance,
skin temperature, and finger pulse in children with ASD when viewing emo-
tional pictures were significantly lower than in TD children, suggesting that
emotional stimuli have difficulty eliciting emotional responses in children with
ASD (S5, &%, 2014). This finding further indicates that the characteris-
tic of children with ASD showing more neutral expressions and fewer positive
expressions may stem from their emotion perception impairments.

In summary, integrating multi-modal data for ASD screening not only achieves
high classification accuracy but also, in some contexts, outperforms traditional
methods relying on single indicators or manual evaluation. Therefore, multi-
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modal data fusion is a highly promising early screening technology for ASD,
providing important evidence and application value for precise diagnosis.

3.3.3 Large-Scale Screening Technology Application Based
on Facial Expression Recognition

Existing research on early screening methods based on atypical facial expression
characteristics in children with ASD has mostly focused on small sample sizes.
However, with the growing demand for early screening and intervention for chil-
dren with ASD, how to achieve large-scale screening has become a key challenge.
In this context, the introduction of mobile technology provides an important so-
lution. Egger et al. (2018) developed a smartphone-based mobile application
that used the phone to present video stimulus materials (such as bubbles, rab-
bits, mirrors) to elicit children’s social and emotional responses, while using the
phone camera to record children’s facial expressions in real-time. This method
breaks through the spatial and temporal limitations of traditional screening, al-
lowing parents to complete screening flexibly at home, which is convenient and
fast, greatly expanding application scenarios. In the study, researchers used
computer vision and machine learning technology to analyze mobile-recorded
facial videos of children to automatically detect and classify their emotional
expressions and behavior patterns. The study covered 1,756 families (children
aged 12-72 months), collecting 5,618 caregiver reports and 4,441 videos recorded
in natural environments. Analysis results showed that compared to low-risk
ASD children, high-risk ASD children showed significantly increased neutral ex-
pressions and significantly reduced positive expressions when viewing bubble,
rabbit, and mirror stimuli (Egger et al., 2018). Therefore, these characteristics
can serve as effective indicators for early screening, and analyzing these facial
expression features can identify high-risk ASD children earlier. Similarly, Thab-
tah and Peebles (2019) developed a machine learning-based mobile screening
tool called ASD Tests. This application simplified traditional screening scales
by designing exclusive tests for different age groups (infancy, childhood, ado-
lescence, and adulthood), with each group only needing to complete 10 test
questions within 3-5 minutes. Non-professionals can easily operate it, and it
can be widely applied in homes, schools, or medical institutions. The study
found that this tool achieved sensitivity, specificity, and accuracy rates of over
95% for ASD screening, representing an efficient and highly accessible screening
solution (Thabtah & Peebles, 2019).

Previous ASD screening was mostly conducted in laboratory or hospital envi-
ronments, while the mobile apps developed by Egger et al. (2018) and Thabtah
and Peebles (2019) enable parents to use smartphones to collect data in chil-
dren’s natural environments, thereby capturing their natural state behaviors.
Computer-based large-scale screening using mobile applications is not limited
by time or space, expanding screening application scenarios to various settings
such as homes and schools. This method can record and recognize facial expres-
sions of children with ASD in both laboratory and natural contexts, improving
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ecological validity and providing practical technical support for large-scale early
screening of ASD.

4 Summary and Outlook

This article discusses atypical facial expression characteristics in children with
ASD, first outlining the main features: predominance of neutral facial expres-
sions, reduction of positive facial expressions, low frequency of social smiling,
and insufficient spontaneous facial expression imitation ability. Second, it sys-
tematically reviews existing assessment tools and analyzes the evolutionary pro-
cess of three major assessment methods—manual evaluation, facial EMG eval-
uation, and computer-automated facial expression recognition—clarifying their
respective advantages and disadvantages. Specifically, manual evaluation relies
on expert subjective judgment, which, despite being professional, is inefficient
and has subjective bias; facial EMG evaluation provides precise facial muscle
activity data but is operationally complex and may affect natural expressions;
while computer-automated recognition achieves more efficient and objective emo-
tion expression recognition through artificial intelligence technology, showing
broad application potential. Finally, this article focuses on exploring the ap-
plication potential of facial expression recognition based on computer artificial
intelligence technology in early screening of children with ASD, noting that this
technology helps improve screening efficiency and accuracy, providing impor-
tant support for early intervention. Future research could also strengthen the
following aspects:

Designing induction paradigms that more closely approximate natu-
ral scenarios for children’s facial expressions to improve experimen-
tal ecological validity. Researchers continuously attempt to explore more
attractive experimental designs for children through various experimental ma-
terials ranging from static pictures to simple geometric stimulus animations, to
human interaction videos with social attributes and cartoons favored by chil-
dren, to elicit more authentic facial expressions. Additionally, by manipulating
the valence of stimulus materials (positive, neutral, and negative), experiments
can guide children to display different facial expressions. However, three as-
pects of this approach can be further optimized: First, selection and age-
appropriateness of video materials—whether videos align with the prefer-
ences and comprehension abilities of the target age group directly affects their
attention and emotional expressions. Therefore, video materials should undergo
age-appropriateness evaluation before experiments to ensure they match target
children’s interests. After experiments, children’s interest in and comprehension
of videos can also be measured to further confirm material validity and applica-
bility. Second, presentation duration of video materials—common video
durations range from 12 to 68 seconds. If too short, children may not fully im-
merse in the animation context, affecting situational comprehension and thus
authentic facial expressions. Therefore, appropriately extending video dura-
tion to allow children to fully enter the context helps capture more authentic
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emotional expressions. Third, valence design of video materials—current
research mostly uses single-valence video materials (positive, neutral, or nega-
tive) for classification analysis. However, having children switch from watching
a positive clip to a negative one easily causes emotional fragmentation, which
still carries laboratory design characteristics and lacks natural contextual coher-
ence. Future research could consider using single long clips containing positive,
neutral, and negative plot fluctuations to ensure story integrity. Subsequent
analysis can then isolate facial expression features elicited by different valence
segments while maintaining children’s attention, achieving more natural and
ecological experimental design.

Exploring diverse facial expression characteristics in children with
ASD. Currently, consistent results on atypical facial expression characteristics
in children with ASD mainly focus on reduced positive expressions and increased
neutral expressions. However, some studies have explored facial expression char-
acteristics in children with ASD when viewing negative stimulus materials, but
results remain controversial. Generally, children with ASD tend to maintain
more neutral expressions when facing negative stimuli (Brewer et al., 2016),
with fewer negative emotional expressions or showing delays, which may reflect
difficulties in recognizing negative emotions in children with ASD (Ashwin et al.,
2006), or may indicate that although they can perceive negative emotions, their
facial expressions remain relatively rigid (Pelphrey et al., 2002). Additionally,
other studies found that children and adolescents with ASD showed no signifi-
cant difference in neural responses compared to non-ASD children when facing
angry and fearful stimuli, showing no specific facial expressions (Malaia et al.,
2019). However, some research indicates that children with ASD show more in-
tense emotional expressions when facing negative stimuli (Magnée et al., 2007),
or display incongruent facial expressions such as angry frowning accompanied
by raised eyebrows (Beall et al., 2008). These atypical responses suggest that
children with ASD have more complex and diverse expression patterns for neg-
ative expressions. Therefore, future research should continue to deeply explore
atypical facial expression characteristics in children with ASD when facing neg-
ative stimuli, including potentially incongruent or odd facial expressions they
may display. This research direction will help reveal unique manifestations of
emotion expression recognition and expression in children with ASD, providing
more evidence for ASD screening and intervention.

Improving the accuracy and sensitivity of computer-automated fa-
cial expression recognition models. Since children are in developmental
stages with facial features significantly different from adults (Hammal et al.,
2017), future research can improve facial expression recognition model accu-
racy by constructing age-group-specific emotional facial expression databases
for different age groups (such as infancy and childhood). Meanwhile, establish-
ing norms for atypical facial expression characteristics in children with ASD
through large-sample data can also significantly enhance recognition effective-
ness. Additionally, computer-automated recognition technology helps monitor
temporal dynamic changes in children’s facial expressions, deriving quantitative
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indicators such as expression elicitation intensity, elicitation time, and mainte-
nance duration. These temporal dynamic features help deepen understanding
of facial expressions in children with ASD. Furthermore, computer technology
can combine multiple characteristic indicators such as scales, cognitive tests,
and eye-tracking, integrating multi-dimensional data to enhance assessment ca-
pabilities for atypical facial expressions in children with ASD.
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