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and too little white matter, which must be built
over time (Giedd et al., 2009), especially in the
brain areas that do the most complex forms of sensory integration (comprehension) or motor action
(expression; Kolb, Whishaw, & Teskey, 2016).
Not only is the balance between grey matter pruning and white matter growth important for healthy
development, but an imbalance can lead to disability (e.g., autism; Redcay & Courchesne, 2005).
Autism is of particular concern to neuropsychologists given the conflicting evidence and limited
professional agreement as to whether it represents
a spectrum or different disorders with similar
behavioral outcomes but with different etiologies
(Hain & Hale, 2010).
When it comes to brain structure and function,
more cortex is not necessarily better, and cortical
structure and volume varies as a function of neurodevelopment. Over time, as gray matter is pruned
away, white matter increasingly forms the connections (tracts) among clusters of neurons (nuclei).
This allows for quick, efficient responding with little
effort. In fact, an efficient, well-developed brain
uses less cortex to process information, relegating
much of its effort to retrieving automatized scripts
or programs to respond (Koziol, Budding, & Hale,
2013). Individuals with disabilities typically show
deficits in some brain/structures or function, but
they also show excessive functioning in others. It is
not uncommon for children with disabilities to use
more cortex in solving complex problems than their
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One of the first things taught to a pediatric or child
neuropsychologist in training is that children are
not miniature adults—they have neurodevelopmental differences in brain structure and function that
influence their thoughts and behavior in different
ways during childhood and adolescence (SemrudClikeman & Ellison, 2009). Clinicians working
with children and adolescents must recognize that
the brain is much more malleable or “plastic” then
we ever anticipated, especially during this developmental period.
The brain shapes the world by governing an
individual’s actions, which in turn affects neuronal
activity and connections, modifying brain structure
and function in the individual. The more the neuronal activity, the greater the connections, as suggested by Hebb’s (1949) conclusion “neurons that
fire together wire together.” Although the study of
neurodevelopment, plasticity, and psychopathology
is just beginning (Ozonoff, 2015), understanding
Hebb’s insight into neurodevelopment is important
for considering how psychopathology occurs in
children and adolescents.
The most dramatic neurodevelopment occurs
during critical periods, with the most important
changes occurring early in life, yet brain plasticity
allows the cortex to continue to change throughout
the lifespan (Sweatt, 2016), especially in response
to injury or disease. The neurodevelopmental process begins with the brain having too much gray
matter that must be chiseled away (called pruning),
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environments. That atypicality, if meaningfully different than normative behavior, would constitute
what has been referred to as psychopathology, or
more appropriately, neuropsychopathology (Koziol
et al., 2013).
The notion of adaptive and maladaptive behavior being specific to an individual and a situation
poses a considerable challenge for practitioners who
must evaluate individual differences in emotional
and/or behavioral functioning relative to normative data (Hale & Fitzer, 2015), and judge whether
an individual’s difficulties are severe enough to
warrant a clinical diagnosis that requires intervention. With neurodevelopmental expectations and
norms guiding assessment and treatment practices, and recognition that the brain can change
following intervention, clinicians can begin to
unravel the complex interplay of genetic predisposition and environmental influence, which is a
key to understanding and serving children with
psychopathology.
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Moving Beyond Global Executive
Dysfunction in Psychopathology
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peers (Hale, Wilcox, & Reddy, 2016), which often
leads to poor processing speed and mental fatigue,
as is the case with depression (Calhoun & Mayes,
2005) and traumatic brain injury (Mathias & Wheaton, 2007). Individuals with processing speed problems not only act slower, they think slower, which
would be particularly relevant for understanding
and engaging in social discourse with others.
Neurodevelopment is a process that allows
the brain to change and adapt to environmental
circumstances for efficient responding for the
individual. An individual’s genetic makeup or
genotype is not the sole determinant of his or her
various personality characteristics or pathologies,
but it is the result of that genetic code interacting
with internal and environmental influences that
trigger changes over time (Dudley et al., 2011).
This is the focus of the epigenesis, with scientists
are exploring how variations in an individual’s
phenotypic presentation are explained by genetic
precursors and environmental circumstance (e.g.,
Casey, Oliveri, & Insel, 2014; Russo, Martienssen, & Riggs, 1996). During neurodevelopment,
the brain adjusts to these epigenetic phenomena
accordingly, in what is essentially a Darwinian
natural selection process that optimizes brain
functioning for each individual within the environmental context unique to that individual
(Hale, Chen, et al., 2016).
Brain plasticity is a double-edged sword.
Although it gives hope to clinicians and affected
individuals that plasticity can lead to better outcomes (e.g., Iuculano et al., 2015), it is not necessarily a “good” thing. Brain plasticity was once
used to describe how the brain adjusted to injury
and improved an individual’s quality of life by
repairing itself and/or rerouting around a lesioned
or dysfunctional area (Kolb & Gibb, 2014). However, it is important to note that changes over time
are neither adaptive nor maladaptive outside of
the context of an individual’s natural environment
(Hale, Chen, et al., 2016). In other words, an individual’s brain will adjust to the real world, whether
it is a “good” or “bad” world relative to societal
norms. What may be considered adaptive brain
functioning in the context of the environment
that shaped it, may be considered atypical in other

When considering whether a child has psychopathology it is critical to evaluate executive functions.
Executive functions are “brain boss” skills that allow
for volition and self-control in cognitive or social
problem-solving situations. Most child psychopathologies will have some form of executive dysfunction (Pennington & Ozonoff, 1996; Sergeant,
Geurts, & Oosterlaan, 2002), suggesting a global
approach to understanding executive deficits is
relatively useless in clinical practice. Executive
deficits or dysfunction on standardized measures
may signal the presence of psychopathology
(i.e., adequate sensitivity), but will not be as useful
in determining the type of psychopathology displayed (i.e., inadequate specificity). For clinicians,
the question is not whether executive dysfunction
is present in child psychopathology, rather it is the
type of executive dysfunction causing a child’s aberrant social, emotional, and/or behavioral functioning
that is most relevant for differential diagnosis and
determining treatment course (Hale, Reddy, Wilcox,
et al., 2009).
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the basis of direct measures of neuropsychological
performance rather than on behavior ratings alone
(Hale et al., 2012; Koziol & Budding, 2012).
The EDDA position argued that understanding the type of attention problem individuals display not only could aid in differential diagnosis
of psychopathology, but also help validate neuropsychological measures and targeted intervention
strategies not realized through a behavioral Diagnostic and Statistical Manual of Mental Disorders
(DSM) framework (Wasserman & Wasserman,
2012). The assumption that neuropsychological tests had limited sensitivity and specificity in
understanding psychopathology was based in part
on circular research designs, where behavioral diagnostic criteria were used to support the “validity”
of behavior ratings over neuropsychological tests in
differential diagnosis (Hale, Reddy, Decker, et al.,
2009). It has been argued that neuropsychological
test data correlates minimally with DSM behavioral
criteria, which could suggest these data sources
measure different aspects of executive function (see
Toplak, West, & Stanovich, 2013). In addition, a
recent study showed that neuropsychological data
predicted ADHD treatment response better than
DSM criteria (Carmichael et al., 2015). Interestingly, DSM-determined attention problems were
minimally correlated with treatment response
(r range .03–.09) in an ADHD study. Clearly, informant-reported attention problems were not predictive of ADHD medication response status, a position
advocated by other prominent neuroscientists
who question the validity of the inattentive type of
ADHD (e.g., Diamond, 2005).
Although there was wide scale interest in such
an empirically derived neuropsychological approach
according to a large majority (85%) of EDDA’s professional member constituency, it was not until the
National Institutes of Mental Health put forth its
research domain criteria (RDoC; Cuthbert & Insel,
2013) approach to understanding psychopathology
that the promise of EDDA was fully realized. Considering different neurodevelopmental dimensions,
from normal to pathological, became the focus of
researchers and clinicians alike. From a neuropsychopathology perspective, a dimensional approach
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Many psychopathology textbooks and instructors
focus their attention on overt behavior for describing different disorders. These behavioral definitions
have been used to define psychopathology, evaluate
the validity of clinical assessment tools, and determine treatment course and outcomes. The notion
that maladaptive symptoms reflected the “abnormal”
minority, who are “different” than the personality
characteristics displayed in the “normal” majority,
formed the basis of categorical diagnoses and tertiary care models of psychological service delivery
(Mash & Barkley, 2002). However, the categorical
discrimination of abnormal and normal personality
characteristics has not withheld the test of time or
empirical test (Stahl, 2013).
Evidence suggests that personality characteristics should be considered within the context
of multiple interdependent dimensions of psychosocial functioning (Cuthbert, 2014), making
the have/have not categorical psychopathology
distinction problematic (Hale, Wilcox, & Reddy,
2016). Therefore, it becomes critical to understand how normal variations in personality and
brain plasticity can lead to neuropsychopathology, not only to more effectively treat those
affected (Hale, Semrud-Clikeman, & Kubas,
2014), but also to potentially prevent the disorders from ever occurring in the first place (Hale,
Chen, et al., 2016).
The impetus for this dimensional position in
part came from the American Academy of Pediatric
Neuropsychology (AAPN) Empirically Derived Disorders of Attention (EDDA) Work Group. EDDA
was an initial attempt to move the field away from
behaviorally determined diagnostic categories to
one in which a neuropsychological framework could
guide empirical investigation and clinical service
delivery. Concluding with a capstone EDDA symposium at the 2012 AAPN conference, the participants
revealed a consensus that current practices
in serving individuals with attention problems
(e.g., attention-deficit/hyperactivity disorder
[ADHD]) must evolve beyond behavioral criteria
and treatment. EDDA put forth an investigative
vision that could guide researchers and practitioners alike in differentiating psychopathologies on
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problems because of depression, but this occurs
so frequently with anxiety disorder (Kendall et al.,
2010) it may be difficult to ascertain whether attention problems are due to a primary depression, a
primary anxiety, or the combination of both (Cummings, Caporino, & Kendall, 2014).
Identifying the primary disorder and the secondary comorbidity may be important; it appears that
different developmental pathways can lead in variations of a comorbidity (Cummings et al., 2014).
Alternatively, comorbidity may also reflect severity of a single condition or cooccurring symptoms
that vary in individuals with a disorder rather than
several distinct disorders (e.g., Angst, Sellaro, &
Merikangas, 2002). Therefore, comorbidity could
be an artifact of the categorical diagnostic approach
to understanding psychopathology (Maj, 2005).
For instance, a child with ADHD and dyslexia may
have a true comorbidity—a familial history reveals
a genetic loading for ADHD, but dyslexia occurred
because of early ear infections. However, for another
child with ADHD, the underlying etiology for ADHD
and reading disability may be the same—impaired
executive circuits lead to both disorders. This suggests a comorbidity exists in the former situation
(different etiology), but does not exist in the latter
situation (shared etiology), even though both individuals would meet the same behavioral-categorical
diagnoses.
The other common finding in behavioralcategorical approaches is that the biological basis
of these disorders remains unclear, with more
symptom overlap between conditions, and disorder heterogeneity within conditions (Kaplan
et al., 2001; Lilienfeld, 2003), especially when it
comes to neurobiological or genetic findings. For
instance, many children with ADHD experience
executive impairment (EF) impairment on neuropsychological tests, but others do not. Although
differences are being empirically considered (e.g.,
Lambek et al., 2010), results are often inconclusive. Not surprisingly, behavioral, categorical
models lead to heterogeneity of neuroimaging
findings, limited specificity of neuropsychological
tests, and attenuated treatment results (Hale &
Fitzer, 2015).

CI
A

could explain how extremes in frontal-subcortical
circuit (FSC) function could explain the various
psychopathologies—and their normal personality
variations—seen in clinical practice and community
alike. A dimensional approach to understanding
normal and aberrant thoughts, emotions, and behavior has the potential to rewrite many of our beliefs
about psychopathology, and resolve many of the
contradictory findings that have plagued the field.
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One problem with the behavioral-categorical model
is it is largely atheoretical and based on overt symptoms individuals display rather than underlying
etiologies (Kendler, Zachar, & Craver, 2011). This
problem leads to several inevitable outcomes. First,
comorbid diagnoses are used to explain symptoms
displayed that do not fit with the prototypical diagnosis (Pincus, Tew, & First, 2004). Comorbidity
makes more sense in a traditional medical disease
model than it does in understanding psychopathology. For instance, someone could have fractured
leg and comorbid diabetes, where recovery may be
hampered by poor circulation secondary to the diabetes. However, in psychopathology, the likelihood
of a “pure” disorder in children is rare, especially
as severity increases, where comorbidity is often
used to explain the various additional symptoms
displayed rather than considering a shared etiology (e.g., Kaplan et al., 2001). For example, if a
child has ADHD, he or she may also be diagnosed
with a comorbid oppositional defiant or conduct
disorder (ODCD), depression (DEPD), or anxiety
disorder (ANXD). However, a quick examination
of all three of these “comorbid” disorders suggests
all have attention problems (Hale, Reddy, Wilcox,
et al., 2009). As a result, it is unclear in many cases
whether the child has primary ADHD, causing both
sets of problems, or whether he or she has attention problems secondary to the “real” condition.
Therefore, an astute clinician must consider the
type of attention problem displayed to determine
the correct diagnosis. A child could have attention
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Heterogeneity of Empirical
Findings for Select Disorders
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To illustrate the inconsistency of empirical
findings, a sampling of the structural and functional neuroimaging studies after 2010 for DEPD,
ANXD, and obsessive compulsive disorder (OCD;

see Table 6.1) and ADHD and ODCD externalizing disorders (combined, given diagnostic
similarities; see Table 6.2) are presented in in the
following tables.

Table 6.1

TI
O

Sample

Main findings

CI
A

Source

N

Neuroimaging of Internalizing Disorders

DEPD gray matter reduction in right hippocampus, bilateral middle
frontal and anterior cingulate, left parietal and occipital, and
right superior temporal; increased mean diffusivity in bilateral
hippocampus, pons, cerebellum, bilateral frontal, and left temporal
41 subjects, 29 controls
DEPD lower functional connectivity between amygdala and
hippocampus, parahippocampus, and brainstem, but higher
amygdala and precuneus connectivity
24 subjects with DEPD,
DEPD reduced cortical thickness in pericalcarine/cuneus, post-central
24 subjects with OCD,
gyrus, superior parietal gyrus, supramarginal gyrus; increased
30 controls
temporal pole thickness
20 subjects, 20 controls
DEPD connectivity in prefrontal and cingulate lower
28 subjects currently with DEPD, Anterior left insula volume reductions in both DEPD groups,
27 subjects remitted with DEPD,
associated with introspection and emotional control
33 controls
21 subjects, 21 controls
DEPD negative associations of diffusivity and activity level under left
primary motor and within left parahippocampal white matter
12 subjects, 12 controls
DEPD greater left amygdala, left parahippocampal gyrus, left and
right anterior cingulate; less activation in cuneus
29 subjects, 31 controls
DEPD elevated left amygdala and reduced left dorsolateral activation

SS

21 subjects, 42 controls
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Abe et al., 2010

O

DEPD imaging studies
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Cullen et al., 2014
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Fallucca et al., 2011
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Hung et al., 2016
Takahashi et al., 2011
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N

Walther et al., 2012

ER

Yang et al., 2010

ANXD imaging studies

A

M

Zhong et al., 2011

46 subjects, 46 controls

ANXD cortical thickness increased in left insula, right anterior
cingulate, right temporal pole; increased thickness in right
dorsolateral and parietal
Christensen et al., 2015
20 subjects at risk for ANXD,
ANXD greater activation in the prefrontal cortex, anterior cingulate,
19 controls
hippocampus, and insula
Etkin and Schatzberg, 2011 18 subjects with ANXD, 14
All groups deficits in activation and connectivity in ventral anterior
subjects with DEPD, 25 subjects
cingulate and amygdala, with major depressive disorder
with ANXD and DEPD
compensating using left and right lateral prefrontal
Hahn et al., 2011
10 subjects, 27 controls
ANXD amygdala hyperactivation and poor connectivity between left
amygdala and medial prefrontal and posterior cingulate
Liao et al., 2010
20 subjects, 20 controls
ANXD functional connectivity decreased in motor and visual
networks, but increased in medial prefrontal cortex and the dorsal
attention network (middle and superior occipital gyrus, inferior and
superior parietal gyrus, and middle and superior frontal gyrus)
Moon et al., 2014
22 subjects, 22 controls
ANXD reduced hippocampus, midbrain, thalamus, insula, and
superior temporal gyrus volumes
Paulesu et al., 2010
8 subjects, 12 controls
ANXD associated worry shows resting state elevated medial
prefrontal and anterior cingulate activity, associated with worry
Schienle et al., 2011
16 subjects, 15 controls
ANXD increased dorsal-medial prefrontal and amygdala volumes, with
symptoms associated with dorsal-medial and anterior cingulate
volumes
(Continued)
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Table 6.1 (Continued)
Neuroimaging of Internalizing Disorders
Sample

Main findings

15 subjects, 28 controls

Hardee et al., 2013

21 subjects behaviorally inhibited
(BI), and 23 subjects not BI

ANXD grey matter greater in right posterior regions, lower in the left
orbital and left posterior cingulate; white matter decreases in the
left superior and medial frontal gyrus
BI in youth predicted internalizing symptoms, and threat and
attention-related frontal-amygdala connectivity

N

Stawn et al., 2013

TI
O

Source

27 subjects, 66 controls

Armstrong et al., 2016

21 subjects, 20 controls

Chen et al., 2013

8 subjects, 12 controls

Figee et al., 2011
Toyosaku et al., 2012
Via et al., 2012
Zarei et al., 2012

18 subjects, 18 controls
12 subjects, 12 controls
67 subjects, 67 controls
26 subjects, 26 controls

OCD decreased connectivity left lateral prefrontal, increased
connectivity in dorsal striatum, anterior thalamus, right putamen,
ventral anterior cingulate, and left cerebellum; decreased ventral
striatum and nucleus accumbens connectivity
OCD increased local and decreased cross-region connectivity,
suggesting difficulty with cross-network communication
OCD reduced intracranial, grey, and white matter volume in bilateral
cortical regions, and left cingulate and right limbic
Reduced nucleus accumbens for anticipation but not receipt of reward
OCD less change in oxyhemoglobin during interference task
increased amygdala activation to fearful faces in OCD
OCD increased grey matter volume in several regions of the basal
ganglia (caudate nucleus, putamen); severity associated with
higher insula and putamen grey matter volume

PS

Y

CH

O

LO

G

IC

A

L

A

SS

O

Anticevic et al., 2014
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OCD imaging studies
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Note. DEPD = depression, ANXD = anxiety disorder, OCD = obsessive compulsive disorder.
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Neuroimaging of Externalizing Disorders

ER

Table 6.2

Sample

FS
O
O

61 subjects, 61 controls

Bledsoe et al., 2011

32 subjects, 15 controls

Cao et al., 2010

28 subjects, 27 controls

Cha et al., 2015

30 subjects, 31 controls

Chabernaud et al.,
2012
Cheng et al., 2012

37 subjects, 37 controls
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Almeida et al., 2010

U

Main findings

©

Source

98 subjects, 141 controls

Frodl et al., 2010

20 subjects with ADHD,
20 subjects with DEPD,
20 controls

Halpern et al., 2011

13 subjects, 12 controls

ADHD imaging studies
ADHD lower cortical thickness in right superior frontal gyrus, correlated
with illness severity
ADHD–combined type reduced volume in the posterior inferior cerebellar
vermis
ADHD decreased corpus callosum, especially in anterior middle-body and
isthmus, with reduced connectivity in isthmus
ADHD reduced right nucleus accumbens volume and frontal-accumbal
connectivity related to increased aggression
Parent rated child-behavior checklist scores related to default network
resting state functional connectivity
ADHD 48% cerebral volume reduction, mostly attributed to frontal and
cerebellar volumes
ADHD lower amygdala volumes bilaterally than DEPD or controls;
In ADHD, more hyperactivity and less inattention associated with
smaller right amygdala volume, and depression symptoms with larger
amygdala volumes
ADHD show less complex grey matter structure and stagnant white
matter microstructure development from 12–18 years (controls show
significant increase)
(Continued)
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Table 6.2 (Continued)
Neuroimaging of Externalizing Disorders
Source

Sample

Main findings

13 subjects, 13 controls
59 subjects, 62 controls

Posner et al., 2011

15 subjects, 15 controls

Qiu et al., 2011
Sauder et al., 2012

15 subjects, 15 controls
11 subjects with ADHD,
13 subjects with ADHD and
ODCD, 11 controls
47 subjects (ADHD–combined
type and ADHD–inattentive
type), 27 controls
197 subjects, 193 controls

ADHD reductions in subcortical volumes, with the greatest deficit in caudate
ADHD reduced cortical thickness observed predominantly in the
frontoparietal region, only in right hemishphere, but increased in
occipital lobe, correlated with severity
ADHD atypical activity in the medial prefrontal cortex in emotion task,
attenuated by stimulants
ADHD decreased white mater volume, especially in caudate
Externalizing youth with comorbid internalizing symptoms smaller
reductions in gray matter than individuals with externalizing
psychopathology alone
ADHD–combined type smaller caudate and anterior cingulate volumes
than other groups; parent hyperactivity ratings predicted right anterior
cingulate cortex and caudate volume
High hyperactivity/impulsivity slower rate of normal cortical thinning, with
ADHD children slowest
ADHD increased ventral-medial frontal connectivity, and decreased
default-mode and dorsal attention network connectivity; controlmotivation imbalance
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247 subjects, 304 controls
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Tomasi and Volkow,
2012
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et al., 2014
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Mahone et al., 2011
Montes et al., 2012

ODCD cortical thinning and decreased gray matter density
ODCD reduced gray matter volume ventral-medial regions regardless of
age of onset
Fairchild et al., 2013 22 female subjects, 20 controls
ODCD reduced bilateral anterior insula and right striatal grey matter
volumes; aggressive CD symptoms negatively correlated with right
dorsolateral volume, whereas callous-unemotional traits positively
correlated with bilateral orbitofrontal volume
Haney-Caron and
17 subjects, 24 controls
ODCD abnormal white matter connections in addition to the
Stevens, 2014
frontotemporal brain structures and uncinate fasciculus
Hyatt et al., 2012
19 subjects, 24 controls
ODCD reduced cortical thickness (more posterior) and folding
(more anterior, including left insula, ventral and dorsal-medial
prefrontal, anterior cingulate, orbital frontal, right superior
frontal-parietal
Marsh et al., 2011
14 subjects with psychopathic
Psychopathic traits related to reduced amygdala activity and functional
trait, 14 controls
connectivity between the amygdala and orbitofrontal cortex
Marsh et al., 2013
14 subjects with psychopathic
Psychopathic traits related to reduced rostral anterior cingulate, ventral
trait, 21 controls
striatum, amygdala activity
Passamonti et al., 2011 13 subjects, 13 controls
ODCD white-matter microstructural abnormalities in uncinate fasciculus
(affecting orbital and amygdala crosstalk)
Sarkar et al., 2012
27 subjects, 16 controls
ODCD lower connectivity and poor maturation of the uncinate
fasciculus
Stevens and Caron,
24 subjects with ODCD, 24 subjects ODCD reduction in grey matter volume, associated with numerous frontal,
2012
with ADHD, 24 controls
temporal, parietal and subcortical deficits
Viding et al., 2012
30 subjects, 16 controls
ODCD with high callous-unemotional traits lower amygdala activity when
presented with fear
Wallace et al., 2014
22 subjects, 27 controls
ODCD reduced gyrification within ventral-medial frontal and reduced
amygdala and striatum volumes
Wang et al., 2011
33 subjects (19 with ADHD),
ODCD poor white matter integrity, but primarily associated with ADHD
46 controls
symptoms
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22 subjects, 25 controls
63 subjects, 27 controls
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Fahim et al., 2011
Fairchild et al., 2011

Y

ODCD imaging studies

Note. ADHD = attention-deficit/hyperactivity disorder, ODCD = oppositional defiant or conduct disorder.
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(frontal)–posterior-perception (occipital, temporal, parietal) axis, and left–right hemisphere axis
(Hale & Fiorello, 2004). Consistent with Luria’s
(1973) functional model, the sensory receptors,
particularly in the right hemisphere, register social
information (e.g., Adolphs, 2001), but it is the posterior occipital-parietal-temporal crossroads known
as Luria’s zones of overlapping that integrate and
interpret this social information (Schneider et al.,
2013). Both social perception and interpersonal
action are governed by Luria’s superstructure—the
anterior prefrontal cortex (and associated subcortical structures). Although not localized to the frontal
circuitry, this area is most often associated with the
executive functions found to be deficient in most
psychopathologies (Bonelli & Cummings, 2007), a
point we return to later in this section.
Much of social information is novel, creative,
and dynamic depending on the interpersonal
exchange, suggesting a right hemisphere dominance for social perception and action (Uddin,
Kaplan, Molnar-Szakacs, Zaidel, & Iacoboni,
2005). However, visual representations, implicit
language use, and even idiosyncrasies become
familiar as a social relationship grows between
individuals. This suggests social interpretation
and expression shifts from right hemisphere to
left hemisphere dominance in close relationships
(Gorno-Tempini & Price, 2001), much like a righthemisphere novice becomes a left-hemisphere
expert with experience and practice (Goldberg,
2001). Therefore, interacting with a stranger or
acquaintance is much more novel and requires
right-hemisphere governance, whereas developing
social bonds requires a shift from novel circumstance to one of routinized and predictable understanding in the left hemisphere. Through this right
to left shift in social dynamics, a cortical and personal relationship is born.
In contrast to posterior–anterior and left–right
horizontal axes, two important systems are topdown or vertically organized. These FSCs and cortical-cerebellar circuits (CCC) constitute a third axis
of interpretation, forming feedback loops that modulate thought and behavior. The cortical prefrontal
regions govern or guide volitional behavior, with
subcortical structures providing necessary filtering
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Some interesting patterns emerge in Tables 6.1
and 6.2, including differences in amygdala activity
(increased in ANXD, decreased in ODCD), but the
inconsistency in findings is perhaps most remarkable. The variability in findings not only has to do
with sample inclusion/exclusion criteria (often
samples were behaviorally determined), but for
imaging, the methodology used (e.g., stimuli type,
control tasks, correction methods, significance
threshold, whole brain versus region of interest
analyses) could account for differences observed. In
addition, left–right differences seem to be inconsistent, but the data suggest perhaps a left-hemisphere
dysfunction for internalizing disorders (DEPD,
ANXD, OCD), and a right-hemisphere dysfunction
for externalizing ones (ADHD, ODCD). In contrast,
excessive right-hemisphere functioning can lead to
negative affect-avoidance symptoms (the opposite of
typical ADHD and OCDC characteristics), whereas
excessive left-hemisphere functioning can lead to
positive affect-approach symptoms (the opposite
of DEPD and ANXD), suggesting the imbalance
between hemispheres becomes important in understanding the biological basis of psychopathology
(Hale, Reddy, Wilcox, et al., 2009). However, it
is important to note that approach and avoidance
might reflect a motivation influence, whereas affect
would be separate. For instance, a positive affect
left-hemisphere approach behavior could be considered prosocial, but a negative affect left-hemisphere
approach behavior could be aggressive (HarmonJones, Gable, & Peterson, 2010). To reconcile these
inconsistencies, it is important to first turn our
attention to a summary of brain structures and functions related to psychosocial functioning.

CO

Regulating Thoughts, Emotions,
and Behavior: A Brain Map

U
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To understand the dimensional perspective of personality and neuropsychopathology in psychological
practice, it is important to recognize the cortical and subcortical determinants of psychosocial
functioning in typical development. To do this,
we begin with the cortex and move to subcortical
structures. Essentially, the cortex can be divided
along two interpretive axes, an anterior-action
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structures (e.g., hippocampus) where working
memory is needed for encoding of new content during learning, or retrieving content form long-term
memory.
As depicted in Figure 6.1, there are at least five
FSCs, including the motor, occulomotor, dorsolateral, orbital, and cingulate circuits, which interact
with each other to motivate, sustain, modify,
and/or suppress goal-directed behavior (Hale &
Fitzer, 2015; Stuss, 2011). From these circuits, two
functional systems emerge, the dorsal (dorsolateraldorsal cingulate) and ventral-medial (orbital-ventral cingulate) systems, which serve very specific
functions related to executive control and psychopathology. The dorsal circuit is involved in external
or environmental executive functions, including
planning, organization, strategizing, monitoring,
evaluating and changing behaviors (Bonelli &
Cummings, 2007; Hale & Fitzer, 2015; Stuss &
Alexander, 2000).
The ventral-medial circuitry (orbital-ventral
cingulate, in conjunction with the amygdala,
nucleus accumbens, and insula) is involved in
internal emotional and behavioral regulation,
including emotional control, social concern, and
appetitive (e.g., seek reward/avoid punishment)
behaviors (Hale, Reddy, Wilcox, et al., 2009;
Koziol & Budding, 2009). This is often why the
dorsal system is called the “cool” cognitive EF
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or gating purposes, with information then returned
to the cerebral cortex for subsequent modification,
to produce adaptive (or maladaptive in the case of
psychopathology) behavior (Andreasen & Pierson,
2008; Bonelli & Cummings, 2007). This circuitry
prepares for social action or inaction, depending on
external social or environmental cues, and internal
emotional states. That action however, could be
a prosocial exchange, an angry outburst, or timid
withdrawal, depending on the individual and environmental circumstance.
The FSCs first project to the excitatory striatum (caudate nucleus/putamen), and then to the
inhibitory globus pallidus for modulation, which
in turn projects to the thalamus for excitatory or
inhibitory influence, and then returns to the frontal
lobes for further direction. Two pathways (indirect
and direct) work in opposition to create nuanced
modulation of excitation and inhibition through
the globus pallidus, which in turn influences thalamic excitation/inhibition of the cortex (Wall, De
La Parra, Callaway, & Kreitzer, 2013). When the
direct pathway is activated, behavior is released by
supressing the inhibitory globus pallidus. When
the indirect pathway is excited, behavior becomes
less likely by activating the inhibitory globus pallidus. Therefore, the FSC fine tunes an individual’s
thoughts, emotions, and behaviors to allow for
adaptive behavior. FSCs also influence other
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Figure 6.1. Basic functions of the five frontal-subcortical circuits.
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to understand that optimal EF does not follow the
typical psychometric notion that “more is better.”
Instead, average EF is optimal, and an imbalance in
FSC functions can lead to psychopathology (Hale &
Fitzer, 2015). Average EF is what allows an individual to act in a flexible and adaptable way during
social exchange, so it is easy to see why an imbalance leads to poor interpersonal dynamics and limited social attachment.
In Hale, Reddy, Wilcox, et al.’s (2009) circuit
balance theory, balance within and between these
FSCs and associated structures allows a person to
provide flexible, adept, prosocial behavior in real
time during social exchange. Like posterior mirror
neurons help individuals understand social behavior (Chong, Cunnington, Williams, Kanwisher, &
Mattingley, 2008), it is these FSC action neurons
that allow adaptive response to the ever changing
social and emotional landscape during interpersonal
exchange. Therefore, psychopathology could be
related to an imbalance among the circuits (Hale,
Reddy, Wilcox, et al., 2009), with circuit overactivity and underactivity leading to compensatory
actions that help the individual overcome psychological or physical discomfort (Hale & Fitzer,
2015). Unfortunately, understanding neuropsychopathology is not as simple as too much or too little
brain functioning, but it at least gives a framework
for beginning to differentiate between psychopathologies, all of which have attention and executive
problems.
Given Tables 6.1 and 6.2, it is clear is that the
disorders discussed are not just deficit based. In fact,
there are hypo- and hyperfunctioning structures/circuits in the psychopathologies reviewed above, further adding evidence that circuit imbalance must be
considered for differential diagnosis and treatment
of neuropsychopathology. For instance, Davidson’s
(2001) seminal work on hemispheric response to
social stimuli suggests the left hemisphere is the
“approach” hemisphere, whereas the right hemisphere is the “avoidant” one (Fetterman, Ode, &
Robinson, 2013; Harmon-Jones et al., 2010). Additionally, lesion and other imaging data suggest that
left hemisphere deficits lead to negative affect
(e.g., apprehension, sadness, seriousness), whereas
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circuitry (for cognitive control of external tasks)
and the ventral system is the “hot” emotional/
behavioral EF circuitry (for internal self-control).
Thus far, our review suggests a dysfunctional right
hemisphere and/or FSCs are the most likely candidates for understanding child and adolescent psychopathology, with much of the evidence pointing
to hot ventral-medial circuitry being most involved
(Hale & Fitzer, 2015).
Although the posterior brain regions are for
understanding (sensory input), the frontal system
is responsible for doing (motor output). Therefore, the FSC EF are not for processing thoughts,
emotions, or behavior, they are for acting to
produce—or inhibit—an external (dorsal) or
internal (ventral-medial) motor response. In this
context, it is easy to see how too little (hypoactive circuitry) or too much (hyperactive circuitry)
FSC function could lead to very different disorders.
For instance, too little circuit activity may lead to
an exaggerated (stimulation seeking) response,
whereas too much circuit activity may lead to a
blunted response (stimulation avoidant). With
ADHD, hypoactive circuitry leads the individual
to seek external stimulation by engaging others
or participating in high risk activities (too little
increase in cortical function and executive control),
whereas hyperactive circuitry can lead to individuals avoiding social contact and further stimulation.
Essentially, the brain adapts to these internal activity levels by trying to increase (e.g., ADHD), or
decrease (e.g., OCD) environmental stimulation. As
suggested earlier, the goal of psychological assessment of child and adolescent psychopathology is
not so much about saying whether there is an EF
problem, but rather it is the type of EF problem that
matters most for differential diagnosis.
This imbalanced pattern appears to apply to
many EFs. Too much attention (e.g., hyperfocus)
is just as problematic as too little attention (e.g.,
distractibility) during social exchange. Too much
mood (euphoria) and too little mood (anhedonia)
can lead to inconsistent motivation for engaging
others. Too much concern for others (hypersensitivity) or too little concern (indifference) can
interfere with empathy and attachment. We begin
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et al., 2007). Therefore, it is important to recognize
that effective brain functioning requires automatization of routine behaviors, but this too is a
double-edged sword.
According to circuit balance theory (Hale,
Reddy, Wilcox, et al., 2009), balanced circuitry is
more likely when the CCC can automatize effective, adaptive, prosocial behavior in real time during
successful interpersonal exchange. However, if FSC
imbalance exists, this deviation is likely to be accentuated by the CCC, leading to maladaptive patterns
that are amplified or exaggerated, and unfortunately
outside the realm of conscious control. Because
these deviations are unconsciously amplified, an
individual may not even recognize his or her aberrant response or adapt to social cues provided by a
friend or partner, furthering the socioemotional disconnect between the two individuals during interpersonal exchange. Such is the case with cerebellar
cognitive affective syndrome, a cerebellar vermis
disorder that causes attention, memory, and EF dysfunction (Schmahmann et al., 2007). Dysfunction
from the top (FSC) or bottom (CCC) can leads to
inconsistent, unpredictable behavior that is incongruent and incompatible with social connection and
stable relationships.
In summary, emotional or behavioral dysregulation in the FSC can lead to further maladaptive
CCC accentuation and/or recruitment of maladaptive, routinized, behavior patterns, further hampering self-awareness, interpersonal exchange,
and executive control. That is why the more one
practices a problematic behavior, the more likely
it is to become routinized in the CCC, making it
exceedingly difficult to overcome with conscious
control, hampering traditional psychotherapy
(e.g., personality disorders; Hale & Fitzer, 2015).
This would be a case where neural plasticity
works against the individual’s adaptive, prosocial functioning. Circuit balance theory would
also predict that FSC–CCC imbalance leads to
an inability to adjust behavior to novel circumstances in psychosocial exchange (Hale & Fitzer,
2015), which is critical for modifying thoughts
and behaviors in an adaptive way (Badre, 2008;
Somerville & Casey, 2010).
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right hemisphere deficits lead to positive affect
(e.g., carefree, indifferent, whimsical; Fetterman
et al., 2013; Hecht, 2010), perhaps because the
imbalance created allows for the other hemisphere
to dominate during social exchange. For instance,
depression can be caused by either left prefrontal
hypoactivity (e.g., deficit depression) or right prefrontal hyperactivity (e.g., compensatory depression). In circuit balance theory, the greater the
imbalance, the greater the dysfunction. Therefore,
what is critical to consider (and treat) is the imbalance within and between circuits that govern psychosocial functioning.
Turning our attention to the CCC, it is not surprising that if EF is a motor action, then the cerebellum would also play a critical role in cognition,
motivation, affect, and psychosocial functioning
(Ackermann, Mathiak, & Riecker, 2007; Ito, 2008;
Koziol & Budding, 2009; Schmahmann, 2004). Like
the basal ganglia, the cortical areas send input to the
pons, and then to the cerebellum, which then affects
the quality and intensity of input, sending it back
to the thalamus and then the cortex. Through CCC
actions, the rate, rhythm, and force of behavior is
determined. Therefore, the FSC determines the type
of executive control and whether it is appropriate
for a given social situation, but it is the CCC that
determines how these actions will be carried out
(Koziol et al., 2013).
But the CCC is not just passively responsive to
cortical demands. Instead, it plays an important
role in creating procedural memories (Molinari,
Restuccia, & Leggio, 2009) and identifying when
they would be most useful to display, given the
cortical input it receives, to provide anticipatory guidance in predictable situations (Grafton,
Schmitt, Van Horn, & Diedrichsen, 2008; Imamizu & Kawato, 2009). In this way, the cerebellum
provides the cortex with a means of achieving
automaticity of function, freeing the cortex from
spending time and resources when routinized
actions are required (e.g., Bruya, 2010). This not
only leads to several behaviors becoming routinized, but also for these behaviors to be performed
in rapid succession through behavioral repertoires
that are mostly outside of conscious control (Houk
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To further diagnostic and treatment practices in
child and adolescent psychopathology, the first
step is to realize there are multiple interdependent
typical–atypical dimensional continuums among
the FSC and CCC circuits, which are also influenced by hemispheric preferences for positiveapproach (left hemisphere) and negative-avoid
(right hemisphere) functioning. The amygdala obviously plays a role as well, with increased activity
more common in ANXD (leading to emotional inhibition) and decreased activity in ODCD (leading
to emotional disinhibition). On the basis of these
foundations, a theoretically driven, functionally
coherent model of cortical, limbic, basal ganglia,
and cerebellum influences on psychosocial functioning must be developed to further clinical practice and instrument development. Understanding
neuropsychopathology requires a comprehensive,
multimethod approach that considers the brain,
behavior, and environment simultaneously in evaluating a child’s developmental and adaptive status
and need for intervention.
Unfortunately, most available neuropsychological assessment tools are largely designed to examine
higher-order cognitive functions (Lezak, Howieson,
Bigler, & Tranel, 2012), with most instruments
designed to tap conscious cognitive control thought
to be a function of the cool dorsolateral-dorsal
cingulate circuitry (Ardila, 2008). In contrast,
the hot orbital-ventral medial structures (including amygdala, insula, and accumbens), involved
in motivation, affect regulation, social judgment,
and empathy, are more difficult to directly evaluate
using available neuropsychological tests (Zald &
Andreotti, 2010). In fact, one typical finding in children with psychopathology may be inconsistent performance on neuropsychological measures, which
in turn could render nomothetic interpretation of
administered measures meaningless. Therefore,
informant and self-report ratings (e.g., Behavior
Rating Inventory of Executive Function—Second
Edition; Behavioral Assessment System for

Children—Third Edition; Minnesota Multiphasic
Personality Inventory—Adolescent—Restructured
Form), as well as careful observation and thorough
clinical interviews, are all critical in any neuropsychological evaluation where child or adolescent
psychopathology may be of concern. Details regarding these informant and self-report measures are
discussed elsewhere in this volume.
Consistent with Fox and Raichle’s (2007)
notions of anticorrelated task positive and task
negative brain networks, the interplay of cognitive
control (external EF) and internal self-regulation
(internal EF) in the manifestation of neuropsychopathology must be considered, even if there
are no objective measures that successfully differentiate the two circuitries. In fact, the cool and
hot circuitry dissociation is highly unlikely given
that circuit balance theory posits interactions
among circuits and hemispheres are the cause of
adaptive behavior or psychopathology. However,
these anticorrelated systems fit well with our
understanding of circuit imbalance—an anxiousdepressed individual may spend too much mental
energy avoiding interpersonal contact and too
much time in his or her internal (task negative)
world; whereas an individual with ADHD and
ODCD may be too engaged in the external (task
positive) world, constantly seeking stimulation
instead of filtering the environment for more sustained and volitional behavior.
From a dimensional perspective, typical and
atypical behaviors are dependent in part on whether
a child can exert cognitive control (dorsal circuitry)
over them. In ANXD and ODCD, which appear to
be more a manifestation of internal EF (e.g., orbitalventral medial dysfunction), atypical behaviors cannot be turned “on” (e.g., engaged) or “off”
(e.g., inhibited) easily. And even more important, a
child with anxiety may fear social contact, whereas
a child with OCD may become obsessed with it, so
there are no clear dichotomies presented here. It
is also important to note that as behaviors become
more automatized, they become fundamental to
an individual’s adaptive or maladaptive pattern of
behavior. The more automatized the behavior, the
less likely it is to be responsive to traditional treatments such as cognitive–behavioral therapy. Instead,
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with psychopathology, it is important that we
move beyond interpreting measures based on the
assumption they measure stable psychological
traits, and instead recognize that our evaluations
in part assess transient psychological states (Hale,
Reddy, Wilcox, et al., 2009) that should change
with environmental feedback, within a session, or
even possibly during a specific test. By repeating
procedures during an evaluation or over successive sessions, and validating or refuting hypotheses derived from other sources (Hale & Fiorello,
2004; see Figure 6.2), we can obtain an index of
and individual’s ability to learn, adapt, and even
automatize his or her performance, which has dramatic implications for differential diagnosis and
treatment of child neuropsychopathology.
Given these caveats, it is clear effective neuropsychological evaluation of psychopathology
is not necessarily about acquiring new tests that
tap different functions (although that is nice too).
Instead, it is using our powers of clinical observation combined with thorough history taking that
leads to better case conceptualization and accurate
differential diagnosis of dimensions. For instance,
if a child struggles with novel task demands, this
could suggest greater reliance on left hemisphere
(e.g., talking oneself through the task) or subcortical responding. Perseveration could be seen in
repeated statements during verbal responding, or
in the inability to stop a motor response when the
timed item is finished. On difficult items that lead to
failure responding, a certain amount of frustration
will be experienced, but if exaggerated, this could
reflect cerebellar involvement. A child could be inattentive by being distracted by outside noise, something the clinician does, or irrelevant test materials
(e.g., manual). Another child might get “lost” in his
or her thoughts, seem preoccupied, or daydream,
suggesting internal distractibility. Both lead to attention problems on standardized measures, but for
very different causes. Therefore, we cannot take the
clinician out of neuropsychological interpretation
of data, for it is the clinician’s keen observation and
notetaking skills that may help with the necessary
case conceptualization skills for accurate differential
diagnoses, and determining which disorder is primary and the remainder comorbidities.

U

N

CO

RR
EC
TE
D

PR

O
O

FS

©

A

M

ER

IC
A

N

a behavioral approach may be more useful until the
routinized problematic behavior can be reversed,
and the person can start to “think” about the consequences of his or her actions before acting on them.
In real life, people alternate between thinking about what they do, and doing other things
automatically, whether it is a social, cognitive, or
academic task. Most situations require alternating
episodes of automatic behaviors and higher-order
cognitive control. This should represent a fundamental underlying principle for neuropsychological test interpretation as well as treatment choice.
For some tasks, a child or adolescent will have
considerable prior exposure to the content or task
demands, so left posterior and subcortical functions
are primarily responsible for performance. Other
tasks that are unknown, or represent a weakness
for a child, or invoke a subcortical reaction, may
require FSC and right hemisphere activation as he
or she attempts to use novel problem solving skills
(e.g., fluid reasoning) to respond. To add interpretive complexity, task demands can also change during neurodevelopment, or even within a particular
subtest. For instance, academic tests usually begin
with familiarity and easy automatic responding for
most children, but as item difficulty increases, so do
frontal and right hemisphere functions, as children
use novel problem solving strategies to respond to
more difficult questions (Hale & Fiorello, 2004).
Recent advances in our understanding of the biological bases of psychopathology have led to development of neuropsychological measures that assess
socioemotional perception or regulation (NEPSY–II
Affect Recognition, Theory of Mind), and motivational influences on behavior (e.g., Balloon Analogue
Risk Task; Iowa Gambling Task), so recognition of
cortical influences on behavior have extended beyond
the dorsolateral-dorsal cingulate areas to include the
orbital and associated ventral-medial structures (see
Hale & Fitzer, 2015). However, these tests are not
as sensitive or specific as we would like, nor do they
have adequate standardization data to ensure technical quality, so nomothetic and idiographic interpretation is necessary for accurate case conceptualization
in child and adolescent neuropsychopathology.
Finally, in recognizing that inconsistent or
variable performance is the norm for individuals
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presentation. To better understand these complex
interrelationships, the cognitive hypothesis testing (CHT) model was developed (see Figure 6.2;
Hale & Fiorello, 2004) to link neuropsychological
assessment to intervention. In CHT, neuropsychological assessment can be used to guide intervention decisions by identifying interrelationships
among individual strengths and weaknesses from a
Lurian perspective, and can also be used to develop,
monitor, and change interventions until treatment
efficacy is achieved (Fiorello, Hale, & Wycoff,
2012). Governed by the scientific method, CHT has
been used to iteratively link neuropsychological
assessment results to targeted interventions, ensuring ecological and treatment validity in several
studies (for a review, see Hale, Wilcox, & Reddy,
2016). Not only does it lead to effective, targeted
interventions that improve a child’s functioning,
CHT has also been used to develop differentiated
interventions that lead to better outcomes and different changes in white matter connectivity (FitzerAttas et al., 2014).
The impetus for recognizing the value of a Lurian
CHT process-oriented clinical approach comes
from two sources of evidence. First, over the past
20 years, neuroimaging findings have shown that
not every brain processes information the same

CO

RR
EC
TE
D

PR

O
O

FS

©

A

M

ER

IC
A

Different neuropsychopathologies lead to different response patterns as described above. A variety of
neuropsychological tools, offered in Table 6.3, can be
used to assess these patterns. These measures are just
a sampling, and there are other fine measures available that are not in this list. However, it is important
to note that most EF measures presented may be sensitive to frontal lobe function, but may not be specific
for any specific psychopathology, especially because
most tap cool dorsolateral-dorsal cingulate functions.
Therefore, there may be no “smoking gun” aberrant
test score that defines which type of psychopathology is evident. Instead, it is up to the astute clinician
to use all sources of data to arrive at a diagnostic
impression and develop and test hypotheses about
cognitive strengths and weaknesses, which in turn
can lead to more targeted interventions that are sensitive and specific to a child’s needs.
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Figure 6.2. The cognitive hypothesis testing approach. From School Neuropsychology: A Practitioner’s Handbook
(p. 129), by J. B. Hale and C. A. Fiorello, 2004, New York, NY: Guilford Press. Copyright 2004 by Guilford Press.
Reprinted with permission.
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The model of brain function described in this
chapter is offered to explain general adaptation,
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Table 6.3
Executive, Motor, and Memory Measures for Differential Diagnosis of Child Psychopathologies
Test battery/instrument

Neuropsychological constructs measured
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Trail Making Test
Verbal Fluency Test
Design Fluency Test
Color–Word Interference Test
Tower Test
20 Questions Test
Word Context Test
Auditory Attention and Response Set
Design Fluency

Problem solving, verbal and spatial concept formation, categorical thinking, flexibility of
thinking on a conceptual task
Mental flexibility, sequential processing on a visual–motor task, set shifting
Verbal fluency
Visual fluency
Attention and response inhibition
Planning, flexibility, organization, spatial reasoning, inhibition
Hypothesis testing, verbal and spatial abstract thinking, inhibition
Deductive reasoning, verbal abstract thinking
Sustained auditory attention, vigilance, inhibition, set maintenance, mental flexibility
Visual–motor fluency, mental flexibility, graphomotor responding in structured and
unstructured situations
Ability to formulate basic concepts and to transfer those concepts into action
Planning and organization and visuoperceptual and visuospatial skils
Ability to inhibit automatic responses
Rapid semantic access
Verbal productivity
Remember list of unrelated words over multiple learning trials; one delayed trial after
interference list
Visual-spatial memory; also requires maintenance of rules
Select previously viewed photo from an array
Rote repetition of unrelated words, with each set of two followed by recall of both sets;
working memory
Matching photos expressing the same feeling: happy, sad, fear, anger, disgust, neutral
Understand how others are feeling, understand false beliefs; also requires verbal
comprehension and memory
Visual–motor integration, graphomotor coordination without constructional requirements
Motor imitation
Visual perception of abstract stimuli, visual–motor integration, graphomotor skills
Examines encoding, storage, and retrieval of lexical-semantic knowledge
Learning a list of unrelated words over several trials; examines encoding, storage, and
retrieval of unrelated words
Auditory rote memory, sequential recall, attention; not related to EF, but useful in comparison
with Digits Backward
Because manipulation of digits is required to produce the correct reverse sequence, more
demands on attention, working memory, executive functions
Visual analogue to word selective reminding, with dots; dorsal stream, visual–motor
coordination, praxis without visual discrimination
Short-term visual–sequential memory, praxis
Hypothesis generation and testing, pattern recognition, ability to respond to feedback
Executive functions, problem solving, set maintenance, goal-oriented behavior, inhibition,
ability to benefit from feedback, mental flexibility, perseveration
Planning, inhibition, problem solving, monitoring, and self-regulation
Better norms on the NEPSY–II and D-KEFS versions, but still popular
Visual–motor integration, constructional skills, graphomotor skills, visual memory, planning,
organization, problem solving
Computerized measure of sustained attention, impulse control, reaction time, persistence,
response variability, perseveration, visual discrimination
Attention, concentration, visual scanning

A

Sorting Test
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Animal Sorting
Clocks
Inhibition
Speeded Naming
Word Generation
List Memory
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Memory for Designs
Memory for Faces
Word List Interference

ER

Affect Recognition
Theory of Mind
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Digits Forward
Digits Backward

M

Visuomotor Precision
Manual Motor Sequences
Design Copying
Memory for Stories
Word Selective Reminding

Visual Selective Reminding

CO

Manual Imitation
Children’s Category Test
Wisconsin Card Sorting Test

U

N

Tower of London
Stroop Color–Word Test
Rey–Osterrieth Complex Figure

Conners Continuous Performance
Test II
Hale–Denckla Cancellation Task

(Continued)
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Table 6.3 (Continued)
Executive, Motor, and Memory Measures for Differential Diagnosis of Child Psychopathologies
Test battery/instrument

Neuropsychological constructs measured

California Verbal Learning
Test—Children’s Version
Comprehensive Trail-Making Test
Tests of Variable Attention
Purdue Pegboard
Grooved Pegboard

Verbal learning, long-term memory encoding and retrieval, susceptibility to interference

CI
A
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N

Attention, concentration, resistance to distraction, cognitive flexibility/set shifting
Computerized measure of sustained and selective attention
Fine motor skills, bimanual integration, psychomotor speed
Complex visual–motor–tactile integration, psychomotor speed (compare with simple
sensory–motor integration)
Language processing in comprehension, expression, and retrieval in these categories:
lexical/semantic, syntactic, supralinguistic, pragmatic; the supralinguistic and pragmatic
categories show promise in the assessment of right-hemisphere language skills (also look
for prosody function during dialog)
See NEPSY–II Verbal Fluency, letter fluency more related to EF (higher retrieval demands)
than category fluency, which is more related to temporal lobe functioning
Expressive vocabulary, free-recall retrieval from long-term memory versus cued-recall
retrieval (semantic/phonemic)
Distinguish between low performance because of poor effort and actual low performance
Distinguish between low performance because of poor effort and actual low performance
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Comprehensive Assessment of
Spoken Language
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Controlled Oral Word Association
Test
Boston Naming Test
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Green’s Word Memory Test
Test of Memory Malingering

N

complex, the same score may mean different things
for two different children. For instance, a child may
perform poorly on the Wisconsin Card Sort Test
because he or she cannot change what he or she is
doing when the examiner changes the task requirements (e.g., difficulty shifting cognitive set, limited
mental flexibility), whereas another may get distracted in the middle of the set (i.e., failure to maintain set). They may get the same score, but the child
who fails to maintain set may say “oops” and try to
change the card so it is in the correct pile.
CHT clinicians also recognize that any assessment score is made of state and trait variance
(Hale et al., 2013; Hale, Wilcox, & Reddy, 2016).
We know that psychological states vary, but traits
should remain stable. From a traditional psychometric approach, the client’s psychological state
during testing becomes error variance, but from a
CHT approach the client’s state becomes essential
in the interpretative process. This is especially true
for children with psychopathology, where variable
performance is the norm, not the exception. The
client’s performance on a standardized test is highly
reliable during one assessment, and is also highly
reliable in the next one (hence low standard errors
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way—children and adults with brain dysfunction/
damage use different brain areas/systems than typically functioning individuals when responding to
test stimuli and the environment (Schneider, Parker,
Crevier-Quintin, Kubas, & Hale, 2013). In many
cases, a low or atypical brain function is offset by a
higher functioning one that serves a compensatory
function (e.g., Broca’s area activation in children
with word reading disability; Shaywitz et al., 2004;
Simos et al., 2007), so interpretation must examine the interrelationships of brain structures and
functions.
Important in this approach is an understanding
that individuals with disabilities are not just functioning at the lower end of the normal distribution
in a processing area, rather they attempt to use other
processing strengths to compensate for their weaknesses. Therefore, unlike traditional psychological
assessment where revealing deficits was the focus of
evaluation, modern neuropsychological approaches
to understanding psychopathology require determination of strengths and weaknesses, or in balance
theory, evaluating to determine excessive functioning in one or more areas at the cost of diminished
functioning in others. To make things even more
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Note. D-KEFS = Delis–Kaplan Executive Function System.
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psychosocial functioning (Hale, Reddy, Wilcox,
et al., 2009). These assumptions are not trivial and
have considerable meaning for psychological intervention. For instance, a clinician treating someone
with anxiety and depression would not only want to
decrease hyperactive anxiety circuitry through exposure therapy, but would also want to increase hypoactive depression circuitry through task engagement
in the real world.
Similarly, an imbalance between cortical and subcortical influences on behavior can lead to maladaptive behavior patterns, which are under conscious
cognitive control (and exhausting) or automatic,
routinized behaviors scripted by the cerebellum
(less tiring, but almost never flexible or adaptive).
For instance, if novel problem solving predominates
and does not allow for routinized behavior to occur
(e.g., too much cortical influence), EF will be taxed
and processing will be slow and disconnected from
the environment that demands a response. Although
automatic behavior frees the cortex for higher level
functioning, too much behavioral routinization or
automatic responding does not allow for flexible,
adaptive responding when new or incongruent
information presented (too much subcortical influence; Koziol & Budding, 2009).
An appropriate neuropsychological approach
to intervention would be designed to maximize the
balance between hemispheres and FSC and CCC to
allow for automatic behavior when it is called for,
with cortical adjustments as necessary to adapt to
novel circumstances, changes in situation, conflicting social information, or differing relationships. In
addition, what might be adaptive for one person or
situation may be maladaptive for others. Overreliance on one particular interaction style or communication approach would be especially problematic,
with the person’s response only adaptive in a few
situations. Establishing intention scripts and overlearning to develop implicit learning strategies, on
the basis of our understanding of the basal ganglia
and cerebellar functions, might facilitate executive control of behavior when the problem is cortical. Cognitive–behavioral therapy techniques that
examine faulty executive control of behavior may
be very useful when the problem is cortical, and
can help clients understand propensities to engage
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of measurement and high reliability), but test–retest
reliability is typically lower. This is not psychometric noise or error. The changes in performance occur
because the client’s state has changed (common in
psychopathology) and/or learning has taken place.
In fact, Luria would argue if the test performance
did not change from one administration to the next
it would suggest a significant problem, because the
individual did not learn or modify performance on
the basis of prior experience.
To overcome the limitations of a fixed or flexible battery approach (often completed in a single
session) and to examine, understand, and differentiate client states from client traits, CHT requires at
least two test sessions, with the initial assessment
followed by a hypothesis testing phase that is used
to verify or refute initial findings (Hale & Fiorello,
2004). Once professional schedules are rearranged
for multiple visits during a single evaluation, and
clinicians begin testing children over multiple sessions, they realize how important this trait–state
separation is in case formulation, especially in cases
of child and adolescent neuropsychopathology.
Developing clinical interventions and treatment
strategies based on an understanding of the threeaxis approach to test interpretation described earlier
can be useful, but what may work for one individual
with a disorder may not work for another with the
same disorder. Given this clinical reality, it is still
essential practice to monitor interventions, and
recycle (modify) them when necessary to achieve
treatment efficacy. According to circuit balance
theory, intervention would appear to be based on
maximizing frontal-subcortical and left–right hemisphere influences (i.e., balance) on behavior so a
child or adolescent responds in an adaptive, flexible
way depending on each set of environmental circumstances. Findings suggest that too much higher
order control, leading to inhibition, or too little
leading to impulsivity, can lead to psychopathology (Hale, Reddy, Wilcox, et al., 2009). Similarly,
it is well known that too little emotion or too much
emotion hinders learning and memory through the
interrelationship of amygdala and hippocampal
functioning (Richter-Levin & Akirav, 2000). What
becomes clear here is that it is critically important to achieve circuit balance to achieve optimal
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Considering the complexity of understanding
and diagnosing child and adolescent neuropsychopathology, inferences developed during psychological assessment must be supported with additional
evidence (e.g., CHT approach) to corroborate
findings. These findings that must be integrated
across historical, cognitive, neuropsychological,
academic, and behavioral data to ensure they have
concurrent and ecological validity (Fiorello, Hale,
Decker, & Coleman, 2009), and they must be used
to guide interventions. The brain is neither static
nor unresponsive, but surprisingly malleable, and
targeted interventions can lead to brain changes
that ameliorate disability (Hale, Chen, et al., 2016;
Koziol et al., 2013). To link our assessment results
to intervention, CHT consultation methods after
comprehensive evaluation have been used in group
and single subject research to establish treatment
efficacy (for a review, see Hale, Wilcox, & Reddy,
2016). Relatedly, neuroimaging has moved the field
away from the notion of “static” lesions by showing the brain is much more malleable and interconnected than previously thought. However, it is
important to recall that brain plasticity is not always
positive or adaptive, as is often suggested in the literature. Brain functioning can improve with targeted
interventions, but inaccurate or delayed evaluations
may lead to a more routinized, automatic problems
in psychopathology which will be more difficult to
overcome, even with intensive intervention (Koziol
et al., 2013).
The development of advanced neuroimaging
technologies has provided clinicians and researchers alike with unprecedented windows into the
neurobiology of many child and adolescent psychopathologies. In the future, information from neuroimaging and neuropsychological assessment will be
combined to offer a more in depth understanding of
brain–behavior relationships for different populations (e.g., RDoC). Given these potential benefits,
future development and validation of neuropsychological assessment tools would profit from the
inclusion of neuroimaging studies to show the relationship between performance differences and brain
changes, and discriminant validity studies to reveal
their sensitivity and specificity. This is especially
true of measures that can assess “hot” orbital-ventral
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in disinhibited or restricted maladaptive behavioral
repertoires before they become automatic in
the CCC.
Although readers may be convinced that intervention for subcortical dysfunction may be limited
to medication treatment, this is hardly the case
given the reciprocity of the circuits. In fact, if executive (e.g., metacognition, working memory, learning
strategies instruction) and behavioral management
(e.g., reinforcement, extinction, behavioral contracting) techniques are adopted and monitored,
treatment efficacy will be more likely. Even techniques like exposure tasks and behavioral experiments could help individuals regulate the display or
strength of subcortically mediated behaviors, and
contingency management is likely to facilitate subcortical conditioned responding. What is critical,
according to our integrated model, is that psychosocial well-being requires learning of adaptive patterns
while reducing or extinguishing maladaptive ones,
as this will foster interactions within the natural
environment. Therefore, it remains critical to not
only evaluate the individual but also the environment in the assessment of psychopathology. It also
speaks to the importance of early intervention of
psychosocial problems to prevent them from becoming routinized in the cerebellum.
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Summary and Future Directions
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Neuropsychological and neuroimaging research
has evolved from viewing individual differences in
thoughts, emotions, and behavior from a categorical
perspective (normal versus abnormal) to a dimensional one grounded in brain–behavior relationships
of individual differences (Schneider et al., 2013). A
dimensional perspective recognizes that phenotypic
presentation for any individual is highly variable
and dependent on the neurobiology of individual
differences and environmental determinants that
shape them (e.g., Casey, Oliveri, & Insel, 2014),
suggesting clinical presentations of individuals may
vary meaningfully, even for the same diagnosis. It
also recognizes that although deficits may be present during an evaluation, they may be manifest in
many ways, and may be accompanied by abnormal
strengths, even in the same individual.
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medial circuitry, as there are few available standardized measures for this important area associated
with psychopathology.
Neuropsychological theory and neuroscientific
evidence continue to help re-write long-held notions
about brain functions and psychopathology, but
longitudinal research on the neurodevelopment of
functional brain systems is needed (Riccio & Reynolds, 2013). Future studies are needed that examine
the ecological and intervention sensitivity of assessment tools, including whether tests are measuring
functional skills and predicting learning and behavior in natural environments (Reddy, Weissman, &
Hale, 2013). Future research should also examine
how neuropsychological assessment relates to FSC
functioning, and how this influences learning, selfregulation, and environmental adaptation (Koziol
et al., 2013; Riccio & Reynolds, 2013). Clearly
research that identifies data-based assessment and
intervention practices that are reliable and valid for
known psychopathologies, and can be used to guide
effective interventions, is of critical need (Hale et al.,
2012; Witsken et al., 2008). Perhaps the emerging
data will confirm that the purpose for conducting
neuropsychological assessment is for intervention
purposes, not just diagnosis. Neuropsychological
assessment for intervention should be every clinician’s goal—a clinical endeavor designed to not
only improve client outcomes, but also to capitalize
on neural plasticity to change brain functioning for
more adaptive, prosocial outcomes.
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