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This special section of Developmental Psychology contains articles on the interplay of biology and the
environment, broadly defined, that have the potential to change or challenge how developmental
psychologists think. Topics include how experience affects gene expression; how genes affect how the
environment is experienced and what effect the environment has; interactions between the environment
and the presence or absence of early brain damage; motor neurons and the understanding of others’
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treating children as if they are simply small adults; and how research with adults can provide insights into
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and crosses disciplinary boundaries. They suggest that investigators look at variables not typically
considered, or look at them from perspectives not usually taken, and especially that they pay more
attention to interrelations among variables.
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This special section of Developmental Psychology is devoted to
articles on the interplay of biology and the environment, broadly
defined. Each of these papers forges new territory, crosses disci-
plinary boundaries, or embodies an interdisciplinary approach, and
raises points that have the potential to change or challenge how
developmental psychologists think. They suggest that investigators
look at variables not typically considered, or look at them from
perspectives not usually taken, and especially that they pay more
attention to interrelations among variables.

Only about 25% of the submitted articles survived the rigorous
review process. We are delighted by their diversity. As can be seen in
Table 1, almost half the articles are by scholars outside the United
States. About one third of the articles focus largely on neuroimaging
or on Gene � Environment (G � E) interactions, although almost all
look at behavior and the effects of experience. Most of the contribu-
tions focus on aspects of cognition, but a third focus on perception or
emotion, and a few on motor functions. Most focus heavily on
humans, although a third focus at least as much on animal models, and
many of the articles look at both typical development and develop-
mental disorders or psychopathology.

It Is Not Simply That Genes and the Environment Interact

Experience Affects Gene Expression

Most of the genes in each person are dormant. Experience
affects which genes are turned on (and off), and when. Thus, the
environment participates in sculpting expression of the genome.

Meaney and colleagues (Champagne & Meaney, 2001; Liu,
Diorio, Day, Francis, & Meaney, 2000; Meaney, 2001; Meaney &
Szyf, 2005; Szyf, Weaver, & Meaney, 2007; Weaver et al., 2004)
have demonstrated that the maternal behavior of rats can perma-
nently alter gene expression and influence their offspring’s re-
sponses to stress throughout life. A long-standing debate in devel-
opmental psychology has been whether early experience really
produces any long-term, enduring effects. Meaney and colleagues
have provided solid evidence that it does, and the effects are not
only on psychological variables and behavior but on the genome
itself. Early experience can and does have lifelong consequences at
all levels, from the molecular to the behavioral.

For example, when rat pups genetically prone to overreact to
stress are raised from birth by moms biologically predisposed to be
resilient in the face of stress, they take after their moms both in
overt behavior and in gene expression. Conversely, when the
biological offspring of rats predisposed to be resilient in the face of
stress are cross-fostered to moms biologically prone to overreact to
stress, they take after their moms throughout life. Further, rats tend
to raise their offspring the way they were raised, so these effects
are passed down intergenerationally, not through the genes but
through behavior (Francis, Diorio, Liu, & Meaney, 1999). If such
epigenetic changes in response to the environment occur in germ
cells, they might be transmitted to future generations genetically as
well (Anway, Cupp, Uzumcu, & Skinner, 2005).

Researchers have known for some time that prenatal experience
has long-term consequences on physical health, psychological
well-being, cognitive functioning, and even gene expression (e.g.,
Buka, Cannon, Torrey, Yolken, and the Collaborative Study Group
on the Perinatal Origins of Severe Psychiatric Disorders, 2008;
Cannon et al., 2000; Coe & Lubach, 2008; Oberlander et al., 2008;
Yehuda, Bell, Bierer, & Schmeidler, 2008; Yehuda & Bierer,
2008); that early postnatal experience does, as well (e.g., Pollak,
2005); and that, at least in rats, the long-term detrimental conse-
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quences of prenatal stress can be prevented by early adoption by a
“good mother” (which for rats means that she strokes and licks the
pups a lot; Meaney & Szyf, 2005). A new wrinkle is provided in
the article by Shachar-Dadon, Schulkin, and Leshem (2008) in this
issue. They provide evidence that stress experienced by the mother
well before conception, despite undisturbed pregnancy and post-
natal rearing, can have long-lasting effects on her offspring, even
into adulthood. Their evidence also suggests that the effects differ
by how long before pregnancy the stressful events occurred and by
the gender of the offspring.

Epigenetic programming (the turning on and off of genes in
response to experience) is stable and long-term, yet reversible and
responsive. Recent data suggest that the capacity for epigenetic
modification remains active and dynamic throughout life (Meaney
& Szyf, 2005; Szyf, McGowan, & Meaney, 2008).

An intriguing prospect is that the response of the epigenome to
environmental insults throughout life is not just an accidental aberra-
tion leading to pathology but a biological mechanism that serves as a
medium for the adaptability of the genome to altered environments
during life. (Szyf et al., 2008, p. 47)

Moulson, Fox, Zeanah, and Nelson (2008) provide evidence of
plasticity consistent with that proposition in Romanian children
randomly assigned to foster care after horrific early experiences in
institutionalized care. Though they did not look at gene expression
in this study, they found that foster care at least partially remedi-
ated the cortical hypoarousal seen in institutionalized children.

Few studies have investigated whether G � E interactions vary
across developmental periods. Wiebe et al. (2008) provide data
suggesting they can indeed vary: “The interaction of nature and
nurture may differ in its expression in different critical maturation
periods” (p. 40). They examined the role of prenatal tobacco
exposure, an early experiential factor, and TaqIA genotype, a
candidate gene associated with variation in dopamine receptor type
2 (DRD2) expression. They found evidence for G � E interactions
in self-regulatory behavior, but the nature of those interactions and
the most affected subgroup(s) were different in preschoolers than
in infants.

Men and women differ in their responses to different types of
stressors and in the prevalence of different stress-related disorders.
Part of the reason for that is undoubtedly biological, but Dedovic,
Wadiwalla, Engert, and Pruessner (2008) argue in this issue that
experience (specifically, gender socialization and social learning)
may play a role in shaping these differential responses and differ-
ential vulnerabilities to disorders. Certainly that is consistent with
recent changes in the relative prevalence of stress-related disorders
among men and women, given that there have been no changes in
the basic biological differences between the genders.

Genes Affect How the Environment Is Experienced and
What Effect a Given Experience Produces

In this issue, Karmiloff-Smith (2008) elaborates on her neuro-
constructivist approach in which genes, brain, cognition, and en-
vironment dynamically interact, multidirectionally influencing one
another in multiple ways: “Every aspect of development turns out
to be dynamic and interactive” (p. 61). It is important to note that
a genetic abnormality rarely has an encapsulated effect on only one
cognitive function or one brain system because of these extensive,T

ab
le

1
C

ha
ra

ct
er

is
ti

cs
of

th
e

A
rt

ic
le

s
in

th
e

Sp
ec

ia
l

Se
ct

io
n

on
th

e
In

te
rp

la
y

of
B

io
lo

gy
an

d
th

e
E

nv
ir

on
m

en
t

B
ro

ad
ly

D
ef

in
ed

Fi
rs

t
au

th
or

U
.S

.
O

th
er

M
et

ho
do

lo
gi

ca
l

fo
cu

s
Su

bs
ta

nt
iv

e
fo

cu
s

Sp
ec

ie
s

fo
cu

s

D
is

or
de

r;
ps

yc
ho

pa
th

ol
og

y
B

ra
in

da
m

ag
e

T
yp

ic
al

de
ve

l.
G

en
et

ic
s

&
G

�
E

N
eu

ro
im

ag
in

g
B

eh
av

io
r

(e
nv

ir
on

.)
Pe

rc
ep

tio
n

M
ot

or
C

og
ni

tio
n

E
m

ot
io

ns
H

um
an

N
on

hu
m

an
B

ot
h

A
pp

er
le

y
�

�
�

�
�

C
as

pe
rs

�
�

�
�

�
�

D
ed

ov
ic

�
�

�
�

�
�

�
D

ia
m

on
d

�
�

�
�

�
�

�
G

al
le

se
�

�
�

�
�

�
�

�
H

ill
m

an
�

�
�

�
�

�
Jo

hn
so

n
�

�
�

�
�

�
K

ar
m

ilo
ff

-S
m

it
h

�
�

�
�

�
�

L
uo

�
�

�
�

�
�

M
ou

ls
on

�
�

�
�

�
�

Pe
nn

in
gt

on
�

�
�

�
�

�
R

ov
ee

-C
ol

lie
r

�
�

�
�

�
R

ow
e

�
�

�
�

�
�

Sh
ac

ha
r-

D
ad

on
�

�
�

�
�

�
Sp

ec
to

r
�

�
�

�
�

W
ie

be
�

�
�

�
�

�
�

�

N
ot

e.
G

�
E

�
ge

ne
by

en
vi

ro
nm

en
t

in
te

ra
ct

io
ns

;
en

vi
ro

n.
�

en
vi

ro
nm

en
t;

de
ve

l.
�

de
ve

lo
pm

en
t.

2 DIAMOND



ongoing interactions. Karmiloff-Smith argues cogently that it is
incorrect to assume that the experienced environment is the same
for typically and atypically developing individuals. The biological
differences in the latter individuals cause them to experience the
world differently, and often cause the world to treat them differ-
ently. One cannot assume that the only difference between the two
groups is a genetic or neural one. Karmiloff-Smith’s neurocon-
structivist perspective yields novel, counterintuitive implications
for development and for remediation.

In the first study of genetic factors and adult attachment,
Caspers et al. (2008) in this issue provide evidence that interindi-
vidual variation in the serotonin transporter gene (5-HTTLPR)
appears to mediate the effect of the experience of loss of a parent
and whether unresolved attachment results from that. The same
experience appears to affect different people differently because of
their genetic makeup. Parental loss in early childhood is more
likely to be unresolved, resulting in unresolved attachment in
adulthood, for those who have the short allele polymorphism of the
5-HTTLPR gene. The long allele version of the gene appears to
confer some protection in the face of parental loss.

This study, at the interface of molecular genetics and attachment
research, is consistent with the role of serotonin in modulating
emotional responses (such as fear and anxiety) to environmental
stressors and in modulating frontal-amygdala brain circuitry (Firk
& Markus, 2007; Hariri et al., 2002; Heinz et al., 2005). It is also
consistent with new results showing an association between the
short 5-HTTLPR genotype and disorganized attachment in infants
(Spangler, Johann, Ronai, & Zimmermann, in press) and results
showing that the short allele polymorphism of the serotonin trans-
porter gene is associated with deficits in neurobehavioral function-
ing during infancy if rhesus monkeys are raised by their peers, but
not if they are raised by their mothers and peers (Suomi, 2006);
those with the long allele version of the gene seem to show normal
neurobehavioral functioning regardless of who reared them.

Note, however, that a neurotransmitter does not act in isolation
any more than other factors do; the different neurotransmitters
interact and affect one another. Dopamine in prefrontal cortex is
dramatically elevated in response to even mild stress (Roth, Tam,
Ida, Yang, & Deutch, 1988). Data indicate that inconsistent or
disrupted maternal communication tends to produce disorganized
attachment only if the child has the short allelic version of a
dopamine receptor gene (DRD4; Gervai et al., 2007). Children are
more adversely affected by insensitive parenting if they have the
7-repeat allele of the DRD4 gene (Bakermans-Kranenburg & van
Ijzendoorn, 2006). The risk of a child showing externalizing be-
haviors increases sevenfold if he or she received insensitive care
and carries the DRD4 7-repeat allele. Far more work is needed on
the interactions between serotonin and dopamine, the interactions
between neurotransmitters in general, and their interactions with
environmental factors.

The estimated relative contributions of genetic or environmental
variations to individual differences in any behavior depend on the
range of genetic and environmental differences in the group being
studied. Heritability (the proportion of phenotypic variation among
individuals attributable to genetic variation) would be zero if
everyone were genetically identical, even if genes played a major
role in determining outcomes. Similarly, the more homogeneous
the environments of those studied are, the higher the heritability
estimates will be. If individuals are fortunate enough to live in a

favorable environment with few environmental risk factors, ge-
netic risk factors will usually be more decisive in determining who
experiences unfavorable outcomes. Also, heritability can be the
same in two different environments, although completely different
genes might be affecting the outcomes of interest in those two
environments.

In this issue, Pennington et al. (2008) ask whether the herita-
bility of the negative (or positive) end of a trait continuum tells us
anything about the opposite end of the continuum of that same
trait. The answer is pretty much no. Most studies of the heritability
of reading or poor attention have looked at the genetic contribution
to poor reading or poor attention (e.g., reading disability or atten-
tion-deficit/hyperactivity disorder [ADHD]). Reading disability
tends to be more heritable in a favorable environment (e.g.,
Harden, Turkheimer, & Loehlin, 2007), whereas ADHD tends to
be more heritable in a more disadvantaged environment (Laucht et
al., 2007; Retz et al., 2008; Seeger, Schloss, Schmidt, Ruter-
Jungfleisch, & Henn, 2004). Besides summarizing that evidence,
Pennington et al. look at something largely neglected until now:
G � E interactions at the favorable end of the continuum (above-
average reading and attention). They find a resilience interaction
for above-average reading (the heritability of being a good reader
is higher if the parents’ level of education is low).

Pennington et al. (2008) also contains an outstanding discussion
of many different ways to think about G � E interactions and the
many subtleties involved in interpreting them. For instance, what
appears to be a G � E interaction might actually be a Gene �
Gene interaction. Also, correlated traits like reading disability and
ADHD can enter into opposite G � E interactions, as these authors
document. Gene–environment correlations can be positive, creat-
ing a positive feedback loop that leads to even more extreme
phenotypes over the course of development than either the genetic
or environmental factors alone would produce. They can be pas-
sive: Parents provide family environments that may be determined
in part by their genetic background. Gene–environment correla-
tions can also be evocative: Having a certain genotype may cause
individuals to evoke certain responses from others, and in that way
the genotype partially shapes the environment. Finally, gene–
environment correlations can be active: Individuals seek out envi-
ronments friendly to their genetic predispositions; again, one’s
genetic makeup partially shapes the environment to which one is
exposed. These and many more facets of G � E interactions are
discussed by Pennington et al. (2008) in their article.

Interactions Between Environmental Input and the
Presence or Absence of Early Brain Injury

Usually, the healthier an organism is, the more environmental
degradation the organism can withstand and still prosper. In this
issue, Rowe, Levine, Fisher, and Goldin-Meadow (2008) present
evidence that for more complex aspects of language (early sen-
tence generation and syntax), but not for simpler aspects (early
vocabulary and semantics), caregiver linguistic input is more crit-
ical for children with pre- or perinatal left-hemisphere brain dam-
age than for children without brain damage. The same variation in
linguistic input led to greater variations in syntactic development
among children with brain injury than among those without. Most
research on sequelae and plasticity following brain damage has
focused on the lesion characteristics; here Rowe et al. (2008)
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provide evidence that environmental factors also affect the extent
of recovery. Children with brain damage cannot as easily with-
stand less-than-optimal environmental input as children with fully
intact brains; the range of environmental input that will lead to a
good outcome for those with brain damage is narrower, but with
excellent environmental input their prognosis can be outstanding.

Dichotomies Such as Mind Versus Body or Action
Versus Cognition Are as False as Genes Versus the

Environment

The brain does not recognize the same sharp division between
cognitive and motor function that we psychologists impose in our
thinking. The same or substantially overlapping brain systems
subserve both cognitive and motor functions (Diamond, 2000;
Rosenbaum, Carlson, & Gilmore, 2001). For example, the pre-
supplementary motor area and anterior dorsal premotor cortex are
important for sequential tasks, whether they are sequential motor
tasks or sequential numerical, verbal, or spatial cognitive tasks
(Hanakawa et al., 2002).

Motor Neurons and Understanding the Beliefs and
Intentions of Others

Gallese, Rochat, Cossu, and Sinigaglia (2008) argue cogently
that the origin of intentional understanding is anchored in the
motor system and that the motor system provides the building
blocks upon which more sophisticated social–cognitive abilities
are built. Mirror neurons in the brain fire when one executes an
action with a certain intent or observes someone else executing the
same action with the same intended goal (Rizzolatti, Fadiga,
Gallese, & Fogassi, 1996; Umiltà et al., 2001). Gallese et al.
(2008) present evidence that these neurons provide

a parsimonious solution to the problem of translating the results of the
visual analysis of an observed movement—in principle, devoid of
meaning for the observer—into something that the observer is able to
understand to the extent that it refers to his or her own motor
knowledge. (p. 104)

Taking advantage of the motor system’s functional organization in
terms of motor goals and motor intentions, the mirror neuron match-
ing mechanism enables a direct comprehension of the actions of
others. Such comprehension is prereflexively accomplished because
the behavior of others consists of goal-directed motor acts and is
recognized as such by virtue of the activation in the observer’s brain
of the neurons presiding over the motor accomplishment of that same
act. (p. 110)

Although most people contend that only humans have the ability
to go below the surface of behavior to infer mental states such as
goals and intentions, Gallese et al. (2008) argue that mirror neu-
rons provide a common neural mechanism that permits both hu-
mans and nonhuman primates to understand the intentions and
beliefs behind actions, their own and others’. According to Gallese
et al., nonhuman primates are not simply behavior-readers (as
others hold, e.g., Povinelli & Eddy, 1996; Tomasello & Call,
1997); instead, like humans, nonhuman primates are mind-
readers—not because they think about and ponder the intentions
behind actions, but because their mirror neuron system permits

direct understanding of the meaning of actions to the extent that
the observer is capable of the same or similar behavior.

The relevance of motor disorders in autism has been down-
played for decades, but when cognitive development is perturbed,
as in a neurodevelopmental disorder such as autism, motor devel-
opment is often adversely affected as well. Gallese et al. (2008)
argue that a disturbance in motor cognition (as evidenced, for
example, in the heavy reliance of children with autism on feedback
information for guiding their movements rather than using feed-
forward modes of motor control as do typically developing chil-
dren) might be at the basis of some of the social–cognitive im-
pairments in autism:

In contrast to what a long-standing mainstream account of autism
contends (see Baron-Cohen, 1995; Baron-Cohen, Leslie, & Frith,
1985)—that the lack of social understanding of individuals with ASD
is due to their inability to theorize about the minds of others—we
contend that theorizing is most likely the only compensatory strategy
available to them. Many of the social–cognitive impairments mani-
fested by individuals with ASD are rooted in their incapacity to
organize and directly grasp the intrinsic goal-related organization of
motor behavior. (p. 110)

Effects of Physical Fitness and Physical Health on
Cognition and the Brain

People aren’t simply thinking, feeling, and sensing machines;
we also have bodies. Our brains work better when our bodies are
physically fit. There are multiple reciprocal interrelations between
our nervous, immune, and endocrine systems (e.g., Cohen, Alper,
Doyle, Treanor, & Turner, 2006; Cohen & Pressman, 2006; Maier,
Watkins, & Fleshner, 1994; Robles, Glaser, & Kiecolt-Glaser,
2005). If we are not in good physical health, we do not think as
well.

Much research has shown that exercising and being physically
fit can help protect older adults against age-related cognitive
decline (Kramer & Hillman, 2006). The positive effects of aerobic
physical activity on cognition and brain function for older adults
have been demonstrated at the molecular, cellular, systems, and
behavioral levels (Hillman, Erickson, & Kramer, 2008). In this
issue, Hillman, Buck, Themanson, Pontifex, & Castelli (2008)
extend that work by showing benefits to executive function and
cognitive control from aerobic exercise in young children and by
providing an initial understanding of the mechanisms that may
underlie the effects of physical fitness on cognitive functions
during development. Leading a sedentary life appears to be as bad
for children’s cognitive health as it is for adults. At a time when
schools are pressured to devote more time and resources to aca-
demics and less to physical education, Hillman, Buck, et al. (2008)
indicate that programs that promote physical fitness not only
improve physical health, but cognitive health and academic
achievement as well.

Our Brains May Not Work, or Develop, the Way We
Have Traditionally Thought

Most people tend to think of gross commands as only charac-
terizing the immature brain, but they are very much true of the
mature adult brain as well. In this issue (Diamond, 2008), I offer
the hypothesis that the mind and brain often tend to work at a
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relatively gross level and only with effort (often in the form of
inhibition) work more selectively, even in adults. Most of us tend
to think of the nervous system as sending out very precise com-
mands only to the relevant recipient, but it appears that often the
command goes out more globally, and then parts of the system
need to be inhibited from acting on the command. The lack of
specification that surprised neuroscientists when they first discov-
ered exuberant projections decades ago seems to be the rule across
many domains of cognition, perception, and action, even when one
might think the domains being issued the same global command
should be distinct. Executing more differentiated commands ap-
pears to require inhibition of what I call the global-command
default. This simple principle applies to disparate work within
cognitive science and neuroscience. For example, it is easier to
switch everything or nothing than to switch one thing (e.g., the rule
one is following or which button to press) but not the other,
throughout development. Although response site (e.g., press right
or left) and rule (e.g., “Always press on the side opposite the
stimulus,” or “Always press on the same side as the stimulus”)
should be orthogonal, evidently both seem to be affected by a
global command to “change” or “repeat” (Davidson, Amso,
Anderson, & Diamond, 2006). When people want to do something
with the right hand, both the right and the left hands receive the
command to do it, and the movement of the left hand has to be
actively inhibited (Sohn, Jung, Kaelin-Lang, & Hallett, 2003).

The brain is more than neurons and neurotransmitters. Glia,
hormones, regulatory peptides, and more play critical roles as well.
Integrating findings from the fields of biochemistry, pharmacol-
ogy, genetics, and nutrition, Luo, Wagner, and Dräger (2008) offer
novel ideas and hypotheses in this issue about the role of retinoic
acid in brain development, plasticity, and function. Retinoic acid (a
lipid derived from vitamin A) regulates the transcription of about
one sixth of the human genome (Cawley et al., 2004). One of
retinoic acid’s important properties is that it can diffuse for longer
distances through tissue than any known peptide signaling factor
(Lander, 2007), potentially a powerful tool for connecting spatially
disparate neuronal assemblies in the brain. Luo et al. (2008)
propose that retinoic acid contributes topographical information in
the brain and contributes to designating areas of relatively modi-
fiable or relatively fixed neuronal circuitry.

Although functional neuroimaging enables researchers to see
patterns of activity simultaneously in multiple brain regions, we
are still too prone to think in terms of one-to-one mappings
between neural regions and cognitive abilities. We still tend to
think of the neural changes that accompany or make possible
cognitive advances as being in individual neural regions. In this
issue, Johnson, Grossmann, and Kadosh (2008) argue for taking
seriously the role of interactions between brain regions in neural
and cognitive development. According to their interactive special-
ization view,

the response properties of a specific region are partly determined by
its patterns of connectivity to other regions and, in turn, by their
patterns of activity. During postnatal development, changes in the
response properties of cortical regions occur as they interact and
compete with each other. (p. 151)

Johnson et al. (2008) also argue that prefrontal cortex may play a
role in orchestrating the collective functional organization of other
cortical regions during development, and that networks that in-

clude prefrontal cortex may be able to learn certain tasks faster or
learn tasks that other networks cannot because prefrontal cortex

can recruit the knowledge and computational ability of other self-
contained networks as and when required. In a sense, it selects from
a library of available computational systems to orchestrate the best
combination for the learning problem at hand. (p. 157)

This orchestration is done partly through synchronous oscilla-
tions. One of the ways in which brain regions communicate with
each other is in the temporal domain, relying on coincidence of
neuronal activity. Neurons oscillate their firing at different fre-
quencies (e.g., alpha, beta, delta, gamma, and theta). Neurons
participating in the same oscillatory rhythm synchronize their
discharges with very high precision. Synchronization is used to
increase the salience of signals, facilitate their propagation across
sparsely connected networks, and assure selective routing (Ford,
Krystal, & Mathalon, 2007; Uhlhaas, Haenschel, Nikolić, &
Singer, 2008). The synchrony of neuronal activity is more closely
related to behavior than is its amplitude (Pinto, Brumberg, &
Simons, 2000).

The specific frequency of synchronous firing appears to identify
neuron groupings as belonging to the same functional network,
allowing the same neurons to participate in different processes
with other neurons. Hence, synchronous oscillations in a wide
range of frequencies play a role in linking spatially distributed
neuronal assemblies into functionally integrated and specialized
networks (Ford et al., 2007; Singer, 1999; Fries, 2005; Gray,
1999).

The same group of neurons can produce more than one fre-
quency (Blatow et al., 2003; Hughes et al., 2004; Lisman &
Buzsáki, 2008):

A characteristic of oscillations in cortical networks is that multiple
frequency bands coexist, and there is evidence that interactions be-
tween oscillations at different frequencies are used for the encoding of
nested relations (for a review, see Jensen and Colgin, 2007). (Uhlhaas
et al., 2008, p. 932)

Cells that are more strongly excited tend to fire earlier (Konig,
Engel, Roelfsema, & Singer, 1995). This provides an efficient
mechanism for encoding information redundant or complementary
to that provided by the rate of firing. This additional information
allows for more precision. An important advantage of this should
be increases in the speed with which a neural system can conduct
computations (Uhlhaas et al., 2008). Although much of the focus
on explaining improvements in processing speed with age has been
on myelination, it may be that participation of the prefrontal cortex
in a network improves processing speed because it may be able to
synchronize widely distributed neuronal activity.

Infants and Children Are Not Simply Miniature Adults

Most people would agree that implicit (nondeclarative) memory
matures early and is present in infants, whereas explicit (declara-
tive) memory matures later (Richmond & Nelson, 2007). In a
provocative article in this issue, Rovee-Collier and Cuevas (2008)
argue that this is the wrong way to think about infant memory.
They argue that “because adults and infants occupy different
niches, what they perceive, learn, and remember about the same
event differs, but their raw capacity to learn and remember does
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not” (p. 160). They view children and adults as “different organ-
isms who occupy different ecological niches that pose different
sets of problems to solve” (p. 168). As a result of being faced with
different problems, infants and adults learn and remember different
things about the same event. Infants can rapidly learn some asso-
ciations that adults cannot learn at all or learn only with difficulty
and can perceive certain aspects of events that adults cannot.
Rovee-Collier and Cuevas (2008) argue that

the underlying process does not change ontogenetically, but the con-
tent of what is learned and remembered does. Instead of asking
whether infants remember over the long term, research in this tradition
focuses on what they remember and under what conditions they
remember it. (p. 170)

On the Other Hand, Research With Adults Can Provide
Insights Into Developmental Processes in Children

Spector and Maurer (2008) lay out a carefully reasoned argu-
ment that synesthesia (where a stimulus induces not only the usual
perception but also a seemingly automatic additional perception,
such as always seeing a certain color when one sees or hears a
certain letter or number; Cytowic, 2002, 2003) in adults is “far
more than a quirky phenomenon: It is a window into the very
nature of sensory processing and development” (p. 185), which in
turn influences the development of perception and language and
may constrain the learning of environmentally based associations.
Spector and Maurer argue that synesthesia is based on the magni-
fication of functional connections within and between sensory
areas present early in life that are normally pruned or inhibited
during development but persist in muted forms in all adults. They
use this perspective to generate novel, testable hypotheses about
intersensory development. For example, they predict that toddlers
go through a developmental phase in which they experience syn-
esthetic perceptions. This article challenges the way synesthesia
and intersensory development have been conceptualized and stud-
ied thus far.

Bridging work in developmental psychology, neuropsycholog-
ical studies in adults, and social psychology, Apperly, Samson, and
Humphreys (2008) show how studies in adults can inform the
understanding of theory of mind development. Studies in children
have seemed to indicate that the development of theory-of-mind
reasoning is dependent upon the development of both executive
functions and language (theory of mind and executive functions,
e.g., Perner & Lang, 1999; theory of mind and language, e.g.,
Astington & Baird, 2005). Apperly et al. (2008) show that recent
work in adults indicates that impaired executive functioning im-
pairs theory-of-mind reasoning, but that even severely impaired
grammar can leave theory-of-mind reasoning intact. These find-
ings in adults suggest that the interpretation of the relation between
theory of mind and developmental advances in grammar, on the
one hand, should perhaps be interpreted differently from observed
relations between theory-of-mind development and developmental
advances in executive functions, on the other hand.

We hope the articles in this special section are thought provok-
ing and encourage ever more dialogue and collaboration among
people in different subspecialties within developmental psychol-
ogy and between those in developmental psychology and those in
other disciplines.
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