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Abstract
Dramatic gains in knowledge have been made in the fields of neuroscience, human development, and developmental
psychopathology during the past quarter of a century. Despite the advances that have been achieved in each
discipline separately, considerably less progress has occurred in understanding the relation between neurobiological
and behavioral development in normal and atypical populations. Research has increasingly demonstrated that
abnormalities that occur early in development may result in the emergence of aberrant neural circuitry that
eventuates in relatively enduring forms of psychopathology. Knowledge of normal neurobiological development
provides a powerful foundation for understanding the contributions that neurodevelopmental processes make to the
etiology and sequelae of psychopathology across the life course. An integrated perspective wherein an appreciation
of the complex neural, psychological, and social-contextual processes that cohere to bring about normal and
pathological outcomes is necessary in order to advance understanding of the genesis and epigenesis of mental
disorders. Such an approach will require a reduction of the schisms that so often separate neurobiological and
behavioral research.

During the past quarter of a century, dramatic 1995b; Damon, 1998; Edelman, 1987; Gaz-
zaniga, 1995; Nowakowski & Hayes, 1999;knowledge gains have been achieved in the

fields of neuroscience, human development, Rakic, 1988; Sapolsky, 1992; Sidman &
Rakic, 1982). Unfortunately, despite the ad-and developmental psychopathology (see,

e.g., Alberts, Bray, Lewis, Raff, Roberts, & vances that have occurred in each discipline
separately, understanding of the nature of theWatson, 1994; Cicchetti & Cohen, 1995a,
relation between neurobiological and behav-
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tions across the life course remains in a rela-mentors, Paul E. Meehl and Sarnoff A. Mednick. Dante
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Undoubtedly, the relative neglect of develop- (Cicchetti, 1984, 1993; Gottlieb, Wahlsten, &
Lickliter, 1998; Thelen & Smith, 1998). Dif-mental neurobiology as relevant to the field

of developmental psychology was due, in ferent levels and methods of analysis must be
employed (e.g., molecular, cellular, behav-part, to the paucity of information that existed

about the structural and functional organiza- ioral, and macrosystem levels), depending on
the question being addressed (Gottlieb, 1992;tion of the brain (Dorovini–Zis & Doman,

1977; Goldman–Rakic, 1987; Johnson, 1998; Johnson, 1998; Nelson & Bloom, 1997). Neu-
roscientists increasingly have changed theirKandel, 1998, 1999). Moreover, most of the

prevailing views of the relation between neu- emphasis from investigating molecules, mem-
branes, and single neurons to studying com-robiological development and change in other

ontogenetic domains (e.g., cognitive, socio- plex neural systems (Crick, 1994; Damasio,
1994; Edelman, 1987; Thelen & Smith,emotional, and linguistic growth), in both nor-

mality and pathology, were linear and “main 1994). In these more contemporary conceptu-
alizations of brain–behavior relations, theeffects” in nature (Cicchetti, 1984; Johnson,

1993; Reese & Overton, 1970; Sameroff & brain is viewed as operating in a plastic, self-
organizing fashion, and as being less con-Chandler, 1975).

For example, evidence linking change at strained by predetermined boundaries than
previously thought. Consequently, informa-the level of behavior in a given domain with

development at the neural level was often tion in the brain is represented and processed
by distributed groups of neurons that maintainconstrued as causal evidence for that change

being due to maturation of the brain, a unidi- a functional interconnection based on experi-
ential demands rather than by a strictly prede-rectional, nondynamic view of brain–behavior

relations (Cicchetti & Tucker, 1994a, 1994b; termined scheme (Courchesne, Chisum, &
Townsend, 1994; Gottlieb et al., 1998; John-Johnson, 1993; Thelen & Smith, 1998). Like-

wise, in studies that were the forerunners of son, 1998; Thelen & Smith, 1998).
One prominent developmental-systemsmodern day prospective longitudinal studies

on neurodevelopmental processes, terms such viewpoint, that of the psychobiologist Gott-
lieb (1991), depicts individual development asas the “continuum of reproductive wastage”

(Lilienfeld & Parkhurst, 1951) and the “con- characterized by “an increase of complexity
of organization . . . at all levels of analysistinuum of reproductive casualty” (Pasaman-

ick & Knobloch, 1961) were used to explain . . . as a consequence of horizontal and verti-
cal coactions among the organisms’ parts, in-findings demonstrating the retrospective links

between pathological outcomes in children cluding organism–environment coactions” (p.
7). According to Gottlieb (1992), horizontaland adults and prior prenatal and perinatal

complications. Despite the methodological coactions take place at the same level of anal-
ysis (e.g., gene–gene, cell–cell, person–per-shortcomings inherent in the retrospective

method employed, causal power was imputed son, environment–environment), whereas ver-
tical coactions occur at a different level ofto biological factors in explaining the path-

ways to the problematic functioning displayed analysis (e.g., cell–tissue, organism–environ-
ment, behavioral activity–nervous system)by the children and adults. It is quite conceiv-

able that for many scientists such determinis- and are reciprocal. As such, and in keeping
with Weiss’ (1959) notion of the hierarchy oftic and reductionistic models of biological

causality may have discouraged the search for reciprocal influences, vertical coactions are
capable of influencing developmental organi-the developmental processes, as well as the

direction of causality, underlying the links be- zation from either lower-to-higher (i.e., bot-
tom-up) or higher-to-lower (i.e., top-down; cf.tween neural and behavioral development

across epigenesis. Cicchetti & Tucker, 1994a, 1994b) levels of
the developing system (Gottlieb, 1992). Ac-In recent decades, it has become increas-

ingly recognized that the investigation of de- cordingly, from this framework, not only can
neural/biological factors impact upon psycho-velopmental processes, normal and abnormal,

is an inherently interdisciplinary enterprise logical processes, but also psychological and
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social experiences can modify the structure, chopathology nonetheless cannot afford to
overlook the contribution that neurodevelop-function, and organization of the brain, as

well as effect gene expression (Cicchetti & mental processes can make to normal and
pathological outcomes.Tucker, 1994a, 1994b; Dawson, Hessl, &

Frey, 1994; Eisenberg, 1995; Graham, Heim, In recent decades, important technological
advances have occurred that greatly enhanceGoodman, Miller, & Nemeroff, 1999; John-

son, 1993; Kandel, 1998; Nelson & Bloom, the ability of neuroscientists to discover nor-
mal and pathologic processes in the nervous1997; Sutcliffe, Milner, Gottesfeld, & Rey-

nolds, 1984). Thus, epigenesis is viewed as system (Kandel, 1998; Nelson & Bloom,
1997). A rapid growth in sophisticated tech-probabilistic rather than predetermined or pre-

formational, with the bidirectional and trans- niques that permit anatomical and physiologi-
cal imaging of the brain has taken place. Theactional nature of genetic, neural, behavioral,

and environmental influence over the life new tools that neuroscientists can utilize to
permit detailed examination of brain structurecourse capturing the essence of probabilistic

epigenesis. and function include magnetic resonance
imaging (MRI), functional MRI (fMRI),As is apparent, systems views of brain–be-

havior relations are multidimensional. There- positron emission tomography (PET), and
single-photon emission-computed tomographyfore, no component, subsystem, or level of or-

ganization possesses causal privilege in the (SPECT; for a description of the advantages
and disadvantages of these respective tech-developmental system (Thelen & Smith,

1994, 1998). Because levels of organization niques, see Brown & Semelka, 1995; Cannon
et al., 1998; Chugani, Phelps, & Mazziotta,and processes are reciprocally interactive, it is

difficult, if not impossible, to impute ultimate 1987; Gilman, 1998a, 1998b; Nahas, George,
Lorberbaum, Risch, & Spicer, 1998;causation to one level over another. No single

level of the system or single component of a Thatcher, Hallett, Zeffiro, John, & Huerta,
1994; Thatcher, Lyon, Rumsey, & Krasnegor,coaction can cause development. It is the mu-

tual relationship between at least two compo- 1996; and Toga & Mazziotta, 1996). Diverse
information about the brain is provided bynents of the system that influences develop-

mental organization (Gottlieb, 1992). In these various imaging techniques, including
brain metabolic processes, such as cerebralcontrast to the linear and unidirectional view

inherent in concepts such as the “continuum blood flow and blood volume, and glucose
metabolic rate; the capacity to distinguishof reproductive casualty,” prospective longi-

tudinal research reveals that a bidirectional, among cerebrospinal fluid (CSF) and white
and gray matter; and the ability to detect bio-transactional, systems theory view that com-

bines the “continuum of reproductive casu- chemical changes within brain cells, such as
changes in neurotransmitter receptors. Thesealty” with the “continuum of caretaking casu-

alty” best captures the essence of the relations new neuroimaging methods have been used
by neuroscientists to enhance our understand-between neural and environmental/behavioral

events over the life course (see Sameroff & ing of normal and abnormal neurobiological
development and of the processes linking neu-Chandler, 1975).

Such a perspective leads to the realization rodevelopmental factors and later disordered
outcomes.that, in order to formulate a comprehensive

understanding of normal and abnormal devel-
Principles of Developmental Neuroscienceopmental processes, it is essential to examine
and Developmental Psychopathologybiological, psychological, and social factors

within the same individuals over develop- One of the basic principles of the field of de-
velopmental psychopathology—namely, thatmental time. A corollary is that although bio-

logical and genetic factors are not accorded the study of normality and pathology are
mutually enriching (Cicchetti, 1984, 1990,privileged causal status in developmental sys-

tems approaches, theoretical and empirical 1993)—also is embraced by developmental
neuroscientists. For example, Johnson (1998)work in developmental psychology and psy-
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contends that understanding the nature of the with research involving human participants.
Similar to genetic research on pathologicalrelation between brain development and cog-

nitive growth will be beneficial to clinicians embryos, investigations of the factors that
cause development to go awry inform our un-who treat disordered patients. Likewise, Gold-

man–Rakic (1987) conjectured that “knowl- derstanding of more normative developmental
processes. Through studying a variety of dis-edge of the normal sequence and mechanisms

of neural maturation is necessary for ap- ordered and high-risk conditions, it is possible
to gain significant insight into processes ofproaching many basic issues in . . . develop-

mental psychology” (p. 602). She opined development not generally achieved through
sole reliance on investigations of relativelyfurther that knowledge of normal neurobio-

logical development also was “fundamental homogeneous nondisordered populations.
Moreover, research on atypical populationsfor interpreting the pathological processes that

occur . . . in severe . . . disorders” (p. 602). also can elucidate the behavioral and biologi-
cal consequences of alternate pathways of de-Additionally, researchers investigating

neurodevelopmental processes in biological velopment, provide important information
about the range and variability of individualand psychological dysfunction also recognize

the important contributions that knowledge of response to challenge and adversity, and help
to specify the limits of behavioral and biologi-normal neurobiological development makes

to understanding disordered outcomes. For cal plasticity (Cicchetti, 1996; Johnson, 1998;
Luthar, Cicchetti, & Becker, in press).example, Arnold (1999), Nowakowski (1987;

Nowakowski & Hayes, 1999), Cannon For nearly a century, Cajal’s (1913) asser-
tion that in “adult centers the nerve paths are(1998), and Pennington (1999) all contend

that it is necessary to understand the processes something fixed, ended, immutable. Every-
thing may die, nothing may be regenerated”and patterns of normal cerebral development

in order to have a sound base for embarking (p. 750) served as the prevailing dogma about
the brain’s inability to regenerate followingupon, and interpreting the results of, studies

of neurodevelopmental pathology. Similarly, injury or in response to the neuronal loss that
occurs in neurodegenerative diseases (Lowen-Weinberger (1987, 1995; Breslin & Wein-

berger, 1990) and Benes (1995) have noted stein & Parent, 1999). The conventional wis-
dom until recently was that, since no newthat in order to comprehend the changes that

unfold in the clinical presentation of schizo- neuron generation was deemed possible, re-
wiring of existing connections, dendriticphrenic patients over epigenesis, it is critical

to realize that these deviations occur, in part, branching, and elimination of synaptic con-
nections were the only ways whereby neuralbecause of variations that occur in the normal

progression of the anatomical, physiological, plasticity could occur. As Pennington (1999)
elucidates, the early neuropsychological mod-and functional maturation of the brain (see

also Nowakowski & Hayes, 1999). els of the effects of brain lesions were based
on work with patients and were predomi-Likewise, developmental psychopatholo-

gists have long argued that one gains valuable nantly focused on localization and unidirec-
tional models of causality (i.e., brain lesionsinformation about an organism’s normal func-

tioning through studying its abnormal condi- were thought to affect behavior). These early
models did not take into account the dynamiction (see Cicchetti, 1990, for a historical re-

view). Accordingly, developmental theories interplay that occurs among brain regions and
the bidirectional impact that brain–behaviorcan be affirmed, challenged, and augmented

by incorporating knowledge about atypical relations exert upon each other. Modern-day
research provides suggestive evidence that thedevelopment. Specifically, the examination of

individuals with high-risk conditions and mammalian central nervous system possesses
much greater potential for producing newmental disorders can provide a natural entrée

into the study of system organization, disorga- neurons and repairing damaged areas than had
heretofore been thought (Cicchetti & Tucker,nization, and reorganization that is otherwise

not possible due to the constraints associated 1994b; Hann, Huffman, Lederhendler, &
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Meinecke, 1998; Johnson, 1998; Lowen- During the past several decades, scientific
research has begun to reveal that within cer-stein & Parent, 1999).

Whereas historically recovery of function tain limits, forms of neural plasticity may take
place throughout epigenesis and are notfollowing brain damage had been believed to

occur only if the lesion had occurred early in limited to early development (Cicchetti &
Tucker, 1994b; Hann et al., 1998). In the de-development (i.e., the Kennard principle),

contemporary neurobiological and neuropsy- veloping organism, studies conducted with a
variety of species have revealed that positivechological evidence suggests that plasticity is

an inherent property of at least some brain or negative early life experiences can change
both brain structure and function (Eisenberg,structures (Johnson, 1998). It is now recog-

nized that the mechanisms supporting func- 1995; Hann et al., 1998; Kandel, 1999;
McEwen & Sapolsky, 1995; Meaney, Ait-tional plasticity are integral to neurons, and

that these mechanisms cause the functional ken, & Sapolsky, 1991; Nelson & Bloom,
1997; Sapolsky, 1992). For example, Sur andorganization of the brain to be an extended,

malleable process. Further, it is believed that colleagues (Sur, Garraghty, & Roe, 1988; Sur,
Pallas, & Roe, 1990) trained adult ferrets,the discovery of the mechanisms that con-

strain plasticity will present neuroscientists who had one hemisphere rewired at birth, to
discriminate between auditory and visualwith new avenues for understanding the con-

tributions that vulnerability of the brain stimuli that were presented to the normal
hemisphere. The results of these experimentsmakes to the development of psychopathol-

ogy (Cannon, 1998; Cicchetti & Tucker, provide support for the functional equipotenti-
ality of cortical mapping. Specifically, the1994a, 1994b; Nelson & Bloom, 1997). The

neurophysiological mechanisms of plasticity findings in the Sur et al. (1988, 1990) investi-
gations demonstrate that it is possible to re-cause the brain’s functional–organizational

differentiation to be dependent on stimulation wire sensory inputs to the thalamus such that
processing of auditory stimuli takes place infrom the environment. In contrast to the tradi-

tional assumption that the environment deter- primary visual cortex and vice versa; that is,
the cortical field that usually mediates visionmines only the psychological residuals of de-

velopment and that brain anatomy matures on could attain a functional organization capable
of processing sound, and the cortical field thata fixed ontogenetic calendar, environmental

experience is currently conceived as being es- usually mediates audition could attain a func-
tional organization capable of processing sight.sential to the processes underlying the func-

tional differentiation of brain tissue itself In addition, Kempermann, Kuhn, and Gage
(1998) found that neurogenesis continues to(Cicchetti & Tucker, 1994a; Greenough,

Black, & Wallace, 1987). For example, al- occur in the dentate gyrus of senescent mice
and can be stimulated when the mice arethough no prospective longitudinal studies of

maltreated infants have been conducted that placed in an enriched environment. Kemper-
mann and colleagues found that neurogenesislink early neurodevelopmental processes and

later biological and psychological function- decreased with increasing age; however, stim-
ulation of adult and aged mice by changinging, there is suggestive evidence that early

maltreatment experiences may alter brain from regular housing to an enriched environ-
ment that provided opportunities for social in-structure, function, and organization, espe-

cially in, but not restricted to, the hippocam- teraction, physical activity, and exploration
brought about an increased number of sur-pus (Bremner & Narayan, 1998; Cicchetti &

Tucker, 1994a; DeBellis et al., 1999; Graham, vival cells. Further, animals living in enriched
environments had more of their cells differen-et al., 1999; Gurvits, Shenton, Hokama, Ohta,

Lasko, Gilbertson, Orr, Kikinis, Jolesz, Mc- tiate into neurons than did mice residing in
standard conditions. These findings suggestCarley, & Pitman, 1996; McEwen & Sapol-

sky, 1995; Perry, Pollard, Blakley, Baker, & that the new neurons were recruited in the
hippocampal area and that neural plasticityVigilante, 1995; Pollak, Cicchetti, Klor-

man, & Brumaghim, 1997). can take place in the aging brain in mice.
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Likewise, Gould, Tarapat, McEwen, Flugge, The normally developing neural network is
characterized by a self-constructing, continu-and Fuchs (1998) found that new neurons

are produced in the dentate gyrus of adult ous, rapid, and marked change from one in-
volving fewer elements and interactionsmonkeys. Moreover, these investigators dis-

covered that a single exposure to a socially among the elements, less stability, and less
structural and functional differentiation to onestressful condition (i.e., a resident–intruder

unfamiliar adult male conspecific) inhibits the characterized by more elements, increased
complexity of interactions among the ele-proliferation of granule cell precursors. Taken

together with the results of other studies with ments, greater stability, and more structural
and functional parcellation and specializationrats, tree shrews, primates, and humans, it

seems clear that granule neurons in the hippo- (Conel, 1939–1967; Courchesne, Townsend, &
Chase, 1995; Dawson & Fischer, 1994; Frack-campus are commonly produced during adult-

hood and that their inhibition by stressful so- owiak, Friston, Frith, Dolan, & Mazziotta,
1997; Rakic, 1988, 1995; Sidman & Rakic,cial experiences may occur frequently in

many species, including humans (Bremner & 1973, 1982). As a result of the dynamic pro-
cess of the emergence, transformation, and se-Narayan, 1998; McEwen, 1998; McEwen &

Stellar, 1993). Unlike longstanding views on lective elimination of neurons, axons, and
synapses (Cowan, Fawcett, O’Leary, & Stan-neural plasticity, empirical evidence demon-

strates that new neuron generation can take field, 1984; Edelman, 1987; Fischer & Rose,
1996; Huttenlocher, 1979), successively moreplace in mice, primates, and humans, at least

in the dentate gyrus in the hippocampus. Cor- complex, specialized, and stable neural net-
work configurations develop that differ con-tisol and glucocorticoids control the rate of

the development of these new neurons, and it siderably from antecedent ones. Perturbations
that take place in the developing brain canis clear that the existing neurons are not

merely reorganizing their connections. It re- trigger a cascade of growth and function
changes that lead the neural system down amains to be discovered which other brain re-

gions are capable of such plasticity and to de- path that deviates from that usually taken in
normal neurobiological development. Astermine what limits to neural plasticity exist.

The long held assumption that neural reor- many of the papers in this Special Issue illus-
trate, such early developmental abnormalitiesganization following injury was restricted to

the period of infancy, with only modest neural may lead to the development of aberrant neu-
ral circuitry and often compound themselvesreorganization possible in the child and adult,

has been challenged through recent research into relatively enduring forms of psychopath-
ology.with humans. Results from a number of inves-

tigations suggest that reorganization of corti-
cal pathways can occur in the brains of older

Neurodevelopment and Psychopathology
children and adults (Merzenich, 1998; Mer-
zenich, Jenkins, Johnson, Schreiner, Miller, & The principles that contemporary develop-

mental neuroscientists have discovered can beTallal, 1996; Tallal et al., 1996). Although the
majority of these neural changes to date have utilized to inform research on psychopathol-

ogy that includes a neurodevelopmental com-been demonstrated in work on sensory or mo-
tor pathways (see, e.g., Aglioti, Bonazzi, & ponent. It appears that the processes of the

development of the brain during the embry-Cortese, 1994), recent work provides sugges-
tive evidence that cognitive systems (i.e., lan- onic, infancy, childhood, and adulthood peri-

ods have many principles and neurobiologicalguage) can reorganize beyond infancy (see,
e.g., Merzenich et al., 1996; Tallal, et al. mechanisms at the level of gene expression in

common (Brown, 1994; Kandel, 1998; Nowa-1996; see also discussions in Johnson, 1999).
Thus, it is now clear that under certain condi- kowski, 1987; Nowakowski & Hayes, 1999;

Sidman & Rakic, 1982). Moreover, now thattions at least some regions of the brain can
incorporate the signature of experience into it is evident that experience can impact on the

microstructure and biochemistry of the brain,the structure and function of the brain.
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a vital role for very early and continuing neu- fancy disrupted the normal timing, sequence,
and overall organization of development. Inral plasticity throughout epigenesis in contrib-

uting to the development of, and recovery essence, Fish (1977) had uncovered an early
neurointegrative disorder, thought to be a pre-from, various forms of psychopathology is

suggested. cursor of later schizophrenia, that impaired
the overall regulation and patterning of the to-Much of the modern-day research in the

area of neurodevelopment and psychopathol- tal organization of the developmental process.
In a landmark prospective longitudinal in-ogy owes a significant portion of its historical

roots to the original formulations of Kraepelin vestigation, Fish, Marcus, Hans, Auerbach,
and Perdue (1992) discovered that the infant(1919), who conceived of schizophrenia as a

deteriorating brain disease, akin to Alzhei- offspring of schizophrenic mothers displayed
greater lags in their motor development dur-mer’s disease in its natural history, albeit with

an onset in early adult life. Since the 1980s, ing infancy and that a number of these infants
themselves went on to develop schizophreniawhen there was a renewed interest in biologi-

cal studies of schizophrenia, Kraepelin’s or schizotypal personality disorders. Relat-
edly, in a seminal retrospective study, Walker,(1919) view has been challenged and radically

changed by advances from several levels of Savoie, and Davis (1994) analyzed the child-
hood home movies of adult-onset schizo-inquiry that point to a prenatal–perinatal ori-

gin of at least some of the brain abnormalities phrenic patients during the first 2 years of life
and found that, as infants, the schizophrenicsin schizophrenia (Cannon, 1998; Keshavan &

Murray, 1997; McNeil, 1988; Mednick, Can- manifested a significant number of motor de-
lays and movement anomalies compared tonon, Barr, & LaFosse, 1991; Mednick, Can-

non, Barr, & Lyon, 1991; Mednick & Hollis- their healthy siblings and a control group with
mood disorders.ter, 1995). Mednick’s seminal early work

(see, e.g., Mednick, 1970; Mednick, Machon, In addition to the early and more recent
work with preschizophrenic infants thatHuttunen, & Bonett, 1988) paved the way for

viewing schizophrenia as resulting, in part, served as an impetus for modifying the
Kraepelinian (1919) view of schizophrenia,from prenatal disturbances.

Similarly, prospective longitudinal high- modern-day findings have contributed to the
belief that the neurobiological foundations ofrisk studies have revealed that behavioral an-

tecedents of schizophrenia occurred before schizophrenia are established, at least in part,
during the development of the brain. Thesethe disease. For example, influenced by

Meehl’s (1962; see also 1989) classic notion include the following:
that schizotaxia was an inherited neurointe-
grative defect that could develop in the pres- 1. Several prospective longitudinal investiga-
ence of polygenic potentiators into full-blown tions have discovered an association be-
clinical schizophrenia, Fish (1977) demon- tween prenatal and perinatal complications
strated that a neurobiologic disorder exists in (e.g., fetal hypoxia) and an increased risk
infants and children prior to the onset of more for the later development of schizophrenia
chronic forms of schizophrenia. Fish’s (1977) (Cannon, 1998; Lyon, Barr, Cannon, Med-
discovery of pandevelopmental retardation nick, & Shore, 1989). These results suggest
was an early marker of the neurointegrative that the adverse effects of obstetric compli-
defect postulated to exist in schizophrenia by cations on the developing fetal brain may
Meehl (1962). play a role in the etiology of schizophrenia.

Importantly, Fish (1977) noted that the
phenotypic manifestations of the neurointe- 2. A number of postmortem neuropathology

studies have found evidence of displace-grative defect change over developmental
time and that the signs of dysregulation of ment of neurons in various regions of the

brain, including the hippocampus and thematuration are found in many developing sys-
tems. Specifically, Fish (1977) reported that frontal and temporal cortices. These find-

ings suggest that there are disturbances ofthe neurointegrative disorder present from in-
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brain development in utero in many schizo- expression of these early lesions as develop-
ment modifies behavior in general. Alterna-phrenics (see Arnold, 1999; see also Nowa-

kowski & Hayes, 1999). tively, for some individuals it also is conceiv-
able that the lesion directly effects later

3. A growing body of neuroimaging studies developmental processes via cascade, propa-
has identified gross structural neuroanat- gation, and expansion (Cicchetti & Tucker,
omy changes in young, untreated patients 1994a; Post, Weiss, & Leverich, 1994). These
in their first psychotic episode. Further, and options all provide an opportunity to discover
in contrast to a Kraepelinian (1919) neuro- how brain and behavior reorganize following
degenerative viewpoint, these investiga- the experience of insults at different points in
tions have failed to discover evidence of the developmental course (Johnson, 1999;
deterioration in these neuropathological Nowakowski & Hayes, 1999).
markers with increasing length of the ill- Because not all individuals who experience
ness. the gestational disturbances noted in the liter-

ature go on to develop clinical schizophrenia,4. A number of the unaffected first-degree rel-
the concept of probabilistic epigenesis isatives of schizophrenic patients manifest
evoked (Gottlieb, 1992; Johnson, 1999),the structural and functional brain abnor-
whereby the relations between brain and be-malities observed in schizophrenics, imply-
havioral development are conceived as exist-ing that such abnormalities may be medi-
ing in a dynamic, bidirectional relation. In ad-ated, in part, by genetic predisposition to
dition, the existing research reveals that therethe disorder (Cannon, Mednick, Parnas,
are a number of pathways through which theSchulsinger, Praestholm, & Vestergaard,
early neurodevelopmental abnormalities may1993; Cannon, Mednick, Schulsinger, Par-
eventuate in schizophrenia. The identificationnas, Praestholm, & Vestergaard, 1994).
of these diverse pathways to schizophrenia

5. Prospective longitudinal studies of high- provides insight into how specificity and dif-
risk samples (such as the offspring of schiz- ferentiation into a syndrome may result from
ophrenic parents) and representative birth a commonality of initiating circumstances.
cohorts have demonstrated that future These multiple pathways, reflective of the
schizophrenic patients reveal neuromotor systems theory concept of equifinality (Cic-
impairment and cognitive dysfunction dur- chetti & Rogosch, 1996; Gottlieb et al., 1998),
ing infancy and childhood (Cannon, Rosso, embrace a number of possible contributors
Bearden, Sanchez, & Hadley, 1999; which may potentiate or mediate the links be-
Walker, 1994). These data provide sugges- tween early neurodevelopmental anomalies
tive evidence that the early development of and schizophrenia in genetically vulnerable
the brain in schizophrenics is disrupted, individuals. These include the normal devel-
thereby precluding the ontogenesis of nor- opmental changes that take place during late
mal cerebral structure and function. adolescence and early adulthood (e.g., cell

elimination; Cowan, Fawcett, O’Leary, &
Stanfield, 1984; Feinberg, 1982; Keshavan,Importantly, the extant models linking neu-

rodevelopment and schizophrenia point to a Anderson, & Pettegrew, 1994), hormonal
changes during adolescence, and stress thatnonlinearity of relations. There is a long la-

tency between the gestational events hypothe- arises during postnatal social development
(Cannon, 1998; Keshavan & Hogarty, 1999;sized to create a predisposition to schizophre-

nia and the onset of the symptoms of the Walker et al., 1999).
As Cannon (1998) has noted, to date nodisorder later in life. Longitudinal follow-up

of individuals who have experienced trau- study has shown a direct link between a mo-
lecular or cellular event during the develop-matic insults to the brain at early stages of

development, such as is likely the case in ment of the brain to the etiology of schizo-
phrenia. Consequently, the evidence ofmany instances of schizophrenia, enables in-

vestigators to chart and observe the changing schizophrenia as a disorder of neurodevelop-
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ment remains circumstantial. An alternative, neuron and synaptic pruning, and myelina-
tion, occurring at the cellular and molecularand not necessarily mutually exclusive, ac-

count of the data may be that the neuropatho- levels, suggest that schizophrenia is a disorder
that is instantiated in brain development.logical anomalies reflect a brain that was ini-

tially normal but that later encountered some As noted earlier, Mednick’s classic work
on the neurodevelopmental aspects of schizo-pathological process, concomitant with or pre-

ceding the onset of psychosis. Nonetheless, if phrenia was a pioneering effort in the area
of neurodevelopment and psychopathology.there is a dementia-like deterioration in the

brain of individuals with schizophrenia, then Herein, Watson, Mednick, Huttunen, and
Wang (1999) present evidence from severalit is not like those observed in known disor-

ders of dementia. Specifically, markers of large-scale investigations that prenatal terato-
gens may increase the risk for adult schizo-neuronal atrophy are not prominent and the

rate of tissue loss is so slight as not to be de- phrenia and affective disorder, as well as for
adolescent depression. Specifically, Watsontectable in the majority of investigations (Ar-

nold, 1999; Cannon, 1998). A confluence of and colleagues (1999) found that a 2nd-tri-
mester maternal influenza infection may exac-findings emanating from a number of research

laboratories provides suggestive evidence that erbate the risk for adult schizophrenia and af-
fective disorder, whereas exposure prenatallythe processes underlying the normal develop-

ment and maturation of cortical circuitry and to a severe earthquake contributed to an in-
creased frequency of severe adolescent de-connectivity have gone awry in schizophrenia

(Arnold, 1999; Benes, 1995; Weinberger, pression in males.
These investigators interpret their findings1987, 1995). Unraveling these misorganiza-

tions in brain development should contribute as indicating that maternal influenza infection
and severe maternal stress operate via differ-greatly to understanding the ontogenesis of

schizophrenic disorders. ent mechanisms as teratogens, causing disrup-
tions in fetal brain development at different
points in prenatal gestation and increasing the

The Current Issue
risk for developing schizophrenia and affec-
tive disorder, respectively. In particular, asThe papers in this Special Issue provide illus-

trations of how the broad neurodevelopmental Rakic (1988), Sidman and Rakic (1973,
1982), and Nowakowski (1987; Nowakow-principles derived from basic research in

modern-day neuroscience elucidate the under- ski & Hayes, 1999) have demonstrated, dur-
ing periods of rapid brain development instanding of the development of psychopathol-

ogy over the course of epigenesis (Nowakow- which neuronal migration is occurring and
synaptic connections are formed, the fetalski & Hayes, 1999; Johnson, 1999). Drawing

upon historical and contemporary bases of re- brain is especially vulnerable. Exogenous te-
ratogens, such as maternal influenza and ex-search, a number of the contributors to this

Special Issue have provided synthetic re- posure to earthquakes, may exert dramatic ef-
fects on the regions of the brain experiencingviews, theoretical expositions, or empirical

investigations pertaining to the neurodevelop- the most rapid growth. Introducing these
teratogens also may place the cortical connec-mental aspects of psychopathology and devel-

opmental disorders. Each of the contributors tions being established and refined at
increased risk for aberrant development. Fur-addresses multiple domains and several utilize

varied levels of analysis. ther, with respect to the stress of exposure to
an earthquake while in utero, Watson and col-Arnold (1999) provides a careful and thor-

ough review of the neuropathology literature leagues (1999) conjecture that the earthquake
likely elevated the release of glucocorticoidsand concludes that abnormalities in neurobio-

logical development play a critical role in the in the pregnant women and that this elevation
may have exerted a deleterious effect on theontogenesis and epigenesis of schizophrenia.

Disturbances in neurogenesis, neuronal mi- fetuses’ developing hypothalamic–pituitary–
adrenal (HPA) axis and/or glucocorticoidgration and differentiation, synaptogenesis,
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receptors. Finally, in a recognition of the sion reach functional maturity. Finally, be-
cause similar functional disturbances werecomplexity underlying the developmental

pathways to schizophrenia, the investigators observed in the unaffected siblings of the pre-
schizophrenic cases, it would appear thatacknowledge that additional factors such as

genetic predisposition, obstetrical complica- these cognitive, motor, and behavioral dis-
turbances are indicators of an inherited neuraltions, and family environment play an impor-

tant role in the development of mental illness. diathesis to schizophrenia.
Cornblatt, Obuchowski, Roberts, Pollack,In a related vein, Cannon, Rosso, Bearden,

Sanchez, and Hadley (1999), in their epidemi- and Erlenmeyer–Kimling (1999) examine the
role of attentional deficits and behavioral mal-ological investigation of the Philadelphia co-

hort of the National Collaborative Perinatal adjustment in the development of schizo-
phrenic illness. Attentional and global behav-Project (Niswader & Gordon, 1972), proffer

compelling evidence that adverse experiences ioral data were collected at intervals over an
approximate 15-year period (i.e., at specifiedduring gestation and birth, as well as deviant

cognitive, motor, and behavioral functioning points between 12 and 26 years) from off-
spring who were at high-risk (i.e., defined byduring early childhood, are associated with an

increased risk for schizophrenia. In particular, the presence of one or two parents with the
disorder of schizophrenia) and at low risk forthey show that the risk for schizophrenia in-

creases linearly with the severity (or likeli- schizophrenia. All participants were enrolled
in the classic prospective longitudinal study,hood) of fetal oxygen deprivation. In prior

neuroimaging studies of high-risk samples the New York High-Risk Project (Erlen-
meyer–Kimling, Marcuse, Cornblatt, Fried-conducted by this group, a history of perinatal

hypoxia was found to be associated with man, Rainer, & Rutschmann, 1984). Cornblatt
and colleagues (1999) discovered that atten-increased severity of a neuropathological

indicator of schizophrenia (i.e., ventricular tional anomalies can be identified reliably in
high-risk children and adolescents who subse-enlargement) among individuals with an ele-

vated genetic risk for the disorder, but not quently develop disorders in the schizophre-
nia spectrum. Moreover, these investigatorsamong controls at low genetic risk (Cannon,

Mednick, Parnas, Schulsinger, Praestholm & found that the attentional deficits were stable
and enduring over time and speculated thatVestergaard, 1993; Cannon, van Erp, Huttu-

nen, Lonnqvist, Salonen, Valanne, Pouta- the impairments in attentional capacity are
likely markers of a biological diathesis that isnen & Standerskjold–Nordenstam, in review).

Together, this evidence suggests that a genetic consistent with a neurodevelopmental view of
schizophrenia.factor in schizophrenia may render the fetal

brain particularly susceptible to the effects of Furthermore, there appear to be semi-inde-
pendent developmental pathways for attentionoxygen deprivation and encourages search for

molecular mechanisms underlying this height- versus behavioral adjustment during the ado-
lescent years. Specifically, in contrast to be-ened neural vulnerability.

Cannon et al. (1999) also find that pre- havioral difficulties which are highly respon-
sive to environmental stressors such asschizophrenic individuals show evidence of

cognitive, motor, and behavioral dysfunction residing in turbulent households with one or
more parents who have a serious mental dis-during the first 7 years of life. Because there

was not evidence of significant intraindividual order, attention does not seem to be affected
by clinical state and impairments in the atten-decline during this period within any domain

of functioning, the results argue against the tional domain appear to be clear indicators of
a future mental illness for the adolescent,view that a deteriorative neural process under-

lies these early phenotypic expressions of lia- whereas preillness behavioral disturbances do
not. Importantly, given the debilitating impactbility to schizophrenia. Rather, the results

suggest that an increasing number of diverse that schizophrenia exerts on the quality of
life, Cornblatt and colleagues (1999) suggestphenotypic signs emerge with age as the di-

verse brain systems required for their expres- that screening for attention and other neuro-
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cognitive deficits in late childhood may pro- work on normative and abnormal brain devel-
opment and plasticity, the roles of gonadalvide a reasonable strategy for primary preven-

tion of the illness. hormones and experience, neurotransmitter
dysfunction and dysregulation, and the impactIn an extension of the work of Fish (1977;

Fish et al., 1992) and Walker et al. (1994), that social-cognitive development have on the
adolescent’s ability to deal effectively withWalker, Lewis, Loewy, and Palyo (1999)

study spontaneous motor movements in ado- environmental stress. Such an integrative, in-
terdisciplinary model is necessary to capturelescents with schizotypal personality disorder

(SPD), a syndrome that is known to be geneti- the full complexity of schizophrenic illness,
including the multiple pathways to, and thecally linked with schizophrenia and that often

predates the emergence of schizophrenia in diverse outcomes associated with, the disor-
der. Keshavan and Hogarty (1999) contendearly adulthood. Walker and colleagues

(1994) discovered that adolescents with SPD that schizophrenia may result from genetic
factors, early brain adversity, and late matura-manifested more involuntary, but not volun-

tary, movements of the head, upper limbs, and tional processes of neurobiological develop-
ment (e.g., synaptic and axonal pruning, syn-trunk than did adolescents with other person-

ality disorders and normal adolescent compar- aptic elimination and axon myelination, and
the prolonged development of neocortical as-isons. Additionally, adolescents with SPD

displayed elevated cortisol (glucocorticoid) sociation and limbic circuits until late adoles-
cence) that interact in a complex fashion withlevels in comparison with the other two

groups of adolescents. A number of aspects of humoral, biochemical, and social-cognitive
factors during adolescence and early adult-these findings are especially noteworthy.

First, the excess motor behavior was specific hood. Finally, Keshavan and Hogarty (1999)
also suggest that specific treatments may beto involuntary movement and not merely a

function of global activity level increases. developed and implemented for use at particu-
lar developmental stages, pre-, post-, and dur-Second, congruent with prior descriptions of

schizophrenia patients, the increased involun- ing illness episodes.
Gillberg (1999) discusses how autistic in-tary movements were confined to the upper

limbs and body. Third, involuntary move- dividuals are not uniformly affected by their
disorder. Moreover, he provides evidence thatments and cortisol release may be risk mark-

ers for the later development of schizophre- genetic and environmental insults to brain de-
velopment play an important etiological rolenia. Akin to the speculations of Cornblatt and

colleagues (1999), perhaps the inclusion of in autism and that there are two pathways to
autism—one linked to early prenatal origins,adolescent involuntary motoric movement

and the assessment of cortisol in a novel, lab- the other to late prenatal and early postnatal
origins. Furthermore, Gillberg concludes thatoratory situation should be a part of the neuro-

cognitive screening battery for schizophrenia the brain circuitries for communicative and
social development, as well as for the integra-risk. At the biological level, Walker and col-

leagues (1999) note that there is evidence of tion of various developmental domains, are
dysfunctional in autism. In keeping with thefunctional interconnections among the motor,

limbic, and prefrontal circuits that are pre- belief of developmental psychopathologists
that the investigation of abnormality can in-sumed to be involved in the neuropathophysi-

ology of schizophrenia and that these form a form the understanding of normal ontogenesis
and epigenesis, Gillberg (1999) contends thatbasis for integrating the motor, sensory, and

motivational processes that characterize the the investigation of the neurodevelopmental
and neuropsychological processes in autismdisorder.

In a final illustration of neurodevelopmen- will be useful in elucidating the mechanisms
involved in normal neurobiological growth.tal processes that contribute to the develop-

ment of schizophrenia in adolescence and Graham and colleagues (1999) proffer sup-
port for the thesis that early adverse experi-early adulthood, Keshavan and Hogarty

(1999) present a unified model, incorporating ences contribute to affected individuals being

https://doi.org/10.1017/S0954579499002114 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579499002114


D. Cicchetti and T. D. Cannon386

more sensitive to the effects of stressors in is highly likely that numerous interconnected
neurobiological systems are negatively af-later life. One outcome of this increased sensi-

tivity to stress is that such individuals are ren- fected by the various stressors associated with
child maltreatment. Additionally, each ofdered more vulnerable to psychopathology.

Graham and colleagues (1999) suggest that these neurobiological systems influences, and
is influenced by, multiple domains of biologi-this vulnerability may be mediated through

persistent changes that occur in corticotro- cal and psychological development (Cic-
chetti & Toth, 1998). Further, repeated expo-phin-releasing-factor (CRH)-containing neu-

rons, the HPA axis, and the sympathetic ner- sure to such adverse circumstances can alter
brain development structure, function, and or-vous system. After reviewing the rodent,

nonhuman-primate, and human literatures on ganization (Bremner & Narayan, 1998; Cic-
chetti & Tucker, 1994a; DeBellis et al., 1999;the neurobiological and behavioral sequelae

of exposure to early adversity, Graham and Gurvits et al., 1996). It is very important to
ascertain whether, and when in development,colleagues (1999) focus on animal models of

depression and anxiety that produce neuroen- interventions will be effective in modifying
these neurobiological changes. Moreover,docrine alterations mimicking those observed

in adult humans with depressive and anxiety psychopharmacological treatments may help
to stabilize the neurobiological systems thatdisorders. Likewise, these investigators dis-

cuss the effects of early stress on the neurobi- are dysregulated by maltreatment, thereby en-
abling cognitive or other psychological thera-ological and behavioral development of mal-

treated youngsters and of the young offspring pies to operate more effectively (Graham et
al., 1999).of mothers depressed during the postpartum

period. In a further demonstration of the effects of
social experience on brain function, DawsonDisturbances in early caregiving are asso-

ciated with neurobiological anomalies, as well and colleagues (1999) found that the frontal
electrical brain activity of infants of depressedas with later behavioral and emotional prob-

lems. Neurobiological adaptations to chronic mothers was related to variations in infant be-
havior, especially those involved in affiliativeor repeated stress may augment and support

psychosocial processes associated with nega- behavior and the expression and regulation of
negative affect. The findings of Dawson andtive caregiving. Adverse life contexts, illus-

trated by the experience of child maltreatment colleagues (1999), in concert with the results
of other investigations that have discoveredand being raised by a depressed caregiver, af-

fect both physiological and psychological pro- hemispheric activation asymmetries in infants
of depressed mothers (see, e.g., Dawson,cesses, and the interrelation of these processes

is believed to lead children to make choices Grofer Klinger, Panagiotides, Hill, & Spieker,
1992; Jones, Field, Fox, Lundy, & Devalos,and respond to experiences that promote

pathological development (Cicchetti & Toth, 1997), buttress the thesis that a mother’s emo-
tional condition (and implicitly her interaction1998). Early stresses, either biological or psy-

chological, may sensitize young neural net- with her baby) can impact developing patterns
of neurogenesis and synaptogenesis in theworks to produce cascading effects through

later development, possibly constraining the early years of life. Convergence between bio-
logical and psychological systems is sug-child’s flexibility to adapt to new challenging

situations with new strategies rather than with gested, providing a window on the complexity
of developmental organization that mayold conceptual and behavioral prototypes

(Cicchetti & Tucker, 1994a). heighten risk for depression.
Presently, little is known concerning theBecause children who are maltreated have

been subjected to the extremes of caretaking impact that maternal depression during the
prenatal and early postpartum period has oncasualty, they serve as an “experiment of na-

ture” (cf. Johnson, 1999) for scientists to dis- fetal neurobiological and psychological devel-
opment. The biochemical changes that arecover the various ways in which psychologi-

cal stressors can affect biological systems. It causes or correlates of the mother’s depres-
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sive disorder, in concert with additional fac- nington (1999) advocates the importance of
interdisciplinary communication and collabo-tors such as her sleep patterns, levels of stress,

and nutrition, all likely contribute to a less ration in the formulation of theories and meth-
ods that can combine the study of brain andthan optimal intrauterine environment. Fur-

ther, it is conceivable that these experiences behavior. The levels of analysis studied, as
well as the nature of the questions posed, re-in utero and during early postnatal develop-

ment may impact upon the biochemistry and ceive varying emphasis from the different dis-
ciplines who investigate brain and behavior inneuroanatomical structure, function, and or-

ganization of the developing brain of infants normality and pathology. A problem that must
be solved involves how to foster increased in-whose mothers have a major depressive dis-

order. tegration among the various disciplinary ap-
proaches that are utilized in the study ofTaylor (1999) provides an integrative re-

view of the research literature on the disorders brain–behavior relations.
of attention and activity. Taylor (1999) pro-
poses several developmental pathways through

Conclusion and Future Perspective
which genetic and neurodevelopmental pro-
cesses interact with the psychological envi- A major goal of this Special Issue is to illus-

trate how the study of neurodevelopmentalronment en route to attentional or impulsive
disorders. Taylor’s (1999) analysis of the de- processes can contribute to the understanding

of the genesis and epigenesis of psychopathol-velopmental processes in disorders of atten-
tion and activity focuses on multiple levels of ogy. Knowledge of normal neurobiological

development serves as the foundation for un-causality. In addition to abnormalities of
structure and function in the frontal lobe and raveling the contributions that neurodevelop-

mental processes make to the etiology and se-basal ganglia, children with attention and im-
pulsivity disorders often have problems in the quelae of psychopathology across the life

course. Although the papers in this Special Is-suppression of inappropriate responses and a
cascade of difficulties in various performance sue do not cover everything that is known

about neurodevelopment and disorder, throughtasks that require the ability to utilize organi-
zational skills. Furthermore, Taylor (1999) their focus on areas where we possess the

most clear-cut knowledge the contributionsnotes that some children escape the persistent
problems of personality development com- can function as a heuristic for implementing

and scaffolding future work on problems notmonly found as consequences of hyperactive
behavior and develop as socially well-ad- addressed herein, as well as for further refin-

ing the issues with which the contributorsjusted adults. Thus, Taylor (1999) argues for
a complex view of the etiology (equifinality) have dealt.

Another objective of the Special Issue is toand sequelae (multifinality) of disorders of at-
tention and impulsivity. contribute to eroding the dualisms that exist

between the behavioral and brain sciences.Pennington (1999) likewise presents a crit-
ical review of the available evidence on de- Theoretical and empirical evidence attests to

the need for research to be conducted at multi-velopmental dyslexia. He, too, focuses on
multiple levels of analysis: genetic, neurologi- ple levels of inquiry in order to comprehend

the etiology and developmental course ofcal, and cognitive. Pennington (1999) grap-
ples with the difficulties inherent in establish- high-risk and psychopathological conditions.

In recent decades, owing in part to technologi-ing causal links between these levels of
analysis, and concludes that it may be more cal advances and enhanced research funding,

discoveries in the neurosciences have beendifficult to solve the brain–behavior than the
gene–behavior problem of causality. growing at a rapid pace. However, even if ad-

vances in the behavioral sciences have notPennington (1999) further notes that inves-
tigations of dyslexia have contributed to the been as technologically dramatic as have

those in the neurosciences, it is essential thatenhanced understanding of normal and abnor-
mal cognitive processes. Additionally, Pen- knowledge obtained in biological research
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must be related to knowledge gained in be- conditions, a number of tasks remain to be
accomplished. There is a need for ongoinghavioral research. Neither the neural nor the

behavioral level is causally privileged. Thus, knowledge of the scientific advances gener-
ated in investigations of normal brain devel-it is equally heinous to advocate a “brainless”

psychology as it is to promote a “mindless” opment. Research also is needed on the funda-
mental neural mechanisms involved in theneuroscience.

In order to reduce the schisms that so often development of various mental disorders, as
well as molecular biological work on theseparate scientific research in different disci-

plines, it is important to remember Miller’s structure and function of genes and proteins
involved in neural proliferation, migration,(1995) assertion that “all of the different spe-

cialties—ranging from the basic to the applied and differentiation (Nowakowski & Hayes,
1999). Likewise, neuroimaging studies shouldand from the biological to the social and cul-

tural—are needed to advance our common increasingly be conducted to uncover the inte-
grated operation of distributed neural systems,goal of better understanding human behavior”

(p. 910). Along these lines, future graduate and not merely the function of isolated struc-
tures. Even researchers focusing on similarand medical school training must become in-

creasingly interdisciplinary (Cicchetti & Toth, levels of analysis must engage in interdisci-
plinary work in order to develop a thorough1991). Such an approach would help to pre-

vent the development of disciplinary dogma understanding of the question being investi-
gated. Moreover, for example, schizophreniaand parochialism and foster an early apprecia-

tion of the complex processes—neural, psy- researchers carrying out postmortem histo-
pathological studies should collaborate withchological, and social-contextual—that cohere

to bring about normal and pathological out- scientists who are investigating neurochemis-
try and combine research on anatomy andcomes (Boyce et al., 1998; Cicchetti & Aber,

1998). Concepts derived from extant systems neurochemistry on the same brains (cf.
Weinberger, 1987). Furthermore, many puta-theory viewpoints of brain–behavior relations,

such as those utilized in the developmental tive control subjects in studies investigating
disability and psychopathology in childhoodcognitive neurosciences (Johnson, 1998;

Thelen & Smith, 1994), psychobiology (Gott- and adulthood have employed hospitalized
nonpsychiatric patients as controls for theirlieb, 1992), and developmental psychopathol-

ogy (Cicchetti & Tucker, 1994a), can be used neurodevelopment research. If scientists ex-
amining the cellular and molecular levels ofto develop curricula that ensure in-depth train-

ing and an ongoing respect for and encourage- various high-risk conditions and mental disor-
ders are going to succeed in their quest forment of the interdisciplinary, multidomain

perspective necessary to comprehend the gen- identifying the neural mechanisms that affect
brain function as well as the clinical manifes-esis and epigenesis of mental disorders. More-

over, such a theory-driven training of future tations of the various disorders examined,
then it is essential to conduct neurodevelop-scientists will ensure that research is guided

by pressing theoretical questions and not mental studies, both postmortem and in vivo
neuroimaging investigations, that utilize themerely by advances in technology. The utili-

zation of the theories and methods of cogni- brains of normal controls.
It also is apparent that future interdisciplin-tive neuroscience with brain imaging technol-

ogy made possible by the computer revolution ary work must increasingly be conducted in
the context of prospective longitudinal re-(e.g., fMRI) is but one example of a profitable

collaboration between neuroscience and psy- search programs that not only investigate
high-risk and mentally disordered individualschology within a theoretically grounded

framework. but also follow up well-matched normal com-
parisons over developmental time. Moreover,In order to achieve an integrative under-

standing of the nature of the links between these multidomain, longitudinal investigations
should endeavor to begin before a period ofneural processes and the genesis and epigene-

sis of various mental disorders and high-risk great developmental change takes place (e.g.,
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for neurodevelopmental research on schizo- resilient maltreated counterparts. Similar work
on individual differences underlying neurode-phrenia, the study should begin in the prenatal

period), through the period when the onset of velopmental and behavioral outcomes in other
high-risk groups of individuals should be con-the disorder is at its highest (e.g., for research

on schizophrenia, at least through the period ducted.
Research on neurodevelopment and psy-of early adulthood). Furthermore, theoreti-

cally driven biological–genetic and nonbio- chopathology also has revealed that some
early lesions may not be easily reversible, de-logical–nongenetic information should be col-

lected and these measurements must change spite earlier beliefs that brain insults occur-
ring early in ontogenesis were most amenableas a function of the developmental period be-

ing investigated and the questions being to reorganization and repair (see, e.g., Can-
non, 1998; Keshavan et al., 1994; Lyon et al.,posed. In keeping with Sameroff and Chan-

dler’s (1975) call for the simultaneous exami- 1989; Mednick et al., 1988; Watson et al.,
1999; Weinberger, 1987). Conversely, con-nation of reproductive and caretaking casu-

alty, future work in this area must employ temporary neurobiological research suggests
that in some domains (e.g., sensory, motor,methodological pluralism and strive for fidel-

ity between the current systems theory models cognitive, and linguistic development) and in
some areas of the brain, plasticity is possible,of brain–behavior relations and the nature of

the methods and measures utilized in studies including new neuron generation, well into
adulthood. It will be critical to ascertain theof neurodevelopment and psychopathology.

In the search for discovering the processes mechanisms whereby latent progenitor cells
are controlled and glial cell activation, adap-linking various developmental pathways to

the same psychopathological outcome, study tive and maladaptive, is modulated, in order
to discover the bases of the brain’s self-repairdesigns should incorporate sufficiently large

samples to permit the identification of rela- processes (Lowenstein & Parent, 1999). If sci-
entists can discover the mechanisms wherebytively homogeneous profiles of individuals

that can be subjected both to variable-oriented neural plasticity may occur in various high-
risk conditions and mental disorders, thenand person-oriented statistical analyses (Cic-

chetti & Rogosch, 1997). such information should provide crucial in-
sights for prevention and intervention. More-Because not all individuals with similar ge-

netic vulnerabilities and caretaking experi- over, future research must be conducted to ex-
amine the limits of plasticity in the social andences are affected in the same fashion, re-

search in the area of neurodevelopment and emotional domains.
In this regard, it will be important for thosepsychopathology must incorporate individual-

difference analyses into its designs. For exam- providing therapeutic interventions to be cog-
nizant of the fact that the neural and environ-ple, although a growing body of evidence sug-

gests that maltreatment experiences can im- mental mechanisms responsible for develop-
ing a mental disorder may not be the samepact negatively on brain structure, function,

and organization (Cicchetti & Toth, 1998), it mechanisms or systems operating in the main-
tenance of the disorder (cf. Courchesne et al.,is highly unlikely that the brains of all mal-

treated children are uniformly affected. In- 1995). Furthermore, prevention research can
be conceptualized as true experiments in alter-deed, because some maltreated children func-

tion extremely well, even in the presence of ing the course of development, thereby pro-
viding insight into the etiology and pathogen-adversity (Cicchetti & Rogosch, 1997), it is

conceivable that maltreatment exerts a differ- esis of disordered outcomes. For example, if
the developmental course is changed as a re-ent impact on neurobiological structure, func-

tion, and organization in these children than sult of the implementation of preventive inter-
ventions and risk for negative outcomes is re-it does in the typical maltreated child. Future

research should ascertain whether the brain duced, then prevention research helps to
elucidate the processes that are involved instructures and function of resilient maltreated

children indeed differ from those of their less the emergence of psychopathology or other
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negative developmental outcomes. Addition- of behavior (Eisenberg, 1995; Kandel, 1998,
1999).ally, knowledge of the precursors to psycho-

pathology, such as those identified by Corn- In closing, it is our hope that this Special
Issue will enhance what we consider to be ablatt et al. (1999) and Walker et al. (1999),

may suggest the timing and content of preven- potentially rich dialogue between scientists
focusing on biological contributors to psycho-tive interventions for various high-risk condi-

tions and mental disorders. Finally, it is nec- pathology and those immersed in understand-
ing psychological and social factors that areessary to conduct investigations that ascertain

whether maladaptive neurobiological struc- operative in the genesis and maintenance of
disorders. We believe that such mutually ben-tures, functions, and organizations are modifi-

able or are refractory to intervention. There is eficial interchanges will be transferable to the
intervention and social policy arenas, therebygrowing evidence that successful intervention

modifies not only maladaptive behavior but fostering both scientific and applied advances
in the field of developmental psychopathology.also the cellular and physiological correlates
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