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Humans are intensely social creatures. It is therefore not surprising that many psychiatric disorder criteria include social
dysfunctions; however, overlapping presentations and diverse, complex etiologies make treating social dysfunctions difficult. Here,
we introduce the Cognitive Affective Social Processing and Emotion Regulation (CASPER) model. CASPER integrates research from
social psychology, cognitive neuroscience, and developmental science to describe how real-world social processing unfolds and is
associated with differing psychiatric social cognitive neurophenotypes. Briefly, social processing can be broken down into the
following cognitive steps: identifying relevant social cues, attending to related cues, interpreting cues, and adjusting behavior
appropriately. Each of these steps is influenced by the individual’s affect and goals in the moment, which in turn influence which
social concept or schema is activated for that interaction. Concepts are formed across development as we learn social skills and
gain life experience. This model therefore links early experiences to social dysfunction “in the moment”. The goal of this model is to
provide a testable scientific framework for psychiatric research into social dysfunctions, as well as provide a model that generates
new treatment targets for improving interventions and reinterpreting differences based on the extant research.
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INTRODUCTION
As humans, we are highly social creatures whose well-being is
tightly intertwined with our ability to successfully navigate our
interpersonal relationships. Indeed, many psychiatric disorders
have social impairments included in their DSM symptoms such as
anxiety, mood, and conduct disorders, while other disorders have
symptoms which may not be inherently social but may cause
challenges in social functioning, such as posttraumatic stress
disorder, schizophrenia, attention deficit hyperactivity disorder
and obsessive-compulsive disorder. Many of our most effective
cognitive and behavioral treatments already target social cogni-
tive processes, such as parent-child Interaction therapy, cognitive
behavioral therapy, or the use of token economies to treat school
misconduct. Furthermore, social skills and cognition develop over
a protracted period in childhood, concurrent to neurodevelop-
ment of correlated brain systems as well as the windows when
many social dysfunctions emerge. Yet, neurodevelopmental
context is rarely included in clinical evaluations. Characterizing
the transdiagnostic and unique neurobiological basis of social
dysfunction in psychiatric disorders—expanding on the research
domain criteria approach [1] and using a neurodevelopmental
lens—could therefore provide novel, key insights for refining our
existing understanding and developing novel interventions [2, 3].
Real world social cognition is a dynamic and complex process

involving first identifying, and then selectively attending to,
relevant external stimuli, interpreting these cues, and adjusting
behavior appropriately. These cognitive processes occur in the
context of individuals affective states and goals, which are in turn
highly dependent on both recent and long-term experiences.

Social scientists have described models to fit many of these
processes together, such as the Social Information Processing
model [4, 5], the Process Model of Emotion Regulation [6], and
attachment theory [7]. These empirically supported psychological
theories have provided clear examples of how experiential
learning impacts the social cues we perceive, seek out, and
interpret, with clear links to future behaviors. Linking the
development of these psychological processes to neurobiological
development is still in its nascency, however, and these social-
cognitive models do not engage with important neurodevelop-
mental context. For instance, in attachment theory, experiential
learning between infant and caregivers is thought to promote
models of social behaviors and expectations and, implicitly, how
these impact the brain. However, explanation of how these
behaviors are substantiated in the brain and impact later
neurodevelopment are unclear. In theory, based on decades of
cognitive neuroscience work, the cognitive processes engaged
during social interactions requires the engagement of many
functional brain networks, including sensory, attentional, and
cognitive control networks. For the past 15 years or so, the neural
basis of basic social cognition has been primarily linked with the
default mode network (DMN) [8–11]. The DMN has been shown to
activate during mind-wandering, autobiographical memory recall,
and when making inferences about another person’s intentions
[12], as well as during linguistic semantic processing [13].
However, while these functions are undoubtedly carried out
during social interactions, they do not encompass the full social
information processing model. Indeed, recent naturalistic fMRI
work—which presents social information with full context—has
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found diverse, brain-wide activation patterns to specific emotion
concepts [14], affective states [15, 16], and processing goals [17]
spanning many networks beyond the DMN. Context, goal, and
affect-specific activation across networks is consistent with our
theoretical understanding of the social information processing
model, with many diverse cognitive functions needed to navigate
our social worlds. A model that integrates how neural models are
influenced by experience and is integrated with social science
models of human interaction and cognition is needed to capture
such complexity.
The goal of the Cognitive–Affective Social Processing and

Emotion Regulation (CASPER) model is to provide a clear
framework linking social psychology, cognitive neuroscience,
and neurodevelopment to better understand the neurobiological
underpinnings of social dysfunction in psychopathology. We posit
that diverse neurophenotypes likely arise from differences in one
or more components of the model, which then impacts down-
stream processes (e.g., differences in attention influencing
regulation capabilities). Understanding how differences in these
processes link to psychiatric phenotypes will pay dividends for
improving our treatment of psychopathology. To support these
assertions, here we first describe the CASPER model in depth.
Next, we provide two exemplars of how the CASPER model can be
used to characterize the neurodevelopmental basis of psychiatric
social dysfunction as well as the extant evidence in support of this
formulation. Finally, we describe the broad clinical utility of the
model for guiding research and eventual treatment for social
dysfunction in psychiatric disorders and future directions. It is
important to note that we conceptualize the brain in this model
largely in terms of cognitive networks to provide a common
heuristic for linking neuroscience and cognitive psychology
research. We therefore interpreted prior research largely using
this framing (when appropriate), even if the research was
conducted using a regions of interest or brain mapping approach.
We hope this framework will provide a common system for
investigating and treating social impairments in psychiatric
disorders within the neurodevelopmental context that these
behaviors manifested under, recognizing that many aspects of
dysfunction likely reflect short-term neural adaptations to specific
experiences. It is our goal that in providing this framework,
researchers can systematically test this model to elucidate the
neurodevelopmental underpinnings of social dysfunction.

DEFINING THE CASPER MODEL
Introducing CASPER
The CASPER model (described in brief in Fig. 1) describes the
cognitive processes that our brains minimally undergo to navigate
our social worlds as well as the brain systems theorized to support
each process. The cognitive processes that are engaged are highly
influenced by a combination of prior experience shaping
expectations and response patterns (i.e., neurodevelopment) and
current affective states or goals. In mature organisms, the brain is
primarily functioning as a predictive machine, anticipating
upcoming cues and preparing interpretations and responses. For
instance, we have expectations for how certain social interactions
(such as ordering coffee) unfolds. The way our brains predict how
interactions unfold is most obvious when these expectations are
violated (e.g., if the barista were to scream in response to the
coffee order). Processing that specific interaction is still a process
of detecting, interpreting, and responding to external cues, but
these range of these cognitive processes are shaped by
expectation for maximal efficiency in parsing our complex social
worlds. It is unclear how these predictive models of our social
worlds are formed across development [18, 19], however and the
mechanisms that result in maladaptive social behaviors are
unclear. In this section, we break down each cognitive process,
including evidence for individual differences in these processes

that statistically explain variation in psychiatric functioning (see
Table 1), and describe how neurodevelopmental research can
elucidate the mechanisms underlying social dysfunction.

Experience and concepts
There has been extensive cognitive research suggesting that our
brains rely on prior concepts to shape our expectations and
therefore behaviors in social situations [20–22]. A social concept is
a model of how interactions unfold which shapes expectations,
such as our shared concept for ordering coffee at a shop or for
catching a flight through a commercial airline. Even young infants
demonstrate an expectation of others’ behavior that links emotion
cues to specific social situations [23, 24]. These concepts are
shaped by prior experiences, evidenced by regional and cultural
differences in both emotional expression and behavioral
responses to common social situations [25, 26]. Both human and
animal work suggests that the hippocampus plays a key role in
encoding experiences in cortex—likely through back propagation
[27, 28]—for future access [29], and emerging work in humans
suggest a hippocampus–medial temporal lobe–default mode
network (DMN) circuit is implicated in accessing social concepts
[30, 31]. This recent human work mirrors extensive animal work
that demonstrates schema representation in the hippocampus
and DMN [32–34]. While mechanistically there is the greatest
evidence for the hippocampus–DMN circuit to be implicated in
learning concepts, it should be noted that there is evidence for

Interpret cue Attend to cue

Adjust behavior Detect cue

Life
experiences

Affective state
and goals

Schemas
and concepts

Fig. 1 The cognitive affective social processing and emotion
regulation (CASPER) Model. This model combines social psychol-
ogy, cognitive neuroscience, and neurodevelopment to inform a
model of how social cognition unfolds in the moment.
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activation to common concepts to be present in diverse brain
systems in mature organisms, such as visual cortex for visually
presented concepts [14, 35]. This suggests that the hippocampus
and DMN play a key role in encoding experiences into long-term
concepts, which over time can alter how other cognitive systems
function in specific social situations.
There is extensive evidence that early experiences shape

hippocampal–DMN circuitry [36, 37] and that alterations in these
circuits [38, 39] as well as adverse early experiences [40–43] are
associated with later psychopathology. Smaller hippocampi and
greater hippocampus–DMN connectivity have been found in
adolescents and adults who have experienced early life adversity
[38, 39] and recent work has demonstrated that unpredictable
early environments are associated with alterations in medial
temporal lobe regions and increased likelihood of developing later
psychopathology [37, 44]. Insults within these circuits impact
social concept learning through statistical learning. Early and
middle childhood are critical periods for foundational social
development—including developing basic concepts of function-
ally distinct emotions [45, 46], meaning adverse child exposures
may have outsized impact on still-developing social concept
formation. For instance, adverse experiences can produce short-
term adaptations in these brain systems that are beneficial to the
child in the near term (e.g., interpreting ambiguous social cues as
potential threats), but confers greater social dysfunction and
psychiatric risk in the long-term (e.g., negative interpretation bias).
Together, this suggests a strong need for taking a neurodevelop-
mental lens to better understand how early experiences shape
social concepts in children who develop psychopathology.

Affect and goals
The way we feel in conjunction with our current goals shape the
cognitive lens we use to process information during social
interactions. Experimental research has shown that both affect
and motivation can shape interpretation of ambiguous informa-
tion [47–49] and influence semantic processing [50] and
decision-making [51]. Practically, affect and motivation are
difficult to disentangle empirically, since they are highly inter-
related cognitive processes such that manipulating one often
induces changes in the other. There is extensive evidence that
motivational and affective brain systems are also highly
intertwined, with evidence for each being encoded in or
originating from the ventromedial prefrontal cortex, orbitofron-
tal cortex (OFC), anterior cingulate, anterior insula, and the
ventral striatum [9, 52–55]. These regions are part of the cingulo-
opercular (CON) and salience (SAL) networks [56–58] and are
connected to midbrain, brainstem, and peripheral nervous
system structures that modulate arousal and vigilance, such as
the hypothalamus [59, 60]. Broadly, pleasure is encoded in the
OFC and ventral striatum [61, 62] while unpleasant affect is
encoded more so in the insula [63, 64]. All kinds of affective
states are associated with activation in the VMPFC and anterior
cingulate [15, 61]. Motivation-related cognition has been shown
to be encoded in the anterior cingulate and OFC [65]. Because
these systems are so interconnected and perform highly
dependent cognitive functions, it is reasonable to think that
an imbalance in either system can influence the other, altering
how downstream higher order cognitive functions are per-
formed. For this reason, we position “affect and goals” as a
mediator for which social concepts or schemas are accessed and
used in social cognition in a given moment. Importantly, given
that this mediator is like strongly impacted by experience, it can
be understood as a reflection of, and adaptation to, lived
experiences rather than an explicit measure of dysfunction.
Persistent mood states and alterations in reward sensitivity or

motivation are hallmark features of several disorders such as
depression, bipolar, anxiety, and schizophrenia [66]. Specifically,
adolescents and adults with depression have been shown to haveTa
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reduced sensitivity to social reward marked by deriving less
pleasure from positive social interactions and reporting less
motivation to seek out positive social interactions [67, 68]. Anxiety
disorders in general—but particularly generalized anxiety—are
also associated with reticence to change one’s affective state,
resulting in sustained negative mood states [69, 70]. Motivation
and goals can alter how an individual is engaging in social
interactions. For example, aggressive individuals often report that
gaining power (relative advantage over others) motivates their
behavior [71], and that they primarily value having a dominant
social position [72]. Related phenomena (e.g. psychopathic traits)
have largely shown low affiliative drive [73] and a preference for
valuing dominance above other social values [74]. Interestingly,
some neuroimaging work has found that such traits relate to
evoked activity in reward regions in the striatum [75–77] while
viewing social aggression, suggesting baseline differences in how
affect and goals are acted upon may play an outsized role in
aggressive behaviors.

Cue detection
Our brains are bombarded with a milieu of sensory information
that we must instantly make sense of and act on. A very early
cognitive step in social processing therefore involves identifying
which sensory cues are relevant to process consciously and attend
to. Sometimes referred to as salience processing or salience
detection, cue detection involves stimulus-driven brain systems
that are heavily interconnected with systems of arousal and affect.
Specifically, the anterior insula, amygdala complex, VMPFC,
anterior cingulate, and ventrolateral frontal cortex [78–80] have
been implicated in salience processing and have been referred to
as the ventral attention (VAN), SAL, or CON networks depending
on the reference atlas [81–83]. Salience gating can have critical
downstream consequences for social processing, evidenced by
lesion and optogenetic studies of these regions. For instance,
there is evidence that the amygdala has a key role in detecting
socially threatening information (though is not critical for social
cue detection in general—see [84, 85]) such that lesions of the
amygdala are associated with altered attentional prioritization of
threatening cues [86] and less engagement of responsive
prosocial behaviors [87]. Alterations of these systems therefore
“gate” the information that enters in our conscious awareness,
which in turn influences our interpretation of the situation and
what we think is the appropriate response.
Alterations in salience and stimulus-driven processing have

been found in individuals with anxiety disorders [88] and to some
extent in individuals with depression [89, 90], though it is unclear
how much this is explained by the high co-occurrence of anxiety
with depression (see for example [91–93]). Specifically, individuals
with anxiety disorders attend faster to threatening or ambiguous
social stimuli and tend to take longer to disengage from these
stimuli [94, 95]. This suggests hyperfunctioning of these salience
and stimulus-driven attentional systems during social processing.
There is emerging evidence for these neural alterations: anxiety
symptoms have been associated with hyperconnectivity of the
SAL, CON, and VAN [96] and increased activation of these
networks during attentional processing [97, 98], suggesting
increased involvement of these networks in cognitive processes
for individuals with anxiety. Recent work using movie-watching to
capture more naturalistic social processing has supported this
theory [99, 100]. Reduced focus on distress cues in others—as
evidenced by a reduced emotional “blink” [101]—has also been a
consistent finding in aggressive youth [102], along with reduced
activation in CON and SAL regions [103], suggesting these
alterations may be reflected across various diagnoses with
differing phenotypic expression. Downstream differences in social
processing may ultimately be attributable to alterations in this
early phase of cognitive processing.

Attending to cues
Once relevant cues are detected in our environments, we must
engage in goal-directed attentional processing to identify addi-
tional cues that provide context to the initially detected cue. For
example, if a parent notices a brief shift from a smile to a frown on
their child’s face, they may take a closer look at how their child is
moving to infer discomfort or pay closer attention to what kind of
conversation or play behaviors align temporally with their child’s
changes in affect. Engaging these top–down, goal-directed
systems involves suppressing attention to other cues that may
otherwise be salient (e.g., another family member entering the
room). Research with eye-tracking attentional tasks has shown
that the dorsal attention (DAN) and frontoparietal network (FPN)
are highly engaged with goal-directed attentional processing
[104–106]. The DAN is canonically composed of the frontal eye
fields, intraparietal sulcus, and lateral occipital cortex, all of which
are regions of higher order visual or motor processing [104, 106].
The FPN typically includes regions of the dorsolateral prefrontal
cortex, intraparietal sulcus, and middle temporal gyrus and has
been associated with cognitive flexibility [107–109], a cognitive
process that is often engaged during naturalistic goal-directed
attention. The interplay between goal-directed attention during
social processing, goals, and stimulus-driven attention can
dramatically alter how a situation is ultimately interpreted and
how the individual chooses to respond. Further, these systems are
likely highly influenced by predictions of how the social situation
is expected to unfold. This is evident in when we miss otherwise
salient stimuli, such as missing that an acquaintance walked past
you are walking down the street with a date versus walking by
yourself.
Differences in goal-directed attention are theorized to alter

disengagement from or suppression of stimulus-driven attention
processes in line with the person’s goals, which can result in
several downstream consequences. Differences in goal-directed
attentional processes in individuals with psychiatric symptoms
could be classified as alterations—reflecting dysfunction in the
balance or engagement of attentional systems—or simply
differences reflecting differences in goals. For example, the
hyperactivation of stimulus-driven attention in individuals with
anxiety described in the previous section could be a result of
hypoactive goal-directed attention systems [88]. This theory is
supported by previous work showing that higher attentional
control in infants is associated with less anxiety-related behaviors
later in childhood [110, 111] and that improving goal-directed
attention is associated with decreasing anxiety symptoms [98]. For
some social dysfunctions, differences in during goal-directed
attentional processing may be better attributed to differences in
the goals themselves. For example, psychopathy is a personality
syndrome that is characterized by a tendency to exploit others
rather than to protect, empathize, or otherwise engage in
prosocial behaviors [112]. As such, failure to focus attention
towards such distress cues may just as easily reflect misalignment
with goals as it does with an inability to do so [113]. Researchers
can tease apart differences in basic functioning of attentional
systems versus differences in attention because of differences in
goals by measuring attention in clinical and comparison samples
across contexts, such as during “cold” attentional processing,
attention during a specific social reward, or attention when
interacting with a person expressing vulnerability.

Interpreting cues
Once relevant cues are identified, the next cognitive step is
interpreting these clues in the context of goals and prior
experience in that given situation or with those persons.
Interpreting social cues—especially those that are ambiguous or
subtle—is an ability that is refined across development, with
children learning to link cause and effect to social cues starting in
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infancy [45, 114]. This involves memory, relational, and semantic
processing which are primarily carried out in the medial temporal
lobe, hippocampus, and the DMN [115, 116]. Specifically, current
social concepts or schemas relevant to the situation as well as
specific prior experiences are rapidly accessed and used to
interpret the intentions and actions of others. The interpretation
step of social processing is the most intertwined with the rest of
the cognitive steps across multiple timescales in the CASPER
model as a result, and in turn is likely the most malleable across
the lifespan as individuals gain increasing social experience.
Alterations in the interpretation phase of social processing may

stem from several factors. For example, extensive research has
demonstrated that anxiety and depression are associated with
negative interpretation biases of ambiguous information across
information types [89, 117–120]. This may be due to altered mood
states influencing cue salience—such as weighing the lack of
smile cues over the lack of frown cues when looking at a person
quietly listening. Alternatively, this bias could be due to negative
life experiences, which have reinforced that relatively neutral
expressions in others are likely masking negative intentions
rather than denoting a low arousal state in the other person.
Finally, a third possible explanation for interpretation biases is
alterations in upstream processing during social interactions. For
example, one risk factor for social anxiety is childhood behavioral
inhibition [121]. Individuals with social anxiety are more likely to
have a negative interpretation bias [122], which is thought to be
one downstream developmental result of negative attentional
bias observed in inhibited children [123–125]. Inhibited children
scan static pictures of emotional faces similarly to their peers,
however they look to strangers’ neutral expressions fewer times
and for longer fixations when interacting with a real person
[126, 127]. Context-specific differences in social attention may
therefore partially explain differences in interpreting others’
social cues.

Adjusting behavior
The final cognitive step in social processing is adjusting behavior
to better align with one’s goals and in response to others’ cues.
This can involve adjustments in movement, tone, or emotion
regulation, all of which involves exercising cognitive control. While
the specific execution of cognitive control involves coordinating
functions of other networks such as the expressive language
network to adjust speech or the motor network to move, the core
function of cognitive control has been shown to largely fall under
the CON, and FPN [107, 116, 128]. Prior work examining the neural
basis of cognitive control suggests a close interplay between these
networks, where the CON maintains a course of action towards a
goal while the FPN underlies cognitive flexibility and task-
switching [108]. There is evidence that these systems are engaged
during social processing as well, particularly during situations that
require effortful control such as during emotion regulation
[129–131]. The specific way that adjusting behavior is carried
out varies by context and with developmental stage, as is
discussed more in the next section.
Deficits in cognitive control is a feature of many psychiatric

disorders, likely closely linked to impairment broadly [132] and
difficulty regulating emotions specifically. One example of a
psychiatric disorder marked by differences in cognitive control is
schizophrenia. Specifically, schizophrenia is marked by differences
in cognitive control across varied contexts, including when
engaging working memory and adapting to changing goals or
rules [133]. It has been posited that these cognitive control deficits
interact with emotion processes, resulting in social cognition
alterations observed in individuals with schizophrenia [134]. A
transdiagnostic symptom also related to issues with self-
regulation is irritability or aggression, which is often defined as
an outsized negative emotional response to a blocked goal,
though the specific definition can vary for each disorder [135].

Similar to anxiety, there is evidence that interventions targeting
top–down cognitive control processes can reduce irritability
symptoms in youth [136], suggesting that irritability may be
explained in part by decreased engagement of cognitive control
systems during social processing.

Building CASPER across development
Applying neurodevelopmental approaches (Fig. 2) to the study of
psychiatric disorders could elucidate which CASPER process most
directly influenced the development of specific social dysfunc-
tions, providing novel targets for intervention. The order in which
CASPER cognitive processes are engaged during social processing
is also the rough order in which these processes develop. Sensory
systems develop the most rapidly, for example, followed by higher
order sensory/language and salience systems, while associative
networks—which include those that underlie higher-order cogni-
tive processes involved in the attention, interpretation, and
behavior adjustment phases of the model—take the longest to
fully mature [137, 138]. How these brain systems and cognitive
processes develop is highly interlinked, such that early alterations
of one system can influence the development of another. Given
the highly protracted development of social processing, this
means that there are countless opportunities for individual
differences to emerge. Automatic self-regulation (as opposed to
effortful emotion regulation), for example, is a function associated
with the DMN [8] and is not engaged near birth, evidenced by low
intensity negative stimuli inducing distress in infants but not in
older children, adolescents, and adults [139]. In preschoolers and
younger school-aged children, FPN activation is observed while
processing similar negative stimuli presented in movies [140, 141],
which is lessened in older school age children [14] and not
observed in adults [35]. Across development, DMN functional
connectivity increases [142–145] while the role of the DMN in
negative emotion processing changes [14], likely underlying
refinement of negative emotion cue concepts and increasingly
mature understanding of social cues [146–148]. Taken together,
this suggests a close interplay between the FPN and DMN in the
development of automatic self-regulation in the face of lower
grade negative emotion cues. Considering how common altera-
tions of the DMN and FPN are in psychiatric disorders [149, 150], it
is possible that alterations in FPN and DMN developmental
trajectories is a mechanism through which early experiences
confer risk for emotion dysregulation. CASPER can be used to test
this hypothesis by characterizing how each specific process is
unfolding across development and influencing downstream
functioning. Specifically, tailoring longitudinal designs to assess
how stressors during sensitive periods lead to within-person
functional network changes will be key to empirically testing
hypotheses generated through the CASPER framework.
We propose that taking a neurodevelopmental lens is

particularly critical for understanding social dysfunction causing
significant distress. The need to take a neurodevelopmental lens
to understanding psychopathology in general has been exten-
sively reviewed elsewhere (for example [151, 152]), and many of
these arguments can be applied to understanding social
dysfunctions specifically. For instance, disorders that are closely
linked to alterations in earlier-developing social processes, such as
anxiety which is most associated with alterations in the “cue
detection” step, also tend to have earlier ages of symptom onset
as compared to disorders linked to differences in downstream
social processing [153, 154]. It is also perhaps not surprising then
that there is evidence that earlier ages of onset of psychopathol-
ogy is associated with worse outcomes [155]. In the next two
sections, we illustrate the utility of the CASPER model—including
the neurodevelopmental basis of the model—in parsing hetero-
geneity in each internalizing and externalizing disorders as well as
identifying specific targets for intervention. While we focus on
these categories, the CASPER model can be readily applied to any
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psychiatric disorder associated with social dysfunction (see
Table 1).
We posit that the CASPER model can be used to disentangle the

specific processes that make up cognition-based neuropheno-
types of disorders by providing a model for testing each step in
social processing. Specifically, one can envision a battery of short
social cognitive tasks that can assess what functions are intact
within the model, or what networks are being used to carry out
specific functions. This battery can be coupled with naturalistic
measurements to identify which processes are altered during
actual social interactions, linking the highly controlled measures
often collected in research to real social behaviors. Finally, this
information can be contextualized in the child’s specific early
experiences and social context. A better mapping of what specific
cognitive processes have gone awry in individuals or in relation to
specific symptoms or behavioral presentations of these disorders
could help inform treatment approaches. Here, we use depression
and conduct disorder as an exemplar to review what evidence
there is for depression subtypes of functioning within each step of
the CASPER model as well as proposed avenues for future research
to test these hypotheses.

CASPER AND INTERNALIZING DISORDERS
Prior research suggests that anxiety, mood, and trauma disorders
are largely characterized by alterations in cue detection and
attention to relevant cues, as well as differences in affect/
motivation and experience-based social concept development.
Specifically, internalizing disorders are also each associated with
poorer emotion labeling skills [156–158] and negative interpreta-
tion and attentional biases [95, 120, 122, 159–161]. Furthermore,
there is evidence for differences in SAL network size in individuals
with depression [162] as well as alterations in DMN, VAN, and SAL
function in individuals with depression [163], anxiety [96, 164],
bipolar [165], and PTSD [166]. These disorders are highly
heterogenous, co-occurring, and overlapping in symptomology

[153, 167–169], however, making it difficult to identify syndrome-
level differences in social cognition or determine how much
overlapping social dysfunction is attributable to symptom overlap.
Indeed, an analysis of symptoms in the DSM-5 found that of the
top 15 most non-specific symptoms (i.e., symptoms that repeated
the most across chapters), all but 3 were depression symptoms
with only suicidality repeating fewer than 5 times [169].
Depression researchers are therefore increasingly seeking to
characterize psychobiological models of depressive symptoms,
capturing subgroupings of individuals with similar cognitive
neurophenotypes [170, 171].

Depression cognitive neurophenotyping
While neurocognitive and psychosocial models of depression have
been previously proposed [172, 173], there remains significant
limitations surrounding their ability to explain the vast hetero-
geneity present in depressive phenotypes. Depression is a
syndrome defined as presenting with at least one of two cardinal
symptoms (depressed mood; anhedonia)—or three for youth
(depressed mood; anhedonia; irritability)—and at least five
symptoms out of a total of nine for at least two weeks. These
criteria mean that depressed individuals can present with any of
256 symptom combinations, and two people with depression
could share only one symptom [66]. In youth, not only is there an
additional cardinal symptom that adds heterogeneity (irritability),
but the frequency of symptoms presented in adolescents vs.
adults differs notably, with adolescents endorsing more physical
symptoms and adults endorsing more cognitive symptoms [174].
Co-occurrence with other disorders also differs with age of onset
of depression. For example, children with preschool-onset
depression are more likely to also present with ADHD as
compared to adults with an adolescent or adult age of onset,
while rates of co-occurring anxiety disorders are comparable
across age cohorts [175–177]. Coupling this heterogeneity in
presentation with the unique genetic and/or environmental
etiology of each affected person’s depressive symptoms

Interpret cue Attend to cue

Adjust behavior Detect cue
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Affect
and goals

Schemas
and concepts

Mature emotion processingInfant emotion processing

Interpret cue Attend to cue

Adjust behavior Detect cue

Affect
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Foundational neurodevelopment

Foundational social learning

Birth

Refining networks

Refining concepts

Fig. 2 The developmental course of the CASPER model. At birth, humans are highly stimulus driven, corresponding to relatively earlier
development of sensory and salience systems. As children develop, the brain forms a predictive model of social interactions where prior
knowledge and experience shapes how we function socially.
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[168, 178, 179], a cognitive systems level approach that can
meaningfully parse depression heterogeneity is critically needed.
There are diverse social phenotypes that have been reported in
depressed individuals that are at times contradictory. For instance,
consider a situation where a depressed teen wants to stay out late,
and their caregiver does not allow them to. The teen may respond
to the caregiver’s limitations by shutting down and withdrawing,
engaging in self-destructive behaviors, with frustration or defiance
(irritability), or with excessive reassurance seeking for the
perceived offense of asking. None of these are adaptive social
responses to the blocked goal, and each appear to be a result of
distinct cognitive processes. The CASPER model can be used to
isolate which specific process may be characteristic of specific
symptom clusters, helping to differentiate commonly co-occurring
disorders and inform treatment approaches (Fig. 3a). Further, it’s
an open question whether characterizing the upstream processes
is enough to predict downstream behaviors, if neurocognitive
profiles generalize, or if each person has their own unique profiles.
The goal of CASPER is to characterize the full neurocognitive
developmental profile to better identify patterns that explain
symptoms.
Prior literature has supported the notion that depression arises

from a combination of genetic and environmental factors,
specifically adverse life experiences [41, 180], with a heritability
liability of approximately 37% [178]. Given the protracted
development of systems related to different components of social
processing, when and how individuals face adversity likely has a
strong influence on which CASPER process is most affected. For
instance, adversity experienced before the age of six years has a
disproportionate influence on hippocampal development [181].
Literature has found that the hippocampus has the fastest rate of
development in infancy and early childhood [182–184], suggest-
ing that influencing hippocampal development may be one way
that early adversity can influence downstream social cognitive
development conferring risk. Indeed, smaller hippocampal
volumes have been observed across more than a dozen depressed
cohorts with an even larger reduction in volume in individuals
with an earlier depression age of onset [185]. Further, the
preschool period is an important period for developing

foundational social skills including emotion reasoning and
mentalizing which coincides with maturation of the DMN
[45, 186–188]. Taken together, this suggests that one mechanism
conferring heterogeneity in depression phenotypes is individual
differences in the long-term encoding of emotion concepts
learned during the early childhood period.
There is some evidence for alterations in emotion concepts in

individuals with depressive symptoms from the emotion differ-
entiation and face labeling literature. Specifically, individuals with
greater symptoms are more likely to have poorer differentiation of
their own emotions (i.e., reporting feeling similarly across varied
negative emotion inductions or contexts) and worse performance
in labeling others’ emotions [189, 190]. While this area of research
is relatively new, these recent findings suggest many possible
avenues to explore to better understand this phenomenon. First, it
is likely that the specific kind of negative early experiences could
influence why there is poorer emotion discrimination later. For
example, childhood emotional abuse (e.g., name calling) and
neglect (e.g., not addressing emotional needs) are predictive of
later depression more so than physical abuse or neglect [41],
suggesting that the negative social cues are more closely linked to
depression emergence than stress broadly. Further, unpredictable
caregiving environments in infancy are associated with greater
symptoms later in childhood [191, 192], suggesting that a cascade
linking relative difficulty in predicting sensory and social signals
can influence later emotional functioning. Taken together, it
suggests that some children who develop depression-related
social dysfunctions may have experienced fundamentally altered
statistically learning in youth linking emotion cues to cause and
consequence, resulting in misinterpretations of others’ ambiguous
cues. Children experiencing emotional abuse likely learn quickly to
interpret ambiguous cues as potential threats, or to link negative
emotions that are typically interpreted distinctly (such as sadness
and anger) to overlapping causes and consequences, which we
predict is linked to DMN (and eventually widespread) alterations.
Children who experience unpredictable environments, alterna-
tively, may also have poorer concept discrimination for a different
reason, such as alterations in sensation influencing salience
processing. Longitudinal studies characterizing how early

Fig. 3 Theoretical models of how the CASPER model can be used to model social dysfunctions. a In this exemplar of a testable
hypothesis for melancholic depression, the model links early emotional abuse or neglect to observed downstream emotion processing biases
(i.e., attentional and interpretational) and alterations in emotion regulation. b In this exemplar of a testable hypothesis for conduct disorder,
the model links resource deprivation and abuse to alterations in downstream attentional processing of others negative emotions and
difficulty regulating anger.
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emotion-specific statistical learning, early caregiving experiences,
and neurodevelopment are needed to test this development
cascade in the CASPER model.
Prior work has demonstrated mixed directionality in studies of

attentional biases in depressed individuals, which may be
explained by the high co-occurrence of anxiety and depression.
The CASPER model offers some possible testable explanations for
this. Individuals with an anxious depression, for example, may
have alterations in the cue detection phase of CASPER. Both
prenatal factors and unpredictable postnatal sensory signals from
caregivers may alter how cue salience is shaped across develop-
ment. Prior literature has shown that maternal depression—a
strong predictor of offspring depression [193]—is associated with
offspring attentional and interpretational biases as well as
hyperactivity of the amygdala during emotion processing
[194–197]. It is possible that maternal emotion dysregulation
during pregnancy can alter the development of the cue detection
systems—which have a high concentration of HPA axis related
receptors [198, 199]—and in turn hyperarousal of SAL and VAN in
the infant.

CASPER AND EXTERNALIZING DISORDERS
Externalizing disorders in both youth and adult populations are
characterized by disruptive behaviors, impulse-control difficulties,
and impairments in social affiliation. The syndromes themselves
are diverse, and certain disorders may be more reflective of
deviations in only one domain (ADHD, for example, is primarily
linked with impulse-control problems) whereas others may show
deviations across two (e.g. Intermittent Explosive Disorder is linked
with disruptive behaviors and impulse control problems) or all
domains (e.g. substance use, oppositional defiant disorder,
conduct disorder, and aggressive personality syndromes such as
Antisocial and Borderline Personality Disorder). Similarly to
internalizing disorders, alterations in cue detection and attention
to relevant cues are consistently reported for externalizing
syndromes, as well as differences in affect/motivation and
experience-based social concept development profiles. Impor-
tantly, some of these symptoms may stem from cognitive
processes not inherently social in nature (i.e. FPN and impulsivity)
but may still impact social functioning. Many of these syndromes
have common symptomology [200], suggesting the CASPER
model may be integral in identifying cognitive neurophenotypes
for each and identify unique (or shared) intervention points. As
such, we highlight how the CASPER model may be applied to
Conduct Disorder below.

Conduct disorder cognitive neurophenotyping
Conduct Disorder is characterized by persistent antisocial behaviors,
including violence and violations of moral norms [201]. Conduct
disorder affects ~3% of the population [202], poses a significant
clinical burden [203], and is associated with higher rates of
attention, mood, and anxiety disorders [204]. Symptom expressions
vary, but can include interpersonally exploitive tendencies, callous-
unemotional behaviors and responses, impulsivity, and importantly,
violent and damaging acts [205]. Conduct disorder youth often
come to the attention of clinicians because of persistent peer
aggression, both in terms of targeted, proactive aggression (e.g.
bullying) and reactive, uncontrolled aggression (e.g. frustration,
fighting), often presenting severe emotional deficits (e.g. remorse-
lessness, callousness). Prior research into conduct disorder and
related conditions has focused on deviations in empathic proces-
sing and deviations in attention networks [206, 207] but are not
exclusive to these domains. In fact, application of the CASPER
model may provide novel intervention points to consider in the
etiology, diagnosis, and treatment for conduct disorder and related
diagnoses (e.g., Oppositional Defiant Disorder) and phenotypes
(e.g. Borderline features, bullying, psychopathy).

While youth with conduct disorder show deviations across
CASPER processes, much of the literature has focused on
underlying affect processing, which likely lead to downstream
cue detection (e.g., distress in others) limitations. In turn, youth
with conduct disorder may then also show limited attending to,
and shallower social processing of, social information in others.
Conduct disorder diagnosis strongly predicts adult psychiatric
impairment [208], with 50% of youth with conduct disorder
developing antisocial personality disorder [209]. These behaviors
have detrimental effects on development for both those
diagnosed with conduct disorder [210, 211] and those victimized
[212]. The financial cost of an individual with persistent conduct
disorder is estimated to be millions of dollars [213]. Neurodeve-
lopmental differences in onset age are particularly important in
childhood-onset conduct disorder [214], with early and severe
symptom presentation associated with persistent, antisocial
behavior across the lifespan [215, 216].
Similar to depression, early adverse life experiences likely play

an outsized role in the development of misconduct. For example,
in preschool aged children, it has been shown that living in a
resource deprived neighborhood is linked with increases in both
bullying behaviors and in other resource-driven (e.g., stealing)
misconduct, even when accounting for other symptoms and
parent behaviors [217]. Other longitudinal studies point to the
impact of unpredictable, erratic parenting behaviors and physical
abuse on the expression of conduct symptoms [218]. This
suggests that (a) exposure to adversity may lead those with
underlying diathesis to engage in select behavioral expressions
consistent with conduct disorder; and (b) environmental events
are likely influencing the schemas that promote aggression long
before these children begin expressing aggression. The fact that
the behavioral phenotype may already be presenting as early as
preschool suggests that our neurodevelopmental examinations
need to start at much younger ages, with a mind towards
identifying changes in brain function which may underlie these
developments. For example, recent work examining neonatal
functional connectivity patterns has identified that alterations
between CON and regions typically implicated in DMN processing
(e.g. medial prefrontal cortex) predicts externalizing symptoms
and callousness through age 3 [219]. This suggests that prenatal
and genetic factors may confer risk for children to develop altered
social processing consistent with conduct disorder behaviors.
Linking alterations in the timecourse of cognitive network

development to specific cognitive schemas and concepts will be
challenging, but studies of aggression in older children, adoles-
cents, and adults has already provided significant clues to how
exposure to adversity impacts these cognitive frames. For
example, exposure to uncertainty and threat may cause indivi-
duals to view their world as unpredictable, which may in turn
promote behavioral adaptations to ensure the individual can
acquire resources. In short, exposure to these types of adversity
may lead to the development of a risky life-strategy [220], with
individuals predisposed to aggression utilizing these antisocial
behaviors to obtain or maintain resources in a world that they
perceive as unsafe, unpredictable, and unproviding [221].
Significant work supports this hypothesis in adults across domains
(work, romantic, social), with a broad finding of reduced affiliation
[112] and an expectation of hostility, and willingness to act to
protect oneself from others hostility, in social interactions
[222, 223]. In youth, aggression can serve as a warning to other
aggressive individuals [222] to steer clear of confrontation, and
narrative studies with externalizing youth observe a willingness to
harm others with the assumption that others will likely harm them
if they do not act first [224]. We speculate that early forms of social
aggression in conduct disordered youth may be reflective of
conceptualizing the world as aggressive, with motivational and
affective systems developing in step. Preliminary evidence shows
that resource deprivation affects neural structure in children, with
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further work needed to establish specific changes that may
underlie these affective developments [225].
Conduct disorder youth have profound deviations in affective

processing, with some arguing that the diagnosis should largely
be understood as an emotion disorder [226–231]. Children and
adolescents with conduct disorder and related traits have shown
hypoactivation in subcortical neural regions (e.g., the amygdala) to
affective stimuli, particularly negative affective states, like distress
and fear [207, 232–234]. There also appears to be deviations in
regions and circuits typically associated with reward processing
[235–240]. These aberrations in associative and/or reinforcement
learning and both positive/negative affective processing is not
always consistently observed. For example, affective deficits may
be mitigated by task characteristics and enhanced motivation,
while reward processing deviations may not cleanly reflect hypo-
or hyperactivation to rewards but rather deviations in prediction
errors. Some work suggests a tendency to prefer immediate
rewards, while some suggest an increased desire for relative
rewards – that is, rewards coming at the expense of peers – both
of which is consistent with adult diagnoses [74, 241]. In
summation, affective learning in conduct disorder could reflect
limitations in an ability to process others’ emotions and correctly
assess rewards (e.g., reduced salience of others’ emotions, altered
motivation to parse others’ emotions) or could reflect adaptations
where immediate rewards are prioritized and affective information
which could impair the acquisition of such rewards are not
prioritized for further processing.
The role of attention—both stimulus-driven and goal-directed

—has been well-characterized in conduct-disordered youth.
Conduct disorder youth show hyporesponsivity via neural and
physiological responses to novel cues, suggesting a broad
insensitivity impacting bottom-up attentional detection. For
example, contingency changes need to be exaggerated for
aggressive youth to recognize [242] and conduct disorder youth
often have reduced “attentional blinks” to distracting cues [101].
Furthermore, conduct disorder youth show reductions in visual
processing and somatomotor networks, potentially suggesting
limited salience processing writ large [243], though this needs to
be formally tested. Related physiological work in adult populations
notes reduced arousal responses (e.g. startle responses [244])
along with decreased activity in SAL network areas and decreased
engagement of SAL networks in the presence of other task
demands [245, 246]. Deficits have also been observed in top-down
focused attention processing, with conduct disorder youth
showing relative hypoactivation in both DAN [247] and FPN
[248] regions. Meta-analyses in adult samples similarly shows
deficient top-down detection and hypoactivation in the FPN [246].
Interestingly, several behavioral studies run counter these find-
ings, suggesting certain traits associated with conduct disorder
may actually aid in identifying subtle cues of vulnerability in
others and directing focus to said information [249–253]. Rather
than an inability to read emotions in others, it may be that
aggressive individuals usually are not motivated to focus on the
distress cues of others; however, when it aligns with their goals,
they may be just as adept as typically developing populations. This
suggests that motivation plays an outsized and, we argue,
understudied role in interpreting activation differences and
attentional anomalies previously observed in aggressive popula-
tions. For example, several studies have either changed timing
constraints or provided task directions [113, 254] which nullified
previously observed deviations. We posit the CASPER model may
be uniquely qualified to explore attentional deviations in specific
contexts rather than as unitary constructs, which may be key to
identifying specifically when dysfunction will be observed, and
when “dysfunction” may reflect ability limitations rather than
limited effort.
As previously discussed, it is likely that individuals with conduct

disorder and related psychopathology may already be prone to

view social interactions from a competitive standpoint and
assume hostility from others. Unsurprisingly then, studies examin-
ing how such individuals interpret social information often finds
aberrant behavioral and neural responses. It has been found that
conduct disorder youth have reduced functional connectivity
within the DMN [255] and between the DMN and affective regions
[256]. While structural connectivity may be intact, consistent
deviations are found with reduced DMN functional connectivity
[243]. Similar findings in psychopathy suggest interpretation of
moral information may be shallowly processed [257], consistent
with theories of aggressive phenotypes being less focused on the
states of others or in desiring affiliation. Decision-making studies
of youth with conduct disorder have largely addressed two
aspects of their social decision-making processes, reactive and
proactive aggression. Reactive aggression is linked with impulsiv-
ity, whereas proactive aggression is goal-directed and requires
planning and creating opportunities (or at the very least seizing on
opportunities) to aggress. Work has shown that some individuals
may use aggression as a coping mechanism to rejection,
responding to perceived slights or insults with vengeful acts
[258]. Furthermore, aggression may be chosen as a pathway to
achieve goals [259], feel competent and powerful, and ensure
one’s place in the social hierarchy [71]. For example, researchers
have experimentally shown that individuals show improved mood
when allowed the opportunity to aggress against others [244].
Other studies have found that when individuals are experimen-
tally aggressed upon by a conspecific, that greater evoked activity
in reward system regions corresponds to the intensity of the
counter-attack. Furthermore, real-world histories of aggression are
related to activity in reward regions while aggressing against
others in experimental paradigms [75, 258, 260, 261], suggesting
that some instances violence might be understood as a reinforced
mechanism for goal achievement [262] in certain cases rather than
resulting from a breakdown in a regulatory system [263]. This may
or may not differ from other externalizing syndromes, where
proactive aggression is less expected but where reactive aggres-
sion may be serving immediate regulatory/coping mechanistic
purposes. The CASPER model could be integral to clarifying
aggressive acts across diagnoses resulting from impulsivity,
frustration, or reinforced goal-attainment.

FUTURE RESEARCH DIRECTIONS
To test these theories, future research can be designed with the
CASPER model in mind to both interpret current and retrospective
symptoms, while also predicting future social cognitive neuro-
phenotypic problems. Indeed, we hope that future researchers
test each component of the model as well as the directionality of
the effects. For example, in depression research, studies of infants
of depressed caregivers can measure early social and sensory
experiences to characterize which variations confer altered
emotion learning and subsequent risk, while studies of older
children can measure multiple cognitive processes, ensuring that
each process is measured both with and without social context to
parse whether individual core functions are intact. It is critical to
conduct these studies with full psychosocial context, measuring
neighborhood and family level variables of the child’s needs and
supports. These approaches can help future clinicians and
researchers determine if particular social alterations are due to a
down or upstream process. For example, studies could differ-
entiate goal-directed attentional processing during a naturalistic
movie versus a classic attention task devoid of social context. If
symptoms correlate to attentional performance on the task
similarly to attention to character emotions in the movie, that
suggests alterations in attentional processing itself may be
conferring social dysfunction rather than a broader attentional
deviation. This can be experimentally tested by implementing an
attention-based intervention. If this results in downstream
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improvements in social functioning, then it suggests that
alterations in attention were the principal contributor. Alterna-
tively, if there are different associations between contexts such as
no association in the classic task but an association in the movie
condition, this suggests that the alteration may be in the affect
and motivation process or cue detection phase, shaping the goal-
directed attention phase. This can be experimentally tested by
implementing interventions focused on changing affective state
or cognitive goals in the moment and then observing downstream
effects. Further, neuroimaging during naturalistic social conditions
will provide unprecedented insight to the cognitive processes
individuals are engaging during social cognition and can be used
in conjunction with the behavioral measures mentioned above to
characterize social cognitive neurophenotypes in depression. It is
critical that, as a field, we translate cognitive neuroscience
research tools such that clinicians can test these cognitive
processes bedside and use neuroscience-integrated results to
inform care.
Researchers can also use the CASPER model to better under-

stand any specific behavior, not just broad phenotypes. For
example, avoiding social situations is associated internalizing
disorders and with multiple possible underlying motivation (e.g.,
desire to be alone versus desire to avoid high sensory
experiences), prior experiences (e.g., low reward during social
interactions versus getting overwhelmed in an unexpected
crowd), and/or attentional processing tendencies during social
interactions (e.g., negative interpretation bias versus lack of
attention to the right cues for adaptive functioning). Like in Fig. 3,
researchers can use the CASPER model to flesh out and test
theories relating to a specific behavior. In the case of social
avoidance, researchers can assay multiple underlying differences
in cue detection, attention, interpretation, affect/motivation,
concepts, and experiences that might underly individual differ-
ences in their specific measure of social avoidance. This way, a
profile that considers the full context can provide a much richer
insight to the phenomenon (e.g., is social avoidance of peers
during school associated with differences in cue detection?
Interpretation?). Once the model is filled, then it can be tested
through intervention on the correlated steps (e.g., attention
training for alterations in the cue detection phase or CBT for
alterations in the interpretation phase).
In a typical presentation of a youth with externalizing

symptomology, it is often true that interventions are not broached
till aggression is already occurring. The CASPER model suggests
that by the time individuals are responding to their cues with
aggression, several upstream processes have already veered off
the road. We propose that front-line professionals (e.g., pediatri-
cians) and social resources (e.g. community psychoeducation
programs, neighborhood rejuvenation projects) may need to take
larger roles in assessing adverse events or risk factors impacting
affective development, before they are impacting attentional and
interpretation networks. Wellness visits for youth may want to
increase focus on parent behaviors, neighborhood characteristics,
as well as parent schemas (which may be transmitted to their
child). Concurrently, researchers need to extend functional
network research into younger populations, to provide both
normative trajectories of affective development, as well as study
timing impacts on downstream processes associated with
adversity. Of note, this approach will likely be key for explaining
deviations between conduct disorder and related externalizing
phenotypes. For example, while those with borderline personality
features are also prone to interpersonal aggression, their social
motivations differ from those with conduct disorder, as they are
characterized by a strong desire for social acceptance, although
this desire is persistently perceived by the individual to be unmet
and unattainable [264]. This suggests that while these two
disorders are related [265], the CASPER model approach may
illuminate where etiological divergences occur. Disruptive

behaviors are often difficult to accurately identify, as children
have limited awareness and parents may not have insight into
why their children may be acting antisocially with peers, at school,
or with siblings. Lab-based tasks have been increasingly utilized to
measure children’s social and cognitive functioning, demonstrat-
ing the ability to assess frustration tolerance and impulse control
issues (which likely stem from deviations in effortful control
networks), as well as reduced prosocial and increased antisocial
preferences (which may more directly be linked to social
processing networks). While academic researchers can focus on
establishing the reliability of said measures, clinicians, pediatri-
cians, and schools could consider socio-cognitive assessments in
the same ways that testing is already implemented to better
identify higher-risk children. Furthermore, this type of research will
likely provide even greater clarity to links between behavior and
functional brain network activity and connectivity. While certain
functional networks are implicated in specific cognitive processes,
their function is diverse and diffuse; understanding how the
maturation of these networks links back to behavior will provide
further insight into the implicated cognitive components.
We have provided two exemplar diagnoses, descriptively

highlighting how past findings fit within the differential processes
of the CASPER model. It is important to note that we do not
primarily view the added utility of our proposed model for
describing past work but in providing avenues for the generation
new hypotheses and testing/identify novel mechanisms under-
lying maladaptive behavioral phenomena. The etiology of
psychopathology has typically been viewed through a variant of
harmful dysfunction lens; we propose an agnostic approach to
psychopathology, with the possibility that the behaviors we
observe are reasonable short-term adaptations impacting specific
neurocognitive developmental processes. In the case of conduct
disordered youth, should we interpret the limited attention to
others’ emotions as dysfunction or the end result of an adoption
of a fast-life strategy? There are understandable reasons to view
the behaviors as dysfunctional and aberrant, but if these behaviors
serve evolutionarily understandable functions that align with
observable neural developmental processes (i.e., the maturation of
the default mode), our interventions may need to be reconsidered
away from “fixing a broken process in the person” towards
addressing the conditions that promoted this phenotype. An
alternative approach to “treatment” could therefore be to consider
the current social context underlying the condition. Such a
paradigm shift may require us to re-imagine treatment targets
away from the individual and be more focused at broader factors
(e.g., neighborhood, school, or family/caregiver resources) or
suggest both individual level targets need be complemented with
a greater emphasis on the environmental inputs which are
reinforcing observed neural and behavioral adaptations.
Importantly, we expect that the neural systems underlying

different processes may be particularly malleable at different
epochs of development. Therefore, tracing a particular behavioral
phenotype back through the CASPER model will provide greater
insight into where social processing may have veered off its
normative path and identify opportunities to intervene on both
primarily impacted, as well as secondary or compensatory,
cognitive targets. For instance, we may be able to improve our
understanding of why an individual may have difficulty detecting
affective stimuli if we can link it to adverse experiences at
particular developmental windows. Not only will this improve
primary prevention efforts (e.g., ensuring processes develop
normatively in unaffected individuals) but could also allow us to
consider concurrent neurodevelopment, as well as downstream
results. Recent efforts have been made to longitudinally study
younger and younger populations—such as the Adolescent Brain
and Cognitive Development (ABCD) study [266], The HEALthy
Brain and Child Development (HBCD) study [267], and Human
Connectome Projects (HCP) [268] which include child, neonate,
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and in-utero samples—which may allow for potentially greater
understanding of developing neural processing in the future. It is
important to note, however, that the representativeness of the
large sample is key to identifying whose developmental trajectory
is being included in these models and therefore for whom they
can provide an interpretable comparison group for. We suggest
these large-scale efforts be coupled with hypothesis-driven
models, to best test how the behavioral problems we observe in
our clinics can be best understood and empirically treated.
Additionally, while we formulated CASPER as a cognitive network
model, we will likely need multiple methodologies and levels of
bran measurements (e.g., genetics, local population coding,
multivariate models, etc.) to fully test CASPER.
Here, we present a testable model for explaining how social and

emotional aberrations manifest, rooted in developmental cogni-
tive neuroscience. The CASPER model links social information
processing theories and research across cognitive neuroscience,
social psychology, and developmental science disciplines to
provide a testable model of how real-world social processing
unfolds and is altered in individuals with psychopathology. We
hope that this unified theory will spurn new research that informs
future personalized interventions by targeting the upstream
processes that are resulting in dysfunction. Finally, the develop-
mental lens this model provides we hope will inform research into
when to intervene, leveraging developmental periods when these
systems are most plastic or targeting processes that are most
malleable across development.

REFERENCES
1. Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, et al. Research

Domain Criteria (RDoC): Toward a new classification framework for research on
mental disorders. Am J Psychiatry. 2010;167:748–51.

2. Cacioppo JT, Cacioppo S, Dulawa S, Palmer AA. Social neuroscience and its
potential contribution to psychiatry. World Psychiatry. 2014;13:131–9.

3. Eisenberg L. The social construction of the human brain. AJP. 1995;152:1563–75.
4. Lemerise EA, Arsenio WF. An integrated model of emotion processes and

cognition in social information processing. Child Dev. 2000;71:107–18.
5. Crick NR, Dodge KA. A review and reformulation of social information-

processing mechanisms in children’s social adjustment. Psychol Bull.
1994;115:74–101.

6. Gross JJ. The emerging field of emotion regulation: an integrative review. Rev
Gen Psychol. 1998;2:271–99.

7. Ainsworth MS, Bowlby J. An ethological approach to personality development.
Am Psychol. 1991;46:333–41.

8. Satpute AB, Lindquist KA. The Default Mode Network’s Role in Discrete Emotion.
Trends Cogn Sci. 2019. https://doi.org/10.1016/j.tics.2019.07.003.

9. Barrett LF, Satpute AB. Large-scale brain networks in affective and social neu-
roscience: towards an integrative functional architecture of the brain. Curr Opin
Neurobiol. 2013;23:361–72.

10. Blakemore S-J, Winston J, Frith U. Social cognitive neuroscience: where are we
heading?. Trends Cogn Sci. 2004;8:216–22.

11. Lieberman MD. Social cognitive neuroscience: a review of core processes. Annu
Rev Psychol. 2007;58:259–89.

12. Feng C, Eickhoff SB, Li T, Wang L, Becker B, Camilleri JA, et al. Common brain
networks underlying human social interactions: Evidence from large-scale
neuroimaging meta-analysis. Neurosci Biobehav Rev. 2021;126:289–303.

13. Menon V. 20 years of the default mode network: A review and synthesis.
Neuron. 2023;111:2469–87.

14. Camacho MC, Nielsen AN, Balser D, Furtado E, Steinberger DC, Fruchtman L,
et al. Large-scale encoding of emotion concepts becomes increasingly similar
between individuals from childhood to adolescence. Nat Neurosci.
2023;26:1256–66.

15. Chang LJ, Jolly E, Cheong JH, Rapuano KM, Greenstein N, Chen P-HA, et al.
Endogenous variation in ventromedial prefrontal cortex state dynamics during
naturalistic viewing reflects affective experience. Sci Adv. 2021;7:eabf7129.

16. Song H, Finn ES, Rosenberg MD. Neural signatures of attentional engagement
during narratives and its consequences for event memory. Proc Natl Acad Sci.
2021;118:e2021905118.

17. Çukur T, Nishimoto S, Huth AG, Gallant JL. Attention during natural vision warps
semantic representation across the human brain. Nat Neurosci. 2013;16:763–70.

18. Margoni F, Surian L, Baillargeon R. The violation-of-expectation paradigm: A
conceptual overview. Psychol Rev. 2024;131:716–48.

19. McDonald NM, Perdue KL. The infant brain in the social world: Moving toward
interactive social neuroscience with functional near-infrared spectroscopy.
Neurosci Biobehav Rev. 2018;87:38–49.

20. Darley JM, Fazio RH. Expectancy confirmation processes arising in the social
interaction sequence. Am Psychol. 1980;35:867–81.

21. Alba JW, Hasher L. Is memory schematic?. Psychol Bull. 1983;93:203–31.
22. Lee CS, Aly M, Baldassano C. Anticipation of temporally structured events in the

brain. eLife. 2021;10.
23. Colomer M, Chung H, Meyer M, Debnath R, Morales S, Fox NA, et al. Action

experience in infancy predicts visual-motor functional connectivity during
action anticipation. Devel Sci;n/a:e13339.

24. Colomer M, Woodward A. Should I learn from you? Seeing expectancy violations
about action efficiency hinders social learning in infancy. Cognition.
2023;230:105293.

25. Matsumoto D. Cultural similarities and differences in display rules. Motiv Emot.
1990;14:195–214.

26. Lindquist KA, Jackson JC, Leshin J, Satpute AB, Gendron M. The cultural evo-
lution of emotion. Nat Rev Psychol. 2022;1:13.

27. Gasparini S. Distance- and activity-dependent modulation of spike back-
propagation in layer V pyramidal neurons of the medial entorhinal cortex. J
Neurophysiol. 2011;105:1372–9.

28. Quirk MC, Blum KI, Wilson MA. Experience-dependent changes in
extracellular spike amplitude may reflect regulation of dendritic action
potential back-propagation in rat hippocampal pyramidal cells. J Neurosci.
2001;21:240–8.

29. Boccia M, Teghil A, Guariglia C. Looking into recent and remote past: Meta-
analytic evidence for cortical re-organization of episodic autobiographical
memories. Neurosci Biobehav Rev. 2019;107:84–95.

30. Masís-Obando R, Norman KA, Baldassano C. Schema representations in distinct
brain networks support narrative memory during encoding and retrieval. eLife.
2022;11:e70445.

31. Baldassano C, Hasson U, Norman KA. Representation of real-world event sche-
mas during narrative perception. J Neurosci. 2018;38:9689–99.

32. Miller AMP, Jacob AD, Ramsaran AI, De Snoo ML, Josselyn SA, Frankland PW.
Emergence of a predictive model in the hippocampus. Neuron.
2023;111:1952–1965.e5.

33. Gilboa A, Marlatte H. Neurobiology of schemas and schema-mediated memory.
Trends Cogn Sci. 2017;21:618–31.

34. Baraduc P, Duhamel J-R, Wirth S. Schema cells in the macaque hippocampus.
Science. 2019;363:635–9.

35. Kragel PA, Reddan MC, LaBar KS, Wager TD. Emotion schemas are embedded in
the human visual system. Sci Adv. 2019;5:eaaw4358.

36. Mclaughlin KA, Weissman D, Bitrán D. Childhood adversity and neural devel-
opment: a systematic review. Ann Rev Devel Psychol. 2019. https://doi.org/
10.1146/annurev-devpsych-121318.

37. Short AK, Baram TZ. Early-life adversity and neurological disease: age-old
questions and novel answers. Nature Rev Neurol. 2019. https://doi.org/10.1038/
s41582-019-0246-5.

38. Cao X, Liu Z, Xu C, Li J, Gao Q, Sun N, et al. Disrupted resting-state functional
connectivity of the hippocampus in medication-naïve patients with major
depressive disorder. J Affect Disord. 2012;141:194–203.

39. Broyd SJ, Demanuele C, Debener S, Helps SK, James CJ, Sonuga-Barke EJS.
Default-mode brain dysfunction in mental disorders: A systematic review.
Neurosci Biobehav Rev. 2009;33:279–96.

40. Humphreys KL, Zeanah CH. Deviations from the Expectable Environment in
Early Childhood and Emerging Psychopathology. Neuropsychopharmacology.
2014:1–17.

41. Humphreys KL, LeMoult J, Wear JG, Piersiak HA, Lee A, Gotlib IH. Child mal-
treatment and depression: A meta-analysis of studies using the Childhood
Trauma Questionnaire. Child Abus Negl. 2020;102:104361.

42. Carr CP, Martins CMS, Stingel AM, Lemgruber VB, Juruena MF. The role of early
life stress in adult psychiatric disorders: A systematic review according to
childhood trauma subtypes. J Nerv Ment Dis. 2013;201:1007–20.

43. Callaghan BL, Tottenham N. The Stress Acceleration Hypothesis: Effects of early-
life adversity on emotion circuits and behavior. Curr Opin Behav Sci.
2016;7:76–81.

44. Luby JL, Baram TZ, Rogers CE, Barch DM. Neurodevelopmental optimization
after early-life adversity: cross-species studies to elucidate sensitive periods and
brain mechanisms to inform early intervention. Trends Neurosci. 2020. https://
doi.org/10.1016/j.tins.2020.08.001.

45. Ruba AL, Pollak SD. The Development of Emotion Reasoning in Infancy and Early
Childhood. Annu Rev Devel Psychol. 2020;2:503–31.

M.C. Camacho et al.

147

Neuropsychopharmacology (2026) 51:136 – 152

https://doi.org/10.1016/j.tics.2019.07.003
https://doi.org/10.1146/annurev-devpsych-121318
https://doi.org/10.1146/annurev-devpsych-121318
https://doi.org/10.1038/s41582-019-0246-5
https://doi.org/10.1038/s41582-019-0246-5
https://doi.org/10.1016/j.tins.2020.08.001
https://doi.org/10.1016/j.tins.2020.08.001


46. Flannery J, Giuliani NR, Flournoy JC, Pfeifer JH. Neurodevelopmental changes
across adolescence in viewing and labeling dynamic peer emotions. Devel Cogn
Neurosci. 2017;25:113–27.

47. Gibb A, Wilson JM, Ford C, Shook NJ. Does mindfulness reduce negative
interpretation bias?. Cogn Emot. 2022;36:284–99.

48. Davey GCL, Bickerstaffe S, MacDonald BA. Experienced disgust causes a nega-
tive interpretation bias: A causal role for disgust in anxious psychopathology.
Behav Res Ther. 2006;44:1375–84.

49. Matovic D, Abraham R, Basford E, Viju A, Wuthrich VM. The positivity effect is
robust to health and social content in ambiguous scenario interpretation.
Emotion. 2025. https://doi.org/10.1037/emo0001501.

50. Naranowicz M. Mood effects on semantic processes: Behavioural and electro-
physiological evidence. Front Psychol. 2022;13.

51. Contreras-Huerta LS, Pisauro MA, Apps MAJ. Effort shapes social cognition and
behaviour: A neuro-cognitive framework. Neurosci Biobehav Rev.
2020;118:426–39.

52. Arsalidou M, Duerden EG, Taylor MJ. The centre of the brain: Topographical
model of motor, cognitive, affective, and somatosensory functions of the basal
ganglia. Human Brain Mapp. 2013. https://doi.org/10.1002/hbm.22124.

53. Der-Avakian A, Markou A. The neurobiology of anhedonia and other reward-
related deficits. Trends Neurosci. 2012;35:68–77.

54. Mohebi A, Pettibone JR, Hamid AA, Wong JMT, Vinson LT, Patriarchi T, et al.
Dissociable dopamine dynamics for learning and motivation. Nature.
2019;570:65–70.

55. Bush G, Luu P, Posner MI. Cognitive and emotional influences in anterior cin-
gulate cortex. Trends Cogn Sci. 2000;4:215–22.

56. Power JD, Cohen AL, Nelson SM, Wig GS, Barnes KA, Church JA, et al. Functional
Network Organization of the Human Brain. Neuron. 2011;72:665–78.

57. Ji JL, Spronk M, Kulkarni K, Repovš G, Anticevic A, Cole MW. Mapping the human
brain’s cortical-subcortical functional network organization. NeuroImage.
2019;185:35–57.

58. Greene DJ, Marek S, Gordon EM, Schlaggar BL, Petersen SE, Dosenbach NUF.
Integrative and Network-Specific Connectivity of the Basal Ganglia and Thala-
mus Defined in Individuals. Neuron. 2019;105:1–17.

59. Saper CB. Hypothalamic connections with the cerebral cortex. Progress Brain
Res, 2000;126:39–48.

60. Risold PY, Thompson RH, Swanson LW. The structural organization of connec-
tions between hypothalamus and cerebral cortex1. Brain Res Rev.
1997;24:197–254.

61. Kragel PA, Labar KS. Decoding the Nature of Emotion in the Brain. Trends Cogn
Sci. 2016;20:444–55.

62. Berridge KC, Kringelbach ML. Pleasure Systems in the Brain. Neuron.
2015;86:646–64.

63. Vicario CM, Rafal RD, Martino D, Avenanti A. Core, social and moral disgust are
bounded: A review on behavioral and neural bases of repugnance in clinical
disorders. Neurosci Biobehav Rev. 2017;80:185–200.

64. Wang Y, Kragel PA, Satpute AB. Neural Predictors of Fear Depend on the
Situation. J Neurosci. 2024;44.

65. Rolls ET. Emotion, motivation, decision-making, the orbitofrontal cortex, anterior
cingulate cortex, and the amygdala. Brain Struct Funct. 2023;228:1201–57.

66. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. Arlington, VA: American Psychiatric Association; 2013.

67. Forbes EE, Dahl RE. Research Review: Altered reward function in adolescent
depression: what, when and how?. J Child Psychol Psychiatry. 2012;53:3–15.

68. Rappaport BI, Barch DM. Brain responses to social feedback in internalizing
disorders: A comprehensive review. Neurosci Biobehav Rev. 2020;118:
784–808.

69. Newman MG, Llera SJ. A novel theory of experiential avoidance in generalized
anxiety disorder: A review and synthesis of research supporting a contrast
avoidance model of worry. Clin Psychol Rev. 2011;31:371–82.

70. Newman MG, Rackoff GN, Zhu Y, Kim H. A transdiagnostic evaluation of contrast
avoidance across generalized anxiety disorder, major depressive disorder, and
social anxiety disorder. J Anxiety Disord. 2023;93:102662.

71. Garandeau CF, Lansu TAM. Why does decreased likeability not deter adolescent
bullying perpetrators?. Aggressive Behav. 2019;45:348–59.

72. Lansu TAM, van den Berg YHM. Being on top versus not dangling at the bottom:
Popularity motivation and aggression in youth. Aggressive Behav. 2024;50:
e22163.

73. van Geel M, Goemans A, Toprak F, Vedder P. Which personality traits are related
to traditional bullying and cyberbullying? A study with the Big Five, Dark Triad
and sadism. Personal Individ Differences. 2017;106:231–5.

74. Glenn AL, Efferson LM, Iyer R, Graham J. Values, Goals, and motivations asso-
ciated with psychopathy. J Soc Clin Psychol. 2017;36:108–25.

75. Chester DS. The Role of Positive Affect in Aggression. Curr Dir Psychol Sci.
2017;26:366–70.

76. Bjork JM, Chen G, Smith AR, Hommer DW. Incentive-elicited mesolimbic acti-
vation and externalizing symptomatology in adolescents. J Child Psychol Psy-
chiatry. 2010;51:827–37.

77. Perino MT, Guassi Moreira JF, Telzer EH. Links between adolescent bullying and
neural activation to viewing social exclusion. Cogn Affect Behav Neurosci.
2019;19:1467–78.

78. Uddin LQ. Salience processing and insular cortical function and dysfunction. Nat
Rev Neurosci. 2015;16:55–61.

79. Pitcher D, Ungerleider LG. Evidence for a Third Visual Pathway Specialized for
Social Perception. Trends Cogn Sci. 2021;25:100–10.

80. Frühholz S, Ceravolo L, Grandjean D. Specific Brain Networks during Explicit and
Implicit Decoding of Emotional Prosody. Cereb Cortex. 2012;22:1107–17.

81. Yeo BTT, Krienen FM, Chee MWL, Buckner RL. Estimates of segregation and
overlap of functional connectivity networks in the human cerebral cortex.
NeuroImage. 2014;88:212–27.

82. Gordon EM, Laumann TO, Adeyemo B, Huckins JF, Kelley WM, Petersen SE.
Generation and evaluation of a cortical area parcellation from resting-state
correlations. Cereb Cortex. 2016;26:288–303.

83. Glasser MF, Coalson TS, Robinson EC, Hacker CD, Harwell J, Yacoub E, et al. A
multi-modal parcellation of human cerebral cortex. Nature. 2016;536:171–8.

84. Piech RM, McHugo M, Smith SD, Dukic MS, Van Der Meer J, Abou-Khalil B, et al.
Attentional capture by emotional stimuli is preserved in patients with amygdala
lesions. Neuropsychologia. 2011;49:3314–9.

85. Spunt RP, Elison JT, Dufour N, Hurlemann R, Saxe R, Adolphs R. Amygdala lesions
do not compromise the cortical network for false-belief reasoning. Proc Natl
Acad Sci. 2015;112:4827–32.

86. Bach DR, Hurlemann R, Dolan RJ. Impaired threat prioritisation after selective
bilateral amygdala lesions. Cortex. 2015;63:206–13.

87. Sun F, Wu YE, Hong W. A neural basis for prosocial behavior toward unre-
sponsive individuals. Science. 2025;387:eadq2679.

88. Sylvester CM, Corbetta M, Raichle ME, Rodebaugh TL, Schlaggar BL, Sheline YI,
et al. Functional network dysfunction in anxiety and anxiety disorders. Trends
Neurosci. 2012;35:527–35.

89. Everaert J, Bernstein A, Joormann J, Koster EHW. Mapping Dynamic Interactions
Among Cognitive Biases in Depression. Emot Rev. 2020:175407391989206.

90. Dalgleish T, Taghavi R, Neshat-Doost H, Moradi A, Canterbury R, Yule W. Patterns
of processing bias for emotional information across clinical disorders: a com-
parison of attention, memory, and prospective cognition in children and ado-
lescents with depression, generalized anxiety, and posttraumatic stress disorder.
J Clin Child Adolesc Psychol. 2003;32:10–21.

91. Kircanski K, Joormann J, Gotlib IH. Attention to emotional information in social
anxiety disorder with and without co-occurring depression. Cogn Ther Res.
2015;39:153–61.

92. Kircanski K, Waugh CE, Camacho MC, Gotlib IH. Aberrant parasympathetic stress
responsivity in pure and co-occurring major depressive disorder and general-
ized anxiety disorder. J Psychopathol Behav Assess. 2016. https://doi.org/
10.1007/s10862-015-9493-y.

93. Sindermann L, Redlich R, Opel N, Böhnlein J, Dannlowski U, Leehr EJ. Systematic
transdiagnostic review of magnetic-resonance imaging results: Depression,
anxiety disorders and their co-occurrence. J Psychiatr Res. 2021;142:226–39.

94. Mogg K, Bradley BP. Anxiety and Threat-Related Attention: Cognitive-
Motivational Framework and Treatment. Trends Cogn Sci. 2018;22:225–40.

95. Puliafico AC, Kendall PC. Threat-Related Attentional Bias in Anxious Youth: A
Review. Clin Child Fam Psychol Rev. 2006;9:162–80.

96. Xia CH, Ma Z, Ciric R, Gu S, Betzel RF, Kaczkurkin AN, et al. Linked dimensions of
psychopathology and connectivity in functional brain networks. Nat Commun.
2018;9:3003.

97. Perino MT, Yu Q, Myers MJ, Harper JC, Baumel WT, Petersen SE, et al. Attention
alterations in pediatric anxiety: evidence from behavior and neuroimaging. Biol
Psychiatry. 2021;89:726–34.

98. Drysdale AT, Myers MJ, Harper JC, Guard M, Manhart M, Yu Q, et al. A Novel
Cognitive Training Program Targets Stimulus-Driven Attention to Alter Symp-
toms, Behavior, and Neural Circuitry in Pediatric Anxiety Disorders: Pilot Clinical
Trial. J Child Adolescent Psychopharmacol. 2023. https://doi.org/10.1089/
cap.2023.0020.

99. Kirk PA, Robinson OJ, Skipper JI. Amygdala-prefrontal connectivity during
movie-watching correlates with self-reported symptoms of anxiety. 2021.

100. Camacho MC, Schwarzlose RF, Perino MT, Labonte AK, Koirala S, Barch DM,
et al. Youth Generalized Anxiety and Brain Activation States During Socio-
emotional Processing. JAMA Psychiatry. 2024. https://doi.org/10.1001/
jamapsychiatry.2024.4105.

101. Fairchild G, Van Goozen SH, Stollery SJ, Goodyer IM. Fear Conditioning and
Affective Modulation of the Startle Reflex in Male Adolescents with Early-Onset
or Adolescence-Onset Conduct Disorder and Healthy Control Subjects. Biol
Psychiatry. 2008;63:279–85.

M.C. Camacho et al.

148

Neuropsychopharmacology (2026) 51:136 – 152

https://doi.org/10.1037/emo0001501
https://doi.org/10.1002/hbm.22124
https://doi.org/10.1007/s10862-015-9493-y
https://doi.org/10.1007/s10862-015-9493-y
https://doi.org/10.1089/cap.2023.0020
https://doi.org/10.1089/cap.2023.0020
https://doi.org/10.1001/jamapsychiatry.2024.4105
https://doi.org/10.1001/jamapsychiatry.2024.4105


102. Frick PJ. Current research on conduct disorder in children and adolescents.
South Afr J Psychol. 2016;46:160–74.

103. Menks WM, Fehlbaum LV, Borbás R, Sterzer P, Stadler C, Raschle NM. Eye gaze
patterns and functional brain responses during emotional face processing in
adolescents with conduct disorder. NeuroImage Clin. 2021;29:102519.

104. Vossel S, Geng JJ, Fink GR. Dorsal and ventral attention systems: Distinct neural
circuits but collaborative roles. Neuroscientist. 2014;20:150–9.

105. Buschman TJ, Miller EK. Top-Down Versus Bottom-Up Control of Attention in the
Prefrontal and Posterior Parietal Cortices. Science. 2007;315:1860–2.

106. Corbetta M, Shulman GL. Control of goal-directed and stimulus-driven attention
in the brain. Nat Rev Neurosci. 2002;3:215–29.

107. Marek S, Dosenbach NUF. The frontoparietal network: function, electro-
physiology, and importance of individual precision mapping. Dialogues Clin
Neurosci. 2018;20:133–40.

108. Dosenbach NUF, Fair DA, Cohen AL, Schlaggar BL, Petersen SE. A dual-networks
architecture of top-down control. Trends Cogn Sci. 2008;12:99–105.

109. Fiebelkorn IC, Pinsk MA, Kastner S. A Dynamic Interplay within the Frontoparietal
Network Underlies Rhythmic Spatial Attention. Neuron. 2018;99:842–853.e8.

110. Perez-Edgar K, Fox NA. A Behavioral and Electrophysiological Study of Children’s
Selective Attention Under Neutral and Affective Conditions. J Cogn Dev.
2005;6:89–118.

111. Pérez-Edgar K, Martin McDermott JN, Korelitz K, Degnan KA, Curby TW, Pine DS,
et al. Patterns of Sustained Attention in Infancy Shape the Developmental
Trajectory of Social Behavior From Toddlerhood Through Adolescence. Dev
Psychol. 2010;46:1723–30.

112. Viding E, McCrory E. Towards understanding atypical social affiliation in psy-
chopathy. Lancet Psychiatry. 2019;6:437–44.

113. Meffert H, Gazzola V, den Boer JA, Bartels AAJ, Keysers C. Reduced spontaneous
but relatively normal deliberate vicarious representations in psychopathy. Brain.
2013;136:2550–62.

114. Mundy P. A review of joint attention and social-cognitive brain systems in
typical development and autism spectrum disorder. Eur J Neurosci.
2018;47:497–514.

115. Buckner RL, DiNicola LM. The brain’s default network: updated anatomy, phy-
siology and evolving insights. Nat Rev Neurosci. 2019;20:593–608.

116. Skeide MA, Friederici AD. The ontogeny of the cortical language network. Nat
Rev Neurosci. 2016;17:323–32.

117. Chen J, Short M, Kemps E. Interpretation bias in social anxiety: A systematic
review and meta-analysis. J Affect Disord. 2020;276:1119–30.

118. Subar AR, Humphrey K, Rozenman M. Is interpretation bias for threat content
specific to youth anxiety symptoms/diagnoses? A systematic review and meta-
analysis. Eur Child Adolescent Psychiatry. 2021. https://doi.org/10.1007/s00787-
021-01740-7.

119. Castillo MD, Leandro PG. Interpretation bias in anxiety a synthesis of studies
with children and adolescents. Proc Soc Behav Sci. 2010;5:1105–11.

120. Everaert J, Duyck W, Koster EHW. Attention, interpretation, and memory biases
in subclinical depression: A proof-of-principle test of the combined cognitive
biases hypothesis. Emotion. 2014;14:331–40.

121. Clauss JA, Blackford JU. Behavioral Inhibition and Risk for Developing Social
Anxiety Disorder: A Meta-Analytic Study. J Am Acad Child Adolesc Psychiatry.
2012;51:1066–75.

122. Everaert J, Bronstein MV, Cannon TD, Joormann J. Looking through tinted
glasses: depression and social anxiety are related to both interpretation biases
and inflexible negative interpretations. Clin Psychol Sci. 2018;6:517–28.

123. Nozadi SS, Troller-Renfree S, White LK, Frenkel T, Degnan KA, Bar-Haim Y, et al.
The Moderating Role of Attention Biases in understanding the link between
Behavioral Inhibition and Anxiety. J Exp Psychopathol. 2016;7:451–65.

124. Pérez-Edgar K, Reeb-Sutherland BC, Mcdermott JM, White LK, Henderson HA,
Degnan KA, et al. Attention Biases to Threat Link Behavioral Inhibition to Social
Withdrawal over Time in Very Young Children. J Abnorm Child Psychol.
2011;39:885–95.

125. Pérez-Edgar K, Taber-Thomas B, Auday E, Morales S. Temperament and atten-
tion as core mechanisms in the early emergence of anxiety 2013. p. 42–56.

126. Fu X, Nelson EE, Borge M, Buss KA, Pérez-Edgar K. Stationary and ambulatory
attention patterns are differentially associated with early temperamental risk for
socioemotional problems: Preliminary evidence from a multimodal eye-tracking
investigation. Dev Psychopathol. 2019;31:971–88.

127. Gunther KE, Brown KM, Fu X, Macneill LA, Jones M, Ermanni B, et al. Mobile eye
tracking captures changes in attention over time during a naturalistic threat
paradigm in behaviorally inhibited children. Affect Sci. 2021;1:3.

128. Deveney CM, Connolly ME, Jenkins SE, Kim P, Fromm SJ, Pine DS, et al. Neural
recruitment during failed motor inhibition differentiates youths with bipolar
disorder and severe mood dysregulation. Biol Psychol. 2011;89:148–55.

129. Ochsner KN, Silvers JA, Buhle JT. Functional imaging studies of emotion reg-
ulation: a synthetic review and evolving model of the cognitive control of

emotion. Ann New York Acad Sci. 2012. https://doi.org/10.1111/j.1749-
6632.2012.06751.x.

130. Buhle JT, Silvers JA, Wage TD, Lopez R, Onyemekwu C, Kober H, et al. Cognitive
reappraisal of emotion: A meta-analysis of human neuroimaging studies. Cereb
Cortex. 2014;24:2981–90.

131. Morawetz C, Riedel MC, Salo T, Berboth S, Eickhoff SB, Laird AR, et al. Multiple
large-scale neural networks underlying emotion regulation. Neurosci Biobehav
Rev. 2020;116:382–95.

132. McTeague LM, Goodkind MS, Etkin A. Transdiagnostic impairment of cognitive
control in mental illness. J Psychiatr Res. 2016;83:37–46.

133. Barch DM. The Cognitive Neuroscience of Schizophrenia. Annu Rev Clin Psychol.
2005;1:321–53.

134. Duggirala SX, Schwartze M, Pinheiro AP, Kotz SA. Interaction of emotion and
cognitive control along the psychosis continuum: a critical review. Int J Psy-
chophysiol. 2020;147:156–75.

135. Toohey MJ, DiGiuseppe R. Defining and measuring irritability: Construct clar-
ification and differentiation. Clin Psychol Rev. 2017;53:93–108.

136. Breaux R, Baweja R, Eadeh H-M, Shroff DM, Cash AR, Swanson CS, et al. Sys-
tematic review and meta-analysis: pharmacological and nonpharmacological
interventions for persistent nonepisodic irritability. J Am Acad Child Adolesc
Psychiatry. 2023;62:318–34.

137. Grayson DS, Fair DA. Development of large-scale functional networks from birth
to adulthood: A guide to the neuroimaging literature. NeuroImage.
2017;160:15–31.

138. Thomason ME. Development of brain networks in utero: relevance for
common neural disorders. Biol Psychiatry. 2020. https://doi.org/10.1016/
j.biopsych.2020.02.007.

139. Mesman J, van IJzendoorn MH, Bakermans-Kranenburg MJ. The many faces
of the Still-Face Paradigm: A review and meta-analysis. Devel Rev.
2009;29:120–62.

140. Camacho MC, Karim HT, Perlman SB. Neural architecture supporting active
emotion processing in children: A multivariate approach. NeuroImage.
2019;188:171–80.

141. Park AT, Richardson H, Tooley UA, McDermott CL, Boroshok AL, Ke A, et al. Early
stressful experiences are associated with reduced neural responses to natur-
alistic emotional and social content in children. Devel Cogn Neurosci.
2022;57:101152.

142. Tooley UA, Park AT, Leonard JA, Boroshok AL, McDermott CL, Tisdall MD, et al.
The Age of Reason: Functional brain network development during childhood. J
Neurosci. 2022;42:8237–51.

143. Fair DA, Cohen AL, Dosenbach NUF, Church JA, Miezin FM, Barch DM, et al. The
maturing architecture of the brain’s default network. Proc Natl Acad Sci.
2008;105:4028–32.

144. Sherman LE, Rudie JD, Pfeifer JH, Masten CL, McNealy K, Dapretto M.
Development of the Default Mode and Central Executive Networks
across early adolescence: A longitudinal study. Devel Cogn Neurosci.
2014;10:148–59.

145. Supekar K, Uddin LQ, Prater K, Amin H, Greicius MD, Menon V. Development of
functional and structural connectivity within the default mode network in
young children. NeuroImage. 2010;52:290–301.

146. Nook EC, Sasse SF, Lambert HK, McLaughlin KA, Somerville LH. The Nonlinear
Development of Emotion Differentiation: Granular Emotional Experience Is Low
in Adolescence. Psychol Sci. 2018;29:1346–57.

147. Blakemore S-J. The social brain in adolescence. Nat Rev Neurosci. 2008;9:267–77.
148. Burnett S, Bird G, Moll J, Frith C, Blakemore S-J. Development during adoles-

cence of the neural processing of social emotion. J Cogn Neurosci.
2009;21:1736–50.

149. Lees B, Squeglia LM, McTeague LM, Forbes MK, Krueger RF, Sunderland M, et al.
Altered neurocognitive functional connectivity and activation patterns underlie
psychopathology in preadolescence. Biol Psychiatry Cogn Neurosci Neuroima-
ging. 2021;6:387–98.

150. Menon V. Large-scale brain networks and psychopathology: a unifying triple
network model. Trends Cogn Sci. 2011;15:483–506.

151. Labonte AK, Camacho MC, Moser J, Koirala S, Laumann TO, Marek S, et al.
Precision functional mapping to advance developmental psychiatry research.
Biol Psychiatry Global Open Sci. 2024:100370.

152. Beauchaine TP, Constantino JN, Hayden EP. Psychiatry and developmental
psychopathology: Unifying themes and future directions. Compr Psychiatry.
2018;87:143–52.

153. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime
Prevalence and Age-of-Onset Distributions of DSM-IV Disorders in the National
Comorbidity Survey Replication. Arch Gen Psychiatry. 2005;62:593.

154. Solmi M, Radua J, Olivola M, Croce E, Soardo L, Salazar de Pablo G, et al. Age at
onset of mental disorders worldwide: large-scale meta-analysis of 192 epide-
miological studies. Mol Psychiatry. 2022;27:281–95.

M.C. Camacho et al.

149

Neuropsychopharmacology (2026) 51:136 – 152

https://doi.org/10.1007/s00787-021-01740-7
https://doi.org/10.1007/s00787-021-01740-7
https://doi.org/10.1111/j.1749-6632.2012.06751.x
https://doi.org/10.1111/j.1749-6632.2012.06751.x
https://doi.org/10.1016/j.biopsych.2020.02.007
https://doi.org/10.1016/j.biopsych.2020.02.007


155. Joslyn C, Hawes DJ, Hunt C, Mitchell PB. Is age of onset associated with severity,
prognosis, and clinical features in bipolar disorder? A meta-analytic review.
Bipolar Disord. 2016;18:389–403.

156. Nook EC, Flournoy JC, Rodman AM, Mair P, McLaughlin KA. High Emotion Dif-
ferentiation Buffers Against Internalizing Symptoms Following Exposure to
Stressful Life Events in Adolescence: An Intensive Longitudinal Study. Clin
Psychol Sci. 2021;9:699–718.

157. Rich BA, Grimley ME, Schmajuk M, Blair KS, Blair RJR, Leibenluft E. Face emotion
labeling deficits in children with bipolar disorder and severe mood dysregula-
tion. Devel Psychopathol. 2008;20.

158. Hollender AE, Elsayed NM, Vogel AC, Tillman R, Barch DM, Luby JL, et al.
Childhood emotion dysregulation mediates the relationship between preschool
emotion labeling and adolescent depressive symptoms. Emotion. 2023. https://
doi.org/10.1037/emo0001248.

159. Abend R, Bajaj MA, Matsumoto C, Yetter M, Harrewijn A, Cardinale EM, et al.
Converging multi-modal evidence for implicit threat-related bias in pediatric
anxiety disorders. J Abnormal Child Psychol. 2020. https://doi.org/10.1007/
s10802-020-00712-w.

160. Everaert J, Tierens M, Uzieblo K, Koster EHW. The indirect effect of attention bias
on memory via interpretation bias: Evidence for the combined cognitive bias
hypothesis in subclinical depression. Cognition Emot. 2013;27:1450–9.

161. Bradley BP, Mogg K, White J, Groom C, Bono J. Attentional bias for emotional
faces in generalized anxiety disorder. Br J Clin Psychol. 1999;38:267–78.

162. Lynch CJ, Elbau IG, Ng T, Ayaz A, Zhu S, Wolk D, et al. Frontostriatal salience
network expansion in individuals in depression. Nature. 2024;633:624–33.

163. Kaiser RH, Andrews-Hanna JR, Wager TD, Pizzagalli DA. Large-scale network
dysfunction in major depressive disorder. JAMA Psychiatry. 2015;72:603.

164. Hattingh CJ, Ipser J, Tromp SA, Syal S, Lochner C, Brooks SJ, et al. Functional
magnetic resonance imaging during emotion recognition in social anxiety
disorder: an activation likelihood meta-analysis. Front Human Neurosci. 2013;6.

165. Wegbreit E, Cushman GK, Puzia ME, Weissman AB, Kim KL, Laird AR, et al.
Developmental meta-analyses of the functional neural correlates of bipolar
disorder. JAMA Psychiatry. 2014;71:926–35.

166. Koch SBJ, van Zuiden M, Nawijn L, Frijling JL, Veltman DJ, Olff M. Aberrant
resting-state brain activity in posttraumatic stress disorder: a meta-analysis and
systematic review. Depress Anxiety. 2016;33:592–605.

167. Merikangas KR, He J, Burstein M, Swanson SA, Avenevoli S, Cui L, et al. Lifetime
Prevalence of Mental Disorders in U.S. Adolescents: Results from the National
Comorbidity Survey Replication–Adolescent Supplement (NCS-A). J Am Acad
Child Adolesc Psychiatry. 2010;49:980–9.

168. Buch AM, Liston C. Dissecting diagnostic heterogeneity in depression by inte-
grating neuroimaging and genetics. Neuropsychopharmacol. 2021;46:156–75.

169. Forbes MK, Neo B, Nezami OM, Fried EI, Faure K, Michelsen B, et al. Elemental
psychopathology: distilling constituent symptoms and patterns of repetition in
the diagnostic criteria of the DSM-5. Psychol Med. 2024;54:886–94.

170. Feczko E, Miranda-Dominguez O, Marr M, Graham AM, Nigg JT, Fair DA, et al.
The heterogeneity problem: approaches to identify psychiatric subtypes trends
in cognitive sciences. Trends Cogn Sci. 2019.

171. Beijers L, Wardenaar KJ, van Loo HM, Schoevers RA. Data-driven biological
subtypes of depression: systematic review of biological approaches to depres-
sion subtyping. Mol Psychiatry. 2019;24:888–900.

172. Joiner TE. Contagious depression: Existence, specificity to depressed symptoms,
and the role of reassurance seeking. J Personal Soc Psychol. 1994;67:287–96.

173. Luyten P, Fonagy P. The stress–reward–mentalizing model of depression: An
integrative developmental cascade approach to child and adolescent depres-
sive disorder based on the Research Domain Criteria (RDoC) approach. Clinical
Psychol Rev. 2018. https://doi.org/10.1016/j.cpr.2017.09.008.

174. Rice F, Riglin L, Lomax T, Souter E, Potter R, Smith DJ, et al. Adolescent and adult
differences in major depression symptom profiles. J Affect Disord.
2019;243:175–81.

175. Kessler RC, Adler L, Barkley R, Biederman J, Conners CK, Demler O, et al. The
Prevalence and Correlates of Adult ADHD in the United States: Results From the
National Comorbidity Survey Replication. AJP. 2006;163:716–23.

176. Luby JL, Belden AC, Pautsch J, Si X, Spitznagel E. The clinical significance of
preschool depression: Impairment in functioning and clinical markers of the
disorder. J Affect Disord. 2009;112:111–9.

177. Kessler RC, Berglund PA, Dewit DJ, Ustün TB, Wang PS, Wïttchen H-U. Distin-
guishing generalized anxiety disorder from major depression: prevalence and
impairment from current pure and comorbid disorders in the US and Ontario.
Int J Methods Psychiatr Res. 2002;11:99–111.

178. Sullivan PF, Neale MC, Kendler KS. Genetic Epidemiology of Major Depression:
Review and Meta-Analysis. AJP. 2000;157:1552–62.

179. Andersen SL. Exposure to early adversity: Points of cross-species translation that
can lead to improved understanding of depression. Dev Psychopathol.
2015;27:477–91.

180. LeMoult J, Humphreys KL, Tracy A, Hoffmeister J-A, Ip E, Gotlib IH. Meta-analysis:
Exposure to Early Life Stress and Risk for Depression in Childhood and Ado-
lescence. J Am Acad Child Adolescent Psychiatry. 2019. https://doi.org/10.1016/
j.jaac.2019.10.011.

181. Humphreys KL, King LS, Sacchet MD, Camacho MC, Colich NL, Ordaz SJ, et al.
Evidence for a sensitive period in the effects of early life stress on hippocampal
volume. Devel Sci. 2019;22.

182. Fish AM, Nadig A, Seidlitz J, Reardon PK, Mankiw C, McDermott CL, et al. Sex-
biased trajectories of amygdalo-hippocampal morphology change over human
development. NeuroImage. 2020;204:116122.

183. Uematsu A, Matsui M, Tanaka C, Takahashi T, Noguchi K, Suzuki M, et al.
Developmental Trajectories of Amygdala and Hippocampus from Infancy to
Early Adulthood in Healthy Individuals. PLoS ONE. 2012;7:e46970.

184. Knickmeyer RC, Gouttard S, Kang C, Evans D, Wilber K, Smith JK, et al. A
Structural MRI Study of Human Brain Development from Birth to 2 Years. J
Neurosci. 2008;28:12176–82.

185. Schmaal L, Veltman DJ, van Erp TGM, Sämann PG, Frodl T, Jahanshad N, et al.
Subcortical brain alterations in major depressive disorder: findings from the
ENIGMA Major Depressive Disorder working group. Mol Psychiatry. 2015:1–7.

186. Decety J. The Neurodevelopment of Empathy in Humans. Devel Neurosci.
2010;32:257–67.

187. Richardson H. Development of brain networks for social functions: Confirmatory
analyses in a large open source dataset. Devel Cogn Neurosci. 2018:1–0.

188. Richardson H, Lisandrelli G, Riobueno-Naylor A, Saxe R. Development of the
social brain from age three to twelve years. Nat Commun. 2018;9:1027.

189. Nook EC. Emotion Differentiation and Youth Mental Health: Current Under-
standing and Open Questions. Front Psychol. 2021;12.

190. Elsayed NM, Vogel AC, Luby JL, Barch DM. Labeling Emotional Stimuli in Early
Childhood Predicts Neural and Behavioral Indicators of Emotion Regulation in
Late Adolescence. Biol Psychiatry: Cogn Neurosci Neuroimaging. 2021;6:89–98.

191. Glynn LM, Davis EP, Luby JL, Baram TZ, Sandman CA. A predictable home
environment may protect child mental health during the COVID-19 pandemic.
Neurobiol Stress. 2021;14.

192. Aran Ö, Swales DA, Bailey NA, Korja R, Holmberg E, Eskola E, et al. Across ages
and places: Unpredictability of maternal sensory signals and child internalizing
behaviors. J Affect Disord. 2024;347:557–67.

193. Gotlib IH, Goodman SH, Humphreys KL. Studying the Intergenerational Trans-
mission of Risk for Depression: Current Status and Future Directions. Curr
Directions Psychol Sci. 2020;29:174–9.

194. Connell AM, Patton E, Klostermann S, Hughes-Scalise A. Attention bias in youth:
Associations with youth and mother’s depressive symptoms moderated by
emotion regulation and affective dynamics during family interactions. Cogn
Emot. 2013;27:1522–34.

195. Barbour T, Holmes AJ, Farabaugh AH, DeCross SN, Coombs G, Boeke EA, et al.
Elevated amygdala activity in youth with familial risk for depression: a potential
marker of low resilience. Biological Psychiatry: Cognitive Neuroscience and
Neuroimaging. 2019. https://doi.org/10.1016/j.bpsc.2019.10.010.

196. Joormann J, Cooney RE, Henry ML, Gotlib IH. Neural correlates of automatic
mood regulation in girls at high risk for depression. J Abnorm Psychol.
2012;121:61–72.

197. Dearing KF, Gotlib IH. Interpretation of Ambiguous Information in Girls at Risk
for Depression. J Abnorm Child Psychol. 2009;37:79–91.

198. Frodl T, O ’Keane V. How does the brain deal with cumulative stress? A review
with focus on developmental stress, HPA axis function and hippocampal
structure in humans. Neurobiol Dis. 2013;52:24–37.

199. Bock J, Wainstock T, Braun K, Segal M. Stress In Utero: Prenatal Programming of
Brain Plasticity and Cognition. Biol Psychiatry. 2015;78:315–26.

200. Cosgrove VE, Rhee SH, Gelhorn HL, Boeldt D, Corley RC, Ehringer MA, et al.
Structure and Etiology of Co-occurring Internalizing and Externalizing Disorders
in Adolescents. J Abnorm Child Psychol. 2011;39:109–23.

201. Fairchild G, Hawes DJ, Frick PJ, Copeland WE, Odgers CL, Franke B, et al. Conduct
disorder. Nat Rev Dis Prim. 2019;5:1–25.

202. Canino G, Polanczyk G, Bauermeister JJ, Rohde LA, Frick PJ. Does the prevalence
of CD and ODD vary across cultures?. Soc Psychiat Epidemiol. 2010;45:695–704.

203. Odgers CL, Moffitt TE, Broadbent JM, Dickson N, Hancox RJ, Harrington H, et al.
Female and male antisocial trajectories: from childhood origins to adult out-
comes. Dev Psychopathol. 2008;20:673–716.

204. Loeber R. Keenan K. Interaction between conduct disorder and its comorbid
conditions: Effects of age and gender. Clin Psychol Rev. 1994;14:497–523.

205. Moffitt TE, Arseneault L, Jaffee SR, Kim-Cohen J, Koenen KC, Odgers CL, et al.
Research Review: DSM-V conduct disorder: research needs for an evidence base.
J Child Psychol Psychiatry. 2008;49:3–33.

206. Matthys W, Vanderschuren LJMJ, Schutter DJLG. The neurobiology of opposi-
tional defiant disorder and conduct disorder: altered functioning in three
mental domains. Dev Psychopathol. 2013;25:193–207.

M.C. Camacho et al.

150

Neuropsychopharmacology (2026) 51:136 – 152

https://doi.org/10.1037/emo0001248
https://doi.org/10.1037/emo0001248
https://doi.org/10.1007/s10802-020-00712-w
https://doi.org/10.1007/s10802-020-00712-w
https://doi.org/10.1016/j.cpr.2017.09.008
https://doi.org/10.1016/j.jaac.2019.10.011
https://doi.org/10.1016/j.jaac.2019.10.011
https://doi.org/10.1016/j.bpsc.2019.10.010


207. Blair RJR, Veroude K, Buitelaar JK. Neuro-cognitive system dysfunction and
symptom sets: A review of fMRI studies in youth with conduct problems.
Neurosci Biobehav Rev. 2018;91:69–90.

208. Moffitt TE. Life-course-persistent and adolescence-limited antisocial behavior: A
10-year research review and a research agenda. Causes of conduct disorder and
juvenile delinquency, New York, NY, US: The Guilford Press; 2003. p. 49–75.

209. INSERM Collective Expertise Centre. Conduct: Disorder in children and adoles-
cents. Paris (FR): Institut national de la santé et de la recherche médicale; 2005.

210. Rutter M, Kim-Cohen J, Maughan B. Continuities and discontinuities in psy-
chopathology between childhood and adult life. J Child Psychol Psychiatry.
2006;47:276–95.

211. Olino TM, Seeley JR, Lewinsohn PM. Conduct Disorder and Psychosocial Out-
comes at Age 30: Early Adult Psychopathology as a Potential Mediator. J
Abnorm Child Psychol. 2010;38:1139–49.

212. Troop-Gordon W. Peer victimization in adolescence: The nature, progression,
and consequences of being bullied within a developmental context. J Adoles-
cence. 2017;55:116–28.

213. DeLisi M. Career Criminals and the Antisocial Life Course. Child Dev Perspect.
2016;10:53–58.

214. McDonough-Caplan HM, Beauchaine TP. 3 - Conduct disorder: A neurodeve-
lopmental perspective. In: Martel MM, editor. Developmental Pathways to Dis-
ruptive, Impulse-Control and Conduct Disorders, Academic Press; 2018. p.
53–89.

215. Bender D, Lösel F. Bullying at school as a predictor of delinquency, violence and
other anti-social behaviour in adulthood. Crim Behav Ment Health.
2011;21:99–106.

216. Nansel TR, Overpeck M, Pilla RS, Ruan WJ, Simons-Morton B, Scheidt P. Bullying
behaviors among US YouthPrevalence and Association With Psychosocial
Adjustment. JAMA. 2001;285:2094–2100.

217. Perino MT, Sylvester CM, Rogers CE, Luby JL, Barch DM. Neighborhood Resource
Deprivation as a Predictor of Bullying Perpetration and Resource-Driven Con-
duct Symptoms. J Am Acad Child Adolesc Psychiatry. 2024:S0890-8567(24)
00137-0.

218. Murray J, Farrington DP. Risk Factors for Conduct Disorder and Delinquency: Key
Findings from Longitudinal Studies. Can J Psychiatry. 2010;55:633–42.

219. Brady RG, Donohue MR, Waller R, Latham A, Ayala M, Smyser TA, et al. Newborn
Brain Function and Early Emerging Callous-Unemotional Traits. JAMA Psychiatry.
2024;81:303–11.

220. Figueredo AJ, Jacobs WJ. Aggression, risk-taking, and alternative life history
strategies: The behavioral ecology of social deviance. Bio-Psycho-Social Perspect
Interpersonal Violence, 2011. p. 3–27.

221. Ellis BJ, Del Giudice M, Dishion TJ, Figueredo AJ, Gray P, Griskevicius V, et al. The
evolutionary basis of risky adolescent behavior: Implications for science, policy,
and practice. Devel Psychol. 2012;48:598–623.

222. Cairns RB, Cairns BD, Neckerman HJ, Gest SD, Gariépy J-L. Social networks and
aggressive behavior: Peer support or peer rejection?. Devel Psychol.
1988;24:815–23.

223. Buades-Rotger M, Smeijers D, Gallardo-Pujol D, Krämer UM, Brazil IA. Aggressive
and psychopathic traits are linked to the acquisition of stable but imprecise
hostile expectations. Transl Psychiatry. 2023;13:1–12.

224. Sharp C, Ha C, Fonagy P. Get them before they get you: trust, trustworthiness,
and social cognition in boys with and without externalizing behavior problems.
Dev Psychopathol. 2011;23:647–58.

225. Norbom LB, Rokicki J, Alnaes D, Kaufmann T, Doan T, Andreassen OA, et al.
Maturation of cortical microstructure and cognitive development in childhood
and adolescence: a T1w/T2w ratio MRI study. https://doi.org/10.1101/681221.

226. Blair RJR. The neurobiology of psychopathic traits in youths. Nat Rev Neurosci.
2013;14:786–99.

227. Blair J, Mitchell D, Blair K. The psychopath: Emotion and the brain. Malden:
Blackwell Publishing; 2005.

228. Blair RJR, Colledge E, Murray L, Mitchell DGV. A Selective Impairment in the
Processing of Sad and Fearful Expressions in Children with Psychopathic Ten-
dencies. J Abnorm Child Psychol. 2001;29:491–8.

229. Blair RJR. Responsiveness to distress cues in the child with psychopathic ten-
dencies. Personal Individ Differences. 1999;27:135–45.

230. Marsh AA, Blair RJR. Deficits in facial affect recognition among antisocial
populations: A meta-analysis. Neurosci Biobehav Rev. 2008;32:454–65.

231. Blair RJR, Jones L, Clark F, Smith M. The psychopathic individual: A lack of
responsiveness to distress cues?. Psychophysiology. 1997;34:192–8.

232. White SF, Clanton R, Brislin SJ, Meffert H, Hwang S, Sinclair S, et al. Reward:
Empirical Contribution: Temporal Discounting and Conduct Disorder in Ado-
lescents. J Personal Disord. 2014;28:5–18.

233. Marsh AA, Finger EC, Fowler KA, Adalio CJ, Jurkowitz ITN, Schechter JC, et al.
Empathic responsiveness in amygdala and anterior cingulate cortex in youths
with psychopathic traits. J Child Psychol Psychiatry. 2013;54:900–10.

234. Marsh AA, Finger EC, Mitchell DGV, Reid ME, Sims C, Kosson DS, et al. Reduced
Amygdala Response to Fearful Expressions in Children and Adolescents With
Callous-Unemotional Traits and Disruptive Behavior Disorders. Am J Psychiatry.
2008;165:712–20.

235. Zhang R, Aloi J, Bajaj S, Bashford-Largo J, Lukoff J, Schwartz A, et al. Dysfunction
in differential reward-punishment responsiveness in conduct disorder relates to
severity of callous-unemotional traits but not irritability. Psychol Med.
2023;53:1870–80.

236. Gatzke-Kopp LM, Beauchaine TP, Shannon KE, Chipman J, Fleming AP, Crowell
SE, et al. Neurological correlates of reward responding in adolescents with
and without externalizing behavior disorders. J Abnorm Psychol.
2009;118:203–13.

237. Rubia K, Smith AB, Halari R, Matsukura F, Mohammad M, Taylor E, et al. Disorder-
Specific Dissociation of Orbitofrontal Dysfunction in Boys With Pure Conduct
Disorder During Reward and Ventrolateral Prefrontal Dysfunction in Boys With
Pure ADHD During Sustained Attention. AJP. 2009;166:83–94.

238. Holz NE, Boecker-Schlier R, Buchmann AF, Blomeyer D, Jennen-Steinmetz C,
Baumeister S, et al. Ventral striatum and amygdala activity as convergence sites
for early adversity and conduct disorder. Soc Cogn Affect Neurosci.
2017;12:261–72.

239. Glenn AL, Raine A, Yaralian PS, Yang Y. Increased Volume of the Striatum in
Psychopathic Individuals. Biol Psychiatry. 2010;67:52–58.

240. Glenn AL, Yang Y. The potential role of the striatum in antisocial behavior and
psychopathy. Biol Psychiatry. 2012;72:817–22.

241. Turner D, Sebastian A, Tüscher O. Impulsivity and Cluster B Personality Dis-
orders. Curr Psychiatry Rep. 2017;19:15.

242. Budhani S, Blair R. Response reversal and children with psychopathic tenden-
cies: success is a function of salience of contingency change. J Child Psychol
Psychiatry. 2005;46:972–81.

243. Lu F-M, Zhou J-S, Zhang J, Xiang Y-T, Zhang J, Liu Q, et al. Functional con-
nectivity estimated from resting-state fmri reveals selective alterations in male
adolescents with pure conduct disorder. PLoS ONE. 2015;10:e0145668.

244. Buckels EE, Williams DA, Trapnell PD, Kermani Koosheh S, Javra OM, Svenne SC.
Blunted startle reactivity in everyday sadism and psychopathy. Sci Rep.
2023;13:14216.

245. Deming P, Cook CJ, Meyerand ME, Kiehl KA, Kosson DS, Koenigs M. Impaired
salience network switching in psychopathy. Behav Brain Res. 2023;452:114570.

246. Deming P, Koenigs M. Functional neural correlates of psychopathy: a meta-
analysis of MRI data. Transl Psychiatry. 2020;10:1–8.

247. Wong TY, Zhang H, White T, Xu L, Qiu A. Common functional brain networks
between attention deficit and disruptive behaviors in youth. NeuroImage.
2021;245:118732.

248. Pu W, Luo Q, Jiang Y, Gao Y, Ming Q, Yao S. Alterations of brain functional
architecture associated with psychopathic traits in male adolescents with con-
duct disorder. Sci Rep. 2017;7:11349.

249. Book A, Costello K, Camilleri JA. Psychopathy and Victim Selection: The Use of
Gait as a Cue to Vulnerability. J Interpers Violence. 2013;28:2368–83.

250. Book AS, Quinsey VL, Langford D. Psychopathy and the Perception of Affect and
Vulnerability. Crim Justice Behav. 2007;34:531–44.

251. Ritchie MB, Blais J, Forth AE. Evil” intentions: Examining the relationship
between the Dark Tetrad and victim selection based on nonverbal gait cues.
Personal Individ Differences. 2019;138:126–32.

252. Wheeler S, Book A, Costello K. Psychopathic Traits and Perceptions of Victim
Vulnerability. Crim Justice Behav. 2009;36:635–48.

253. Ritchie MB, Blais J, Forth AE, Book AS. Identifying vulnerability to violence: the
role of psychopathy and gender. J Crim Psychol. 2018;8:125–37.

254. Glass SJ, Newman JP. Recognition of facial affect in psychopathic offenders. J
Abnorm Psychol. 2006;115:815–20.

255. Broulidakis MJ, Fairchild G, Sully K, Blumensath T, Darekar A, Sonuga-Barke EJS.
Reduced default mode connectivity in adolescents with conduct disorder. J Am
Acad Child Adolesc Psychiatry. 2016;55:800–808.e1.

256. Finger EC, Marsh A, Blair KS, Majestic C, Evangelou I, Gupta K, et al. Impaired
functional but preserved structural connectivity in limbic white matter tracts in
youth with conduct disorder or oppositional defiant disorder plus psychopathic
traits. Psychiatry Res Neuroimaging. 2012;202:239–44.

257. Yoder KJ, Harenski C, Kiehl KA, Decety J. Neural networks underlying implicit
and explicit moral evaluations in psychopathy. Transl Psychiatry.
2015;5:e625–e625.

258. Chester DS, DeWall CN. Combating the sting of rejection with the pleasure of
revenge: A new look at how emotion shapes aggression. J Personal Soc Psychol.
2017;112:413–30.

259. Minnameier G. A cognitive approach to the ‘happy victimiser. J Moral Educ.
2012;41:491–508.

260. Chester DS, DeWall CN, Derefinko KJ, Estus S, Lynam DR, Peters JR, et al. Looking
for reward in all the wrong places: dopamine receptor gene polymorphisms

M.C. Camacho et al.

151

Neuropsychopharmacology (2026) 51:136 – 152

https://doi.org/10.1101/681221


indirectly affect aggression through sensation-seeking. Soc Neurosci.
2016;11:487–94.

261. Chester DS, DeWall CN. The pleasure of revenge: retaliatory aggression arises
from a neural imbalance toward reward. Soc Cogn Affect Neurosci.
2016;11:1173–82.

262. Raine A. Antisocial Personality as a Neurodevelopmental Disorder. Annu Rev
Clin Psychol. 2018;14:259–89.

263. Bjorklund DF, Hawley PH. Aggression Grows Up: Looking Through an Evolu-
tionary Developmental Lens to Understand the Causes and Consequences of
Human Aggression. In: Shackelford TK, Hansen RD, editors. The Evolution of
Violence, New York, NY: Springer; 2014. p. 159–86.

264. Liebke L, Bungert M, Thome J, Hauschild S, Gescher DM, Schmahl C, et al.
Loneliness, social networks, and social functioning in borderline personality
disorder. Personal Disord Theory, Res, Treat. 2017;8:349–56.

265. Paris J. CHILDHOOD PRECURSORS OF BORDERLINE PERSONALITY DISORDER.
Psychiatr Clin North Am. 2000;23:77–88.

266. Casey BJ, Cannonier T, Conley MI, Cohen AO, Barch DM, Heitzeg MM, et al. The
Adolescent Brain Cognitive Development (ABCD) study: Imaging acquisition
across 21 sites. Dev Cogn Neurosci. 2018;32:43–54.

267. Volkow ND, Gordon JA, Freund MP. The Healthy Brain and Child Development
Study—Shedding Light on Opioid Exposure, COVID-19, and Health Disparities.
JAMA Psychiatry. 2021;78:471–2.

268. Harms MP, Somerville LH, Ances BM, Andersson J, Barch DM, Bastiani M, et al.
Extending the Human Connectome Project across ages: Imaging protocols for
the Lifespan Development and Aging projects. NeuroImage. 2018;183:972–84.

269. Vidal-Ribas P, Brotman MA, Valdivieso I, Leibenluft E, Stringaris A. The status of
irritability in psychiatry: a conceptual and quantitative review. J Am Acad Child
Adolesc Psychiatry. 2016;55:556–70.

270. Keller AS, Leikauf JE, Holt-Gosselin B, Staveland BR, Williams LM. Paying atten-
tion to attention in depression. Transl Psychiatry. 2019;9:279.

271. Vidal-Ribas P, Brotman MA, Salum GA, Kaiser A, Meffert L, Pine DS, et al. Deficits
in emotion recognition are associated with depressive symptoms in youth with
disruptive mood dysregulation disorder. Depress Anxiety. 2018. https://doi.org/
10.1002/da.22810.

272. Whitton AE, Treadway MT, Pizzagalli DA. Reward processing dysfunction in
major depression, bipolar disorder and schizophrenia. Curr Opin Psychiatry.
2015;28:7.

273. Shechner T, Britton JC, Pérez-Edgar K, Bar-Haim Y, Ernst M, Fox NA, et al.
Attention biases, anxiety, and development: Toward or away from threats or
rewards? Depress Anxiety, 2012.

274. Brotman MA, Guyer AE, Lawson ES, Horsey SE, Rich BA, Dickstein DP, et al. Facial
emotion labeling deficits in children and adolescents at risk for bipolar disorder.
Am J Psychiatry. 2008;165:385–9.

275. Nusslock R, Mittal VA, Alloy LB. Reward processing in mood disorders and
schizophrenia: a neurodevelopmental framework. Annu Rev Clin Psychol.
2025;21:557–84.

276. Goldberg JF, Roy Chengappa K. Identifying and treating cognitive impairment in
bipolar disorder. Bipolar Disord. 2009;11:123–37.

277. Cimbora DM, McIntosh DN. Emotional responses to antisocial acts in adolescent
males with conduct disorder: a link to affective morality. J Clin Child Adolesc
Psychol. 2003;32:296–301.

278. Tully J, Sethi A, Griem J, Paloyelis Y, Craig MC, Williams SCR, et al. Oxytocin
normalizes the implicit processing of fearful faces in psychopathy: a randomized
crossover study using fMRI. Nat Ment Health. 2023;1:420–7.

279. Ayduk Ö, Zayas V, Downey G, Cole AB, Shoda Y, Mischel W. Rejection sensitivity
and executive control: joint predictors of borderline personality features. J Res
Pers. 2008;42:151–68.

280. Fertuck EA, Lenzenweger MF, Clarkin JF. The association between attentional
and executive controls in the expression of borderline personality disorder
features: a preliminary study. Psychopathology. 2005;38:75–81.

281. Wenk T, Günther A-C, Webelhorst C, Kersting A, Bodenschatz CM, Suslow T.
Reduced positive attentional bias in patients with borderline personality

disorder compared with non-patients: results from a free-viewing eye-tracking
study. Bord Personal Disord Emot Dysregul. 2024;11:24.

282. Yi X, Wang X, Fu Y, Jiang F, Zhang Z, Wang J, et al. Altered resting-state functional
connectivity and its association with executive function in adolescents with bor-
derline personality disorder. Eur Child Adolesc Psychiatry. 2024;33:1721–30.

283. Shafiei G, Keller AS, Bertolero M, Shanmugan S, Bassett DS, Chen AA, et al.
Generalizable Links Between Borderline Personality Traits and Functional Con-
nectivity. Biol Psychiatry. 2024;96:486–94.

284. Millgram Y, Huppert JD, Tamir M. Emotion goals in psychopathology: a new
perspective on dysfunctional emotion regulation. Curr Direct Psychol Sci.
2020:096372142091771.

ACKNOWLEDGEMENTS
We thank Dr. Deanna Barch and the members of the Organization for Cognitive,
Emotional, and Attentional Neurodevelopment for important feedback on the
conceptualization of this model.

AUTHOR CONTRIBUTIONS
Camacho: conceptualization, writing- original draft, writing- revising and editing,
figures; Deshpande: tables, writing- revising and editing; Perino: conceptualization,
writing- original draft, writing- revising and editing, figures. All authors are
accountable for all aspects of the work and approve this manuscript for submission.

FUNDING
This work was funded by the National Institutes of Health (OD037370 to MCC and
HD105002 to MTP) and the American Psychological Foundation (visionary grant to MTP).

COMPETING INTERESTS
The authors have nothing to disclose.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to
M. Catalina Camacho.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

M.C. Camacho et al.

152

Neuropsychopharmacology (2026) 51:136 – 152

https://doi.org/10.1002/da.22810
https://doi.org/10.1002/da.22810
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The Cognitive–Affective Social Processing and Emotion Regulation (CASPER) model
	Introduction
	Defining the CASPER model
	Introducing CASPER
	Experience and concepts
	Affect and goals
	Cue detection
	Attending to cues
	Interpreting cues
	Adjusting behavior
	Building CASPER across development

	CASPER and internalizing disorders
	Depression cognitive neurophenotyping

	CASPER and externalizing disorders
	Conduct disorder cognitive neurophenotyping

	Future research directions
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




