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Even though the developing human mind has been
studied for centuries, it is only recently that scientists have
gained access to a set of methodological tools that allow
examination of the complex relation between children’s
thoughts and behavior and the developing and maturing
brain. This special issue was inspired by a 3-day interdisci-
plinary symposium entitled ‘‘Challenges and Methods in
Developmental Neuroimaging,’’ held at the Trippenhuis of
the Royal Netherlands Academy of Arts and Sciences
(KNAW) in Amsterdam in May 2009. We aimed to bring
together junior and senior scientists in this field to evaluate
whether and how neuroimaging techniques have resulted
in greater understanding of the relation between the devel-
oping mind, brain, and behavior, and discuss how neuroi-
maging can increase this understanding in the future.

There has been a dramatic increase in the use of brain
imaging techniques to investigate the developing mind
and brain since the first article using functional MRI
(fMRI) with children was published in 1995 [Casey et al.,
1995]. A current search for articles using fMRI with chil-
dren in PubMed results in a count of 634 articles, high-
lighting how rapidly the field has developed. Despite these

advances, the actual mapping of brain activation to mental
function still holds several challenges. Scientists in this
research area are very enthusiastic about what developing
neuroimaging has brought us and can bring us, but also
warn against overly simplistic application and interpreta-
tion of these methods. Three of the future challenges are
highlighted below.

Brain Structure

Longitudinal research examining changes in brain struc-
ture with development within individuals has shown that
cortical white matter increases approximately linearly with
age throughout childhood and adolescence, whereas corti-
cal gray matter, which reflects neuronal density and the
number of connections between neurons, follows an
inverted-U shape over development, peaking at different
ages depending on the region [Gogtay, et al. 2004; Sowell
et al., 2004]. A handful of studies have examined how
structural brain development is correlated with cognitive
function, as expressed for instance by Intelligence Quotient
(IQ), and these studies show that region-specific changes
in cortical thickness in prefrontal cortex can differentiate
between children who are low, middle, or high in IQ
[Shaw et al., 2006]. It is also believed that critical or sensi-
tive periods in learning—a developmental window when
children acquire new abilities that cannot be learned with
the same success during other periods of life—are the
result of synaptic changes that allow a great speed of func-
tional reorganization in response to changing environmen-
tal demands [Blakemore and Choudhury, 2006]. For exam-
ple, language undergoes a rapid increase during child-
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hood; children can learn to speak multiple languages flu-
ently, an ability which can no longer be achieved with the
same ease and precision in adulthood. It is well known that
regions that are important for language production change
rapidly during this same period, suggesting a strong link
between brain and cognitive development [Huttenlocher
and Dabholkar, 1997]. The exact relation between changes in
brain structure and the relation to brain function and behav-
ior is currently being explored, but is not well understood.
These relations are further complicated by biological varia-
tion in hormone levels, especially in adolescence when pu-
berty hormones are on the rise. Finally, an exciting future
prospect is the combination of structure-function investiga-
tions with genetics. An important challenge for future
research will be to understand the relation between the char-
acteristics of changes in brain structure, genetics, biological
variability, and brain function. These approaches are dis-
cussed in this special issue in the review articles by Paus,
Shaw et al., Blakemore et al., and Casey et al.

Brain Function

The most commonly used method to map cognitive func-
tioning to brain function is fMRI. Using this approach, it is
possible to examine brain functioning in vivo in developing
and other populations while they are asked to perform cog-
nitive tasks [Casey et al., 2005]. Despite the possibilities that
this methods offers, there are several limitations inherent in
this technique, such as the correlative nature of the data and
the difficulty in making ‘‘reverse inferences’’ from brain acti-
vation to mental function [Poldrack, 2006]. Empirical reports
are typically based on general subtraction contrasts (e.g., dif-
ficult task versus easy task) but the relation with predictive
power for prior or subsequent behavior remains unclear. A
challenge for future work in this field will be to understand
the dynamics of brain function and its relation to task
behavior and the underlying cognitive processes, in both
typically and atypically developing populations. Sugges-
tions for successful fMRI research are discussed in this spe-
cial issue in the review articles by Luna et al., Galvan,
Church et al., Poldrack, and Konrad.

From Theory to Data or Vice Versa?

Textbooks on cognitive development are now incorpo-
rating brain development as an explanation of develop-
mental improvements in a wide area of skills [Blakemore
and Frith, 2005; Goswami, 2008] and neuroscientists are
speculating about how brain development results in
changes in cognitive function [Shaw et al., 2006]. Despite
this mutual interest, the two research areas (developmental
psychology and neuroscience) are still segregated and
there remains a gap between our knowledge of brain and
behavioral development. Developmental neuroimaging
studies tend to be data driven rather than theory driven;

that is, they tend to be inspired more by the prospect of
finding differential maturational trajectories of specific
structures and functions than by predictions derived from
theoretical perspectives on behavioral changes. It is not
uncommon that developmental changes in cognitive func-
tion are interpreted as the simple maturation of a single
brain area, ignoring the absence of a direct relation
between individual differences in brain function and
behavior, or the networks in which this brain area is
active. Thus, a third challenge will be to bring behavioral
and neuroscience theories together so that they inform and
complement each other, and allow for confirmation or fal-
sification of theories based on interdisciplinary perspec-
tives. This and other suggestions for future research are
discussed in the commentary by Karmiloff-Smith.

The objective of the symposium was to bring together
junior and senior scientists in the field of developmental
neuroimaging and to tackle difficult and important ques-
tions. The meeting was successful in bringing together
multidisciplinary perspectives and generating much dis-
cussion. Many of the senior scientists contributed review
articles to this issue, with a focus on their field of exper-
tise. In these reviews, the authors have discussed the im-
portant questions in developmental imaging research in
their fields of expertise and have provided guidelines for
future scientists exploring this exciting area.

The task for future scientists will be to utilize converg-
ing evidence from theory, task behavior, brain structure,
and brain function to better understand developmental
changes and individual differences in cognitive function.
The goal of this special issue is to provide a deeper under-
standing of these complex issues, and to work towards
possible solutions.
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