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Preface

Thirteen years ago, we entertained the idea of creating a handbook as a desk refer-
ence for practicing neuropsychologists and members of related professions, to cover the
broad spectrum of neurodevelopmental and genetic disorders in children. At the time,
no such volume existed. In 1999, with the assistance and support of our esteemed col-
leagues, we were able to publish the first edition of this volume. We are pleased that
this volume has been so well received and is in the small company of volumes for which
second editions are completed.

This text grew out of our mutual interest in educating our students and fellow clini-
cians about the powerful role played by genetics in shaping the development and lives of
many children. It was our intent that the text would serve as a ready and comprehensive
reference, assisting clinicians to understand, evaluate, and ultimately help children with
neurodevelopmental and genetic disorders.

In our daily work as scientist-practitioners, we actively blend research, training, and
clinical practice. As we participate in, read, and review current research, our clinical
practice—what we do and how we do it—changes. As we train our students, our self-
perceptions, our ideas, and our clinical practice are sharpened. The pace at which these
processes take place has continued to increase since the first edition of this volume
was published. Society has increasingly acknowledged the powerful biological bases for
many childhood problems. Since the publication of the first edition of this volume, the
lay and professional communities have slowly worked toward balancing the contribu-
tions of biology and experience in their understandings of children’s development and
outcome. As the eminent neuropsychologist John Weery noted years ago, biology is
not destiny. The longitudinal work of Emmy Werner and others has demonstrated that
even problems with significant biological bases can be and are affected greatly in their
outcome by environmental consequences. We recognize as clinicians that biology very
powerfully influences the neurodevelopment and behavior of many children with such
problems as attention-deficit/hyperactivity disorder, learning disabilities, and anxiety
disorders. However, we continue to believe strongly that the daily lives of all children
are equally powerful in shaping the consequences of those conditions. The individual
child’s day-to-day life within the family, in the school, and on the playground—not
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whether he or she demonstrates certain symptoms or diagnoses—is what determines his
or her ultimate life course.

The dramatic and rapid growth in medicine, psychology, and education is greatly
improving our ability to prepare all children, even those with significant differences, for
their adult lives. Clinicians in the next 50 years will increasingly be expected to possess
expertise not just in diagnosis and intervention, but in the medical and biological phe-
nomena that have an impact on children’s growth and development. We are very pleased
with the breadth and scope of this second edition. We have added several new chapters,
and many of our contributors have graciously updated and rewritten the chapters they
contributed to the first edition.
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As human beings, our greatness lies not so much in being
able to remake the world—that is the myth of the atomic
age—as in being able to remake ourselves.

—MOHANDAS GANDHI

Most intellectuals today have a phobia of any explanation
of the mind that invokes genetics.
—STEPHEN PINKER

I think I have discovered the secret of life—you just hang
around until you get used to it.
—CHARLES M. SCHULZ
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CHAPTER 1

Introduction

SAM GOILDSTEIN
CECIL R. REYNOLDS

Neuropsychology is the study of brain-
behavior relationships, and a clinical neu-
ropsychologist is a clinician who applies the
results of knowledge in this area to diag-
nosis and treatment of neurodevelopmental
disorders, among other central nervous sys-
tem (CNS) disturbances (e.g., CNS diseases,
traumatic brain injury, cerebrovascular ac-
cidents, etc.). Clinical neuropsychology as
practiced today traces its roots principally to
the 1940s, although the influence of earlier
practitioners such as A. R. Luria is clearly
evident. As a clinical discipline, therefore,
it is relatively young, but it is a burgeoning
specialty within the broader discipline of
psychology.

As part of our preparation for the first edi-
tion of this text, we completed a MEDLINE
search over a 4-year period from January
1993 through July 1997, which yielded over
6,000 peer-reviewed research studies con-
cerning chromosomal and genetic disorders
in children. Over 4,000 studies published
during the very same period of time were
identified as specifically dealing with the
neuropsychological evaluation and treat-
ment of children. Yet only 42 studies dealing
with both issues were found in this database.
Even given the relative youth of the field, this
seemed too few papers. However, the nature

of the studies and their appearance in main-
stream medical and psychological journals
indicated the need for even broader perspec-
tives and interdisciplinary approaches to the
diagnosis and treatment of children’s neu-
rodevelopmental disorders (ironically, at a
time when the politics and costs of health
care were giving rise to the managed care
model, which promotes singularity of treat-
ment!).

A review of these 42 studies, which may
not necessarily have represented all pub-
lished studies dealing with these two issues,
revealed the increasing importance of a si-
multaneous view and understanding of these
two issues for neuropsychologists, physi-
cians, and other medical and mental health
professionals. For example, Mazzocco and
Holden (1996) provided a neuropsychologi-
cal profile of females with the fragile X per-
mutation. Devenny and colleagues (1996)
provided a longitudinal study of individu-
als with Down syndrome, and in doing so,
defined the neurocognitive changes in this
population over four decades. Lanoo, De-
Paepe, Leroy, and Thiery (1996) provided
data reflecting a profile characterized by dif-
ficulty with sustained visual attention and
problems with visual construction, over and
above the visual acuity problems and other
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phenomena associated with Marfan syn-
drome. Davalos and colleagues (1996) of-
fered a neuropsychological profile reflecting
a pattern of mild mental retardation, con-
structional apraxia, and expressive language
impairment in a group of children presenting
with proportionate short stature, delayed
bone age, and peculiar faces. These children
were subsequently identified as experienc-
ing Floating—Harbor syndrome. And Ross,
Stefanatos, Roeltgen, Kushner, and Cutler
(1995) offered a longitudinal study provid-
ing a profile of neurocognitive changes in
females with Turner syndrome.

As part of our work for this second edi-
tion, we completed a number of new search-
es from January 2004 to January 2009. We
began with a Google search using the key-
word “genetic disorders,” which identified
over 17 million citations. We then searched
Google Scholar with the keyword “chromo-
some disorders,” which produced over 5 mil-
lion citations. Searching MEDLINE with the
“chromosome disorders” keyword resulted
in approximately 37,000 references. Finally,
we identified 201 new studies dealing with
neuropsychological evaluation during this
time period, but fewer than two dozen new
studies, dealing with both genetic disorders
and neuropsychological evaluation. These
studies are very similar in breadth and scope
to studies published earlier. For example, a
number of researchers have examined the
neuropsychological characteristics of spe-
cific genetic disorders (Adams et al., 2007;
Azzam et al., 2005). Other researchers have
examined risk factors (Gothelf et al., 2007),
as well as familial characteristics (Gam-
bardella et al., 2008; Veltman et al., 2005).

When the contributions of genetics to more
common and diverse childhood problems,
such as learning disabilities and attention-
deficit/hyperactivity disorder (ADHD), are
examined along with the genetic role in
many lower-incidence problems, the impor-
tance of understanding and beginning to
develop a cohesive genetic—environmental
model becomes clear immediately. As Rutter
(1997) has noted,

Quantitative genetic research has been most
informative in showing the importance of
genetic influences on virtually all forms of
human behavior. Behavior has to have a bio-
logical basis and it is necessary that we under-

stand how the biology functions. Equally the
same research has been crucial in its demon-
stration that environmental influences are also
ubiquitous. (p 396)

NATURE AND NURTURE

There are few topics as inflammatory, po-
lemic, or controversial in psychology and
related sciences as the so-called “nature—
nurture controversy.” Briefly stated, this
controversy revolves around whether human
development and human behavior (both
overt and covert) are determined by human
beings’ genetic constitution (nature) or by
the environment (nurture) in which people
grow and develop. Few, if indeed any, con-
temporary scientists approach this question
in such simplistic terms. The arguments now
tend to center around the relative contribu-
tions of nature and nurture to human devel-
opment and behavior, and the mechanisms
of interaction and plausibility of transaction
between them. It is also acknowledged that
for specific human attributes, the answers
will vary.

A genotype may be considered the raw
material and blueprints (genes and chromo-
somes) provided through the melding of the
parental genotypes. Except in the case of mo-
nozygotic twins and cloning, no two human
genotypes are alike. The human organism
then grows and develops in a unique envi-
ronment to produce the visible, assessable,
acting phenotype—the expression of the
genotype in the unique environment. Attri-
butes known to be “genetically determined”
can often be altered in the course of devel-
opment or even later in life. Height, known
to have strong heritability in the human
population, can be altered dramatically in
an individual by manipulation of diet. As
subsequent chapters of this volume indicate,
many outcomes for some genetic disorders
are entirely dependent on, or at least strong-
ly determined by, changes in environment.
Phenylketonuria (PKU) is a classic example.
When phenylalanines are eliminated from
the diet of youngsters with PKU, the out-
comes for intellect, school adjustment, and
other behavioral variables are all much im-
proved. Even behaviors as complex as adult
sexual behaviors and preference, which are
strongly genetically influenced, can be altered
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by significant changes in maternal stress lev-
els at particular times during pregnancy (for
a review, see Houshyar & Kaufman, 2005).
There are certain critical periods during ges-
tation when hormonal releases affect cell
migration and organ development in a pre-
programmed fashion. Mothers under very
high levels of stress may alter those hormon-
al release patterns in ways that affect adult
sexual behavior in their offspring. It seems
that few components of human behavior are
too simple to be influenced by environment,
or too complex to be related to the genotype.
The complexity of the interaction and poten-
tial transaction is virtually incomprehensible
when we recall that no two combinations of
genotype and environment have been or ever
will be identical.

To many scientists, ourselves included, it
does appear that as our skills, insights, and
techniques of investigation continue to grow
in number and in sophistication, we learn
that our biology has a more pronounced im-
pact on our behavior than we would prefer
to believe. Even at the extremes of the hered-
itary influences argued by some scientists,
there is much room for change, intervention,
and environmental influence.

Take the controversial case of the heri-
tability of human intelligence. The debate
about this begins with differences of opin-
ion about the very nature of the phenome-
non (for a review, see Naglieri & Goldstein,
2009). Moreover, the extremes of the vari-
ous scientific arguments place the nature—
nurture contributions to intelligence at 80%
and 20% and at 20% and 80%, respectively
(e.g., see Herrnstein & Murray, 1994; Jens-
en, 1980; Reynolds & Brown, 1984). One
may argue urgently for relative contribution
and interaction within these two extremes,
but even in the most extreme genetic view
(i.e., the view that 80% of the variance in
human intelligence is genotype variation),
two propositions remain inescapable:

1. Heritability statistics only apply to
groups, and the genetic influence on in-
telligence for an individual may be more
or less than the group heritability.

2. Even if 80% of an individual’s intellectu-
al level is genetically determined, changes
in intellectual level as a function of en-
vironmental influences and transaction
may be enormous.

The latter proposition requires some elab-
oration. Psychological variables such as in-
telligence and personality are measured in
interval scales of measurement, which have
no true zero point denoting the absence of
the trait, such as zero reflects on a ratio scale
of measurement. With a true zero point,
the actual amount of a characteristic (e.g.,
height) can be determined, and such state-
ments as “A height of 6 feet is twice a height
of 3 feet” are accurate. However, interval
scales, having no true zero point, begin mea-
surement at the midpoint of a characteris-
tic’s distribution—the only point we can lo-
cate definitively. We then measure outward
toward the two ends of a distribution, each
of which is asymptotic to its axis. That is,
we do not know where intelligence begins or
ends, and an IQ of 100 does not reflect twice
the intelligence of an IQ of 50. Herein lies
the clinician’s opportunity to intervene and
potentially create meaningful results, even
under the adversity of strong genetic deter-
mination. To increase an individual’s intel-
lectual level by a full 20% may mean an in-
crease of 10, 20, 30, 40, or even more points
on a psychometric scale. The same may hold
true for other human characteristics that
present as complex behavioral phenomena.

As subsequent chapters of this book de-
scribe, many genetic disorders have high
degrees of variable expressivity, often (but
not always) for unknown reasons. We be-
lieve many of these reasons to be treatment-
related, or at least associated with biological
and environmental interplay. Early involve-
ment of clinicians who understand brain—
behavior relationships is necessary if chil-
dren with neurodevelopmental disorders
are to have the maximum developmental
opportunities. All of this may be taken to
mean that although genetics or biology may
be destiny, it need not be.

The human brain represents the product
of a construction project that has been going
on for 6 billion years. In its physical form
and function, the brain represents millions
upon millions of trial-and-error adaptive
adjustments. Consisting of an estimated
100 billion neurons and many more glial
cells organized into thousands of regions,
the human brain governs body function and
movement in a seamlessly integrated man-
ner; even more importantly, it regulates cog-
nition. Not surprisingly, although the brains
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of different species may not look exactly
alike, they all work according to the same
principles and mechanisms. These neurons
and glial cells communicate via a nearly infi-
nite number of synaptic connections, yet the
entire organ in a human being weighs only
about 3 pounds. Gram for gram, the human
brain delivers an array of motoric, behav-
ioral, cognitive, and emotional capacities
that is nearly impossible to fathom in light
of its size. Because the brain is the center of
our consciousness and being, it is fitting that
an increasing scientific literature is being de-
voted to understanding and facilitating its
development and operation—in particular,
to appreciating the developmental disorders
and conditions that adversely affect chil-
dren’s transition into adulthood.

Cortical development is genetically pre-
programmed in many ways. Not all genetic
disorders have a full phenotypic impact at
the same time. Environments may also alter
the timing of development and change as
well. As Bigler and Clement (1997) note so
well, the process of maturation greatly com-
plicates the evaluation of neurodevelopmen-
tal disorders in children and adolescents.
The effects of the interaction between age
and genetic expressivity of a disorder with
CNS implications adds to the complexity
of all tasks with such children. A common
change in CNS development may have radi-
cally different implications and outcomes,
even in adulthood, if the age of occurrence
is varied.

OBJECTIVES OF THIS VOLUME

Clinicians of the 21st century will need to
possess a working knowledge of genetics as
well as neuropsychology. Yet, even as we
publish the second edition of this volume,
the science of what we choose to term behav-
ioral genetics remains in its infancy, as our
literature review reflects. The 21st century
clinician will exemplify the biopsychosocial
model of the future. Clinicians will continue
to be called upon to assess the relationship
between brain function and behavior. They
will be asked to assess function by skills
(e.g., the skills necessary to read efficiently).
They will be asked to plan treatment, to
monitor that treatment, and to assess prog-
ress. As increasing information is gathered

concerning the influence of human genetics
upon behavior, clinicians will be increasing-
ly called upon to guide mental health, medi-
cal, and educational professionals in blazing
new trails to improve the quality of life for
children and adults with genetic disorders
affecting their behavior and development.
Clinicians who work with children must be
knowledgeable about developmental psy-
chology as well.

The primary objective of this expanded
second edition, as of the first edition, is to
provide readers with a stand-alone compen-
dium concerning the impact of genetics on
neurodevelopment in children. In planning
this second edition, we have continued to
recognize that this primary mission entails
creating a text similar in breadth and scope
to those handbooks of neuropsychology that
are familiar to each of us. The goal of those
texts, as of this one, is to provide a compre-
hensive set of resource materials that will be
available to readers as needed, organized in
a framework that is understandable and im-
mediately useful in clinical practice. Clinical
child neuropsychologists and related pro-
fessionals today and in the future must be
scientist-practitioners; to do so effectively
requires a special type of literature.

We have divided the text into three sec-
tions. Part I, “Background,” offers our
view of the role of neuropsychology in the
assessment, treatment, and management of
children with neurobehavioral and genetic
disorders. In Chapter 2, the role of neurop-
sychology in the assessment of these popula-
tions is discussed. Chapter 3 is an overview
providing readers with a basic model for
understanding genetics, as well as up-to-
date information concerning current trends
and research in the field of human genetics.
Chapter 4 then examines current research
concerning the use of neuroimaging to deter-
mine structural and biochemical differences
in children with genetic disorders. Finally,
psychosocial issues related to emotional,
educational, familial, and behavioral prob-
lems are reviewed and discussed in Chapter
5. This information lays a firm foundation
for the following discussions of specific ge-
netic disorders in children. A working un-
derstanding of this information is essential
for all practicing clinicians.

Part IT of the volume two contains chap-
ters dealing with seven disorders or groups
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of disorders that have accepted, though as
yet not completely identified, genetic etiolo-
gies. These disorders have a common theme,
in that they primarily affect learning and
behavior; thus topics that often do not find
their way into genetics and neurobehavioral
texts are included. The disorders covered
here are learning disabilities; ADHD; op-
positional, conduct, and aggressive disor-
ders; Tourette syndrome; anxiety disorders;
mood disorders; and autism spectrum disor-
ders. These chapters, as well as those in Part
111, provide readers with an overview of cur-
rent genetic, behavioral, and developmental
issues; guides to assessment; and discussions
of treatment, care, and management.

Part III is by far the lengthiest section:
It contains 17 chapters offering overviews
of lower-incidence disorders in the general
population. In this second edition, we have
expanded this section by adding several
new chapters. Clinicians can expect to see
increasing numbers of children with these
problems, especially within medical settings.
Furthermore, the increasing recognition
of the impact such impairments have upon
children’s functioning at school has now
paved the way for many of these children
to receive specialized services within school
settings. Thus these problems are also likely
to be faced more and more often by school
psychologists, school nurses, and other edu-
cational staff members. The approach to
educating children with such disorders can
and usually does have a major impact on the
quality of their lives. As an example, con-
sider children with Down syndrome. In the
not very distant past, children with Down
syndrome children were rarely seen in pub-
lic, and most were treated through residen-
tial placements in state facilities designed for
children with severe developmental disor-
ders. However, not all children with Down
syndrome also have mental retardation, and
most of those who do have intellectual im-
pairment in the mild to moderate range. De-
cades of research have shown that children
with Down syndrome are best educated in
a public school setting with maximum ex-
posure to the normal school environment.
Social and behavioral outcomes in particu-
lar are superior for these children when they
are educated in public schools, according
to a least-restrictive-environment model, as
opposed to the isolation and restricted na-

ture of an institutional setting. Increasingly,
knowledge about the neuropsychological
functioning of children with neurodevelop-
mental disorders and about ways to facili-
tate their development is intertwined with
the public school systems of our nation—
and for good reason, for this is increasingly
where the children are educated.

CONCLUSION

The path to success in life is neither simple
nor easy for the majority of youth in the new
millennium. Given the medical community’s
increasing ability to address the health needs
of children with complex genetic and neu-
rodevelopmental disorders, their subsequent
increased survival rates, the increased pub-
lic recognition of these disorders, and the
greater availability of organized support for
children whose genetic disorders primarily
affect learning and development, the path
to success for these children has perhaps be-
come somewhat less convoluted and rocky.
Ye the increasing educational, social, and
family pressures placed upon children con-
stitute an entirely new set of burdens for all
youth. Neuropsychologists and related med-
ical, mental health, and educational profes-
sionals will play an increasing role in shap-
ing the life path for children with genetic
and neurodevelopmental disorders.
Although the liabilities of these children
are of most interest to many professionals,
their assets and tenacity in some cases must
also be well defined and understood. Several
longitudinal studies over the past few de-
cades have set out to develop an understand-
ing of these assets and their related process-
es. In particular, the complex interaction
of protective and risk factors with is being
examined, the goal of developing a model
to apply this knowledge in clinical practice
(Rutter & Quinton, 1984; Werner & Smith,
2001). These studies and others have made
major contributions in two ways. First, they
have identified resources across children’s
lives that predict successful adjustment for
those exposed to adversity; second, they
have begun the process of clarlfymg ways
in which these protective factors promote
adaptation (Wyman, Sandler, Wolchik, &
Nelson, 2000). Some of these processes can
serve to protect against the negative effects
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of neurodevelopmental and genetic disor-
ders, while others simply act to enhance
development, regardless of the presence of
disability.

Knowledgeable professionals offer their
patients, clients, and students a powerful
sense of hope by providing accurate infor-
mation, understanding, and support. It is
true that much remains to be uncovered and
understood concerning the impact of genet-
ics and the interaction of genetics with the
environment in shaping the lives of children.
However, identification through careful as-
sessment, intervention and accommodation
through implementation of thoughtful treat-
ment, and the provision of support will make
a significant positive difference for children
with genetic and neurodevelopmental disor-
ders.
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CHAPTER 2

Neuropsychological Assessment
in Genetically Linked
Neurodevelopmental Disorders

CECIL R. REYNOLDS
JOAN W. MAYFIELD

Children in general have always posed spe-
cial problems in clinical assessment and
evaluation, and even more so from a psycho-
metric standpoint. Infancy and childhood
are the times of the greatest (and most rapid)
breadth and depth of change in the human
lifetime. This alone presents a significant
challenge to those who would assess a child’s
status in order to make predictions about a
child’s future and about interventions that
may be required to facilitate growth and
development. Children who are developing
normally or with only mild levels of disabil-
ity can be difficult to assess accurately, for
reasons related to the maturity of their lan-
guage development, motor development, so-
cial skills, and attention, concentration, and
memory skills. As the extent of disability
increases, accurate assessment becomes ever
more challenging.

Moreover, certain developmental periods
pose special problems. During infancy in
particular, a child’s very limited language
and motor skills prevent a thorough assess-
ment of cognitive functions and higher corti-
cal development. A pediatric neurologist can
get a reasonable estimate, but only at a gross
level, of neurodevelopmental status from a

neurological examination that focuses on re-
flexes, muscle tone, and a review of cranial
nerve functions. The neuropsychologist can
add some additional details about higher
cortical functions (i.e., thinking, reasoning,
intellectual development, and language de-
velopment), but our measures, even the most
sophisticated (e.g., Bayley, 2005), remain
crude. Except for very low levels of perfor-
mance, scores on such instruments are rela-
tively poor predictors of adult status. Little
in the way of localization of function can be
accomplished, and higher cortical systems
of brain function are rarely assessed well.
In these early years, we clinicians are often
left with an unsatisfactory feeling about
what we have accomplished with such as-
sessments. However, an assessment at even
these early stages by a neuropsychologist
makes significant contributions to diagnosis
and treatment.

With infants changing so rapidly, it is im-
perative to have carefully constructed stan-
dards of normality if developmental prob-
lems are to be detected accurately. Minor
variants of normal development need not
be diagnosed as disorders, nor should sig-
nificant problems be overlooked. It is in this
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context that psychometric testing has the
most to offer. Psychologists are accustomed
to using norm-referenced tests, such as the
Bayley Scales of Infant and Toddler Devel-
opment, Third Edition (Bayley, 2005). Such
tests have carefully constructed normative
reference tables that define normal varia-
tions in development, typically considered as
within two standard deviations of the mean
of a normally functioning reference group.
Tests constructed specifically for use with
infants, despite involving such observation
(as opposed to demand performances, as
with older children and adults), compare rel-
evant functions of infants to the distribution
of the same functions for infants develop-
ing normally. Such quantitative approaches
are a necessity for accurate diagnosis during
times of rapid change. Informal or subjec-
tive observations and ratings place far too
many cognitive demands on the clinician to
produce consistent, reliable results.

Neuropsychological testing is thus impor-
tant to establish the presence of a cognitive
disorder. Since neuropsychological testing is
norm-referenced by chronological age, prog-
ress can be monitored via repeated or serial
testing, and changing patterns of symptoma-
tology can be detected. The effectiveness (or
lack thereof) of interventions can be docu-
mented as well, and changes can be made as
indicated.

These same quantitative procedures are
useful throughout childhood and adoles-
cence, when cognitive development contin-
ues to be rapid and is often uneven. Quanti-
tative tracking of change, and the detection
of change through psychometric methods
providing age-corrected deviation scaled
scores, are necessities.

MONITORING AND MANAGING
SYMPTOM EXPRESSION

All of the various disorders addressed in this
volume are believed to have some degree of
genetic linkage, and some of these linkages
are stronger and more obvious than others.
However, they all show what is termed vari-
able expressivity (i.e., the number and/or the
severity of the symptoms defining the disor-
der vary across individuals). The variability
of symptom expression must be monitored
and will have clear treatment implications.

The interaction between the genetic basis
of a disorder on the one hand, and the in-
dividual’s environmental circumstances and
other biological predispositions (which may
or may not be affected by the genetics of
the primary disorder) on the other, will also
alter the severity of symptoms. Phenylketo-
nuria (PKU), for example, is an entirely ge-
netic disorder. Yet the treatment compliance
of both the family and the individual, along
with the child’s temperament, predisposition
for intellectual development, and numerous
other factors, will act to determine the cog-
nitive symptoms displayed. This will have
implications for whether special education
programming for mental retardation, specif-
ic learning disabilities, or even serious emo-
tional disturbance is required. Although di-
etary treatment is always indicated for PKU,
one cannot assume what other treatments
will be necessary. Rather, periodic formal
neuropsychological testing should be con-
ducted to detect cognitive changes that may
require additional forms of intervention,
and that may even provide some suggestive
data about a patient’s dietary compliance.
Assessment of behavior and affect through
norm-referenced, age-corrected methods
(e.g., Reynolds & Kamphaus, 2004) are also
necessary, as individuals with genetic disor-
ders are commonly at increased risk of de-
veloping emotional and behavioral problems
(see also Warzak, Mayfield, & McAllister,
1996).

There is no cure or elimination of all
symptoms for the disorders treated in this
volume. Rather, most viable treatments
center on symptom management. Neurop-
sychological and psychological assessment
has two primary roles to play beyond assist-
ing in diagnosis. The first, as noted above,
is the evaluation of the severity of symptom
expression; the second is the assessment of
treatment effects through careful psycho-
metric monitoring of changes in symptom
expression.

Historically, neuropsychological evalu-
ations were conducted with adults with
known brain damage or injury, to deter-
mine lateralization or localization of le-
sion or injury. As Lezak (1995) points out,
“|the] rapid evolution [of such evaluations]
in recent years reflects a growing sensitivity
among clinicians to the practical problems
of identification, assessment, care, and treat-
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ment of brain damaged patients” (p. 7)—a
comment that pertains as well to any patient
with a compromised central nervous system
(CNS), especially if higher cortical functions
are involved. Neuropsychologists are often
asked to provide information concerning
prognosis for recovery, functional ability,
and course of treatment. However, the prac-
tice of neuropsychology has broadened to
include the need to clarify conditions where
brain damage or CNS compromise has not
been identified; in these cases, evaluations
provide additional information for differen-
tial diagnoses, which result in more effective
treatment planning.

As neuropsychologists gained more
knowledge about brain-behavior relation-
ships, they applied their knowledge to adults
without known brain damage. After this,
they turned their attention to problems of
earlier development, which ultimately pro-
vided an understanding of brain—-behavior
functioning in children (Reitan & Wolfson,
1974). We agree that “child clinical neu-
ropsychology has emerged as an important
theoretical, empirical, and methodological
perspective for understanding and treating
developmental, psychiatric, psychosocial,
and learning disabilities in children and
adolescents” (Teeter & Semrud-Clikeman,
1997, p. 1). In more recent years, school psy-
chologists have become more versed in neu-
ropsychology and its application to children
with neurodevelopmental and genetic disor-
ders as well (e.g., D’Amato, Fletcher-Janzen,
& Reynolds, 2005; Miller, 2010).

The remaining purposes of this chapter
are to give a functional definition of neurop-
sychology, to provide information concern-
ing the necessary components of a neurop-
sychological evaluation, and to discuss their
relationship to treatment. An overview of
neuropsychological assessment processes is
then presented, both historically and in the
context of current practices that incorpo-
rates the basic components of evaluation and
encourages integrative, comprehensive as-
sessment of CNS compromise. Furthermore,
the chapter provides information concerning
why children and adolescents are referred for
neuropsychological evaluations, and how
the results of such evaluations are relevant to
their educational needs (in terms of effective
remediation techniques, educational place-
ment, and parental expectations).

WHAT Is NEUROPSYCHOLOGY?

Neuropsychology is the study of brain—
behavior relationships. It requires accep-
tance of the idea that the brain, working as
an interdependent, systemic network, con-
trols and is all-inclusively responsible for be-
havior. Although this premise seems simple
enough now, radical behavioral psychology
in the 1960s and early 1970s ignored the
brain, leading some to espouse the view that
the brain was irrelevant to learning and be-
havior.

Neuropsychological assessment examines
the relationship between brain functioning
and behavior through tests that tap specific
domains of functioning—typically much
more specific domains than those that are
represented on general tests of intelligence,
such as attention, memory, forgetting, sen-
sory functions, constructional praxis, and
motor skills (Farmer & Peterson, 1995;
Hynd & Reynolds, 2005; Reitan & Wolf-
son, 1985). Neuropsychologists examine
the functioning of the brain based on be-
havioral expression, and are able to deter-
mine whether a brain dysfunction exists or
whether atypical patterns of neocortical de-
velopment are present.

A neurologist looks at the anatomical con-
struction of the brain. Working in conjunc-
tion with neurologists, neuropsychologists
are able to determine the functional seque-
lae of CNS dysfunction. Neurologists use
advanced neuroimaging techniques, includ-
ing various forms of magnetic resonance im-
aging (MRI), positron emission tomography
(PET), and single-photon emission comput-
ed tomography (SPECT) of brain regions.
Working in conjunction with neurologists,
neuropsychologists focus on behavior and
cognition in order to offer educational help
and remediation strategies to teachers, coun-
selors, and parents. Clinical neuropsycholo-
gists deal with a variety of issues as caregiv-
ers seek to understand the educational and
psychological needs of children and youth
who are coping with neurological deficits.
Parents frequently want to know what they
can do to provide the optimal learning en-
vironment to help their children reach their
full potential. They seek to understand the
specific deficits experienced by the children.
On the basis of a child’s medical, family, and
developmental history, as well as the specific
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behavioral and educational concerns, a neu-
ropsychological assessment is designed and
conducted.

Although this chapter discusses specific
neuropsychological tests and batteries of
tests, neuropsychology is not a set of tech-
niques. Rather, it is a way of thinking about
behavior, often expressed as test scores; in
essence, it is a paradigm for understanding
behavior.

COMPONENTS OF
A NEUROPSYCHOLOGICAL EVALUATION

A neuropsychological evaluation of a child
will differ in design from that of an adult.
Of necessity, it will include educational and
behavioral measures that may not be neces-
sary with adults. The most common neu-
ropsychological batteries and approaches
will thus need to be supplemented in specific
ways, depending on the referral questions
posed. The following nine general guidelines
should nevertheless prove useful and are de-
rived from a variety of sources, including
our own practices, the general teachings of
Lawrence C. Hartlage, and other specific
sources—in particular, Rourke, Bakker,
Fisk, and Strang (1983), which we find to be
remarkably current.

1. All (or at least a significant majority)
of a child’s educationally relevant cogni-
tive skills or higher-order information-
processing skills should be assessed. This
will often involve an assessment of general
intellectual level (g) via a comprehensive 1Q
test, such as a Wechsler scale, the Kaufman
Assessment Battery for Children, Second
Edition (KABC-II; Kaufman & Kaufman,
2004), or the Reynolds Intellectual Assess-
ment Scales (RIAS; Reynolds & Kamphaus,
2003). Efficiency of mental processing as as-
sessed by strong measures of g is essential
to provide a baseline for interpreting all
other aspects of the assessment process. As-
sessment of basic academic skills (including
reading, writing, spelling, and math) will be
necessary, along with tests such as the Test
of Memory and Learning—Second Edition
(TOMAL-2; Reynolds & Voress, 2007),
which also have the advantage of including
performance-based measures of attention

and concentration. Problems with memory,
attention, concentration, and new learning
are the most common of all complaints fol-
lowing CNS compromise and are frequently
associated with more chronic neurodevel-
opmental disorders (e.g., learning disabili-
ties, attention-deficit/hyperactivity disorder
[ADHD]).

2. Testing should sample the relative ef-
ficiency of the right and left hemispheres of
the brain. Asymmetries of performance are
of interest on their own, but different brain
systems are involved in each hemisphere,
and these have differing implications for
treatment. Even in a diffuse injury such as
anoxia, it is possible to find greater impair-
ment in one portion of an individual’s brain
than in another. Specific neuropsychologi-
cal tests like those of Halstead and Reitan
or the Luria—Nebraska Neuropsychological
Battery—Children’s Revision (LNNB-CR;
Golden, 1986) are useful here, along with
measures of verbal and nonverbal memory
processes. In neurodevelopmental disorders,
uneven development often occurs.

3. Testing should sample both anterior
and posterior regions of cortical function.
The anterior portion of the brain is genera-
tive and regulatory, whereas the posterior
region is principally receptive. Deficits and
their nature in these systems will have a
great impact on treatment choices. Many
common tests, such as tests of receptive (pos-
terior) and expressive (anterior) vocabulary,
may be applied here, along with a systematic
and thorough sensory perceptual examina-
tion and certain specific tests of motor func-
tion. In conjunction with point 2 above, this
allows for evaluation of the integrity of the
four major quadrants of the neocortex: right
anterior, right posterior, left anterior, and
left posterior.

4. Testing should determine the presence
of specific deficits. Any specific functional
problems a child is experiencing must be de-
termined and assessed. In addition to such
problems being of importance in the assess-
ment of children with neurodevelopmen-
tal disorders, traumatic brain injury (TBI),
stroke, and even some toxins can produce
very specific changes in neocortical function
that are addressed best by the neuropsycho-
logical assessment. Similarly, research with
children with leukemia suggests the presence



Neuropsychological Assessment 13

of subtle neuropsychological deficits follow-
ing chemotherapy—deficits that may not be
detected by more traditional psychological
measures. Certain transplant patients will
display specific patterns of deficits as well.
Neuropsychological tests tend to be less g-
loaded as a group and to have greater speci-
ficity of measurement than many common
psychological tests. Noting areas of specific
deficits is important in both diagnosis and
treatment planning.

5. Testing should determine the acute-
ness versus the chronicity of any problems
or weaknesses found. The “age” of a prob-
lem is important to diagnosis and to treat-
ment planning. When a thorough history
is combined with the pattern of test results
obtained, it is possible, with reasonable ac-
curacy, to distinguish chronic neurodevelop-
mental disorders such as dyslexia or ADHD
from new, acute problems resulting from
trauma, stroke, or disease. Particular care
must be taken in developing a thorough,
documented history when such a determina-
tion is made. Rehabilitation and habilitation
approaches take differing routes in the de-
sign of intervention and treatment strategies,
depending on the age of the child involved
and the acuteness or chronicity of the prob-
lems evidenced. As children with neurodevel-
opmental disorders age, symptoms will wax
and wane as well, and distinguishing new
from old symptoms is important when treat-
ment recommendations are being made.

6. Testing should locate intact complex
functional systems. The brain functions as a
series of interdependent, systemic networks
often referred to as complex functional sys-
tems. Multiple systems are affected by CNS
problems, but some systems are almost al-
ways spared except in the most extreme
cases. It is imperative in the assessment pro-
cess to locate strengths and intact systems
that can be used to overcome the problems
the child is experiencing. Treatment follow-
ing CNS compromise involves habilitation
and rehabilitation, with the understanding
that some organic deficits will represent
permanently impaired systems. As the brain
consists of complex, interdependent net-
works of systems that produce behavior, the
ability to ascertain intact systems is crucial
to enhancing the probability of designing
successful treatment. Identification of in-

tact systems also suggests the potential for
a positive outcome to parents and teachers,
as opposed to fostering low expectations
and fatalistic tendencies on identification of
brain damage or dysfunction.

7. Testing should assess affect, person-
ality, and behavior. Neuropsychologists
sometimes ignore their roots in psychology
and focus on assessing the neural substrates
of a problem. However, CNS compromise
will results in changes in affect, personality,
and behavior. Some of these changes will
be transient, some will be permanent, and
(because children are growing and develop-
ing beings) some will be dynamic. Some of
these changes will be direct (i.e., the results
of CNS compromise at the cellular and sys-
temic levels), and others will be indirect (i.e.,
reactions to loss or changes in function, or
to how others respond to and interact with
the individual). A thorough history, includ-
ing times of onset of problem behaviors,
can assist in determination of direct versus
indirect effects. As mentioned earlier, com-
prehensive approaches such as the Behavior
Assessment System for Children, Second
Edition (BASC-2; Reynolds & Kamphaus,
2004), which contain behavior rating scales,
omnibus personality inventories, and direct
observation scales, seem particularly useful.
Notably, the BASC-2 has added scales to as-
sess executive functions more thoroughly,
as a reflection of the increasing knowledge
base regarding the importance of brain-
behavior relationships in general and execu-
tive functions in particular. Such behavioral
changes will also require intervention, and
intervention will be not necessarily be the
same if the changes noted are direct versus
indirect or if premorbid behavior problems
were evident.

8. Testresults should be presented inways
that are useful in school settings, not just to
acute care or intensive rehabilitation facili-
ties, or to physicians. Schools are a major
context in which children with chronic neu-
rodevelopmental disorders must function,
and, as noted above, school psychologists
are increasingly recognizing the role of neu-
ropsychology in school-based interventions
for children with neurodevelopmental and
genetic disorders. Children who have sus-
tained insult to the CNS (e.g., TBI, stroke)
will eventually return to a school or similar
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educational setting. This will be where the
greatest long-term impact on a child’s out-
come after CNS compromise will be seen
and felt. Results should speak to academic
and behavioral concerns, reflecting what a
child needs to be taught next in school, how
to teach to the child’s strengths through the
engagement of intact complex functional
systems, how to motivate the child, and how
to manage positive behavioral outcomes. For
a