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Abstract

Children in foster care have often encountered a range of adverse experiences, including neglectful and/or abusive care and multiple caregiver transitions. Prior
research findings suggest that such experiences negatively affect inhibitory control and the underlying neural circuitry. In the current study, event-related
functional magnetic resonance imaging was employed during a go/no go task that assesses inhibitory control to compare the behavioral performance and brain
activation of foster children and nonmaltreated children. The sample included two groups of 9- to 12-year-old children: 11 maltreated foster children and
11 nonmaltreated children living with their biological parents. There were no significant group differences on behavioral performance on the task. In contrast,
patterns of brain activation differed by group. The nonmaltreated children demonstrated stronger activation than did the foster children across several regions,
including the right anterior cingulate cortex, the middle frontal gyrus, and the right lingual gyrus, during correct no go trials, whereas the foster children
displayed stronger activation than the nonmaltreated children in the left inferior parietal lobule and the right superior occipital cortex, including the lingual
gyrus and cuneus, during incorrect no go trials. These results provide preliminary evidence that the early adversity experienced by foster children impacts the
neural substrates of inhibitory control.

There are approximately 400,000 children in foster care in the
United States, and approximately 250,000 children enter fos-
ter care each year (US Department of Health and Human Ser-
vices, 2011). Foster children have typically been exposed to a
host of early adverse experiences such as neglectful and/or
abusive care and repeated caregiver disruptions; as a conse-
quence, they demonstrate compromised physical, cognitive,
and psychosocial development (Kessler et al., 2008; Leslie,
Gordon, Ganger, & Gist, 2002; Pears & Fisher, 2005; Stein,
1997; Zima et al., 2000). Rates of behavior, attention, and
substance-use problems are particularly high among foster
children (Clausen, Landsverk, Ganger, Chadwick, & Litrow-
nik, 1998; dosReis, Zito, Safer, & Soeken, 2001; Office of
Applied Studies in the Substance Abuse and Mental Health
Services Administration, 2005; Pilowsky, 1995; Vaughn, Ol-
lie, McMillen, Scott, & Munson, 2007). For example, Gar-
land et al. (2001) reported that 39% of the foster children in
their study (vs. only 12% of children in the general popula-
tion) met the diagnostic criteria for oppositional defiant disor-

der, conduct disorder, and/or attention-deficit/hyperactivity
disorder (ADHD). Despite extensive evidence of foster chil-
dren’s increased risk, there has been limited research examin-
ing the neural bases of these problems in this population. How-
ever, understanding the impact of early adversity on stress-
sensitive neural systems could help identify the children most
at risk for negative outcomes and could faciliate the develop-
ment of targeted preventive interventions to reduce this risk
(Fishbein, 2000; Gunnar, Fisher, & The Early Experience,
Stress, and Prevention Network, 2006). In the current study,
the neural substrates of inhibitory control, a cognitive process
that has been implicated in the etiology of behavior, attention,
and substance-use problems, were examined in foster children
and nonmaltreated children in late childhood.

Inhibitory control (or cognitive control) is a higher order
cognitive process that falls under the general rubric of execu-
tive functioning. It involves the capacity to voluntarily inhibit
prepotent attentional or behavioral responses and has been
described as a mechanism for guiding appropriate behaviors
through the suppression of competing but irrelevant informa-
tion and behaviors (Casey, Tottenham, & Fossella, 2002;
Durston, Thomas, Yang, et al., 2002). The results from neu-
roimaging studies have shown that specific regions of the pre-
frontal cortex and the striatum are critical to inhibitory control
abilities (Bunge, Dudukovic, Thomason, Vaidya, & Gabrieli,
2002; Casey, Trainor, et al., 1997; Durston, Thomas, Yang,
et al., 2002; Liddle, Kiehl, & Smith, 2001). It has also been
suggested that the anterior cingulate cortex plays a role in re-
cruiting additional control to meet the demands of the situa-
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tion (Botvinick, Braver, Barch, Carter, & Cohen, 2001; van
Veen & Carter, 2002).

Inhibitory control and the underlying brain regions appear
to have protracted developmental courses that continue into
late adolescence. For example, researchers examining behav-
ioral performance on inhibitory control tasks have demon-
strated that young children are more susceptible to interfer-
ence than are older children and adults (Bunge et al., 2002;
Casey, Trainor, et al., 1997; Durston, Thomas, Yang, et al.,
2002; Gerstadt, Hong, & Diamond, 1994; Ridderinkhof,
van der Molan, Band, & Bashore, 1997). Similarly, converg-
ing evidence from electrophysiological, structural neuro-
imaging, and functional neuroimaging studies indicates that
the neural substrates of inhibitory control continue to mature
into early adulthood (Davis, Bruce, Snyder, & Nelson, 2003;
Durston, Davidson, et al., 2006; Gogtay et al., 2004; Rubia
et al., 2006; Sowell et al., 2004; Thatcher, Walker, & Giudice,
1987). In addition to general maturational gains, there are sig-
nificant individual differences in inhibitory control abilities.
These differences, which appear to be stable across time (Eig-
sti et al., 2006; Kochanska, Murray, & Coy, 1997; Ko-
chanska, Murray, & Harlan, 2000), are associated with
important outcomes such as the internalization of rules, social
functioning, and academic competence (Blair & Razza, 2007;
Eisenberg et al., 1997; Kochanska, Murray, Jacques, Koenig,
& Vandegeest, 1996; McClelland et al., 2007; Pears, Fisher,
Bruce, Kim, & Yoerger, 2010). Deficits in inhibitory control
have been observed in children with behavior, attention, and
substance-use problems (Casey, Castellanos, et al., 1997;
Durston et al., 2003; Pears, Capaldi, & Owen, 2007; Tarter
et al., 2003; Toupin, Déry, Pauzé, Mercier, & Fortin, 2000).
Thus, alterations in inhibitory control and the underlying
neural circuitry might play a critical role in the elevated rates
of behavior, attention, and substance-use problems among
foster children.

Because the brain regions supporting inhibitory control
have a protracted development, it has been speculated that ex-
periences in infancy and childhood influence the maturation
of these regions (Black, 1998; De Bellis, 2001). In particular,
early adverse experiences are believed to have a profound ef-
fect on these regions because the prefrontal cortex has exten-
sive bidirectional connections with the hypothalamic–pitui-
tary–adrenocortical system and other brain regions involved
in the response to stress (Arnsten, 2009; Ghashghaei & Bar-
bas, 2002; Herman, Ostrander, Mueller, & Figueiredo, 2005;
Sullivan & Gratton, 2002). Prior research findings have
shown that early adversity results in reduced neuronal spine
density and length in the prefrontal cortex in rodents (Hel-
meke et al., 2009; Holmes & Wellman, 2009). Similarly,
early adverse experiences such as harsh parenting (e.g., cor-
poral punishment and verbal hostility) and maltreatment ap-
pear to have a deleterious effect on inhibitory control in chil-
dren (Beers & De Bellis, 2002; Valiente, Lemery-Chalfant, &
Reiser, 2007; Zhou, Eisenberg, Wang, & Reiser, 2004). Care-
giver instability also appears to negatively affect inhibitory
control in general and foster care populations (Lengua, Hon-

orado, & Bush, 2007; Lewis, Dozier, Ackerman, & Sepul-
veda-Kozakowski, 2007; Pears, Bruce, Fisher, & Kim, 2010).

Although much of the research examining the effect of
early adversity on inhibitory control in children has relied
on behavioral measures, there is emerging evidence that early
adversity impacts the development of the underlying brain re-
gions (Behen et al., 2009; Bruce, McDermott, Fisher, & Fox,
2009; Carrion et al., 2001). For example, children with mal-
treatment-related posttraumatic stress disorder had a signifi-
cantly lower N-acetylaspartate to creatine ratio, a marker of
neuronal integrity, in the anterior cingulate cortex compared
to nonmaltreated children (De Bellis, Keshavan, Spencer, &
Hall, 2000). However, prior research with foster children
has not utilized functional neuroimaging to explore the neural
substrates of inhibitory control. This approach might be par-
ticularly informative because measures of neural activity
(e.g., electrophysiological and neuroimaging data) can reveal
differences in cognitive processing that are not captured by
behavioral measures. For instance, measures of neural activ-
ity have been shown to differentiate children with ADHD
from typically developing children in the absence of group
differences on behavioral measures (Durston, Mulder, Casey,
Ziermans, & van Engeland, 2006; Karayanidis et al., 2000;
Pliszka et al., 2006).

In the current study, behavioral performance and brain ac-
tivation during an inhibitory control task (go/no go task) were
examined. The results from previous studies that have em-
ployed this task have revealed similar patterns of behavioral
performance and brain activation among adults and children
(Durston, Thomas, Worden, Yang, & Casey, 2002; Durston,
Thomas, Yang, et al., 2002). That is, both groups were less
accurate on trials requiring inhibitory control and displayed
activation in the inferior frontal gyrus, the anterior cingulate
cortex, and the striatum during these trials. Despite these sim-
ilarities, the results of a longitudinal study indicate that acti-
vation during the task decreased in brain regions unrelated
to task performance (i.e., the dorsolateral prefrontal cortex)
and increased in brain regions related to task performance
(i.e., the inferior frontal gyrus) from late childhood to early
adolescence, suggesting that activation becomes more focal
as the neural circuitry matures (Durston, Davidson, et al.,
2006). The results from cross-sectional studies using different
versions of the go/no go task have also shown increased acti-
vation with age in task-relevant brain regions such as the in-
ferior frontal gyrus and the anterior cingulate cortex (Bunge
et al., 2002; Rubia et al., 2006; Tamm, Menon, & Reiss,
2002).

The objective of the current study was to examine the im-
pact of early adversity on inhibitory control and the underly-
ing brain regions in late childhood. Event-related functional
magnetic resonance imaging (fMRI) was used during the
go/no go task to compare the behavioral performance and
the brain activation of foster children and nonmaltreated chil-
dren. Based on prior results (Lewis et al., 2007; Pears, Bruce,
et al., 2010), the foster children were expected to demonstrate
poorer behavioral performance on the go/no go task than were
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the nonmaltreated children. Specifically, it was predicted that
the foster children would be less accurate on trials requiring
inhibitory control. Group differences on brain activation
were also expected during trials requiring inhibitory control.
Because the neural substrates of inhibitory control have not
been previously examined in foster children using fMRI, it
was challenging to make an a priori hypothesis about the di-
rection of the group differences. However, based on the prior
developmental study using this task (Durston, Davidson,
et al., 2006), it was predicted that the nonmaltreated children
would demonstrate a more developmentally mature pattern of
brain activation, with increased activation in task-relevant re-
gions (e.g., the inferior frontal gyrus and the anterior cingu-
late cortex) during these trials.

Method

Participants

The sample in the current study included two groups of 9- to
12-year-olds: maltreated children residing in foster care and
low-income, nonmaltreated children living with their biolog-
ical parents. The foster care (FC) children were referred to the
study by the local child welfare system office, and the non-
maltreated community comparison (CC) children were re-
cruited via flyers and Internet postings. The eligibility criteria
for both groups were as follows: fluent in English, right-hand
dominant, no MRI contraindication, no history of head injury
or epilepsy, and not currently taking psychotropic medication
except stimulant medication. Children taking stimulant med-
ication were asked to take a 24-hr medication hiatus. In the
analytic sample, 1 FC child was taking a stimulant medication,
and the family agreed to a 24-hr medication hiatus prior to
each laboratory session. To ensure that group differences
were not attributable to socioeconomic status, additional eli-
gibility criteria for the CC group were as follows: household
income less than $40,000 (i.e., household income for a family
of four to qualify for reduced-price school meals via the Na-
tional School Lunch Program), parental education less than a
4-year college degree, and no involvement with child welfare
services as verified by child welfare services records. Of the
children recruited for the study, 4 (2 FC, 2 CC) were unable to
complete data collection because they felt uncomfortable or

had difficulty remaining still in the MRI scanner, 4 (3 FC,
1 CC) were excluded because of technical problems, and 2
(1 FC, 1 CC) were excluded because of poor behavioral per-
formance. The resulting analytical sample was 11 FC children
and 11 CC children.

As shown in Table 1, the FC and CC children in the ana-
lytic sample did not differ by age, F (1, 20)¼ 0.04, ns, or sex,
Pearson x2 (1, N¼ 22)¼ 0.00, ns. In addition, the groups did
not significantly differ in terms of ethnicity, Pearson x2 (1, N
¼ 22)¼ 0.19, ns. The ethnicity of the FC children was 64% (n
¼ 7) European American, 18% (n ¼ 2) Latino, 9% (n ¼ 1)
African American, and 9% (n¼ 1) multiethnic. The ethnicity
of the CC children was 55% (n¼ 6) European American, 9%
(n¼ 1) Latino, and 36% (n¼ 4) multiethnic. However, based
upon parental report on the Child Behavior Checklist (Achen-
bach, 1991), there were significant group differences on the
subscales for attention problems, F (1, 20) ¼ 5.65, p ¼
.028, and externalizing problems, F (1, 20) ¼ 5.54, p ¼
.029, with higher T scores for the FC children than for the
CC children. Furthermore, although none of the CC children
were within the clinical range on either subscale, four of the
FC children were within the clinical range on the attention
problems subscale, and five of the FC children were within
the clinical range on the externalizing problems subscale.

In terms of family demographic characteristics, the results
of a Mann–Whitney U test revealed that the groups did not
differ by median level of parental education (z ¼ 21.68,
ns). The median education levels indicated that the parents
in both groups graduated from high school but did not grad-
uate from a 4-year college. As shown in Table 1, the median
household income level was higher for FC families than for
the CC families (z ¼ 22.06, p ¼ .04). The lower household
income level for the CC families was considered acceptably
comparable to the biological families of the FC children. In
addition, the results of Spearman rho correlational analyses
indicated that household income level was not significantly
related to accuracy, rs (20) ¼ –.22, ns, or reaction time, rs

(20) ¼ –.22, ns, on the go/no go task.
Descriptive information about the FC children’s maltreat-

ment and foster care placement experiences suggested that
these children encountered a range of early adverse experi-
ences. The mean age of foster care entry was 8.93 years
(SD¼ 2.42), and the mean number of caregiver transitions re-

Table 1. Descriptive statistics for demographic characteristics and
behavioral performance for the community comparison (CC) group and the
foster care (FC) group

Variable CC Group FC Group

Age (years) mean (SD) 10.98 (0.86) 10.91 (0.90)
Male (%) 55 55
Attention problems mean (SD) 55.64 (5.77) 65.82 (12.99)
Externalizing problems mean (SD) 48.45 (5.66) 58.82 (13.47)
Household income (Mdn) $25,000–29,999 $50,000–59,999
Correct responses (%) mean (SD) 70 (12) 75 (13)
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sulting from placement in foster care and disruption of foster
care placements was 2.91 (SD ¼ 2.39). On average, the chil-
dren had been in their current foster care placements for 9.47
months (SD ¼ 5.40). The reason for the current foster care
placement was coded from child welfare services records,
which indicated that 82% (n ¼ 9) of the FC children experi-
enced multiple types of maltreatment. The specific type of
maltreatment included 91% (n¼ 10) physical or supervisory
neglect, 82% (n ¼ 9) emotional abuse, 55% (n ¼ 6) physical
abuse, and 9% (n¼ 1) sexual abuse. In addition, other issues
such as parental incarceration, drug and alcohol use, and do-
mestic violence were noted for all of the children.

Procedure

Prior to participation in this study, informed consent was ob-
tained from each child, foster parent, and child welfare ser-
vices caseworker for the FC group and from each child and
parent for the CC group. The children then completed two
1-hr laboratory sessions at the Robert and Beverly Lewis Cen-
ter for Neuroimaging at the University of Oregon. During the
first session, the children practiced the go/no go task, received
instruction on important neuroimaging protocols (e.g., safety
procedures and acceptable amounts of head movement), and
experienced a simulated MRI scan. During the second ses-
sion, the children completed the go/no go task while event-re-
lated fMRI data were recorded. Structural MRI data were ac-
quired after the children completed two blocks of the task.
(Diffusion tensor imaging and resting state functional con-
nectivity MRI data were also collected during the second ses-
sion; however, these data are not presented in this paper.)
While the neuroimaging data was acquired, the parents com-
pleted several questionnaires, including a demographics
questionnaire and the Child Behavior Checklist.

Measures

Go/no go task. The go/no go task (Durston, Thomas, Yang,
et al., 2002) required the children to inhibit behavioral re-
sponses by selectively responding to target stimuli and inhi-
biting responses to infrequent nontarget stimuli. For each
trial, a black single-digit number was presented in the center
of a white background for 500 ms. A variable interstimulus
interval (M ¼ 5000 ms, range ¼ 2500–7500 ms) was used
to improve the statistical efficiency with which the hemody-
namic responses for specific types of trials could be modeled
(Dale, 1999; Liu & Frank, 2004). The children were in-
structed to press a button as fast as possible for every number
(i.e., the go stimuli) except for one specific number (i.e., the
no go stimulus). To dissociate the effects of the motor re-
sponse on brain activation, half of the children in each group
used their right hand to press the button, and the other half
used their left hand to press the button. As noted above, all
of the children were right-hand dominant; thus, the children
who used their right hand to press the button were using their
dominant hand. However, the hand used to press the button

was not significantly related to accuracy, F (1, 20) ¼ 0.86,
ns, or reaction time, F (1, 20) ¼ 0.08, ns. The task consisted
of four blocks of 36 trials each: 75% go trials and 25% no go
trials in each block, for a total of 108 go trials and 36 no go
trials. A different pseudorandom order was used for each
block. Each block was preceded by a 30-s resting baseline pe-
riod (or rest), during which the children were instructed to
look at a fixation point. This rest period provided the baseline
condition for contrasts with the experimental conditions (i.e.,
the different trial types).

Presentation (Neurobehavioral Systems, Inc.) was used to
present the stimuli and record accuracy and reaction time for
each trial. The stimuli were presented with a digital projector/
reverse screen display system to a screen at the back of the
MRI scanner. The children viewed the screen via a mirror at-
tached to the coil and responded using an MRI-compatible fi-
ber-optic response box.

fMRI data acquisition and preprocessing. The neuroimaging
data were collected using a Siemens Allegra 3-tesla head-only
MRI scanner (Siemens Medical Solutions USA, Inc.). A stan-
dard birdcage coil was used to acquire data from the entire
brain. The children wore earplugs and sound-attenuating ear-
phones. Padding was used between the earphones and coil to
minimize head movement.

Each session included a 46-s autoalignment scan that
oriented subsequent acquisitions independent of the position
of the head to assure optimal coverage for each child and con-
sistency across children. A true fast imaging with steady pre-
cession, three-plane, multislice scout was run for 63 s. For the
fMRI data, an echo planar two-dimensional imaging, blood
oxygen level dependent sequence was run (repetition time ¼
2000 ms, echo time ¼ 30 ms, flip angle ¼ 808, field of view
¼ 200 mm, 32 contiguous 4-mm thick interleaved slices,
64� 64 matrix, spectral fat saturation, bandwidth ¼ 2604
Hz). Steady-state magnetization was established by running
two repetition times prior to any image acquisitions. Prospec-
tive acquisition correction for head motion was used to reduce
motion-induced artifacts during the long blocks of fMRI data
(Thesen, Heid, Mueller, & Schad, 2000). Head motion of less
than 1 mm was considered acceptable. After the second block
of the go/no go task, a modified inversion magnetization-pre-
pared rapid acquisition gradient echo (repetition time¼ 2500
ms, echo time ¼ 4.38 ms, inversion time ¼ 1100 ms, flip an-
gle ¼ 88, field of view ¼ 256 mm, 160 slices, bandwidth ¼
130 Hz) was run for 8 min to acquire T1 weighted 1 mm3 res-
olution anatomical images with optimized gray–white matter
contrast.

Neuroimaging data were converted to Neuroimaging Infor-
matics Technology Initiative data format using MRIConvert
(Robert and Beverly Lewis Center for Neuroimaging, Univer-
sity of Oregon), and brain images were separated from the rest
of the head tissue images using the Brain Extraction Tool from
the FMRIB Software Library (Beckmann et al., 2006; Smith,
2002; Smith et al., 2001). All other preprocesssing steps were
accomplished using the Statistical Parametric Mapping (SPM)
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software package (version 8; FIL Methods Group), including
realignment of the functional images, registration of each
child’s structural image to his/her functional images, normal-
ization to the standard images of the Montreal Neurological
Institute template, and smoothing with a 6-mm full-width at
half-maximum isotropic Gaussian kernel.

Data analysis

A repeated-measures analysis of variance (ANOVA) was
conducted to compare the percentage of correct responses
on the go and the no go trials between groups. Statistical anal-
yses based on general linear modeling were conducted to ex-
amine the fMRI data using SPM. At the fixed-effects level,
contrasts were computed for each participant for each trial
type (i.e., correct go trials, incorrect go trials, correct no go
trials, and incorrect no go trials) versus rest. For the go trials,
the mean number of trials included in these contrasts for each
group was as follows: 80.36 (SD ¼ 20.13) for FC children
and 90.64 (SD ¼ 23.65) for CC children for correct trials
and 5.55 (SD ¼ 4.55) for FC children and 5.09 (SD ¼
5.32) for CC children for incorrect trials. For the no go trials,
the mean number of trials included in these contrasts for each
group was as follows: 16.36 (SD¼ 7.78) for FC children and
15.91 (SD¼ 8.56) for CC children for correct trials and 12.72
(SD ¼ 6.66) for FC children and 16.00 (SD ¼ 6.90) for CC
children for incorrect trials. Due to the low number of errors
on the go trials, incorrect go trials were modeled as a condi-
tion of no interest. However, because there were a sufficient
number of errors on the no go trials, brain regions activated
during unsuccessful response inhibition were examined. The
contrast images generated for each participant were used at
the random-effects level in a repeated-measures ANOVA,
with trial type as the within-subjects factor and group as
the between-subjects factor. All analyses were conducted at
the whole-brain level, and then parameter estimates were ex-
tracted from the brain regions identified in the whole-brain
analyses to explore significant group differences. For all
whole-brain analyses, only results that exceeded a threshold
of p , .005 and 115 contiguous voxels are reported, corrected
for multiple comparisons to a false discovery rate of a , 0.05
using the Resting-State fMRI Data Analysis Toolkit alpha
simulation program (Song et al., 2011) with an intrinsic
smoothness of 12-mm full-width at half-maximum and total
number of in-brain voxels derived from the random effects
analysis.

Results

Behavioral data

The percentages of correct responses for the FC and the CC
groups were compared using a repeated-measures ANOVA,
with trial type as the within-subjects factor and group as the
between-subjects factor. As expected, the main effect of trial
type was significant, F (1, 20) ¼ 70.82, p ¼ .000, with more

correct responses on the go trials (M ¼ 94%, SD ¼ 5%) than
on the no go trials (M ¼ 51%, SD ¼ 25%). As shown in
Table 1, the overall percentages of correct responses were
comparable across groups; thus, the main effect of group
was nonsignificant, F (1, 20) ¼ 1.07, ns. The interaction be-
tween trial type and group was also not nonsignificant, F (1,
20) ¼ 1.87, ns.

fMRI data

Brain activation during successful response inhibition. To ex-
amine the brain regions activated during successful response
inhibition, activation during correct no go trials was compared
to activation during correct go trials for the whole sample. As
shown in Table 2, significantly increased activation was ob-
served in a number of regions, including the left and right in-
sula and inferior frontal gyrus, the right anterior cingulate cor-
tex (Broadmann area [BA] 24 and 32), the left and right
inferior parietal lobule (BA 40), and the left and right thala-
mus.

Table 3. Areas of significant activation for the incorrect
no go–minus–correct no go contrast for the whole sample

MNI

Area t k x y z

Bilateral occipital cortex, including
lingual gyrus, cuneus, and
precuneus 4.94 1384 29 258 25

Note: MNI, Montreal Neurological Institute; t, t statistic at the local maxima;
k, cluster size. The MNI columns show x-, y-, and z-axis stereotactic coordi-
nates of the local maxima in the MNI atlas.

Table 2. Areas of significant activation for the correct no
go–minus–correct go contrast for the whole sample

MNI

Area t k x y z

Right insula and inferior frontal
gyrus 5.35 410 39 14 28

Left insula and inferior frontal
gyrus (BA 13 and 47) 6.20 260 236 17 28

Right anterior cingulate cortex
(BA 24 and 32) 4.29 182 0 20 19

Right temporal gyrus and
inferior parietal lobule (BA
40) 5.62 598 54 243 40

Left superior temporal gyrus and
inferior parietal lobule (BA 7,
39, and 40) 4.13 251 254 249 28

Left middle temporal gyrus 5.49 124 251 234 211
Bilateral thalamus 5.25 160 23 216 22

Note: MNI, Montreal Neurological Institute; BA, Broadmann area; t, t statis-
tic at the local maxima; k, cluster size. The MNI columns show x-, y-, and z-
axis stereotactic coordinates of the local maxima in the MNI atlas.
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Brain activation during unsuccessful response inhibition. To
investigate brain regions activated during unsuccessful re-
sponse inhibition, activation during incorrect no go trials
was compared to activation during correct no go trials for
the whole sample. As shown in Table 3, significant activation
for this contrast was observed in the left and right occipital
cortex, including the lingual gyrus, cuneus, and precuneus.

Effect of group on brain activation during successful re-
sponse inhibition. To examine group differences on the pat-
tern of activation associated with successful response inhibi-
tion, the brain activity of FC and the CC groups was
compared during the correct no go trials relative to the correct
go trials. The FC group did not show greater activation in any
region than did the CC group for this contrast. However, as
shown in Table 4 and Figure 1, the CC group showed signif-
icantly greater activation than the FC group during the correct
no go trials relative to the correct go trials in the right lingual
gyrus (BA 18), the right anterior cingulate cortex extending
into the middle frontal gyrus (BA 6 and 32), and the right
and left occipital cortex, including the cuneus. To further un-
derstand this group difference, parameter estimates were ex-
tracted from the activation in the right lingual gyrus and the
right anterior cingulate cortex for the FC and the CC groups
during correct no go trials and correct go trials relative to rest
using the MarsBaR region of interest toolbox for SPM (Brett,
2011). The results, shown in Figure 2a and b, appear to be
similar for the right lingual gyrus and the right anterior cingu-
late cortex. Specifically, the group difference on activation
during the correct no go trials compared to the correct go
trials seems to be attributable to the CC group showing
greater activation than the FC group during the correct no
go trials. A post hoc t test revealed that activation in the right
lingual gyrus was greater for the CC group compared to the
FC group for correct no go trials, t (21) ¼ 2.65, p ¼ .015.
However, the group difference on activation during correct
go trials was nonsignificant, t (21) ¼ 0.16, ns. Similarly, al-
though there was not a significant group difference on activa-

Figure 2. Parameter estimates extracted from the activation in the (a) right lingual gyrus (Montreal Neurological Institute [MNI] coordinates: 18,
285, 211) and the (b) right anterior cingulate cortex (MNI coordinates: 6, 17, 43) during correct no go trials and correct go trials relative to rest
for the community comparison (CC) and foster care (FC) groups..

Figure 1. (Color online) Areas of significantly increased activation for the
community comparison group compared to the foster care group for the cor-
rect no go–minus–correct go contrast. Color bar represents t statistic (with
darker colors representing higher t statistic values) for clusters that exceeded
a threshold of p , .005 and 115 contiguous voxels, corrected for multiple
comparisons to a false discovery rate of a , 0.05.

Table 4. Areas of significantly increased activation for
the community comparison group compared to the foster
care group for the correct no go–minus–correct go
contrast

MNI

Area t k x y z

Right anterior cingulate cortex
and middle frontal gyrus (BA 6
and 32) 4.36 235 6 17 43

Right lingual gyrus (BA 18) 4.41 131 18 285 211
Left occipital cortex, including

cuneus 3.97 158 29 279 16
Right occipital cortex, including

cuneus 4.26 179 21 282 13

Note: MNI, Montreal Neurological Institute; BA, Broadmann area; t, t statis-
tic at the local maxima; k, cluster size. The MNI columns show x-, y-, and z-
axis stereotactic coordinates of the local maxima in the MNI atlas.
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tion in the right anterior cingulate cortex during correct go
trials, t (21)¼ 1.05, ns, activation in this region during correct
no go trials was greater for the CC group compared to the FC
group, t (21) ¼ 3.98, p ¼ .001. To further explore this group
difference, correlations between the parameter estimates ex-
tracted from the right lingual gyrus and the right anterior cin-
gulate cortex during correct go trials and correct no go trials
and the percentage of correct responses on the no go trials
were examined. None of these correlations reached statistical
significance, r (20) ¼ 2.06 to .12, ns.

Effect of group on brain activation during unsuccessful re-
sponse inhibition. To investigate group differences on the pat-
tern of activation associated with unsuccessful response inhibi-
tion, the brain activity of the FC and the CC groups was
compared during the incorrect no go trials relative to the correct
no go trials. The CC group did not show greater activation in
any region than did the FC group for this contrast. However,
as shown in Table 5 and Figure 3, the FC group showed signif-
icantly greater activation compared to the CC group during the

incorrect no go trials relative to the correct no go trials in the left
inferior parietal lobule (BA 2 and 40) and the right superior oc-
cipital cortex, including the lingual gyrus, cuneus, and precu-
neus (BA 18 and 31). To further understand this group differ-
ence, parameter estimates for the left inferior parietal lobule
were extracted for the FC and the CC groups during incorrect
no go trials and correct no go trials relative to rest using Mars-
BaR. As shown in Figure 4, the group difference in the inferior
parietal lobule appeared to be driven by the CC group showing
greater activation than the FC group during correct no go trials
relative to rest and by the FC group showing greater activation
than the CC group during incorrect no go trials relative to rest.
However, a post hoc t test revealed that the group difference on
activation in the left inferior parietal lobule during correct no go
trials relative to rest was nonsignificant, t (21) ¼ 1.73, ns. Ac-
tivation in this region was significantly greater for the FC group
compared to the CC group during incorrect no go trials relative
to rest, t (21) ¼ 4.17, p , .001. To further explore this group
difference, correlations between the parameter estimates ex-
tracted from the left inferior parietal lobule during correct no
go trials and incorrect no go trials and the percentage of correct
responses on the no go trials were examined. Neither of these
correlations was significant, r (20) ¼ 2.30, ns, and r (20) ¼
2.07, ns, respectively.

Discussion

In the current study, behavioral performance and brain activa-
tion during an inhibitory control task were compared for fos-
ter children and nonmaltreated children. Overall, there were
two noteworthy findings. First, the children’s behavioral per-
formance and brain activation were consistent with the results
of previous research findings using this task with adults and
children (Durston, Davidson, et al., 2006; Durston, Thomas,
Yang, et al., 2002). Second, despite the absence of group dif-
ferences on behavioral performance, the patterns of brain ac-
tivation in the foster children and the nonmaltreated children
differed during the task.

Figure 3. (Color online) Areas of significantly increased activation for the foster care group compared to the community comparison group for the
incorrect no go–minus–correct no go contrast. The color bar represents the t statistic (darker colors represent higher t statistic values) for clusters
that exceeded a threshold of p , .005 and 115 contiguous voxels, corrected for multiple comparisons to a false discovery rate of a , 0.05.

Table 5. Areas of significantly increased activation
for the foster care group compared to the community
comparison group for the incorrect no go–minus–correct
no go contrast

MNI

Area t k x y z

Left inferior parietal lobule (BA
2 and 40) 4.35 143 236 231 43

Right superior occipital cortex,
including cuneus and
precuneus (BA 18 and 31) 4.87 413 21 282 19

Right lingual gyrus (BA 18) 5.32 145 9 267 211

Note: MNI, Montreal Neurological Institute; BA, Broadmann area; t, t statis-
tic at the local maxima; k, cluster size. The MNI columns show x-, y-, and z-
axis stereotactic coordinates of the local maxima in the MNI atlas.
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As expected, the children were more accurate on the go
trials than on the no go trials. These results, which replicate
prior findings, suggest that successfully inhibiting a response
during the go/no go task continues to be a challenging task
through late childhood. The results for the patterns of brain ac-
tivation were also consistent with prior findings. The children
displayed increased activation in the bilateral inferior frontal
gyrus and the right anterior cingulate cortex during the no go
trials compared to during the go trials. As noted above, these
regions are believed to play a critical role in inhibitory control
(Botvinick et al., 2001; Casey, Trainor, et al., 1997; Durston,
Thomas, Yang, et al., 2002). Furthermore, there was a suffi-
cient number of errors on the no go trials to permit examination
of the brain activation during unsuccessful response inhibition,
which is believed to reflect processes related to error detection
and recruitment of additional control mechanisms (Braet et al.,
2009; Garavan, Ross, Kaufman, & Stein, 2003). Consistent
with the findings from previous studies examining errors dur-
ing inhibitory control tasks (Braet et al., 2009; Menon, Adle-
man, White, Glover, & Reiss, 2001; Rubia, Smith, Taylor, &
Brammer, 2007), the children demonstrated greater activation
in the bilateral lingual gyrus, cuneus, and precuneus during
the incorrect no go trials than during the correct no go trials.
Taken together, these results provide evidence that the go/no
go task elicited the expected patterns of behavioral perfor-
mance and brain activation in the current sample.

The foster children did not significantly differ from the non-
maltreated children in terms of behavioral performance. That
is, accuracy on the go trials and no go trials was comparable
across the groups. However, there were significant group differ-
ences on the children’s brain activation during the task. These
results provide further evidence that behavioral and neural ac-
tivity measures provide divergent information about group dif-
ferences. This pattern of results has been observed in previous
research with foster children and children with ADHD (Bruce
et al., 2009; Durston, Mulder, et al., 2006; Karayanidis et al.,
2000; Pliszka et al., 2006) and is believed to reflect subtle dif-
ferences in cognitive processing that behavioral measures are

not sensitive enough to detect. Such differences, though per-
haps not apparent in the children’s behavioral performance
on a laboratory task, might impact functioning in complex so-
cial and academic settings.

As predicted, the nonmaltreated children demonstrated
stronger activation compared to the foster children during cor-
rect no go trials in task-relevant brain regions such as the right
anterior cingulate cortex and the middle frontal gyrus. As noted
above, the findings from longitudinal and cross-sectional stud-
ies have shown increased activation in task-relevant brain re-
gions with age during the go/no go task (Bunge et al., 2002;
Durston, Davidson, et al., 2006; Tamm et al., 2002). For exam-
ple, Rubia et al. (2006) found that adults demonstrated greater
activation compared to adolescents in the anterior cingulate cor-
tex during correct no go trials and that there was a positive linear
correlation between this activity in the anterior cingulate cortex
and age. Thus, the increased activation in the anterior cingulate
cortex and the middle frontal gyrus among the nonmaltreated
children might represent a more developmentally mature pattern
of brain activation. However, note that the developmental litera-
ture related to brain activation during different versions of the
go/no go task is not entirely consistent. For example, Braet
et al. (2009) found that adolescents show greater activation
than adults during correct no go trials across a widely distributed
networkof frontal, parietal, and medial regions.Thus, additional
research with the general population and foster care population
is needed to more fully understand the implications of the group
difference on brain activation during correct no go trials.

During the incorrect no go trials, the foster children dis-
played stronger activation than the nonmaltreated children,
particularly in the left inferior parietal lobule. Although acti-
vation during unsuccessful response inhibition has been ex-
amined less frequently, a number of studies have found in-
creased activation in the inferior parietal lobule during
incorrect no go trials (Braet et al., 2009; Hester, Fassbender,
& Garavan, 2004; Rubia, Smith, Brammer, & Taylor, 2003;
Rubia et al., 2007). Increased activation in the parietal lobule
during unsuccessful response inhibition was negatively corre-
lated with age in a developmental study with adults and chil-
dren (Rubia et al., 2007). The researchers speculated that the
increased activation in this region might compensate for the
decreased activation in task-relevant brain regions. Thus, per-
haps the group difference on the brain activation during incor-
rect no go trials resulted from the foster children employing
alternative strategies (e.g., increased involvement of working
memory or sustained attention) to compensate for alterations
in the regions critical to inhibitory control. The foster chil-
dren’s use of alternative strategies might also explain the ab-
sence of group differences on behavioral performance on the
task and the lack of significant correlations between behav-
ioral performance and brain activation during the task.

Although the results of the current study were consistent
with the results of previous research, there were several limita-
tions. First, the sample size was small, which might have re-
duced the power to detect group differences. In addition, the
small sample size precluded examining the effects of specific

Figure 4. Parameter estimates extracted from the activation in the left inferior
parietal lobule (Montreal Neurological Institute coordinates: 236, 231, 43)
during incorrect no go trials and correct no go trials relative to rest for the
community comparison (CC) and foster care (FC) groups.
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aspects of the foster children’s maltreatment and foster care ex-
periences (e.g., type of maltreatment and number of caregiver
disruptions) on behavioral performance and brain activation
during the go/no go task. Similarly, the impact of prenatal
and perinatal experiences (e.g., birth weight and prenatal expo-
sure to drugs and alcohol) could not be explored because this
information was generally not available in the foster children’s
child welfare services records. However, neuroimaging studies
tend to have smaller sample sizes, and it is very challenging to
obtain neuroimaging data with at-risk children. Second, a num-
ber of foster children were excluded from the study owing to the
use of psychotropic medications, which are more widely used in
the foster care population than in the general population. There-
fore, the results might underestimate the differences between
foster children and nonmaltreated children. Given the potential
impact of such medications on the neural substrates of inhibi-
tory control, it was important to rule out this variable. Third, ef-
forts to equate the household income level of the nonmaltreated
families to the biological families of the foster children resulted
in a significantly lower income for the nonmaltreated families
compared to the foster families. Although this approach might
have reduced the differences between foster children and non-

maltreated children, it is important to note that household in-
come level was not significantly associated with behavioral per-
formance in the current study. Nevertheless, these limitations
emphasize the importance of replicating the results of the cur-
rent study with a larger sample, which might facilitate the exam-
ination of the differential effects of specific early adverse ex-
periences.

In summary, the results suggest that the go/no go task can be
successfully employed with foster children to assess inhibitory
control in a neuroimaging environment. Few, if any, neuro-
imaging studies have been focused on foster children, which
is not surprising given the sensitivity required to assess this vul-
nerable population. These results also provide preliminary evi-
dence that the patterns of brain activation in foster children and
nonmaltreated children during an inhibitory control task signif-
icantly differ, suggesting that the early adversity encountered
by foster children impacts the underlying neural circuitry. Fi-
nally, these results underscore the need for further research
with at-risk populations. In addition to replicating the current re-
sults, it will be critical to determine whether alterations in the
neural substrates of inhibitory control increase the risk of behav-
ior, attention, and substance-use problems in foster children.
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