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Abstract
Behaviorally inhibited children are more susceptible to psychological disorders
during middle childhood and adolescence compared to typical children, repre-
senting a population with elevated developmental risk. Such children exhibit
greater withdrawal motivation, prolonged anticipatory and pre-attentive pro-
cesses, diminished attentional control, heightened attentional bias toward neg-
ative information, hyperactive response monitoring processes, and slower ha-
bituation relative to non-inhibited children. These shared cognitive-neural pro-
cesses constitute important pathways linking childhood behavioral inhibition
to psychological disorders and can serve as predictive indicators for screening
individuals at higher developmental risk. Beyond children’s inherent traits,
environmental factors can also influence developmental outcomes by shaping
cognitive-neural processes. Therefore, future research should examine cross-
cultural differences in the cognitive-neural processes underlying the association
between behavioral inhibition and psychological disorders in children, and subse-
quently identify protective factors for the development of behaviorally inhibited
children from both individual trait and environmental perspectives.
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Abstract
Children with behavioral inhibition are more likely to develop psychological
disorders during middle childhood and adolescence, representing a higher de-
velopmental risk. Such children exhibit greater withdrawal motivation, longer
anticipatory and pre-attention processes, reduced attention control, increased
attention bias toward negative information, abnormally active response monitor-
ing, and slower habituation compared to non-inhibited children. These similar
cognitive-neural processes constitute important pathways linking childhood be-
havioral inhibition to psychopathology and can serve as predictive indicators
for screening individuals at higher developmental risk. Beyond children’s inher-
ent traits, environmental factors can also influence developmental outcomes by
shaping cognitive-neural processes. Therefore, future research should consider
differences in the cognitive-neural processes linking behavioral inhibition and
psychopathology across cultural contexts, thereby identifying protective factors
for behaviorally inhibited children from both individual temperament and envi-
ronmental perspectives.

Keywords: Behavioral inhibition; Psychopathology; Cognitive neural pro-
cesses; Withdrawal motivation; Pre-attention processes; Attention processes;
Response processes; Habituation processes

Behavioral inhibition refers to a temperament or response pattern exhibited by
infants and young children when facing novel situations or unfamiliar adults
and peers [?, ?, ?, ?, ?, ?]. During initial encounters with unfamiliar people,
objects, or situations, children respond in distinct ways: behaviorally inhibited
children display withdrawal behaviors such as interrupting ongoing activities,
retreating to familiar caregivers, or leaving the location where the unfamiliar
event occurs, whereas non-inhibited children show no significant change in their
ongoing activities and may even actively approach unfamiliar people or objects
[?, ?]. Rubin, Coplan, and Bowker [?] proposed a developmental trajectory
for inhibited children: the temperament of behavioral inhibition emerges in
infancy, characterized by low arousal thresholds and difficulty in soothing; dur-
ing toddlerhood, it manifests as inhibited and anxious features associated with
social withdrawal, negative self-concept, and related problems in early and mid-
dle childhood. Behaviorally inhibited children are more prone to psychological
disorders in middle childhood and adolescence compared to typical children.

Existing research has found that childhood behavioral inhibition is associated
with a broad range of subsequent psychological disorders. Social anxiety rep-
resents the most frequently studied developmental outcome for behaviorally in-
hibited children, with numerous studies demonstrating that inhibited children
have a significantly higher likelihood of developing social anxiety symptoms in
middle childhood compared to non-inhibited children [?, ?, ?, ?, ?, ?]. Clauss
and Blackford [?] conducted a meta-analysis revealing that behaviorally inhib-
ited children are 7.5 times more likely to develop social anxiety than their non-
inhibited counterparts. Additionally, behavioral inhibition serves as a risk fac-
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tor for other psychological disorders. A five-year longitudinal study indicated
that behavioral inhibition correlates with social anxiety, social phobia, panic
disorder, obsessive-compulsive symptoms, and depression during middle child-
hood and adolescence [?, ?]. Behaviorally inhibited children also show greater
likelihood of substance abuse during adolescence [?, ?].

The neural basis linking behavioral inhibition and psychopathology primarily in-
volves two aspects: brain structure and cognitive-neural processes. Structurally,
individuals identified as behaviorally inhibited in childhood or as highly reactive
in infancy exhibit larger amygdalae, caudate nuclei [?, ?, ?, ?], and medial pre-
frontal cortex volumes, but smaller left orbitofrontal cortex [?, ?, ?], hippocam-
pal [?, ?, ?], and dorsal anterior cingulate cortex volumes [?, ?, ?]. Regarding
cognitive-neural processes, previous studies using EEG, ERP, and fMRI have re-
vealed that behaviorally inhibited children show greater withdrawal motivation,
longer anticipatory and pre-attention processes, reduced attention control, in-
creased attention bias toward negative information, hyperactive error detection
processes, and slower habituation—processes similar to those observed in patients
with psychological disorders, thereby illuminating the connection between be-
havioral inhibition and psychopathology. This review primarily summarizes the
characteristics of behavioral inhibition and its association with psychopathology
from the perspective of cognitive-neural processes and their relationship with
social-cognitive processes.

2 Cognitive Neural Processes of Behavioral Inhibition
According to Sylvester and Pine’s [?] threat system theory, the threat reaction
system and threat response system constitute the biological mechanisms linking
behavioral inhibition and psychopathology. The reaction system, involving the
hypothalamus, primary sensory cortex, amygdala, bed nucleus of the stria termi-
nalis, and hippocampus, rapidly detects and automatically categorizes stimuli,
projecting to other brain regions to trigger broader organismic changes. The
amygdala within the response system influences individuals’responses to stimuli
and is modulated by lateral prefrontal and medial cortical regions. Behaviorally
inhibited individuals and those with anxiety disorders tend to identify stimuli
as threatening and exhibit exaggerated responses. These emotional reactions to
novel stimuli encompass various cognitive-neural processes including attention,
working memory, and conscious awareness. The following sections elaborate
on the pathways linking behavioral inhibition and psychopathology from more
specific cognitive-neural process perspectives.

2.1 Withdrawal Motivation

Withdrawal motivation represents a primary characteristic distinguishing be-
haviorally inhibited from non-inhibited children. This difference is reflected
in frontal EEG asymmetry patterns, representing functional differences in ap-
proach and avoidance motivational systems corresponding to distinct hemi-
spheric functions [?, ?]. Left frontal asymmetry is associated with approach-
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related emotions promoting digestion and engagement, whereas right frontal
asymmetry relates to withdrawal and stimulus avoidance [?, ?, ?]. Frontal
asymmetry patterns in behaviorally inhibited children can be observed as early
as infancy. Fox and Davidson [?] used EEG to examine ten-month-old infants’
responses to stranger approach and maternal separation, finding that infants
already exhibited frontal asymmetry patterns associated with different motiva-
tional states during their first year. Additional research found that highly reac-
tive infants at four months showed greater right frontal activation and more fear
expressions at fourteen and twenty-one months [?, ?, ?, ?]. Furthermore, studies
continue to observe relationships between frontal asymmetry and behavioral in-
hibition beyond infancy into childhood and adolescence, with children classified
as highly reactive in early childhood showing greater right frontal asymmetry
at ages 10-12 [?, ?, ?, ?, ?].

Frontal asymmetry explains the association between behavioral inhibition and
psychopathology from both trait and state perspectives. Coan, Allen, and
Harmon-Jones [?] proposed that frontal asymmetry serves dual functions re-
garding emotion and motivation: (1) as an individual difference variable related
to temperament, associated with individuals’anticipated emotional responses;
and (2) as a state-dependent variable related to emotional states. As an in-
dividual difference variable, frontal asymmetry may increase or decrease the
likelihood of certain emotional responses. According to Gray’s psychopathol-
ogy model, emotions represent reactions to motivational systems. High activity
in the behavioral inhibition system predisposes individuals to anxiety disor-
ders, whereas low activity in the behavioral activation system predisposes in-
dividuals to specific types of depressive symptoms [?, ?]. Genetic studies have
also found that differences in system activity have heritable bases and are as-
sociated with anxiety disorders, depression, and obsessive-compulsive disorder
[?, ?, ?, ?, ?, ?, ?, ?, ?, ?], supporting behavioral inhibition as a risk tempera-
ment associated with psychopathology. From a state perspective, when frontal
asymmetry functions as a state-dependent variable, it reflects changes in psy-
chological and emotional states. Research has shown that children of depressed
mothers exhibit reduced left prefrontal cortical activity, predicting higher de-
pression risk in children [?, ?], suggesting that right frontal asymmetry itself
reflects a more negative state associated with psychopathology development.

2.2 Anticipatory Process

Anticipatory process is considered a biased cognitive process that influences emo-
tion regulation. Research has found that during the anticipation of threatening
stimuli, behaviorally inhibited children fail to show strong prefrontal engage-
ment; however, when viewing social stimuli, they exhibit increased activation
in medial prefrontal and dorsolateral prefrontal regions, confirming the role
of prefrontal functional differences in anticipatory processing variations among
behaviorally inhibited children [?, ?, ?, ?, ?]. Another study found that for
behaviorally inhibited individuals, strong prefrontal system activation during
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anticipation coupled with functional connectivity between the cingulate and
amygdala can protect individuals and reduce their likelihood of developing so-
cial anxiety [?, ?, ?]. Overall, behaviorally inhibited individuals show reduced
activation in emotion regulation-related brain regions (anterior cingulate, me-
dial prefrontal cortex, dorsolateral prefrontal cortex) but increased activation
in limbic systems during anticipatory processes [?, ?].

The differences in brain activity during anticipatory processes among behav-
iorally inhibited individuals are associated with anxiety disorders and social
anxiety. Regarding the duration of anticipatory processing, individuals with
high social anxiety show longer anticipatory periods than those with low social
anxiety. Since this process involves rumination about upcoming, frequent, and
intrusive social events, it increases personal anxiety and interferes with atten-
tion [?, ?]. Regarding the type of anticipatory process, maladaptive anticipation
(stagnant thinking and outcome fantasizing) also correlates with social anxiety
[?, ?, ?, ?, ?]. Behaviorally inhibited individuals fail to appropriately prepare
the prefrontal cortex for threatening stimuli during the anticipation phase while
simultaneously showing excessive amygdala activation [?, ?, ?, ?], resulting in
enhanced initial threat responses related to the threat reaction system and in-
sufficient emotion regulation strategies related to the threat response system,
thereby triggering anxiety.

2.3 Pre-attention Process

Pre-attention process itself does not contain attentional components but is re-
lated to the automatic initiation of attention [?, ?, ?, ?, ?]. When stimulus
materials deviate from standard materials, the brain rapidly responds to unex-
pected auditory stimuli [?, ?], generating mismatch negativity (MMN). MMN
originates in the right parietal and left middle frontal gyrus regions [?, ?, ?, ?, ?]
and serves as a reliable index of auditory cognitive pre-attention processes. Gen-
erally, MMN latency is considered attention-related, but MMN itself is indepen-
dent of attentional processes, reflecting the brain’s capacity for automatic com-
parison [?, ?, ?, ?]. Researchers using standard and deviant auditory stimuli
observed that behaviorally inhibited children showed smaller MMN amplitudes
and longer MMN latencies in early cortical auditory processing compared to so-
cially competent control children, supporting the role of frontal regions in social
withdrawal [?, ?, ?, ?, ?, ?].

Pre-attention processes also represent an important focus in psychopathology
research. The smaller MMN amplitudes and longer latencies observed in behav-
iorally inhibited children relative to typical children mirror findings from studies
using standard and deviant auditory stimuli with anxious and depressed partic-
ipants, suggesting these features reflect a fundamental cognitive process deficit
linking to psychopathology [?, ?, ?, ?, ?, ?]. However, some studies have re-
ported contradictory results. Using altered acoustic features inserted in musical
sequences as stimuli, researchers found that higher MMN was associated with
greater depression risk in depressed patients, attributed to their lower toler-
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ance for unexpected deviations in musical sequences [?, ?, ?, ?, ?, ?]. This
material-dependent discrepancy also appears in facial expression experiments
[?, ?]. Although previous pre-attention research has yielded inconsistent results,
behaviorally inhibited children show similar prefrontal dysfunction-induced al-
terations in pre-attention processes as anxiety and depression patients when
experimental stimuli are comparable, suggesting this shared process may under-
lie the development of psychopathology in behaviorally inhibited children.

2.4.1 Attention Control

Attention control represents a regulatory capacity that researchers have exam-
ined across multiple dimensions. Eysenck, Derakshan, Santos, and Calvo [?]
distinguished between stimulus-driven bottom-up control and goal-driven top-
down control systems. Anxiety disrupts the balance between these systems,
affecting central executive functions including attentional inhibition and shift-
ing. Derryberry and Reed’s [?] attention scale focuses on overall attention
control capacity, primarily dividing attention control into focused attention and
attention shifting processes [?, ?, ?, ?]. The source of attention control lies in
the frontoparietal network, which belongs to the threat response system and is
thought to provide flexible threat responses in primates by altering attention
toward or away from potential threat stimuli [?, ?]. Focused attention capacity
relates to superior and inferior parietal systems [?, ?], while attention shifting
capacity relates to ventrolateral prefrontal cortex [?, ?].

Attention control plays a crucial role in childhood behavioral inhibition. Chil-
dren’s heightened reactivity to novel stimuli and failed cognitive control con-
tribute to the emergence of behavioral inhibition [?, ?, ?]. Previous ERP re-
search on attention processes in behaviorally inhibited individuals has focused on
P1 and N2 components. The P1 component reflects early automatic attentional
processes, occurring 100-130 ms after stimulus presentation with maximum am-
plitude at occipital sites [?, ?]. Jetha et al. [?] found that shy adults showed
reduced P1 when viewing emotional faces, opposite to non-shy individuals, inter-
preted as cognitive avoidance and attentional inhibition. This finding, consistent
with the amygdala sensitivity model, has been replicated in children, with Thai,
Taber-Thomas, and Pérez-Edgar [?] observing P1 enhancement for angry face
cues only in non-behaviorally inhibited children using a dot-probe paradigm. Be-
yond the P1 component, the N2 component also receives significant attention
in ERP research. N2 is associated with conflict monitoring, response inhibition,
and attention control processes [?, ?]. Research has demonstrated that behav-
ioral inhibition at age two predicts N2 activity at age seven in Go/No-Go tasks,
with behavioral inhibition at age two relating to social reticence at age seven
only in individuals with high N2 [?, ?].

The role of attention control in linking childhood behavioral inhibition and psy-
chopathology is well-established. Better attention control and the capacity to
mobilize cognitive resources to regulate negative emotions serve as protective
factors against negative developmental outcomes in behaviorally inhibited chil-
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dren, as flexible attention shifting can modulate maladaptive response patterns
[?, ?, ?, ?, ?, ?]. In contrast, children and adolescents with fearful temperaments
tend to focus attention on threat stimuli, a cognitive process that increases emo-
tional vulnerability and anxiety symptoms [?]. Consequently, early behavioral
inhibition relates to preschool anxiety problems only in individuals with poor
attention shifting capacity [?, ?].

2.4.2 Attention Bias

Attention bias constitutes an important factor influencing attention control [?,
?, ?, ?, ?, ?]. Behaviorally inhibited individuals exhibit attention biases in
both reward and punishment tasks. Knutson, Westdorp, Kaiser, and Hommer
[?] used a monetary incentive delay task to examine attention bias in reward
and punishment contexts, finding that striatal activation enhances anticipation
of monetary stimuli and improves performance. Specifically in behaviorally
inhibited individuals, striatal activation increases with incentive magnitude, an
effect present in both reward and punishment anticipation tasks and larger than
in non-inhibited groups [?, ?]. Lahat, Benson, Pine, Fox, and Ernst [?] similarly
found enhanced striatal activation in behaviorally inhibited individuals, along
with stronger caudate activation during reward tasks, which is modulated by
the DRD4 gene [?, ?] and associated with social anxiety symptoms [?, ?].

Attention bias may underlie the relationship between childhood behavioral inhi-
bition and social anxiety [?, ?], influenced by fear circuits including the amyg-
dala and prefrontal cortex, and affecting the stability of behavioral inhibition.
Research indicates that attention bias toward threat-related information rep-
resents a primary cause for anxiety onset and maintenance [?, ?, ?, ?, ?, ?]
and moderates the relationship between behavioral inhibition and social with-
drawal/anxiety symptoms [?, ?, ?]. Behaviorally inhibited children show en-
hanced dorsolateral prefrontal activation after viewing negative faces [?, ?, ?, ?]
and greater engagement of cingulate, striatal, and dorsal prefrontal regions dur-
ing high attentional control trials [?, ?]. The dorsolateral prefrontal region, a
crucial component of the threat response system, implements emotion regulation
strategies such as cognitive reappraisal and active suppression, and its activa-
tion correlates with anxiety symptoms [?, ?], revealing the role of attention bias
in linking behavioral inhibition and psychopathology.

2.5 Response Process

Error-related response monitoring includes error detection and subsequent ad-
justment processes [?, ?, ?, ?, ?]. Response processes relate to cingulo-insular
network function [?, ?, ?]. The dorsal insula and cingulate cortex belong to
the threat response system, with research confirming that cingulate cortex mod-
ulates responses to perceived threats, while insular abnormalities in activity,
functional connectivity, and cortical thickness also relate to behavioral inhi-
bition [?, ?]. In ERP experiments, response processes are primarily reflected
in the ERN, CRN, and Pe components. Previous studies have found that be-
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haviorally inhibited children show larger ERN amplitudes than non-inhibited
children, with children aged 11-13 showing more anxiety symptoms also exhibit-
ing larger ERN amplitudes [?, ?]. Enhanced response monitoring demonstrates
continuity, with individuals who were behaviorally inhibited in childhood con-
tinuing to show larger ERN amplitudes in adolescence [?, ?]. Additionally,
the difference between ERN and CRN reflects characteristics of behaviorally in-
hibited children, with researchers finding larger amplitude differences between
these components in highly fearful toddlers [?, ?]. In stressful contexts, larger
Pe amplitudes also reflect timidity in children [?, ?, ?, ?].

The enhanced response processes observed in behaviorally inhibited individuals
relate to psychopathology. In child samples, larger ERN amplitudes correlate
with obsessive-compulsive symptoms [?, ?] and mediate the relationship between
early behavioral inhibition and adolescent social anxiety [?, ?]. In adolescent
samples, individuals meeting diagnostic criteria for anxiety disorders also show
increased ERN components [?, ?]. This ERN enhancement may result from
overactive fear systems in behaviorally inhibited children requiring greater in-
hibitory control [?, ?, ?, ?, ?, ?]. Beyond ERN, two other ERP components
related to error processing also connect to psychopathology, with higher anxiety
levels associated with stronger CRN [?, ?, ?, ?] and lower Pe amplitudes related
to depression [?, ?, ?, ?, ?, ?]. fMRI research has further explored the underly-
ing mechanisms of response processes, observing medial frontal cortex activation
including cingulate cortex during task errors [?, ?, ?, ?, ?], particularly cingu-
late hyperactivity in severe obsessive-compulsive disorder patients [?, ?]. These
findings suggest that error-related processes may constitute a cognitive pathway
linking behavioral inhibition and psychopathology.

2.6 Habituation Process

High reactivity comprises two distinct processes: greater initial responses to
novel stimuli and slower habituation to repeated stimuli. Habituation refers to
the disappearance of responses to repetitive stimuli—specifically, the process by
which individuals reduce attentional resource allocation when a novel stimulus
is identified as identical, non-threatening, and non-rewarding [?, ?, ?, ?]. Behav-
iorally inhibited children exhibit withdrawal responses to novel stimuli, whereas
non-inhibited children quickly engage with new environments and unfamiliar
peers. This difference stems not only from behaviorally inhibited children’s ten-
dency to identify ambiguous stimuli as threatening but also from their greater
difficulty with habituation [?, ?]. Blackford et al. [?] used fMRI to demonstrate
that behaviorally inhibited individuals show faster and greater amygdala activa-
tion when viewing novel stimuli and sustained amygdala responses to recently
familiarized faces, leading to habituation differences [?, ?, ?, ?, ?]. Additionally,
research has identified a subgenual anterior cingulate cortex-centered network
that plays an important role in habituation, incorporating experience about
whether previous stimuli remain threatening, thereby facilitating threat or non-
threat identification [?, ?]. These findings support Sylvester and Pine’s [?] threat
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system theory, indicating that behaviorally inhibited individuals’responses to
threat information include not only initial amygdala-mediated reactions related
to the threat reaction system but also cingulate-mediated habituation processes
related to the threat response system that connect to psychopathology. Fried,
MacDonald, and Wilson [?] suggested that failure to quickly adapt to repeated
stimuli represents uncertainty or unfamiliarity. The familiarization process re-
lates to delayed security and increased anxiety [?, ?, ?, ?], with recent research
also finding slower habituation in depressed patients compared to healthy pop-
ulations [?, ?]. However, this conclusion has not been universally supported.
Sladky et al. [?] found that anxiety patients showed habituation in amygdala,
orbitofrontal cortex, and pulvinar thalamus when processing emotional faces
during emotion discrimination tasks, contrary to healthy populations. Other
studies using card-guessing and monetary reward tasks found faster ventral stria-
tum habituation in depressed patients compared to typical populations [?, ?].
Avery and Blackford [?] proposed that these inconsistencies may stem from
different task demands: when participants simply view emotional materials,
anxiety and depression patients show slower habituation; however, when task
performance is simultaneously required, patients habituate faster than healthy
controls. Therefore, the slower habituation observed in behaviorally inhibited
individuals during passive emotional stimulus viewing may relate to increased
anxiety and depressive symptoms.

3 Cognitive Neural Processes and Social Cognitive Pro-
cesses
Social-cognitive processes constitute another important pathway linking child-
hood behavioral inhibition and psychopathology, encompassing environmental
influences on children’s social cognition including peer relationships, social ex-
pectations, and parenting [?, ?]. The excessive fear in behaviorally inhibited
children may originate from either differential perception of social situations or
similar social perception coupled with deficient regulation capacity when facing
high-arousal contexts.

Cognitive-neural and social-cognitive processes exert not only independent influ-
ences on child development but also joint and indirect effects. For behaviorally
inhibited children, cognitive-neural processes represent individual-level temper-
amental risk factors, while social-cognitive processes constitute environmental
risk factors. Together they form influences on developmental outcomes. Simul-
taneously, social-cognitive processes indirectly affect developmental outcomes
by shaping cognitive-neural processes.

3.1 Joint Influence of Temperament and Social-Cognitive Processes
on Psychopathology

In the joint influence pathway, individual behavior is affected by both tempera-
ment and specific environmental factors, with their interaction jointly predicting
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adaptive outcomes. Therefore, individuals with certain physiological character-
istics are more likely to thrive in their adapted environments—for example, low
arousal characteristics represent risk factors only in Western cultures emphasiz-
ing high arousal but facilitate good adaptation in Eastern cultures [?, ?, ?, ?, ?].
This joint pathway manifests in behaviorally inhibited children as the combined
influence of temperament and social-cognitive processes on psychopathology.

Parenting environment plays a significant role in the development of behaviorally
inhibited children. Rubin, Burgess, and Hastings [?] found that intrusive and
derisive maternal parenting leads to more internalizing problems (anxiety or
depression) in behaviorally inhibited children, and parental behavioral inhibition
also predicts the relationship between child behavioral inhibition and anxiety
disorders [?, ?].

Peer relationships represent another influence on the social development of be-
haviorally inhibited children. Rubin identified peer difficulties including peer
rejection, bullying, and low friendship quality as negative developmental out-
comes for behaviorally inhibited children [?, ?]. Research indicates that per-
ceived peer bullying predicts subsequent anxiety symptoms [?, ?, ?, ?] and
mediates the relationship between fearful temperament and anxiety symptoms
[?, ?, ?, ?]. Additionally, children’s self-blame and avoidant coping when fac-
ing peer difficulties contribute to psychological disorders including depression
and anxiety, creating a cyclical reinforcement of negative socioemotional and
social-cognitive functioning [?, ?, ?, ?, ?, ?, ?].

Contemporaneous cultural background differences and temporal cultural shifts
also affect developmental outcomes for behaviorally inhibited children. Accord-
ing to previous Western research, behavioral inhibition and social withdrawal
negatively impact children’s social development and adaptation, with such chil-
dren showing more social anxiety and depressive symptoms, more negative self-
evaluation, and greater peer bullying and rejection compared to non-inhibited
children [?, ?]. However, inhibited temperament was accepted and adaptive in
1990s Chinese cultural contexts. Chen, Rubin, and Sun [?] compared Chinese
and Canadian samples, finding that in Chinese cultural contexts, children’s
shyness correlated with positive peer nominations, unlike the association with
negative peer nominations reported in Canadian samples, demonstrating cul-
tural context effects. Furthermore, temporal shifts importantly influence devel-
opmental outcomes. Research shows that in Chinese cultural contexts, shyness
in 1990 correlated positively with positive social nominations, teacher-rated com-
petence, leadership, academic achievement, and social cooperation, whereas by
2002, shyness correlated positively with negative social nominations and depres-
sive symptoms [?, ?, ?, ?].

Although current research only demonstrates interactions between temperament
and social-cognitive processes, temperamental differences between behaviorally
inhibited and non-inhibited children are manifested at the cognitive-neural level.
Therefore, we can anticipate potential interactions between cognitive-neural and
social-cognitive processes in the pathways linking behavioral inhibition and psy-
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chopathology, representing a future research direction.

3.2 The Shaping of Cognitive-Neural Processes by Social-Cognitive
Processes

In the indirect influence pathway, social-cognitive processes shape cognitive-
neural processes, thereby affecting developmental outcomes. Kitayama and
Uskul [?] propose that individual behavior is influenced not only by neural
mechanisms but also by social norms. For behaviorally inhibited children, peer
relationships, parenting, and sociocultural expectations constitute important
social-cognitive factors affecting developmental outcomes.

3.2.1 The Shaping of Cognitive-Neural Processes by Parenting En-
vironment Previous research confirms that parenting environments shape
cognitive-neural processes including withdrawal motivation, attention processes,
and response processes in children.

From the perspective of withdrawal motivation, frontal asymmetry features may
serve as physiological links between environmental factors and psychopathology.
Studies show that maternal postpartum depression and parenting behaviors such
as sensitivity, responsiveness, and emotional expression affect infants’frontal
asymmetry patterns, with maternal depressive symptoms and more negative
parenting associated with right frontal asymmetry in children [?, ?, ?]. Moreover,
infants of mothers with stable psychological disorders also show greater right
frontal EEG asymmetry, typically accompanied by increased negative emotion
and more withdrawal behaviors [?, ?, ?, ?]. Thus, adverse environments may
shape children’s right frontal asymmetry features, leading to greater behavioral
inhibition and association with multiple psychological disorders.

From the attention process perspective, children’s attention control capacity
and attention bias are both influenced by parenting styles. Regarding attention
control, directly critical parenting correlates with low attention control levels
[?, ?]. Regarding attention bias, attention bias toward angry faces mediates the
relationship between authoritarian parenting, negative emotion, and childhood
social anxiety disorder [?, ?, ?, ?], with authoritarian parenting representing
an important factor influencing the development of behavioral inhibition [?, ?],
demonstrating parenting’s role in linking childhood behavioral inhibition and
psychopathology.

Response processes also relate to parenting environments, reflecting both genet-
ically based response monitoring [?, ?] and environmental influences. Brooker
and Buss [?] found that harsh parenting and fearful emotion predicted greater
fearful emotion and larger ERN amplitudes two years later in children, indicat-
ing that response monitoring constitutes a cognitive process linking parenting,
fearful emotion, and anxiety problems. Both genetically and environmentally,
error-related response monitoring and cognitive control processes provide expla-
nations for potential psychological disorders in behaviorally inhibited children.
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3.2.2 The Shaping of Neural Processes by Cultural Factors Cultural
factors shape neural processes through indirect environmental pathways influ-
encing developmental outcomes. Domínguez Duque, Turner, Lewis, and Egan
[?] propose that when people repeatedly participate in cultural practices, cul-
tural behaviors systematically impact the brain, affecting neural activity at mul-
tiple levels and dimensions, including low-level perception and attention as well
as high-level cognition, emotion, attribution, self-concept, and consciousness.
Cultural experience can modulate and determine pre-existing neural activity
patterns [?, ?]. Overall, joint and indirect influence pathways are not indepen-
dent, as interactions themselves demonstrate brain shaping by culture, since
genes adapted to environments are more likely to be preserved [?, ?].

Specifically regarding behaviorally inhibited children, current research shows
joint effects of social-cognitive and cognitive-neural processes. In Western cul-
tural contexts, behavioral inhibition and social withdrawal negatively affect chil-
dren’s social development and adaptation, whereas in traditional Chinese cul-
tural contexts, children’s shyness and withdrawal are accepted by parents and
peers [?, ?]. Beyond these joint effects, culture and associated differences in
parenting styles and peer attitudes may indirectly influence developmental out-
comes by shaping cognitive-neural processes, thereby revealing cross-cultural
differences. Currently, research on indirect cultural influence pathways in be-
havioral inhibition remains limited, representing a future research direction.

4.1 The Predictive Role of Cognitive-Neural Processes in
the Association Between Behavioral Inhibition and Psy-
chopathology
This review has summarized cognitive-neural processes linking childhood be-
havioral inhibition and psychopathology. Behaviorally inhibited children are at
greater risk for future psychological disorders due to similar neural processes
or structural features shared with certain patient populations. Clarifying these
neural process associations establishes a foundation for using cognitive-neural
processes as predictive indicators of developmental risk in behaviorally inhibited
children. Existing research shows that within behaviorally inhibited populations,
only individuals displaying these similar processes exhibit higher psychopathol-
ogy risk, while other behaviorally inhibited individuals do not show greater risk
than typical populations.

From the withdrawal motivation perspective, children who consistently show
behavioral inhibition exhibit right frontal asymmetry as early as nine months,
whereas those who later transition from inhibited to non-inhibited status do not
show this feature [?, ?, ?, ?, ?, ?]. Another longitudinal study found that high
negative reactivity at nine months correlated with social wariness at age four
only in individuals showing right frontal asymmetry [?, ?, ?]. Furthermore, in
highly behaviorally inhibited children, right frontal asymmetry correlates with
larger ERN amplitudes in social contexts [?, ?], demonstrating the predictive
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value of early withdrawal motivation for socioemotional development in behav-
iorally inhibited children and its potential as a screening indicator for individual
developmental risk.

From the attention process perspective, the link between behavioral inhibition
and social anxiety is influenced by attention control and attention bias. Among
ERP components, increased P2 amplitude relates to reduced social anxiety
symptoms and moderates the relationship between behavioral inhibition and
social anxiety [?, ?]; higher N2 activation or greater dorsal prefrontal cortex
and dorsal anterior cingulate cortex activation relates to subsequent social reti-
cence [?, ?]. fMRI research has also identified unique neural system features in
high-risk individuals within behaviorally inhibited populations, such as lower de-
fault mode network connectivity in striatal and bilateral sensorimotor cortices—
regions closely related to attention processes—in behaviorally inhibited subjects
from high depression-risk families [?, ?]; behaviorally inhibited young adults
with anxiety disorders also show special features like larger amygdala volumes
[?, ?, ?]. Roy et al. [?] examined the extended amygdala system, proposing that
dysfunction in amygdala, prefrontal cortex, striatum, anterior insula, and cere-
bellum represents risk indicators for anxiety disorders in behaviorally inhibited
individuals.

From the response process perspective, the relationship between response mon-
itoring, inhibitory control, and anxiety symptoms is moderated by behavioral
inhibition. In high behavioral inhibition groups, smaller ERN amplitudes cor-
relate with lower anxiety symptoms, indicating that individuals sharing similar
neural processes with psychopathology patients show higher developmental risk.
Moreover, children exhibiting both behavioral inhibition and enhanced response
monitoring may face greater anxiety disorder risk than those showing only be-
havioral inhibition or only enhanced response monitoring [?, ?]. Panic disorder
also relates to response processes. In Flanker tasks, highly behaviorally inhib-
ited children show more error detection than low inhibition children, with higher
ERN and CRN amplitudes at age seven predicting panic disorder risk in behav-
iorally inhibited children [?, ?].

These cognitive-neural processes screen high-risk individuals at the trait level,
and future research should consider longitudinal studies to validate these pre-
dictive relationships. Meanwhile, developmental outcomes for behaviorally in-
hibited children are also influenced by environmental factors. Thus, after fur-
ther clarifying interactions between social-cognitive processes such as culture
and parenting with cognitive-neural processes, and the shaping effects of social-
cognitive processes on cognitive-neural processes, researchers can more deeply
explain mechanisms linking behavioral inhibition and psychopathology.

4.2 The Role of Cultural Factors
Rubin et al. [?] propose that cultural differences in adaptive outcomes for be-
haviorally inhibited children arise because parents transmit sociocultural orien-
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tations and expectations to children during parenting. In traditional collectivist
cultures, restrained, quiet, low-initiative behaviors are socially accepted, lead-
ing to better developmental outcomes for inhibited temperament children. In
market economies and individualist cultures, however, inhibited temperament
represents a maladaptive pattern, with children receiving more negative parental
evaluations and peer rejection/bullying, forming negative self-concepts and low
self-worth, ultimately leading to emotional and adjustment problems.

Self-concept structures themselves differ substantially between Western and
Chinese cultures. Individuals in Asian cultures possess an interdependent self-
concept, maintaining interconnectedness with others, whereas Western culture
encourages independence from others to express unique internal attributes, de-
emphasizing such connections [?, ?]. Zhu and Zhang [?] used the self-reference
effect in memory to study Chinese individuals’self-personality traits, similarly re-
vealing Chinese interdependent self-features. This self-concept difference means
shy, sensitive children better meet interpersonal harmony requirements in tra-
ditional Chinese contexts, showing greater adaptation than in Western cultures
advocating individual independence [?, ?].

These studies demonstrate the substantial impact of cultural factors on individ-
ual development. Such cultural factors may influence neural functions, thereby
indirectly affecting developmental outcomes. Therefore, self-concept differences
between Chinese and Western cultures may also manifest in children’s cognitive-
neural processes, leading to different pathways linking behavioral inhibition and
psychopathology across cultures. However, cross-cultural research on cognitive-
neural processes in behaviorally inhibited children remains insufficient, repre-
senting a future research direction.

4.3 Prevention of Negative Socioemotional Developmental
Outcomes in Behaviorally Inhibited Children
Behavioral inhibition, as a temperament characteristic in infancy and early
childhood, manifests as vigilance, quietness, and withdrawal from social stimuli.
This early temperament relates to subsequent socioemotional developmental
outcomes, with consistently high levels of behavioral inhibition predicting high
levels of social withdrawal in early childhood, particularly specific types of social
withdrawal. Social withdrawal, along with multiple psychological disorders de-
scribed above, constitutes negative socioemotional developmental outcomes in
children, and social withdrawal itself can lead to anxiety and depression [?, ?].

Social withdrawal has been subtyped by Coplan et al. [?] into three categories
corresponding to different developmental outcomes. Anxious-withdrawn chil-
dren show both high approach and high avoidance motivation, expressing the
most anxiety among withdrawn subtypes; unsociable-withdrawn children show
low approach motivation with fewer internalizing problems than the anxious-
withdrawn type; and active-isolated children do not avoid social interaction and
express the most positive emotion among all subtypes. From a motivational
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perspective, behaviorally inhibited children also experience the conflict state
of high approach and high avoidance motivation [?, ?], corresponding to the
anxious-withdrawn subtype of social withdrawal—the subtype with the most
internalizing problems, showing more anxiety, depression, and social anxiety
symptoms [?, ?, ?]. However, current explanations for the relationship between
behavioral inhibition and social withdrawal derive only from behavioral obser-
vations of children’s motivation and emotion; neuroscientific exploration of
underlying neural mechanisms remains limited. Future research should further
validate and explore associated cognitive-neural processes, such as using EEG
frontal asymmetry to measure children’s motivational components from neu-
roscientific and longitudinal perspectives to verify behavioral observations, or
employing ERP and fMRI to examine characteristics of attention and response
processes to further explain mechanisms underlying socioemotional developmen-
tal outcomes in behaviorally inhibited children and explore connections among
behavioral inhibition, social withdrawal, and psychopathology.

Furthermore, helping behaviorally inhibited children better adapt socially, re-
ducing social withdrawal and even social anxiety, can increase peer acceptance
and reduce psychopathology risk from an environmental perspective. Cur-
rently, a few preventive interventions target behavioral inhibition. Tang, Reeb-
Sutherland, Romeo, and Mcewen [?] used novel stimulus exposure to promote
habituation in rats, effectively reducing fear of novel environments and anxi-
ety risk. Week [?] applied cognitive-behavioral therapy targeting social anxiety
as a preventive intervention for behaviorally inhibited individuals, finding it
effectively reduced inhibition levels and decreased social anxiety likelihood. Fu-
ture research should explore effective interventions based on characteristics of
cognitive-neural processes in behaviorally inhibited individuals to reduce chil-
dren’s risk of social withdrawal and psychopathology.
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