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erebellar Volume and Cognitive Functioning in
hildren Who Experienced Early Deprivation

atrick M. Bauer, Jamie L. Hanson, Ronald K. Pierson, Richard J. Davidson, and Seth D. Pollak

ackground: The cerebellum is a brain region recognized primarily in the coordination of movement and related accessory motor
unctions. In addition, emerging evidence implicates the cerebellum in cognitive processes and suggests that this brain region might be
ubject to experience-dependent changes in structure. Therefore, the aim of this study was to evaluate the role of early environmental
eprivation in the maturation of the cerebellum and aspects of cognitive development.

ethods: Structural magnetic resonance imaging volumes of 12 cerebellar sub-regions from 31 previously neglected and 30 typically
eveloping children were compared with subjects’ corresponding neuropsychological test scores.

esults: Neglected children had smaller volume of the superior-posterior cerebellar lobes. Moreover, superior-posterior lobe volume was
ound to mediate neuropsychological test performance differences between groups, with larger volumes yielding better outcomes on tests
f memory and planning.

onclusions: These data support the importance of experience-dependent changes in cerebellar structure and highlight the role of the
erebellum in higher cognitive functions.
ey Words: Cerebellum, cognitive development, deprivation,
xperience-dependent plasticity, postinstitutionalized children,
uperior-posterior lobes

he cerebellum is a brain region that has been traditionally
associated with motor control, physical coordination, and
balance. Recent data suggest that distinct regions of the

erebellum have a significant role in cognition and learning
1–7). Still, relatively little is known about the development of the
erebellum with regard to higher-order cognition. Much research
n the cerebellum has focused on individuals with congenital
alformations, focal lesions, or localized degeneration of this
rain region (8–10). Observational studies of these patients have
esulted in the term “Cerebellar Cognitive Affective Syndrome”,
hich refers to a constellation of behavioral symptoms that

nclude problems in executive functions (decision-making, set-
hifting, and working memory), visual-spatial deficits, emotional
lterations (obsessive-compulsive behaviors, disinhibition, and
lat affect), and linguistic abnormalities (11). Recent data suggest
hat the development of the cerebellum is more dependent upon
nvironmental factors than most other brain regions (12). There-
ore, the goal of the present study is to examine the potential role
f experience-dependent plasticity in cerebellar development.

he Role of the Cerebellum in Human Cognition
Studies involving application of retrograde and anterograde

eurotropic tracers have permitted researchers to observe recip-
ocal connectivity between the cerebellum and neocortex. Con-
equently, robust neural networks have been documented be-
ween specific cerebellar regions and neocortical areas involved
n higher-order functions. Prior research suggested that the
erebellum provided output only to the primary motor cortex
M1) via a primary three-node pathway from cerebellum to
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thalamus to cerebrum (13–15). More recently, retrograde tracing
procedures have revealed direct pathways between the dorso-
lateral prefrontal cortex (area 46) and cerebellum in nonhuman
primates (16,17). The application of anterograde tracer methods
further suggests that the cerebellum exhibits a functional topo-
graphic alignment with the cerebral cortex. For example, dorsal
portions of the cerebellar dentate nucleus project to primary
motor and premotor regions of the cortex, whereas more ventral
regions of this nucleus project to prefrontal and posterior parietal
cortical areas, suggesting an anatomical segregation of motor and
nonmotor processing domains in the cerebellum (18–21).

Functional neuroimaging studies also provide evidence that
the cerebellum moderates some cognitive-behavioral processes.
A variety of tasks in which participants are presented with
emotional images (22), a pegboard puzzle (4), the Tower of
London task (23), numbers to be remembered (24), and overt
semantic discrimination between words (25) have all produced
activation in the cerebellum that is not associated with motor
responses. Transcranial magnetic stimulation (TMS) studies have
also demonstrated an electrophysiological link between the
cerebellum and higher-order behavior. Specifically, the adminis-
tration of TMS pulses over the midline vermis of the cerebellum
produced increased � oscillations within areas of the prefrontal
cortex, a correlate of complex cognitive processes (26).

Although much research demonstrates a role of the cerebel-
lum in cognition, the precise neurobiological mechanisms by
which the cerebellum regulates cognitive functioning is still
unclear. Schmahmann et al. (9) propose that the cerebellum acts
as a specialized conflict monitor that serves to regulate behavior
around a stable physiological level and to streamline it according
to environmental context. According to the authors, if the
cerebellum experiences damage or malformation within neural
regions that subserve cognitive functioning, the behavioral
symptoms of the Cerebellar Cognitive Affective Syndrome will
result. Ito (27) further proposes that the cerebellum functions as
a “unit learning machine” that encodes an internal model for a
particular type of behavior. As mismatch occurs between behav-
ioral output and the internal model, error signals are carried via
climbing fibers to cerebellar microcomplexes until behavior is

appropriately modified. Cognitive representations within the
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erebellum seem to be facilitated by connections with temporo-
arietal and prefrontal cortical areas (19,28).

evelopmental Factors in Cerebellar Organization
The development of the cerebellum might be highly influ-

nced by environmental input. For example, heritable influences
n cerebellar volume are less than for other brain regions (12).
vidence also suggests that the evolutionary development of
ssociative neocortical areas occurred in parallel with the pos-
erolateral cerebellar hemispheres (29). In addition, the cerebel-
um seems to have a very protracted period of development,
uggesting that this region might be especially vulnerable to
nvironmental factors. Neurogenesis continues in the cerebellum
ostnatally through the first 2 years of life, and limited postmor-
em data indicate that it might continue to undergo important
eurodevelopmental processes between late childhood and
arly adulthood (30).

Very few studies, however, have examined the relationship
etween postnatal experience and its influence on cerebellar
evelopment and cognitive outcomes. One study reported that
hildren diagnosed with maltreatment-related posttraumatic
tress disorder (PTSD) had smaller cerebellar volumes as com-
ared with control subjects; cerebellum size was positively
orrelated with the age of onset of the trauma and negatively
orrelated with the duration of the trauma that led to PTSD. In
ddition, cerebellar volume was positively correlated with IQ
easures (31). However, it is not known whether differences in
rain volume and cognitive performance are related to maltreat-
ent per se versus PTSD resulting from traumatic experience.
he influence of physiological and social deprivation on the
evelopment of the pediatric cerebellum during a specific post-
atal period is still relatively unknown. Here, we report on a
ample of children who experienced severe deprivation for
everal months after birth followed by a drastic change in their
nvironments. These children began their lives in institutional-
zed care and were then adopted into enriched family environ-
ents. The quality of care in institutionalized settings often

nvolves many forms of social and physical deprivation that are
nsufficient to promote healthy child development (32). Not
urprisingly, postinstitutionalized children are known to exhibit a
ultitude of motor (33–35), cognitive (36,37), and emotional
ifficulties (38,39) even after years of nurturing experiences in
heir adoptive homes.

The present study sought to evaluate the role of early
eprivation in the development of the cerebellum and aspects of
ognitive development. Because distinct regions of the cerebel-
um seem to be related to higher-order behaviors, we used
ethods that allowed us to parse the cerebellum into anatomical

ubdivisions including three main cortical lobes, the vermis, and
he bilateral corpora medullare. We expected, on the basis of
rior studies, that the children who had experienced early
eprivation would show delays in key neuropsychological tasks.
ur main hypotheses evaluated whether these children also had

maller overall cerebellar volumes compared with control sub-
ects and, importantly, whether specific volumetric deficits such
s those in the posterior hemispheres mediated performance on
ognitive tasks.

ethods and Materials

articipants
Sixty-one children participated in this study. The postinstitu-
ionalized group consists of 15 male and 16 female subjects (age

ww.sobp.org/journal
9; 0–14; 11, M � 10.9 years, SD � 1.63). These children were
compared with a group of 16 male and 14 female subjects (age 9;
0–14; 11, M � 11.3 years, SD � 1.68). Before adoption, postin-
stitutionalized children were raised in orphanages in Romania
(n � 12), Russia (n � 12), China (n � 5), and other Eastern
countries (n � 2) for, on average, 31 months after birth (range 4
months–77 months, SD � 16.97). The postinstitutionalized chil-
dren were drawn from the Wisconsin International Adoption
Project Registry of families created through international adop-
tion that expressed interest in being contacted about research
participation, whereas control families were acquired through
community advertisements in flyers. Postinstitutionalized chil-
dren were adopted at 10 months of age or older (range 10
months–92 months, M � 38 months, SD � 21.2) and remained
with their adoptive families for at least 39 months before the
study (range 39 months–126 months, M � 93 months, SD �
19.0). Children were not recruited for this study if they were
diagnosed with a pervasive developmental disorder or fetal
alcohol syndrome or if the adolescent could not participate in the
magnetic resonance imaging (MRI) procedures (e.g., ferromag-
netic implants, braces). All subjects received $50 for participating
in the MRI session. Children’s handedness was assessed with the
Edinburgh Handedness Inventory. Ninety percent of children
were right-handed, and handedness was not related to any
dependent measure. Parents and children provided informed
consent and assent, respectively, and the procedures were
approved by the University of Wisconsin Health Science Institu-
tional Review Board.

Procedures
Structural Imaging. High-resolution anatomical MRI images

were obtained with a 3-Tesla GE SIGNA (General Electric
Medical Systems, Milwaukee, Wisconsin) scanner with a quadra-
ture head RF coil. A three-dimensional, inversion recovery (IR)
pulse sequence was used to generate T1-weighted images with
the following parameters: repetition time/echo time � 21/8
msec, flip angle � 308 mm, 240 mm field of view, 256–192
in-plane acquisition matrix (interpolated on the scanner to
256–256), and 128 axial slices (1.2-mm-thick) covering the whole
brain. A three-dimensional Fast-Spin Echo pulse sequence was
used to generate T2-weighted images. All acquired neuroimages
were registered into standardized stereotaxic space with a linear
transformation and corrected for nonuniformity artifacts (40).
The registered and corrected volumes were then segmented into
white matter, gray matter, cerebrospinal fluid, and extraneous
tissue via a specialized neural net classifier, a computer algorithm
that can predict and define complex neuroanatomical bound-
aries (41). Before MRI scanning, participants were oriented to the
MRI through the use of a mock-MRI simulator. During MRI
acquisition, participants were instructed to stay as still as possible
and were able to watch a movie of their choosing.

The total volume of the neocortex was measured by using an
automated procedure developed at the Montreal Neurological
Institute that combines voxel-intensity-based tissue classification
into gray matter, white matter, and cerebrospinal fluid with a
probabilistic atlas (42,43). Because the cerebellum exhibits a
complex gray-white matter border, it could not be classified with
the aforementioned automated method. Instead, volumetric
measurements of the cerebellum were conducted with BRAINS2
(44,45). The BRAINS2 toolbox implements a semi-automated
neural net procedure to parcellate each lobe of the cerebellar
cortex and corpus medullare. Specifically, 31 anatomical land-

marks were manually selected before applying the neural net to
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enerate surface masks of each cerebellar region. The parcel-
ated masks were then reviewed and manually edited. Masks
rom five control and three postinstitutionalized subjects were
ncomplete in the extreme regions of the inferior cerebellar
obes, because neural tissue was cut off in these brain regions on
ubjects’ segmented neuroimages. These areas had to be manu-
lly traced after the neural net procedure by using each subject’s
ntact T1 image as a guide. All left and right hemispheric divisions
f the cerebellum had interrater intraclass correlations of .97 or
reater. Volumes of the cerebellar areas were then measured and
ummed to obtain the overall volume of the cerebellum.

Surface masks of the midline cerebellar vermis were manually
raced. The sagittal plane was used to complete a guide trace that
efined the superior, inferior, anterior, and posterior extent of
he vermis, whereas the axial plane was implemented to place
uide traces that defined the lateral vermal boundaries. The
verall vermis was manually traced in each coronal slice by
eferencing these designated guide traces. Regional subdivision
as completed in the sagittal plane by specifying limiting
oundaries just at the points where the primary and prepyrami-
al cerebellar fissures became difficult to discern throughout the
ermis.

To assess reliability of the manually defined vermis tracings,
wo authors (RKP and PMB) served as raters and compared each
f their regions of interest from five randomly selected subject
rain images. The interrater intraclass correlations for the whole
ermis and its individual anterior, superior, and inferior divisions
ere all �.72 and in agreement with accepted values in previous

iterature (46).
The left and right cerebellar hemispheres were each par-

ellated into anterior, superior-posterior, and inferior-poste-
ior lobes in accordance with the anatomical nomenclature of
arsell and Jansen (47). The anterior lobe was defined as lobules
–V and demarcated by the primary fissure. The superior-
osterior lobe included lobules VI and VIIA-folium in the midline
ermis and lobule VI and crus I of VIIA in the hemispheres. The
nferior-posterior lobe was composed of lobules VIIA-tuber
hrough X. The superior- and inferior-posterior lobes were
eparated by the horizontal fissure. White matter extending into
he folia was included in the three main cerebellar lobes, which
re primarily composed of gray matter. In addition, the bilateral
orpora medullare were defined to include the entirety of the
entral cerebellar white matter. The used neuroimaging acquisi-

Hemispheric Lobes 

Anterior
lobe

Crus I, 
VIIa 

Corpus
Medullare 

Inferior-
posterior

lobe VIIb 

Crus II, 
VIIa 

Superior-
posterior

lobe

VI V
IV 

III 

IX 
VIII 

igure 1. Regional cerebellar parcellations for measurement.
ion procedure was not able to discern the deep nuclei embed-
ded within the corpus medullare. The vermis was parcellated
into anterior, superior, and inferior regions, respectively. The
primary fissure defined the posterior extent of the anterior
vermis, and the prepyramidal fissure specified the boundary
between the superior and inferior vermis. All parcellated cere-
bellar regions are shown in Figure 1.

Behavior. Each adolescent was assessed with seven stan-
dardized tests from the Cambridge Neuropsychological Test
Automated Battery (CANTAB) (Cambridge Cognition, Cam-
bridge, United Kingdom). This subset of CANTAB tests probes
domains of cognition that have been documented as difficulties
for postinstitutionalized children (48).

Before administration of the cognitive tests, a CANTAB
screening of general motor ability was presented to subjects. The
Motor Screening test (MOT) exploits motor problems by requir-
ing subjects to touch a flashing cross at different locations on the
screen. Difficulties in motor movement are measured by each
subject’s time response latency.

Memory functions were measured with the Delayed Matching
to Sample (DMS), Paired Associates Learning (PAL), and Pattern
Recognition Memory (PRM) tasks. The DMS presents subjects
with a complex abstract pattern and, after a period of brief delay,
requires subjects to select the correct pattern previously seen
from four similar patterns. Test performance is assessed by the
correct number of responses the subject makes. The PAL task
begins with a series of boxes presented on the computer screen.
The contents of the boxes are then shown in randomized order,
with one or more of them containing an abstract pattern. The
patterns are then presented in the middle of the screen one at a
time, and subjects are then required to select the box containing
the respective pattern’s correct location. If a subject makes an
error, the patterns are shown again to remind him or her of their
locations. The difficulty of the trials progresses throughout the
test, and subject performance is measured via the total number of
errors made. The PRM presents subjects with 12 visual images
one at a time, which cannot easily be given verbal labels.
Subjects are subsequently asked to discriminate between a
previously viewed pattern and a new image. The order of
pattern presentation is reversed from the original order. Subject
performance is assessed through the number of correct trials
completed.

Executive functions were assessed with the Intra-Extra Di-
mensional Set Shift (IED), Stockings of Cambridge (SOC), and

Vermal Lobes 
Anterior

Superior
Inferior
Spatial Working Memory (SWM) tests. These tests specifically

www.sobp.org/journal
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xamine working memory and planning abilities. During the IED
est, participants are shown two different dimensions, including
olid color-filled shapes and white lines. Simple stimuli consist of
nly one of these dimensions, whereas more complex stimuli
nclude both, specifically the overlay of white lines upon solid
hapes. Participants are initially shown two different simple
timuli and are asked to select the shape that matches the rule,
hich is then altered. These rule shifts are initially intradimen-

ional (colored shapes are the only relevant dimension) and then
ecome extradimensional (white lines become the only relevant
imension). The total number of errors during this task is used as
measurement of performance. The SOC is a version of the

ower of London spatial planning test. Participants are shown
wo displays, each of which contains three colored balls. The
isplays are presented in such a way that they can be perceived
s stacks of colored balls held in stockings, or socks, suspended
rom a beam. The subject is required to use the balls in the lower
isplay to match the pattern in the upper display. The balls can
e moved one at a time by touching a ball on the screen and then
oving it to the correct position. Test performance is measured
y the correct number of matches each subject completes in the
inimum number of moves. The SWM tests an individual’s

bility to retain spatial information and to manipulate items in
orking memory. By touching boxes and applying a process of
limination, participants will find one blue “token” in each of a
uantity of boxes and use them to fill an empty column on the
ight side of the screen. A participant’s score is based upon total
rrors (touching boxes that have already been found to be empty
nd revisiting boxes that have already been revealed to contain
token).
Attentional abilities were measured with the Match to Sample

est (MTS). This test assesses a child’s reaction time to identifying
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igure 2. Group comparison of cerebellar regional volumes. * indicates st
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ww.sobp.org/journal
a stimulus. Children are shown a complex visual pattern in the
middle of a computer screen, and then after a brief delay a
varying number of similar patterns are shown in a circle of boxes
around the edge of the screen. Only one of these boxes matches
the pattern in the center of the screen, and the subject must
indicate which it is by touching it. The correct number of trials is
used as an assessment of subject performance.

Demographic Characteristics. Several individual background
variables describing the postinstitutionalized children were col-
lected via parent report. Information about the duration of
institutionalization, height or weight at time of adoption, country
of origin, and condition of the orphanage setting for each child
was assessed and correlated with cerebellar lobe volumes.

Results

Determination of cerebellar volumetric differences between
groups was conducted with a multivariate analysis of variance
(MANOVA), with group (Postinstitutionalized, Control) as a
between-subject factor and the five cerebellar regions as within-
subject factors. Cerebellar volumetric analyses were corrected for
whole brain volume. Postinstitutionalized children exhibited
smaller volume of the left [F (1,58) � 10.9, p � .002] and right
[F (1,58) � 7.4, p � .009] superior-posterior lobes compared with
control subjects. These effects remained after applying a Green-
house-Geisser correction for repeated measures [F (3.1, 181.5) �
4.3, p � .005]. The two groups of children had similar volumes
for other cerebellar regions (Figure 2). To evaluate the relation-
ships between left and right superior-posterior lobe volumes
within each group, we used paired-samples t tests. Whereas
control subjects showed similar volumes in the left and right
superior-posterior lobes, the postinstitutionalized children had

 left
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maller volumes in the left, as compared with the right [t (30) �
2.53, p � .017]. Superior-posterior lobe volumes among the
ostinstitutionalized children were not related to any demo-
raphic variables.

Next, we examined the relation between cerebellar volumes
nd the adolescent’s cognitive performance with a MANOVA.
he postinstitutionalized children displayed impaired perfor-
ance relative to age-matched control subjects on a number of

asks, Wilk’s Lambda [F (7,53) � 5.4, p � .001], as shown in Table
and consistent with previous reports. To formally test whether

eft and right superior-posterior cerebellar lobes mediated cog-
itive performance, we used the joint significance test (49).
inear regression analyses revealed that group status accounted
or 16% of the variance in left superior-posterior lobe volume
b � �.40, p � .001) and for 9% of right superior-posterior lobe
olume (b � �.30, p � .020). We next regressed each neuro-
ognitive task on group status and left and right superior-
osterior lobe volumes. Across subjects, left superior-posterior

obe volume mediated subjects’ performance on the DMS task
b � .25, p � .032). Together, group status and left superior-
osterior lobe volume accounted for 35% of the variance in
hildren’s DMS performance [F (1,59) � 25.3, p � .001]. Across
ubjects, right superior-posterior lobe volume predicted chil-
ren’s performance on the SOC task (b � .28, p � .023).
ogether, group status and right superior-posterior lobe vol-
me accounted for 23% of the variance in SOC performance

F (1,59) � 11.0, p � .002]. In a group comparison of performance
n the Motor Screening test, the postinstitutionalized children
M � 821, SD � 349) did worse than control subjects (M � 656,
D � 133) [F (1,59) � 5.9, p � .018]. However, neither left nor
ight superior-posterior lobe volumes mediated performance on
his task across subjects.

iscussion

This study explored the effects of early deprivation on the

able 1. Descriptive Data for Individual CANTAB Measures

Groups
Group

ComparisonsPI Control

emory Tasks
DMS (number correct trials) 78.4 (11.3) 89.9 (5.4) p � .001

PI � control
PAL (adjusted total errors, z

score)
.1 (.4) .3 (.2) p � .005

PI � control
PRM (total correct trials) .2 (.6) .7 (.5) p � .002

PI � control
xecutive Function Tasks

IED (adjusted total errors, z
score)

.3 (.6) .7 (.6) p � .005
PI � control

SOC (correct trials in
minimum moves, z
score)

�.4 (1.0) .4 (.8) p � .002
PI � control

SWM (total errors, z score) .3 (.8) 1.1 (.6) p � .001
PI � control

ttention Tasks
MTS (number correct trials) 95.3 (5.1) 96.0 (3.6) p � .554

PI � control (NS)

CANTAB, Cambridge Neuropsychological Test Automated Battery; PI,
ostinstitutionalized; DMS, Delayed Matching to Sample; PAL, Paired Asso-
iates Learning; PRM, Pattern Recognition Memory; IED, Intra-Extra Dimen-
ional Set Shift; SOC, Stockings of Cambridge; SWM, Spatial Working Mem-
ry; MTS, Match to Sample test.
evelopment of the human cerebellum as well as the association
between cerebellar development and components of cognitive
functioning. These data indicate that children who experienced
early deprivation had smaller left and right superior-posterior
cerebellar lobe volumes than control subjects and that develop-
ment of these brain regions was related to two aspects of
cognition. Specifically, the left superior-posterior lobe of the
cerebellum was associated with visual-spatial memory and the
right superior-posterior lobe of the cerebellum mediated a
planning component of executive functioning. These data sug-
gest specificity in these effects in that other regions of the
cerebellum were similar in the neglected and control groups, and
cerebellar volume did not account for all the cognitive perfor-
mance differences that emerged between groups. Such a result
suggests that the cerebellum might have a distinct functional
topography, with the superior-posterior regions mediating some
specific cognitive processes.

Both the DMS and SOC tasks tap processes involving frontal
and medial temporal lobe function. There is some evidence of
reciprocal connectivity between the cerebellum and prefrontal
cortex in nonhuman primates. Purkinje cells within the superior-
posterior lobe, specifically within crus I of VIIA in the posterior
hemispheres, project to prefrontal areas via the ventral dentate
and thalamus (17,27). In a recent meta-analysis of neuroimaging
studies exploiting functional topography within the cerebellum,
both lobule VI and crus I of VIIA in the superior-posterior lobes
were found to be consistently activated during executive func-
tion tasks. Lobule VI was specifically activated during spatial
tasks (50). In addition, the cerebellum and medial temporal lobes
have been implicated in both memory processing and skill
learning (51–53). Projections from the cerebellum to the tem-
poro-parietal cortex within nonhuman primates further suggest a
cerebellar contribution to memory (28).

As with most studies of clinical populations, the present
findings are tempered by a number of factors. The difficulty in
adequately assessing postinstitutionalized children’s preadoption
living conditions remains a limitation of the work with this
population of children. Although more “objective” measures
such as number of preadoption placements, length in the
institution, or height/weight might be useful and specific, it is
unlikely that these variables alone are broad enough to capture
a complete understanding of the early living conditions that
postinstitutionalized children experienced. Development of more
extensive interviews or questionnaires for parents might be
useful in addressing this limitation, although this issue will likely
always be problematic in research with postinstitutionalized
children, given the very nature of their early rearing experiences.

There are also some challenges specific to MRI acquisition in
pediatric populations. Because of the short distance between
children’s necks, shoulders, and the hindbrain areas, it is often
difficult to contain a child’s head completely in the MRI head coil.
Consequently, some subjects had images with poor resolution in
more inferior cerebellar regions. In these cases tracings had to be
performed manually (but with subject’s group status masked) by
following borders between the cerebellum and extraneous
tissue.

The findings reported here suggest an important role of
experience-dependent plasticity in the brain-behavior relation-
ships supported by the cerebellum. The fact that postinstitution-
alized children demonstrate smaller cerebellar volumes and
worse cognitive performance than typically developing subjects
suggests that physiological and social deprivation have a pro-
found influence on cerebellar neurodevelopment. Deprivation

serves as an environmental stressor that might disrupt early

www.sobp.org/journal
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erebellar organization and maturation and consequently lead to
nderdeveloped neural pathways between cerebellum and cor-
ex. This faulty connectivity is then manifested during adoles-
ence as deficits in cognitive-behavioral functioning. Establishing
firm relationship between anatomy and function will provide

urther insight into the functional role of the cerebellum and
ight improve our understanding of the biological mechanisms

hrough which early adverse experiences constitute risks for
hildren’s cognitive development.
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