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Using Developmental, Cognitive, and
Neuroscience Approaches to Understand
Executive Control in Young Children

Kimberly Andrews Espy
Department of Family and Community Medicine
Southern Illinois University School of Medicine

The 7 articles in this special issue address the nature of executive control in young
children. Executive control is framed in a developmental context, where the unique
aspects of cognition in this age range are considered. The set of articles demonstrates
the multidisciplinary approaches to study cognition in young children that includes
application of cognitive, neuroscience, and developmental paradigms in typically de-
veloping youngsters, as well as those affected by clinical conditions, such as trau-
matic brain injury, exposure to low levels of lead in the environment, and prematurity.
Although much work remains to be done, these study results are illustrative of the dy-
namic work in this exciting developmental period.

At first glance, it would appear to be an oxymoron to study executive control in
young children between ages 2 and 6 vears. By definition, children of this age act
“in the moment”—that is, they are impulsive, repetitive, inattentive, and cannot
keep salient information in mind. It is precisely this kind of unmodulated behavior
that is difficult to label executive, a term usually reserved for purposeful, planned,
goal-directed action. In fact, the behavior of preschoolers resembles that of
Phineas Gage, EVR (Eslinger & Damasio, 1985), and other famous patients with
circumscribed lesions to the prefrontal cortex and related systems. Like many
things with preschoolers, the first blush view may not be the most accurate repre-
sentation.

Besides the remarkable “dysexecutive” behavioral presentation of young chil-
dren, there also have been scientific impediments to considering executive control
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in young children. Pioneering neuropsychologists, such as Brenda Milner (1963),
demonstrated such compelling dissociations between knowledge and action in pa-
tients with prefrontal damage on the Wisconsin Card Sorting test (WCST; Heaton,
Chelune, Talley, Kay, & Curtiss, 1993) that WCST performance became the sine
qua non for executive functioning. Following this metaphor to its conclusion leads
to a teleological error—young children cannot have executive abilities because
they cannot complete the WCST. The emergence of pediatric neuropsychology
has been critical in forcing the consideration of childhood cognition in a develop-
mental context—that is, children are quantitatively, and qualitatively, different
from adults—precisely because abilities are in an active state of change (e.g., Den-
nis, 1987; Fletcher & Taylor, 1984). Developmentalists consistently have shown
that preschoolers generally do not suffer from a lack of abilities, but rather from the
ability to deploy these abilities in particular contexts (e.g., Flavell, 1999)—that is,
they lack basic metacognitive awareness of when, and how, to apply their knowl-
edge and to deploy particular strategies effectively.

With this context in mind, the study of executive control in young children has
burgeoned recently-—driven by the confluence of several factors. First, several psy-
chiatric and neurodevelopmental conditions become prominent in the preschool age
range, in particular, Attention Deficit Hyperactivity Disorder. Therefore, it might be
useful to be able to better identify children at risk for such disorders earlier in devel-
opment, so as toreduce morbidity severity. Inarelated vein, understanding the gene-
sis of the cognitive underpinnings of a disorder will shed light on the complex inter-
play among cognitive processes, development, and the social environment, which
dynamically shape the pathways to adverse outcome later in life.

Second, paralleling these developments was the application of basic neurosci-
ence techniques to elucidate brain—behavior relations in primates. Goldman-Rakic
(1987) elegantly demonstrated that various manipulations to the dorsolateral
prefrontal cortex fundamentally alter goal-directed behavior of the monkey, with
outcome varying with respect to when during development these lesions occurred
(Goldman, 1974). These monkeys demonstrated the same repetitive, perseverative
behavior as that shown by patients with prefrontal damage evidence. Given the
context of the limitations of primate cognition, perhaps these neuroscience tasks
could be adapted for use with humans, with the added advantage of a more direct
link to brain function than was available with traditional, standardized clinical in-
struments. Diamond (1985) first pioneered the application of such paradigms with
infants, demonstrating striking parallels between infant search behavior and that of
prefrontally lesioned monkeys. Such studies opened the door to the application of
various paradigms from different disciplines to study executive control in pre-
school children. Just as Fletcher stressed in his 1996 Developmental Neuro-
psychology special series, “Executive Functions in Children,” “the goal is to use
cognitive tasks to understand the nature of brain function in children and brain dys-
function in CNS disorders specific to children™ (p. 3), not to rely excessively on
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adult paradigms, findings, or principles. Children are not little adults, nor are pre-
schoolers little children. Understanding brain behavior relations in the very young
requires the use of innovative paradigms from multiple disciplines that capitalize
on the unique, developmentally salient interests of this age range, taking into ac-
count the real limitations in verbal and motoric facility and in the variable attention
span (e.g., Espy, 1997; Espy, Kaufmann, Glisky, & McDiarmid, 2001).

This historical context is the backdrop of this special issue. The seven articles
demonstrate different measurement techniques that can be used to better under-
stand the nature and organization of executive control in young children. Smidts,
Jacobs, and Anderson (this issue) present their findings on the development of a
concept generation task for use in early childhood. The task has its origins in adult
neuropsychology, but Smidts et al. use a decidedly developmental approach for
test development. Isquith, Gioia, and Espy (this issue), on the other hand, discuss
the adaptation of a childhood paper-and-pencil instrument that can be completed
by parents or teachers to assess divergent executive abilities. Rennie, Bull, and Di-
amond (this issue) use experimental methods to manipulate salient task demands
to explicate the cognitive processes that underlie performance on the Dimensional
Change Card Sort (DCCS) task (Zelazo, Reznick, & Pinion, 1995), a task used in
the developmental psychology literature to demonstrate the development of sort-
ing behavior. Finally, Senn, Espy, and Kaufmann (this issue) demonstrate the use
of quantitative statistical techniques to investigate different models of executive
control organization through systematically comparing structural models that are
premised on tasks adapted from neuroscience, cognitive, and developmental disci-
plines. These studies share careful operationalization of the executive process un-
der study and draw on cognitive or neuroscience models or both (Smidts et al.,
Rennie et al., and Senn et al.), or use a more empirical approach through psycho-
metrics (Isquith et al., Senn et al., and Espy, McDiarmid, Cwik, Stalets, Hamby, &
Senn, this issue).

Another purpose of the selected articles is to highlight the central role of execu-
tive control in outcomes that matter in the proximal day-to-day lives of young chil-
dren. Although brain—-behavior relations are interesting in their own right, and cer-
tainly important scientifically, it is the behavior-behavior relations (Fletcher &
Taylor, 1984), that is, relations between cognitive processes and outcomes, such as
behavior or academic achievement, that concern parents, educators, and
policymakers. Isquith et al. (this issue) focus on behaviors in the everyday context,
as conceived by both parents and teachers. Espy et al. (this issue) relate differing
executive processes to early proficiency in mathematics, as measured by a widely
used, standardized clinical instrument. These studies represent a first step in un-
derstanding the complex dynamics that underlie more proximal outcomes, such as
behavior and academic achievement, in young children.

In a related vein, the final goal was to illustrate how executive control is altered
by various CNS disorders of childhood, namely traumatic brain injury in the Ew-
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ing-Cobbs, Prasad, Landry, Kramer, and DeLeon article (this issue), and exposure
to low levels of lead in the environment in the Canfield, Gendle, and Cory-Slechta
article (this issue). In both articles, the paradigms used to assess executive control
draw heavily from developmental cognitive neuroscience fields to effectively il-
lustrate substantive variations in outcome. Despite the clinical orientation of these
articles, the specific tasks chosen are driven by empirical theory. Clearly, even in
investigations with young children, the time is past for the practice of administer-
ing a large battery of standardized tests and looking for differences post hoc.
Isquith et al. (this issue) take a different tack, empirically contrasting the ratings of
everyday executive behavior among children with various clinical conditions us-
ing analysis of scale profiles.

These seven articles represent a sampling of the exciting findings that are begin-
ning to emerge from studies of executive control in young children. Clearly, much
work remains to be done to truly explicate the developmental trajectories of the dif-
fering facets of executive control in this age range, with the next logical step being
the use of longitudinal designs. One cautionary note: Because of the unique assess-
ment methods used to assess executive control in young children, it will be neces-
sary to formally establish the relation to subsequent abilities at school age and be-
yond. It may appear, for example, that the executive abilities required to complete
the DCCS task at age 4 are isomorphic with those required for adequate perfor-
mance on the WCST at age 8. In reality, the task demands and the organization of
executive abilities may differ both qualitatively and quantitiatively, rendering a
level of complexity that makes such relations less than intuitive and meriting
careful study.

Although the studies here used empirical or strong theoretical justifications or
both for task selection to test specific hypotheses, further refinement of the rela-
tions between executive tasks and executive constructs is necessary. Clearly, these
complex tasks are multifactorial, that is, different abilities are required for smooth,
purposeful, goal-directed behavior. What remains to be clarified is whether execu-
tive abilities are truly fractionated, or whether differing task demands engage a
unitary executive control process—or some combination therein. In children, and
particularly young children, where maturation is so rapid, the overlay of develop-
mental change makes this issue more complicated. In the adult neuroimaging liter-
ature, it is clear that task characteristics, such as salience, novelty, reward, expec-
tancy, affect the degree of frontal engagement (e.g., Barch et al., 1997; Casey et al.,
2001; Petersen, van Mier, Fiez, & Raichle, 1998; Rogers, Owen, Middleton, Wil-
liams, & Pickard, 1999). In children, it is difficult to fully equate tasks with respect
to these issues, posing unique challenges in the measurement of executive abilities
in the developmental context.

Finally, there remain significant barriers to determining the true developmental
brain representations of behavior in this age range. With the current scanning set-
ups, young children are not suitable candidates to participate in functional mag-
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netic resonance imaging (fMRI) studies that have expanded so elegantly this
knowledge base in adults and even in children. High-density event-related (brain)
potential recordings may offer the best hope currently, although the spatial preci-
sion is not ideal, particularly considering that fMRI findings show that cognitive
functions may be subserved by more diffuse brain areas in school-age children in
comparison to adults (e.g., Casey et al., 1995). Nonetheless, these seven articles
represent real advances in explicating the nature of executive control in young chil-
dren.
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