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Abstract

Brain activation differences between 12 children (9- to 12-year-olds) and 12 adults (20- to 30-year-olds) were examined on two cognitive
tasks during functional magnetic resonance imaging (fMRI). Spatial selective attention was measured with the visua search for a
conjunction target (red triangle) in a field of distracters and response inhibition was measured with a go no-go task. There were small
developmental differences in the selective attention task, with children showing greater activation than adults in the anterior cingulate and
thalamus. There were large developmental differences in the response inhibition task, with children showing greater activation than adults
in a fronto-striatal network including middle cingulate, medial frontal gyrus, media aspects of bilateral superior frontal gyrus, and the
caudate nucleus on the left. Children also showed greater bilateral activation for the response inhibition task in posterior cingulate, thalamus
and the hippocampo-amygdaloid region. The extensive developmental differences on the response inhibition task are consistent with the

prolonged maturation of the fronto-striatal network.
© 2003 Elsevier Inc. All rights reserved.

Introduction
Neural basis of selective attention

Mesulam (1999) has defined selective attention as a
preferential allocation of limited processing resources to
events that have become behavioraly relevant (Mesulam,
1999). He has also proposed a neuro-cognitive model for
spatial selective attention (Mesulam, 1990). Three intercon-
nected cortical regions form the core of this network: the
superior parietal lobule, the lateral premotor cortex, and the
anterior cingulate gyrus (Gitelman et a., 1999; Kim et al.,
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1999; LaBar, et al., 1999; Mesulam et a., 2001; Nobre et
al., 1999; Nobre et al., 2000; Nobre et a., 1997). The
superior parietal lobule is involved in representing extra-
personal space. The lateral pre-motor cortex or frontal eye
fields are involved in orienting and exploratory movements,
including voluntary eye movements. The anterior cingulate
gyrus is involved in the executive aspects of attention in-
cluding response monitoring (Botvinick et al., 1999). In
support of this model, Corbetta (1998) showed that most
studies using spatial selective attention tasks produced ac-
tivation in the superior parietal lobule and lateral pre-motor
cortex during both covert and overt tasks (Corbetta, 1998).

Severa studies with adults have also examined spatial
selective attention using feature versus conjunction search
tasks. Treisman and Gelade (1980) showed that adults were
faster at detecting an object based on one feature than on a
conjunction of two features (Treisman, 1990, 1992; Treis-
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man and Gelade, 1980). They argued that feature tasks
involve automatic parallel processing, whereas conjunction
tasks are demanding on selective attention because they
involve controlled serial processing. This interpretation was
supported by their finding that the number of distracters for
the feature tasks did not influence performance because the
feature “ popped-out”, whereas reaction time increased as a
function of the number of distracters for the conjunction
task. Although there are some null findings (Leonards et al.,
2000), most studies show that conjunction search activates
the superior parietal lobule more than feature search (Cor-
betta et a., 1995; Coull and Nobre, 1998; Donner et al.,
2000). Indeed, transcranial magnetic stimulation over the
parietal lobe interferes with conjunction and not feature
search (Ashbridge et al., 1997; Walsh et al., 1999). Some
studies aso support the involvement of the lateral premotor
cortex in conjunction search (Donner et al., 2000).

Neural basis of response inhibition

Responding appropriately in atask or situation involves
not only attentiona mechanisms for targeting relevant
events but also mechanisms for inhibiting inappropriate
responses. Clearly, these processes are normally coordi-
nated. A failure to respond appropriately to a stimulus may
result either from a deficit in sustained attention (increased
distractibility) or a failure to inhibit a pre-potent response.
Barkley (1997) has developed a cognitive model of re-
sponse inhibition that involves three interrelated processes:
(2) inhibition of an initial pre-potent response, (2) stopping
of an ongoing response or delayed responding, and (3)
limiting interference or distractibility during delay periods.
Barkley's (1997) model of cognitive control is important
because it addresses both inhibition and interference. The
basal ganglia and prefrontal cortex seem to be involved in
these two cognitive components (Casey et al., 2001). Casey
et a. (2001) argue that the basal gangliaare involved in the
inhibition of inappropriate behaviors (Mink, 1996), whereas
the prefrontal region is involved in protecting representa-
tions of relevant information from interference due to com-
peting information (Miller and Cohen, 2001). The caudate
and putamen (neostriatum of basal ganglia) receive exten-
sive neural inputs from the frontal cortex and send input
back by way of the globus pallidus and then thalamus
(Alexander et al., 1986; Goldman-Rakic, 1987). This
fronto-striatal network modulates computations in the sup-
plementary motor area which plays a primary role in motor
planning, initiation and timing (Deiber et al., 1999). Both
animal and human studies suggest that the supplementary
motor areaisinvolved in internally guided processing such
as planning complex motor programs (Jenkins et al., 1994;
Mushiake et al., 1991).

Severa studies with adults have used variations of a go
no-go task to examine inhibitory processing. These tasks
contain stimuli that elicit a response interspersed with those
that necessitate an inhibition of responding. Generally, these

studies show activation in prefrontal, basa ganglia and
supplementary motor regions (Kawashima et al., 1996;
Klingberg and Roland, 1997; Konishi, 1998; Liddle et al.,
2001; Menon et a., 2001; Rubia et a., 2000b; Waldvogel,
2000). Studies using the go no-go paradigm in normal
adults suggest that the anterior cingulate is not involved
directly in response inhibition, but rather in monitoring
performance (Braver et al., 2001; Kiehl et al., 2000; Liddle
et a., 2001).

Development of attention and inhibition

Research suggests relatively small developmental differ-
ences across childhood in visual search. One way to index
the effectiveness of visual search in conjunction tasks is to
measure the slope of reaction time as a function of the
number of distracters—the steeper the slope the less effec-
tive the search. Some have reported similar slopes in young
children (1- to 3-year-olds) and adults (Gerhardstein and
Rovee-Collier, 2002), whereas others have reported signif-
icant, but relatively modest, developmental differences in
the slope of the search function between preschool children
and adults (Thompson and Massaro, 1989). Although some
studies with adults have compared visual search and go
no-go tasks (Van der Heijden and la Heij, 1983), very few
studies have directly compared developmenta differences
in performance during attention versus inhibition tasks. Tip-
per et a. (1989) reported a series of studies comparing
second graders to adults that suggested the mechanisms of
attention were relatively mature by the second grade,
whereas inhibitory mechanisms were relatively immature at
this age (Tipper et a., 1989).

In contrast to visual search, relatively large developmen-
tal differences in accuracy and reaction time have been
reported in go no-go tasks in preschool children (Levy,
1980) and in school age children (Becker et al., 1987).
Studies using stop tasks have also shown that the speed of
suppressing a response becomes faster throughout child-
hood (Williams et a., 1999). Some have interpreted the late
maturation of inhibitory processes as areflection of the slow
maturation of the prefrontal cortex (Bjorklund and Harnish-
feger, 1990; Dempster, 1992). Relatively greater changesin
the prefrontal cortex compared to other brain regions have
been reported for synaptogenesis (Huttenlocher and Dab-
holkar, 1997), gray matter reduction (Sowell et al., 1999),
mylenation increases (Giedd et a., 1999) and resting level
metabolism (Chugani et a., 1987).

Developmental neuroimaging studies

No neuroimaging studies using positron emission tomog-
raphy (PET) or functional magnetic resonance imaging
(fMRI) have examined developmental differencesin spatial
selective attention. Although other studies (see discussion)
have used stop and anti-saccade tasks to examine response
inhibition (Luna et al., 2001; Rubiaet al., 2000a), only four
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neuroimaging studies have examined developmental differ-
ences with a go no-go task. Our discussion of these studies
will focus on results regarding the prefrontal cortex and
basal ganglia.

Although they only examined the frontal cortex, Casey et
al. (1997) reported a greater number of voxels active for
children than for adults in the middle and superior frontal
gyri (Cesey et a., 1997). This study aso showed that more
activated voxels in orbitofrontal cortex was associated with
fewer commission errors, suggesting that this region may be
associated with inhibitory processing. Using a go no-go
paradigm quite similar to Casey et a. (1997), Tamm et a.
(2002) found similar developmental decreases in activation
in the left superior frontal gyrus extending into middle
frontal gyrus. However, they also reported developmental
increases in activation in the left inferior frontal gyrus
extending into orbital frontal gyrus (Tamm et a., 2002). The
discrepancy between these studies in the inferior frontal
gyrus could be accounted by the lower sensitivity of the
large regions of interest used by Casey et a. (1997). Dur-
ston et a. (2002) included a parametric manipulation in
which inhibitory demands were gradually increased by pre-
senting either 1, 3, or 5 go trials before the no-go trials
(Durston et al., 2002). They found that children showed
greater intensity of activation than adultsin bilateral inferior
frontal gyrusand right middlefrontal gyrus. The finding that
adults, but not children, showed a reliable context effect
(increasing activation as a function of number of preceding
go trids) in the inferior frontal gyrus suggests that the
children may have found all no-go trials difficult. Durston et
al. (2002) also showed that higher accuracy was correlated
with greater intensity of activation in both the left caudate
nucleus and in bilateral inferior frontal gyrus. Although
there are some inconsistent findings, these three response
inhibition studies seem to converge on the finding of greater
activation for children than for adults in the middle or
superior frontal gyri.

Bunge et al. (2002) also examined developmental differ-
ences in activation during a go no-go task (Bunge et al.,
2002). They reported greater intensity of activation for
children in medial frontal, whereas there was greater inten-
sity of activation for adults in lateral aspects of the inferior,
middle and superior frontal gyri. Although the brain behav-
ior correlation was not specific to the basal ganglia, Bunge
et al. (2002) aso reported that, for the children, greater
intensity of activation in the globus pallidus was associated
with better performance on the no-go task.

Severa important differences may account for the dis-
crepancy between these studies. First, the event-related de-
sign in Bunge et al. (2002) and Durston et al. (2002) may
not have establish a pre-potent response because the sub-
jects could not plan a response until the stimulus appeared,
whereas the block design in Casey et a. (1997) and Tamm
et al. (2002) established a strongly pre-potent response in
the go blocks. Second, the event-related design in Bunge et
a. (2002) and Durston et a. (2002) allowed them to only

examine correct responses, so errors were not included in
the group comparisons as in Casey et al. (1997) and Tamm
et al. (2002). Third, the event-related design in Bunge et al.
(2002) and Durston et al. (2002) may be less sensitive than
the block design in Casey et a. (1997) and Tamm et al.
(2002) in detecting group differences. Block designs have
greater detection power than event-related designs (Bandet-
tini and Cox, 2000; Liu et al., 2001), plus they alow for
distributed sampling over the peri-stimulus time (Price et
al., 1999). Because we wanted to maximize our detection
power, we used a block design that established a strongly
pre-potent response in go blocks that then had to be inhib-
ited in no-go blocks.

Current study

The goa of this project was to use fMRI to examine the
neural development of both spatial selective attention and
response inhibition in healthy children and adults. We de-
cided to examine brain activation in 9- to 12-year-old chil-
dren because the behavioral literature suggested that at this
age, selective attention mechanisms are relatively mature,
but response inhibition mechanisms are still immature. The
neural substrate of selective attention was evaluated using
conjunction visual search tasks, whereas response inhibition
was evaluated using go no-go tasks. Both tasks were struc-
tured in exactly the same way except that the visual search
task required a yes or no response, whereas the no-go task
required the inhibition or execution of a response (target
present vs absent for both tasks). Based on the developmen-
tal research described above, we expected to see relatively
smaller age-related differences for spatial selective attention
than for response inhibition. Specifically, we expected to
find fewer voxels in our regions of interest that exhibited
significant differences between children and adults in the
magnitude of activation. Our regions of interest were based
on neuro-cognitive models of selective attention (Mesulam,
1990) and responseinhibition (Casey et a., 2001) aswell on
the most typically activated regions reported in the neuro-
imaging studies reviewed above. These regions included the
superior parietal lobule and lateral premotor for the visual
search task and the basal ganglia and prefrontal cortex for
the response inhibition task.

Materials and methods
Participants

Twelve hedlthy adults (M = 25.1; range = 20.6-30.9
years) and twelve healthy children (M = 10.9; range =
9.3-11.7 years) participated in the fMRI study. There were
5 malesand 7 females in the adult age group and there were
7 malesand 5 femalesin the child age group. Statistical tests
of the behavioral performance and brain activation reveal ed
no significant differences between the males and femalesin
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Fig. 1. An example of atrial in the selective attention and response inhibition
task in which the target (red triangle) isin afield of eight distracters.

either group; therefore, the results from both genders were
pooled for analysis. Adults were undergraduate or graduate
students at Northwestern University and children were re-

Fig. 5. Significantly greater activation (green) for children than for adults
in the selective attention blocks with nine stimuli compared to the go
blocks of the response inhibition task with nine stimuli. Perspectives were
chosen to revea the greatest extent of activation and regions with the
greatest number of significant voxels (>15 voxels) were labeled. Children
showed significantly more activation in anterior cingulate (AC) and thal-
amus (TH).

cruited from the Evanston, Illinois community. Adults and
the parents of children were given an interview to insure
that they met the following inclusionary criteria: (1) native
English speakers, (2) normal hearing and normal or corrected-
to-normal vision, (3) free of neurological diseases or psy-
chiatric disorders, (4) not taking medication affecting the
central nervous system, (5) no history of intelligence, read-

Fig. 2. Significantly greater activation for the selective attention blocks with nine stimuli compared to the blocks with one stimulus. Red indicates activation
for the adults, green indicates activation for the children and purple indicates overlap of activation for the adults and children. Perspectives were chosen to
reveal the greatest extent of activation and regions with the greatest number of significant voxels (>30 voxels) were labeled. Both adults and children showed
clusters of activation in lingual to fusiform gyrus (LG/FG), middle frontal gyrus (MFG), parahippocampus (PH), precuneus (PreC), superior parietal lobule
(SPL) and thalamus (TH). Children showed activation in the anterior cingulate (AC), inferior frontal gyrus (IFG), and precentral gyrus (PCG). See Fig. 5

for significant differences between the adults and children.
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Fig. 3. Significantly greater activation the no-go blocks compared to the go blocks of the response inhibition task. Red indicates activation for the adults, green
indicates activation for the children and purple indicates overlap of activation for the adults and children. Perspectives were chosen to reveal the greatest extent
of activation and regions with the greatest number of significant voxels (>30 voxels) were labeled. Both adults and children showed clusters of activation
in inferior frontal gyrus (IFG), insula (INS), lingua and fusiform gyrus (LG/FG), middle frontal gyrus (MFG), precentral gyrus (PCG), medial aspects of
superior frontal gyrus (SFG) and superior parietal lobule (SPL). Adults showed activation in angular/supramarginal gyrus (A/SG), anterior cingulate (AC),
and precuneus (PreC). Children showed activation in amygdaa (AMG), caudate body (CB), parahippocampus (PH) posterior cingulate (PC), and medial
aspects of superior frontal gyrus (SFG). See Fig. 4 for significant differences between the adults and children.

ing, or oral-language deficits, and (6) no learning disability Functional activation tasks

or attention deficit hyperactivity disorder (ADHD). Learn-

ing disability and ADHD was assessed by self-report from Both the selective attention and response inhibition task
the adult or the parent of the child. involved red triangle targets that were presented on 50% of

Fig. 4. Significantly greater activation (green) for children than for adults in the no-go compared to the go blocks of the response inhibition task. Perspectives
were chosen to reveal the greatest extent of activation and regions with the greatest number of significant voxels (>30 voxels) were labeled. Children showed
significantly more activation than adults in amygdala (AMG), caudate body and head (CB/H), insula (INS), middle cingulate (MC), medial frontal gyrus
(MFG), posterior cingulate (PC), media aspects of superior frontal gyrus (SFG), and thaamus (TH).
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the trials. The non-target stimuli (distracters) were blue
triangles and red trapezoids; therefore, the red triangle target
shared either its shape or its color with each of the distract-
ers. Each stimulus was displayed for 1400 ms followed by
an interval (blank screen) that was either 450, 600, or 750
ms. The average inter-stimulus interval was 2000 ms. A
variable interval was used to limit the participants’ ability to
pace during the task. Participants were encouraged to re-
spond as quickly as possible. Both tasks consisted of 12
blocks and each block consisted of 18 trials plus a one-word
instruction screen presented for 3 sec at the beginning of
each block. The selective attention task was always admin-
istered before the response inhibition task.

Selective attention task

For the selective attention task, blocks with one and nine
stimuli were alternated (6 blocks of each). In the blocks with
one stimulus, only one shape was presented at a time and
each distracter (a blue triangle or red trapezoid) was pre-
sented on 25% of the trials. The display was pseudo-ran-
domized to prevent more than three of the same distracters
or targets from appearing in consecutive trias. In the blocks
with nine stimuli, nine shapes were presented ina 3 X 3
matrix including 4 of each distracter (blue triangles and red
trapezoids) plus either atarget or another distracter. See Fig.
1 for an example of one tria in the nine stimuli condition.
The targets were counterbalanced to ensure that each of the
nine positions had an equal number of distracters. In order
to prevent large regions with similar stimuli, the distracters
were also positioned so that there were no more than 3 of
the same distracter adjacent on a side. For blocks with one
and nine stimuli, the participant pressed his or her index
finger if the target was present and the middle finger if the
target was absent. An instruction screen was presented for 3
sec at the beginning of each block and displayed “One” for
the blocks with one stimulus and “Many” for the blocks
with nine stimuli.

Response inhibition task

For the response inhibition task, go and no-go blocks
were aternated (6 blocks of each). In both blocks, trials
consisted of nine stimuli. In the go blocks, the participants
pressed their index finger as soon as the shapes appeared on
the screen, regardless of whether or not atarget was present.
In the no-go blocks, the participants pressed their index
finger as quickly as possible once stimuli appeared, with-
holding their finger press only if the target was present. An
instruction screen was presented for 3 sec at the beginning
of each block and displayed “Go” for the go blocks and
“Stop” for the no-go blocks.

The no-go blocks forced the participants to inhibit the
pre-potent response trained during the go blocks. We chose
to use a stimulus-controlled task (same number of trials in
the go and no-go blocks) rather than a response-controlled
task (same number of motor responses in the go and no-go
blocks) because previous research has shown that stimulus-

controlled tasks more robustly activate the basal gangliain
children, and therefore, these may be more sensitive to
response inhibition (Vaidya et al., 1998).

Experimental procedure

After informed consent was obtained, participants were
administered the interview (see above) and the practice
session (see below). Within three days, the participant was
administered the fMRI session. The Ingtitutional Review
Board at Northwestern University and Evanston Northwest-
ern Healthcare Research I nstitute approved the consent pro-
cedures.

MRI practice session

The participant was acclimated to the scanner environ-
ment in a simulator (Rosenberg et al., 1997). From the
tube-like structure, the participant was able to view a com-
puter monitor about 40 cm directly above. The participant
put on headphones and grasped a button box in higher right
hand. The experimenter played digitized sounds to famil-
iarize the participant with the loud banging noise made by
the MRI machine. After the participant seemed comfortable
with the loud sounds in the simulator, the participant prac-
ticed a full-length version of each experimenta task. (See
Table 2 for error rates and reaction time during the practice
session.)

MRI data acquisition

After screening, the participant was asked to lie down on
the scanner bed. The head position was secured with a
specially designed vacuum pillow (Bionix, Toledo, OH,
USA). An optica response box (Lightwave Medical,
Burnaby, Canada) was placed in the participant’ s right hand
and a squish ball was placed in the left hand. The squish ball
was used to signal the operator to terminate the scan if the
participant felt that this was necessary for any reason. The
head coil was positioned over the participant’s head and a
goggle system for the visua presentation of stimuli
(Avotec, Jensen Beach, FL, USA) was secured to the head
coil. Each imaging session took less than one hour.

All images were acquired using a 1.5 Tesla General
Electric scanner. Gradient echo localizer images were ac-
quired to determine the placement of the functional slices.
For the functional imaging studies, a susceptibility weighted
single-shot EPI (echo planar imaging) method with BOLD
(blood oxygenation level-dependent) was used. The follow-
ing scan parameters were used: TE = 40 ms, flip angle =
90°, matrix size = 64 X 64, field of view = 22 cm, dlice
thickness = 4 mm (no gap), humber of slices = 32. These
scanning parameters resulted in a 3.437 X 3.437 X 4 mm
voxel size. The acquisition of a volume (32 dices) of data
was repeated every 3 sec (TR = 3000 ms) for atotal of 7.8
minutes per run. This amounted to 156 images obtained per
slice each for the selective attention task and for the re-
sponse inhibition task.
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Means (and ranges) in millimeters for adult and child movement in the
X, Y and Z directions for the selective attention blocks with nine stimuli
(Nine) and with one stimulus (One) and for the no-go and go response
inhibition blocks with nine stimuli

X Y z
ADULT

Attention Nine  0.11(0.03-0.28)  0.21 (0.05-0.53)  0.36 (0.11-0.87)
Attention One  0.12(0.03-0.31) 0.22(0.06-0.63) 0.41(0.12-0.97)
No-Go Nine  0.15(0.04-0.37) 0.25(0.07-0.55) 0.49 (0.09-1.33)
Go Nine 0.18(0.05-0.37) 0.25(0.07-0.48)  0.51 (0.10-1.51)
CHILD

Attention Nine  0.10 (0.05-0.20)  0.23 (0.10-0.63)  0.29 (0.08-0.59)
Attention One  0.10 (0.03-0.25)  0.23(0.12-0.69)  0.30 (0.11-0.84)
No-Go Nine  0.10(0.03-0.24) 0.33(0.16-0.83) 0.49 (0.07-1.17)
Go Nine 0.11(0.04-0.28) 0.33(0.15-0.86) 0.53 (0.08-1.85)

At the end of the functional imaging session, a high
resolution, T1 weighted 3D image was acquired (SPGR, TR
= 21 ms, TE = 8 ms, flip angle = 20°, matrix size = 256
X 256, field of view = 22 cm, dlice thickness = 1 mm).
These scanning parameters resulted in a.86 X .86 X 1 mm
voxel size. The acquisition of the anatomical scan took 8.6
minutes. The orientation of this 3D volume was identical to
the functional slices.

Image data analysis

Most of the analysis of the data was performed using
SPM-99 (Friston et a., 1995a; Friston et al., 1995b; Friston
et a., 1994). Personalized software with modules in AVS
(Advanced Visual Systems, Waltham, MA, USA) was used
for visualization.

The functional images were realigned (3D) to the last
functional volume in the scanning session using affine trans-
formations. No individua runs had more than 2.0 mm
movement (less than 1/2 the voxel size) from the beginning
to the end of the run in the x-plane, y-plane, or z-plane (see
Table 1 for estimates of movement). No subjects were
excluded due to excess movement. The small amount of
movement confirmed that the vacuum pillow satisfactorily
kept the heads of our participants still. All statistical anal-
yses were conducted on these movement-corrected images.

Realigned images were segmented (gray matter, white
matter, cerebrospinal fluid and scalp), and the gray-white
matter information was used to co-register the structural and
functional images. The co-registered images were normal-
ized to the Montreal Neurological Institute (MNI) stereo-
taxic template (12 linear affine parametersfor brain size and
position, 8 non-linear iterations and 2 X 2 X 2 nonlinear
basis functions for subtle morphological differences). The
MNI template is similar to the Talairach and Tournoux
(1998) stereotaxic atlas (Talairach and Tournoux, 1988) and
there are algorithms to convert between coordinate spaces
(Calder et a., 2001; Duncan et al., 2000). Considering the
age of our participants and our voxel size, it isreasonable to
normalize al participants into the standard MNI template

(Burgund et a., 2002; Kang et al., 2003; Muzik et a., 2000;
Wilke et a., 2002).

Statistical analyses were calculated on the smoothed data
(7 mm isotropic Gaussian kernel) using a delayed boxcar
design with a 6 sec delay from onset of block in order to
account for the lag in hemodynamic response. Preprocess-
ing of the data also included the use of a high pass filter
equal to 2 cycles of the experimental and control conditions
(156 sec) in order to remove signal drift, cardiac and respi-
ratory effects, and other low frequency artifacts.

Random effect statistics allowed generalization to the
population and required afirst and second level of analysis.
In the first level analysis, we calculated parameter estimate
images for individual subjects across the entire brain. For
each individual, we calculated 3 contrasts: selective atten-
tion blocks with nine stimuli minus selective attention
blocks with one stimulus, response inhibition no-go blocks
with nine stimuli minus go blocks with nine stimuli, and
selective attention blocks with nine stimuli minus go blocks
with nine stimuli. Using the go blocks as the baseline for
both the selective attention and response inhibition para-
digms meant that the experimental and control blocks were
equated in terms of visua information. However, because
we were interested in the interaction between group (chil-
dren and adults) and block, the comparison of blocks with
nine stimuli to those with one stimulus is valid.

In the second level analysis, the parameter estimate im-
ages for each contrast were entered into statistical analyses.
One and two-sample Z-tests were used for comparisons. All
reported areas of activation are significant using p < .001
uncorrected at the voxel level and contain a cluster size
greater than or equal to 10 voxels.

Results
Behavioral performance

Table 2 presents error rates and reaction times on the
selective attention task and the response inhibition task. In
order to examine developmental differences on the selective
attention task, we calculated a 2 age (adults, children) X 2
session (practice, test) X 2 block (nine, one) ANOVA
separately on error rates and reaction times. This analysis
showed that children had more errors, F(1, 95) = 22.12, p
< .001, and slower reaction times, F(1, 95) = 52.40, p <
.001, compared to adults. This analysis aso showed that the
blocks with nine stimuli had slower reaction times than the
blocks with one stimulus, F(1, 95) = 79.58, p < .001.

In order to examine developmenta differences on the
response inhibition task, we calculated a 2 age (adults,
children) X 2 session (practice, test) X 2 block (no-go, go)
ANOVA separately on error rates and reaction times. Error
rates for the go blocks include only omissions (misses)
because participants were supposed to press the button for
every stimulus, whereas error rates for the no-go blocks
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Table 2

Means (M) and standard errors (SE) for error rates (%) and reaction time (RT in ms) for the practice and fMRI sessions for the selective attention
blocks with nine stimuli (Nine) and with one stimulus (One) and for the no-go and go response inhibition blocks with nine stimuli

Practice FMRI

Error rates RT Error rates RT

M SE M SE M SE M SE
ADULT
Attention Nine 29 0.6 700 41 19 0.5 713 35
Attention One 2.2 0.5 497 26 2.7 0.7 528 23
No-Go Nine 29 0.6 679 34 2.8 0.7 681 34
Go Nine 11 04 315 14 2.3 10 356 18
CHILD
Attention Nine 8.6 17 891 32 5.7 13 853 39
Attention One 4.8 14 666 30 4.6 0.8 673 34
No-Go Nine 5.8 12 835 38 6.4 1.1 813 32
Go Nine 51 13 509 45 29 1.0 492 49

include omissions as well as commissions (false aarms)
because participants were asked to withhold a response
when the target was present. This analysis showed that
children had more errors, F(1, 95) = 18.16, p < .001, and
slower reaction times, F(1, 95) = 43.47, p < .001, com-
pared to adults. This analysis aso showed that the no-go
blocks had more errors, F(1, 95) = 6.39, p < .05, and
slower reaction times, F(1, 95) = 204.23, p < .001, com-
pared to the go blocks. We calculated an additiona 2 age
(adults, children) X 2 session (practice, test) ANOVA to
examine developmenta differences in commissions. Block
could not be used as an independent variablein this analysis
because commissions were not possible in the go blocks.
This analysis revealed that children (M = 5.3; SE = 0.9)
showed significantly more commissions than adults (M =
2.6; SE = 0.6), F(1, 47) = 18.89, p < .001.

The lack of significant main effects or interactions in-
volving session (ps > .15) for the selective attention and
response inhibition tasks indicates that the environment of
the scanner did not negatively affect performance for either
group. There were also no significant interactions between
age and block for the selective attention or response inhi-
bition task (ps > .40, except for errors on the selective
attention task, t = 2.93, p = .09). This indicates that any
age-by-block differencesin patterns of brain activation may
not be associated with performance differences because,
like the behavioral analyses, our fMRI analysis examined
developmental differences in the nine versus one blocks for
selective attention and in the no-go versus go blocks for
response inhibition. We also calculated a 2 age (adults,
children) X 2 session (practice, test) X 2 block (no-go, go
or nine, one) X 2 task (selective attention, response inhibi-
tion) ANOVA. This analysis revealed no significant age-
by-task interactions or age-by-block-by-task interactions for
either error rates or reaction times. This indicates different
age-related patterns in activation for the selective attention
and response inhibition tasks may not be accounted for by
performance differences.

Comparison of accuracy and reaction time across blocks

or tasks is difficult to interpret because the nature of the
measures in these comparisons differ. For example, because
children made more errors than adults and the types of
errors in the selective attention task (omissions and com-
missions) were not precisely of the same nature asthe errors
in the response inhibition task (only omissions for the go
blocks, both omissions and commissions for the no-go
blocks), a lack of interaction does not preclude the possi-
bility that age-related differencesin brain activation are due
to the differences in the type of error produced more fre-
quently by children in a particular block type. Similarly,
comparing reaction time across the selective attention task
and the response inhibition task is not ideal because we do
not have a measure of the amount of time required for
response inhibition in the no-go blocks. Reaction time for
the no-go blocks instead reflects the amount of time re-
quired to determine that the target is absent before making
a response.

Brain activation for selective attention

Table 3 and Fig. 2 identify regions with significantly
greater activation in the selective attention blocks with nine
stimuli compared to the blocks with one stimulus, sepa-
rately for the adults and for the children. In general, the
patterns of activation for the adults and children were quite
similar. Both groups exhibited a large amount of bilateral
activation in precuneus, superior parietal lobule, lingual
gyrus, and fusiform gyrus. Both groups aso showed bilat-
eral activation in parahippocampal areas and greater activa-
tion in right than in left thalamus. Both groups also exhib-
ited activation in middle frontal gyrus, but this activation
was confined to the right hemisphere for children. Both
groups aso showed activation in the inferior frontal gyrus,
but this activation was bilateral for children and confined to
the right hemisphere for adults. The major developmental
difference between these activation maps was that only the
children showed areas of reliable activation in the left and
right anterior cingulate. However, the data presented in Fig.
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Table 3

Significantly greater activation in the selective attention blocks with nine stimuli compared to the blocks with one stimulus. Results are presented

separately for the adults and children

Group Location Significance Coordinate
Area BA z-test voxels X Y z
ADULT Superior parietal lobule precuneus 7119 5.43 399 30 —66 39
7/19 5.67 346 —24 —72 33
Lingual/fusiform gyrus 18/19/37 5.33 1781 -30 —54 -18
Middle frontal gyrus 6 4.68 72 33 3 45
46 461 24 54 33 15
6 412 29 =27 3 48
Inferior frontal gyrus 44 381 26 48 12 21
Thalamus * 5.46 108 18 -3 3
* 4,01 34 —15 —-15 12
Parahippocampus 35 3.61 11 24 -27 -9
27 435 43 —24 —-33 -6
Media frontal gyrus 6 3.99 11 6 33 36
Subcallosal gyrus 25 3.86 22 21 18 -9
Cerebellum * 3.96 18 -3 —-30 -9
* 4.96 25 -9 -30 -30
CHILD Superior parietal lobule/precuneus 7/19 5.36 1861 27 -57 48
Lingual/fusiform 18/37
Middle frontal gyrus 6 414 64 27 0 45
Inferior frontal gyrus 47 3.92 32 30 27 -3
47 3.96 30 —-30 24 —18
Thalamus/parahi ppocampus *[27 531 200 24 -30 -3
*[27 5.13 102 -21 —-30 0
Precentral gyrus 6 4.28 38 —-33 —18 30
Anterior cingulate 32 4.68 26 9 21 36
32 4.52 39 12 33 21
32 4.38 16 —18 9 36
32 394 25 -12 30 15
Posterior cingulate 31 4.25 20 24 —60 15
Media globus pallidus * 3.68 19 12 -6 -3

Note. BA: Brodmann's area of peak activation as determined by z-test (p<<.001 uncorrected at the voxel level). Voxels: number of voxels in cluster
including this peak, only clusters 10 or greater are presented. Coordinates: —X left hemisphere, +X right hemisphere, —Y behind anterior commisure, +Y
in front of anterior commisure, —Z below anterior-posterior commisure plane, +Z above anterior-posterior commisure plane. Regions activated in both
groups (adults and children) are listed first. Some of the regions contained multiple clusters—right hemisphere clusters are always listed first.

2 and Table 3 does not involve a direct statistical compar-
ison between adults and children. A direct statistical com-
parison of the selective attention task (nine vs one stimuli)
revealed no significant developmenta differences in any
region. Statistical comparisons are necessary to determine
reliable differences between the groups. Adults may show
activation in an area because it is just over threshold,
whereas children may show no activation in this area be-
cause it is just under threshold. In this case, a direct statis-
tical test would yield no significant group differences.

Brain activation for response inhibition

Table 4 and Figure 3 present significantly greater acti-
vation in the no-go blocks compared to the go blocks of the
response inhibition task, separately for the adults and for the
children. The patterns of activation for the adults and chil-
dren showed some similarities. Both groups showed bilat-
eral activation in the lingual and fusiform gyrus. Both also
showed bilateral activation in the superior parietal lobule,

although this activation was larger for the adults and ex-
tended into bilateral precuneus and into the inferior portion
of the parietal lobe including the supramarginal and angular
gyrus. Both groups also exhibited activation in the middle
frontal gyrus, but this activation was confined to one region
in the right hemisphere for the children, whereas adults
showed several areas of activation in the right hemisphere
and one region in the left. Both groups also showed activa-
tionintheinferior frontal gyrus/insula and precentral gyrus,
but this activation was bilateral for the children and con-
fined to one hemisphere for the adults.

The data presented in Fig. 3 and Table 4 aso suggested
severa developmental differences on the response inhibi-
tion task. The adults showed large clusters of activation in
bilateral anterior cingulate. Both adults and children showed
activation in the medial aspects of the superior frontal gyrus,
but the adults only showed one cluster whereas the children
showed two clusters. Children also showed activation in left
caudate body, bilateral posterior cingulate, and bilateral
hippocampo-amygdaloid region. However, a direct statisti-
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Table 4

Significantly greater activation in the no-go blocks compared to the go blocks of the response inhibition task. Results are presented separately for the

adults and children

Group Location Significance Coordinate
Area BA z-test voxels X Y Z
ADULT Superior parietal lobule/precuneus 7119 4.95 648 30 —63 36
Angular/supramarginal gyrus 39/40
7119 4.55 633 -30 -51 48
39/40
Middle frontal gyrus 6 4.47 151 39 3 45
10 3.90 21 39 42 15
10 3.82 11 33 60 15
6 414 30 —24 3 48
Inferior frontal gyrus 45 4.62 116 48 15 21
Insula 13 4.85 7 30 27 0
Precentral gyrus 6 3.85 66 —48 6 24
Posterior cingulate 23 3.97 11 9 -27 24
Lingual/fusiform gyrus 18/19/37 524 815 -39 -81 3
Anterior cingulate/superior frontal gyrus 32/8 4.56 173 9 30 33
Red nucleus * 4.06 23 6 —24 -12
CHILD Superior parietal lobule 7 3.73 45 30 —54 57
7 3.85 64 33 -33 36
7 4.20 104 -30 —45 57
Middle frontal gyrus 6 3.90 7 27 0 42
Inferior frontal gyrus/insula 44/13 4.60 40 42 24 15
Inferior frontal gyrus 47 3.68 49 -30 27 -12
Insula 13 3.76 22 —42 -30 0
Precentral gyrus 6 3.79 51 48 -3 27
6 4.14 106 —42 0 33
Posterior cingulate 31 3.70 10 —-24 -78 12
Superior frontal gyrus 8 3.83 89 3 18 54
10 5.02 106 15 57 21
Caudate body * 421 212 -12 -3 18
Parahi ppocampus/posterior 35/27/29 5.34 2296 -30 —-24 -9
Cingulate/lingual /fusiform gyrus 18/19/37
Amygdala * 4.50 14 45 -12 —-18
Amygdala * 357 40 -21 -3 —-18

Note. See Table 3 note.

cal comparison between adults and children is necessary to
determine whether any of these potential developmental
differences were reliable. This analysis revealed that chil-
dren exhibited significantly more activation than adults in
medial aspects of the bilateral superior frontal gyrus, left
caudate head and body, bilateral posterior cingulate, and
bilateral hippocampo-amygdaloid region. Children aso
showed significantly greater activation than adults in bilat-
eral regions of the middle cingulate, insula, medial frontal
gyrus, and thalamus. Fig. 4 and Table 5 (top) identify
regions with significantly greater activation for children
than for adults in the no-go vs go blocks of the response
inhibition task. Adults did not show significantly greater
activation than children in any brain region in this compar-
ison.

Re-examination of selective attention

To further examine developmental differences in selec-
tive attention, we compared the selective attention blocks

with nine stimuli to the go blocks of the response inhibition
task with nine stimuli. The rationale for this was that both
blocks would be equated for stimulus characteristics, and
therefore, this contrast may be more sensitive to develop-
mental differences in selective attention. Fig. 5 and Table 5
(bottom) identify regions with significantly greater activa-
tion for children than for adults on this contrast. Although
the clusters were small, this analysis revealed significantly
greater activation for children than for adults in left thala-
mus and right anterior cingulate. Adults did not show sig-
nificantly greater activation than children in any brain re-
gion in this comparison.

Discussion
Selective attention

Both the adults and children showed activation during
our spatial selective attention task in a neuro-cognitive net-
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Table 5

Significantly greater activation for children than for adults in the no-go compared to the go blocks of the response inhibition task (INH) and significantly
greater activation for children than for adults in the selective attention blocks with nine stimuli compared to the go blocks of the response inhibition task

with nine stimuli (ATT)

Group Location Significance Coordinate
Area BA z-test voxels X Y z
INH Superior frontal gyrus 9 3.89 12 21 39 39
9 421 115 3 54 30
Media frontal gyrus 10 512 152 3 60 0
Insula 13 4.03 10 45 0 12
Insula/superior tempora gyrus 13/22 3.70 52 —42 -30 15
Caudate head/body * 4.35 67 -12 15 18
Middle cingulate 24 3.90 62 6 -9 36
Posterior cingulate/thalamus 29 5.35 405 -6 —42 9
Amygdal a/hi ppocampus * 5.01 92 24 -3 -15
Amygdal a/hi ppocampus * 414 46 -27 -9 -21
Substania nigra * 4.00 12 12 -27 -9
Pons * 412 13 -3 —24 -21
ATT Anterior cingulate 32 4.06 17 6 42 12
Thalamus * 3.80 17 -12 =27 12

Note. See Table 3 note.

work involving the thalamus, the superior parietal lobule
and the middle frontal gyrus (premotor cortex). Our results
are generaly consistent with past neuroimaging studies in
adults that have examined spatial selective attention (Gitel-
man et a., 1999; Kim et al., 1999; LaBar et a., 1999;
Mesulam et al., 2001; Nobre et al., 1999; Nobre et a ., 2000;
Nobre et a., 1997) and conjunction search in particular
(Corbettaet a., 1995; Coull and Nobre, 1998; Donner et al.,
2000). Because the analysis of our selective attention task
within age groups involved a comparison between blocks
with nine stimuli and blocks with one stimulus, the differ-
ences reflect acombination of selective attention, eye move-
ment and sensory effects. However, we were primarily
interested in testing whether there were developmental dif-
ferences in the selective attention task.

Our study reveaed relatively small developmental dif-
ferences on the selective attention task and none of these
differences were in our apriori regions of interest (superior
parietal lobule and latera premotor cortex). Children
showed significantly greater intensity of activation than
adults in a small number of voxels in only two regions:
anterior cingulate (17 voxels) and thalamus (17 voxels).
These developmental differences only emerged when com-
paring the selective attention blocks with nine stimuli to the
go blockswith nine stimuli. Note that the go blocks required
minimal involvement of attentional resources since a quick
response was required at stimulus onset regardliess of stim-
ulus configuration; thus, using go blocks as a baseline
should provide maximal sensitivity for demonstrating atten-
tional effects. No significant group differences between the
adults and children were found when comparing the selec-
tive attention blocks with nine stimuli to the selective at-
tention blocks with one stimulus. Although there were sev-
eral significant developmental differences for the response
inhibition task in the frontal lobe (see below), these areas

tended to be in prefrontal regions that have a delayed mat-
urational course (Chugani et al., 1987; Giedd et al., 1999;
Huttenlocher and Dabholkar, 1997; Sowell et al., 1999).
The lack of a significant developmental difference in the
lateral premotor cortex (frontal eye fields) for the selective
attention task is not necessarily inconsistent with the find-
ings for response inhibition because in addition to itsrole in
selective attention, the frontal eye fields is a motor control
region which shows earlier maturational time tables than
anterior prefrontal regions (Sowell et al., 1999).

Our developmenta results are consistent with previous
ERP studies that have found age-related decreases across
childhood in the amplitude of the P2 component and latency
of the P3 component during search tasks (Taylor and Khan,
2000; Taylor et a., 1999; Taylor et al., 1997). Although the
spatial resolution of ERP studies is limited, these studies
show that developmental differences are not specific to
conjunction visual search. Similar age-related differences
are found on tasks that require the search of asingle feature.
In other words, there appears to be no interaction between
the type of search (conjunction and feature) and the devel-
opmental period examined in these ERP studies. The lack of
specificity of these ERP results is consistent with our dem-
onstration of little or no developmental difference between
children and adults when comparing the harder blocks in-
volving conjunction search in a field of eight distracters to
the easier blocks.

The small developmental differences in brain activation
for our selective attention task is also consistent with pre-
vious behavioral performance studies which have shown
relatively rapid maturation on visual search tasks in early
childhood (Gerhardstein and Rovee-Collier, 2002; Thomp-
son and Massaro, 1989). Although our study had only two
distracter conditions (one versus nine stimuli), our behav-
ioral performance analyses showed that there was no age-
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related difference in the slope function of visual search as
evidenced by the lack of a significant interaction between
age and number of distracters. The lack of large age differ-
ences for brain activation on our selective attention task
may be attributed to the relatively small differences in the
neural network involved in simple search tasks during de-
velopment from the middle childhood to adult age period.

Response inhibition

The response inhibition task also required visua search
in order to detect the presence or absence of atarget in a
field of distracters, so not surprisingly the no-go task pro-
duced activation in the selective attention network. Both the
adults and children showed activation in bilateral superior
parietal lobule and in predominantly right middle frontal
gyrus. Because the analysis of our response inhibition task
within age groups involved a comparison between go blocks
with a motor response to every trial and no-go blocks with
a response to only half of the trials, any differences reflect
a combination of motor and response inhibition effects.
However, we were primarily interested in developmental
differences during the go no-go task in brain regions impli-
cated in response inhibition. We will first consider age-
related changes in our regions of interest that included
medial frontal regions and the basal ganglia.

Our response inhibition task produced extensive devel-
opmental differences with children showing significantly
greater intensity of activation than adults in frontal lobe
regionsincluding bilateral medial frontal gyrus (152 voxels)
and medial aspects of bilateral superior frontal gyrus (127
voxels). These large developmental differences for our re-
sponse inhibition task are consistent with research that has
shown age-related differencesin accuracy and reaction time
on go no-go tasks across childhood (Becker et a., 1987;
Levy, 1980). These prominent developmental differences
could reflect slower maturational processesin the prefrontal
cortex (Chugani et a., 1987; Giedd et a., 1999; Hutten-
locher and Dabholkar, 1997; Sowell et a., 1999). Some
have argued that prefrontal regions are involved in protect-
ing representations of relevant information from interfer-
ence due to competing information (Casey et a., 2001).
Immature prefrontal networks in the children in our study
may have resulted in more activation because of the in-
creased effort in maintaining a no-go response to a red
triangle in the face of interference from earlier conditioning
to pre-potently respond to this stimulus.

Our demonstration of developmental differences in acti-
vation in the frontal cortex is consistent with studies which
have shown that younger subjects exhibited greater activa-
tion than older subjects in the middle and superior frontal
gyrus during a go no-go task (Casey et al., 1997; Tamm et
a., 2002). However, Casey et a. (1997) reported results in
five regions of interest including the anterior cingulate,
inferior frontal, middle frontal, orbital frontal, and superior
frontal. Activation maps or stereotaxic coordinates were not

provided, so it is not clear from the report whether activa-
tion was medial or lateral within these regions. Because of
this, it is difficult to directly compare our results of devel-
opmental differences in medial frontal regions with their
results.

Our frontal cortex results are somewhat inconsistent with
the results of Rubia et al. (2000b) who reported develop-
mental differences during a stop task (Rubia et a., 2000a).
The stop task requires the retraction of a response that has
already been triggered by a go signal. Thisis different than
our go no-go tasks, which involved the creation of a pre-
potent response in the go blocks and the inhibition of that
pre-potent response in the no-go blocks. Rubia et al.
(2000b) reported age-related increases in activation in lat-
eral aspects of left middle frontal gyrus and the opercular
part of left inferior frontal gyrus that extended medially into
the insula. However, they reported age-related decreases in
activation in right caudate nucleus and in lateral aspects of
right inferior frontal gyrus. The discrepancy between our
results and Rubia et al. (2000b) study could be accounted
for by task differences. In adifferent study with adults only,
Rubia et al. (2000b) reported that stop and go no-go tasks
shared some network components, but that the go no-go task
produced more activation in the medial frontal gyrus and the
lateral aspects of the middle frontal gyrus (Rubia et al.,
2000b).

Our study also showed significantly greater intensity of
activation for children than for adults in the body and head
of the left caudate nucleus (67 voxels). This result is con-
sistent with the Rubia et a. (2000b) study that reported
age-related decreases in activation in the right caudate nu-
cleus during a stop task (Rubiaet a., 2000a). Our finding of
greater caudate activation in children is also consistent with
other studies that reported younger children have larger
caudate volumes than older children (Castellanos et al.,
1996). Thompson et a. (2000) estimated that there is about
a 50% reduction the size of the caudate head but that the
caudate tail remains stable with development (Thompson et
al., 2000). Whereas prefrontal networks have been proposed
to be involved in maintaining representations in the face of
competing interference, the basal ganglia has been proposed
to be involved in the inhibition of inappropriate behaviors
(Casey et d., 2001). The immature basal ganglia in the
children in our study may have resulted in more activation
because they were inefficient at generating an inhibitory
signal in response to the red triangles in the no-go blocks.

Our finding of increased caudate activation in children
appears to be inconsistent with Luna et a. (2001), who
examined developmental differences in an anti-saccade
task. Thistask requires that subjects voluntarily stop reflex-
ive eye movements to a pre-potent visual stimulus and
instead move their eyes in the opposite direction. They
found that children (8- to 13-years-old) showed little acti-
vation, adolescents (14- to 17-year-olds) showed the most
activation, and adults (18- to 30-years-old) showed moder-
ate activation in the prefrontal cortex and basal ganglia
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Only the cerebellum, however, showed significant devel op-
mental differences that were specific to the anti-saccade
task. Differences between our results and those of Luna et
a. (2001) may be due to different developmenta trgjecto-
ries for the go no-go and anti-saccade tasks. Although both
tasks require inhibition, performance on the go no-go task
appears to mature earlier at about 12 years of age (Levin et
al., 1991), whereas performance on the anti-saccade task
appears to mature later at about 15-20 years of age (Munoz
et al., 1998). The incomplete and partial maturation of the
go no-go performance of the 9- to 12-year-old children in
our study may account for the developmental differencesin
brain activation we observed for the caudate nucleus. The
lack of activation for the youngest age group in the Luna et
al. (2001) study may have resulted from their inability to
effectively recruit the basal gangliafor performance on their
anti-saccade task.

There were severa other developmental differences out-
side our regions of interest during the response inhibition
task. It is interesting to note that the areas of greater acti-
vation for children during the go no-go task were located
predominantly within the limbic and paralimbic areas, in-
cluding bilateral hippocampo-amygdaloid regions. The rea-
son for activation of this region in the go no-go task is not
clear, and none of the other developmental studies examin-
ing response inhibition reported age-related differences in
this region (Bunge et a., 2002; Casey et al., 1997; Durston
et a., 2002; Lunaet al., 2001; Rubiaet a., 2000a; Tamm et
a., 2002). Studies have shown activation in the amygdala
during positive and negative feedback (Zala et a., 2000),
positive and negative emotions (lidaka et a., 2001; Sander
and Scheich, 2001), as well as concrete and abstract fear
conditioning (Morris et a., 2001; Phelps et a., 2001). The
medial prefrontal cortex has been postulated to play arolein
emotion through inhibition of amygdala responsiveness
(Bremner et a., 1999). Perhaps, the children in our study
devoted more prefrontal brain resources for motor response
inhibition, and therefore, could less effectively inhibit af-
fective responses in the amygdala. The affective component
in our study cannot, however, be associated with the general
MRI environment, because there were no group differences
in activation within the hippocampo-amygdaloid regions
during the selective attention task.

Conclusion

This study found significant developmenta differences
(9- to 12-year-olds vs adults) in the intensity of activation in
only two small brain areas (neither point in our regions of
interest) during selective attention as measured by a visual
search task. These relatively small differences may reflect
earlier maturation of brain networks subserving selective
attention. In contrast, there were significant developmental
differencesin the intensity of activation encompassing large
areas in both of our regions of interest (medial frontal and

basal ganglia) during response inhibition as measured by a
go no-go task. The different developmental trajectories of
activation for the two tasks may reflect the relatively pro-
longed development of fronto-striatal networks. The char-
acterization of developmental differences in response inhi-
bition is important because theorists argue that an increase
in the efficiency of inhibitory processing is a maturational
process that impacts many cognitive domains.
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