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� �

Abstract: We examined developmental differences, in location and extent of fMRI language activation maps,
between adults and children while performing a semantic fluency task. We studied 29 adults and 16 children
with echo planar imaging BOLD fMRI at 1.5 T using covert semantic verbal fluency (generation of words to
categories compared to rest) using a block design. Post task testing was administered to assess performance.
Individual data were analyzed with an a priori region of interest approach from t maps (t � 4) and asymmetry
indices (AI). Group studies were analyzed using SPM 99 (Wellcome, UK; fixed effect, corrected P � 0.0001).
We found no significant differences in location or laterality of activation between adults and children for a
semantic verbal fluency task. Adults activated more pixels than children in left inferior frontal gyrus and left
middle frontal gyrus, but AIs were the similar across ages (r2 � 0.09). Extent or laterality of activation was not
affected by performance (r2 � 0.15). The brain areas that process semantic verbal fluency are similar in children
and adults. The laterality of activation does not change appreciably with age and appears to be strongly
lateralized by age 7 years. Hum. Brain Mapping 18:176–185, 2003. Published 2003 Wiley-Liss, Inc.†
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INTRODUCTION

Verbal fluency paradigms readily identify dorsolat-
eral prefrontal networks involved in language pro-
cessing [Cuenod et al., 1995; Frith et al., 1991; Paulesu
et al., 1997; Peterson et al., 1989; Pujol et al., 1999].
These tasks identify hemispheric dominance for lan-
guage, an observation corroborated by the intra-ca-
rotid amobarbital procedure [adults: Bahn et al., 1997;
Benson et al., 1999; Lehericy et al., 2000; Yetkin et al.,
1998; children: Harvey et al., 1999; Hertz-Pannier et al.,
1997; Keene et al., 2000; Stapleton et al., 1997] and
electrocorticography [Fitzgerald et al., 1997, Rutten et
al., 2002] in adult, older school-aged children (10–12
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years), and adolescent epilepsy patients. As a conse-
quence of their ease to implement, and reproducibility
of activation maps, verbal fluency paradigms have
also been used to explore developmental differences
between adults and children and gain insight into
maturation of language neural networks [Gaillard et
al., 2000, Schlaggar et al., 2002]. Evidence from previ-
ous studies suggests that younger children may
have less consolidated and more bilateral represen-
tation of language processing areas, which derives
mostly from increased activation in right frontal
lobe [Gaillard et al., 2000, Holland et al., 2001]. A
more diffuse, less consolidated distribution of lan-
guage networks has been proposed as an explana-
tion for recovery from dominant hemisphere brain
injury in children that extends, with diminishing
capacity, into adolescence [Boatman et al., 1999;
Gaillard et al., 2000; Müller and Courchesne, 2000;
Varga-Kahdem et al., 1992]. Yet evidence from other
studies emphasizing language comprehension sug-
gests that language networks in children are as re-
gionally restricted and lateralized as in adults [Gail-
lard et al., 2001a, 2002a,b, 2003].

The most commonly employed verbal fluency par-
adigms use word generation to letters (phonemic flu-
ency) [Cuenod et al., 1995; Friedman et al., 1998; Frith
et al., 1991; Lurito et al., 2000; Paulesu et al., 1997;
Phelps et al., 1997; Pihlajamaki et al., 2000; Pujol et al.,
1999; Rueckert et al., 1994; Schlosser et al., 1998; Wood
et al., 2001] or verb generation to nouns [Peterson et
al., 1989; Schlaggar et al., 2002; Seyer et al., 1999;
Warburton et al., 1996; Wise et al., 1991]. Word gen-
eration to categories, or semantic fluency, has also
been employed [Hugdahl et al., 1999, Paulesu et al.,
1997, Pihlajamaki et al., 2000]. Although covert and
evoking either semantic or phonologic strategies,
these three verbal fluency tasks are consistently re-
ported to activate similar left hemispheric areas, prin-
cipally inferior frontal gyrus (IFG); Brodmann Area
(BA) 45, 44; middle frontal gyrus (MFG), BA 46, 9;
cingulate and supplementary motor areas (SMA). For
younger school-age children, semantic verbal fluency
(to categories) may be amenable to studying younger
school-aged children (5–9 years) because it is easier to
generate an ample number of words during a limited
period of time [Korkman et al., 1998]. We aimed to
compare activation patterns using a semantic fluency
task between adults and children in order to investi-
gate age-dependent consolidation of frontal language
processing networks and to establish normal parame-
ters in order to identify language dominance in epi-
lepsy patients.

SUBJECTS AND METHODS

Subjects

Twenty-nine adults and 16 children participated in
the protocol after obtaining parental consent and child
assent as approved by the National Institutes of Neu-
rological Disorders and Stroke Institutional Review
Board and in accord with the Declaration of Helsinki.
All children and adults had normal development,
school achievement, neurological exam, and structural
MRI. Participants with a history of learning or atten-
tion deficit disorders were excluded. The children’s
ages ranged from 7 to 14 years (9 girls, 7 boys; mean
age 10.2 years). Adults ages ranged from 22 to 44 years
(14 women, 15 men; mean age 29.2 years). All were
right handed as assessed by a modified version of the
Edinburgh Handedness Inventory [Oldfield, 1971].
Prior to experimental studies, all children had tours of
the MRI facilities.

MR imaging parameters and
experimental paradigm

Details of imaging parameters and analysis have
been reported previously and are briefly summarized
here [Gaillard et al., 2001a]. Images were collected
with a 1.5 T General Electric (Milwaukee, WI) Signa
scanner. Functional images were acquired with a gra-
dient-echo echo-planar sequence (TE � 40 msec, FOV
� 22 � 22 cm, acquisition matrix � 64 � 64). Ninety-
six sequential echo-planar volumes were collected
with an inter-scan interval (TR) of 4 sec (total scanning
duration � 6 min 24 sec). Anatomical images were
acquired using a 3-D fast spin-echo gradient (SPGR)
sequence. For both the functional and structural im-
ages, the whole brain was imaged with the collection
of 20 contiguous axial images parallel to the anterior–
posterior commissure plane. The paradigm comprised
six cycles in a boxcar design. There were 12 epoch
hemi-cycles during which two conditions alternated
between an experimental and control task each lasting
32 sec. Eight functional images were collected in each
hemi-cycle.

For the experimental task subjects silently generated
words to the following categories: animals, food,
cloths, furniture, toys, and TV shows. One category
was presented over the scanner intercom at the begin-
ning of each cycle. Silent rest served as the control
condition. The tasks were unmonitored, but partici-
pants completed semantic verbal fluency tasks (ani-
mals and food) 2 weeks remote from the study to
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assess subject performance of the task. We used a
covert task to minimize head motion.

Image data analysis

Data were analyzed using two methods following
data reconstruction and motion correction [Ostuni et
al., 1997]. Group comparisons utilizing a standard ste-
reotactic atlas were performed for overall activation
patterns; and a region of interest (ROI) analysis from
individual activation maps for laterlality of activation
and correlation with age and performance.

Group analysis

Group data were processed and analyzed with
SPM99 (Wellcome Department of Cognitive Neurol-
ogy, London, UK), using the general linear model
[Friston et al., 1991]. Images were reconstructed, re-
aligned, and then normalized into a standard stereo-
tactic space conforming to Talairach and Tournoux
[1988] to allow inter-subject data averaging and cross-
task comparisons [Friston et al., 1991]. Motion was less
than 1.5 mm. Data were also smoothed through an
isotropic Gaussian kernel filter of 8 mm. Statistical
contrasts between active and control conditions were
made using averaged intensity of pixels using the t
statistic, which generated statistical parametric maps
of t-values (SPM{t} maps) then transformed to z dis-
tribution (SPM{z} maps) reflecting differences be-
tween two conditions at each pixel location. Data were
analyzed using a fixed effect model, P � 0.0001 (cor-
rected). For the adult SPM analysis, the subjects were
randomly selected from the adult database to match
the same number of males and females as in the pe-
diatric group. Differences in activation maps between
the two age groups were examined with a two-sample
t-test (P � 0.05). This comparison was performed us-
ing the contrast images (active-control) of adults and
those of children [Friston et al., 1995].

Individual analysis

Individual analyses were performed using a region
of interest (ROI) approach. Individual t maps were
generated with a semi-automated analysis program
that compared the control and task conditions on a
pixel-by-pixel basis. In each region, pixels exceeding a
threshold of t � 4.0 were automatically counted [Gail-
lard et al., 2001a, , 2002a]. Regions included IFG (BA
44, 45, 47), MFG (BA 9, 46), and a region encompassing
the receptive language processing areas, which in-
cluded the middle temporal gyrus, superior temporal

gyrus, and inferior parietal lobule (BA 21, 22, 37, 39,
40, 41, 42). We also examined a frontal lobe region
encompassing IFG, MFG, and SFG [Gaillard et al.,
2001a]. Regions are based on historical anatomical
data and imaging data implicating these regions in
language processing. These regions are supported by
previous results from verbal fluency paradigms that
were not based on a priori assumptions, in addition to
intracarotid amobarbital test data in patients [Benson
et al., 1999; Gaillard et al., 2002a; Geschwind, 1970;
Hertz-Pannier et al., 1997; Lehericy et al., 2000]. An
asymmetry index (AI) for each region was calculated,
(L�R)/(L�R), with L and R being the number of
activated pixels in the left and right hemisphere, re-
spectively. Activation was considered to be left hemi-
sphere dominant if the AI � 0.20, and right hemi-
sphere dominant if the AI � �0.20. An AI between
0.20 and �0.20 was considered to represent a bilateral
activation pattern [Binder et al., 1996; Gaillard et al.,
2001a, 2002a; Springer et al., 1999]. For purposes of
lateralization at least four pixels had to be present in a
region, and there had to be at least a four-pixel differ-
ence between homologous regions [Gaillard et al.,
2001a, 2002a]. Correlations between the number of
regional pixels activated and the laterality of regional
activation for task with cognitive measures were ex-
plored with Pearson’s r. Comparisons between groups
were made with t-tests. Motion was assessed by gen-
erating a histogram of voxel signal variance for the
experimental run [Weinberger et al., 1996]. The result-
ing distribution of the standard error of the mean was
examined to report the mean, median, and standard
deviation. Motion assessed with this method is de-
rived primarily from pixels along gray matter/CSF,
white matter/CSF, and white/gray matter edges
where motion results in the greatest signal change.

RESULTS

Group comparison of activation maps in a standard-
ized space showed a similar location of activation for
adults and children (Fig. 1). Activation was primarily
found in left IFG, MFG, and mesial frontal areas,
including SMA, as well as in the thalamus and left
parietal lobe (Table I); cluster sizes for activation were
larger in the adults and overlapped activation clusters
and maxima seen in children. Small areas of homolo-
gous activation were seen in right IFG for adults and
children. Adults demonstrated activation in left tem-
poral, bilateral occipital regions, and right MFG,
which was not seen in children. However, there were
no differences between age groups in SPM activation
map patterns (two-sample t-test).
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Figure 1.
SPM maps for semantic verbal fluency in children (a) and adults (b), corrected P � 0.0001.
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The ROI data from all participants showed that
adults activated more pixels than children in LIFG (P
� 0.003) and LMFG (P � 0.0005). There were also
more pixels observed in RMFG (P � 0.05) but this
finding was not significant when corrected for multi-
ple comparisons (Table II). There were no significant
differences for other brain regions (Table II). Age was
not correlated with the number of activated regional
pixels (r2 � 0.09) for any region. AI was neither sig-
nificantly different between groups nor did the AI of
any region correlate with age (r2 � 0.04; Table II; Fig.
2). Children generated significantly fewer words than
adults on the test of semantic fluency than adults (28.9
� 7.2 vs. 46.5 � 8.1). However, there was no signifi-
cant correlation between performance and either num-
ber of regional pixels activated or AI (r2 � 0.15) for any
region. The variance attributable to performance was

10–15% for left-sided regions and less than 1% for
right sided regions (Fig. 3). There were no significant
gender differences in either regional pixel counts or
AI. Children, as a group, moved more than adults (P
� 0.02, for the three motion measures; Table III). Chil-
dren had greater variability than adults for motion
measures. Eight children moved within one standard
deviation of adult motion measures, five moved less
than the adult mean, and two children moved more
than any adult.

DISCUSSION

We found activation maps to be fundamentally sim-
ilar in location and laterality for children and adults
using a covert semantic verbal fluency task. Principal
activation occurred in left inferior frontal lobe (BA 44,

TABLE I. SPM analysis, fixed effect: semantic verbal fluency

Brain region
Brodmann’s

Area

Talairach coordinates
Pixels

activated Zx y z

Children
L SFG 6/8 �2 14 52 1,035 � 8
L MFG 9 �44 10 34 986 � 8
L IFG 47 �56 14 �6 419 � 8
L SFG 10 �12 56 �8 265 � 8
R IFG 47 34 22 �4 172 � 8
L Cuneus 17 �18 �102 �2 142 � 8
L Caudate �12 2 6 116 � 8
R IOG 17/18 18 �98 0 95 7.18
L Thalamus �2 �24 16 79 7.13
R Thalamus 10 0 6 14 6.40
L Parietal (superior) 7 �52 �74 52 15 6.92
L SFG 8 �4 34 56 7 6.45
L IFG 44/45 �54 36 0 5 6.27

Adults
L Lingual gyrus 17/18 �6 �86 2 5,586 � 8
L MFG 9 �52 10 34 3,698 � 8
L SFG 6 �28 12 60 * � 8
L IFG 47 �48 22 �6 * � 8
L SFG 6/8 �2 18 52 1,249 � 8
L Precuneus 19 �30 �70 40 503 � 8
L Fusiform 20/37 �30 �42 �22 486 � 8
L Parietal (superior) 7 �26 �76 54 503 � 8
R MFG 46 54 36 20 290 � 8
R IFG/MFG 44/9 46 16 30 262 � 8
R IFG 47 42 28 �18 54 6.14
L Medial frontal gyrus 11 �6 54 �14 46 6.86
R MFG 6 30 20 56 43 6.27
L MFG 11 �34 48 �12 10 6.44

* Submaxima within LMGF cluster.
In children, height threshold P � 0.0001 (corrected).
SFG � superior frontal gyrus; MFG � midfrontal gyrus; IFG � inferior frontal gyrus; IOG � inferior occipital gyrus.
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45, 47) and in mid frontal lobe (BA 9, 46) for both age
groups. The left IFG has been long implicated in word
retrieval and expressive language [Geschwind, 1970;
Thompson-Schill et al., 1997]. Left MFG activation
may reflect evocation of verbal working memory nec-
essary for the task [Gabrieli et al., 1998]. We also found
activation in the mesial frontal region, including the
supplementary motor area, which is commonly attrib-
uted to attention and motor planning common to

these tasks. We observed inconsistent activation in
temporal lobe in individual activation maps, which is
likely due to the low burden required of comprehen-
sion for this paradigm. These findings are similar to
previous imaging studies that employed a variety of
verbal fluency paradigms (word generation to letters:
Cuenod et al., 1995; Friedman et al., 1998; Frith et al.,
1991; Paulesu et al., 1997; Pihlajamaki et al., 2000; Pujol
et al., 1999; Rueckert et al., 1994; Schlosser et al., 1998,
Wood et al., 2001; word generation to nouns: Peterson
et al., 1989; Schlaggar et al., 2002; Warburton et al.,
1996; Wise et al., 1991; word generation to categories:
Hugdahl et al., 1999, Paulesu et al., 1997, Pihlajamaki
et al., 2000].

We also found some apparent differences between
children and adults. For example, the adult group
reached statistical threshold in left fusiform, lingual
gyrus, occipital regions, and right MFG. The activation
in posterior brain areas suggests visual imagination
and naming of objects recalled during the task. Several
frontal lobe maxima, though not identical, are similar
given the resolution of imaging techniques, threshold
effects, and overlap of large activated clusters. Our

TABLE II. Region of interest results

Adults Children

Number
Frontal L 44.7 (35.3) 19.7 (21.2)
Frontal R 19.4 (33.0) 7.7 (12.1)
IFG L 9.70 (8.8)* 3.6 (4.1)*
IFG R 3.5 (5.5) 1.6 (2.6)
MFG L 19.9 (13.7)** 6.5 (9.8)**
MFG R 4.8 (6.8) 1.7 (3.3)
T-P L 12.2 (17.6) 7.9 (9.7)
T-P R 4.7 (7.6) 5.2 (7.9)

AI
Frontal 0.55 (0.28) 0.50 (0.42)
IFG 0.57 (0.51) 0.40 (0.71)
MFG 0.70 (0.31) 0.76 (0.25)
T-P 0.52 (0.46) 0.45 (0.52)

Number � voxel counts (t � 4) for left (L) and right (R) regions in
adults and children for frontal, inferior frontal gyrus (IFG), middle
frontal gyrus (MFG), and Temporal-Parietal (T-P) regions. The
Asymmetry Index (AI) for all regions is also shown. Standard
deviations are shown in parentheses.
* P � 0.003.
** P � 0.0005.

Figure 2.
Asymmetry Index (AI) for frontal region across ages. There was
no correlation with age, r2 � 0.0012. Open circles, children; solid
circles, adults.

Figure 3.
Relationship between performance and pixel number in the left
frontal lobe across all ages, r2 � 0.13. Open circles, children; solid
circles, adults.

TABLE III. Motion measures. mean, median, and
standard deviation (SD) of the standard error

of the mean of voxel intensity (SD for each
measure in parentheses)

Mean Median SD peak

Adults 4.65 (0.72) 3.33 (0.40) 0.95 (0.12)
Children 5.42 (0.95) 3.70 (0.48) 1.08 (0.17)
P 0.01 0.02 0.01

Higher numbers indicate greater motion.
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group results for children and adults are analyzed and
displayed in a standard adult based anatomic space,
though the distortion for this transformation in chil-
dren older than six years is small [Chugani et al., 2001;
Muzik et al., 2000; Schlaggar et al., 2002]. Furthermore,
comparison of activation maps did not show differ-
ences between the groups. This observation is similar
to a recent report by Schlagger et al. [2002]. When they
collapsed lexical phonologic and semantic fluency task
analysis, they found general similarities between chil-
dren and adults in broad areas encompassing left IFG
and MFG in contrast to a smaller region in BA 45/7
that showed greater activation in adults.

Tasks of phonologic and semantic fluency result in
activation in the same brain regions and with the same
degree of laterality [Grandin et al., 1998; Paulesu et al.,
1997; Pujol et al., 1999; Wood et al., 2001]. These find-
ings are supported by other verbal fluency tasks in
adults using noun–verb generation [Peterson et al.,
1989; Wise et al., 1991; Schlaggar et al., 2002]. Inspec-
tion of adult fluency studies suggests the activated
brain areas reflect word retrieval and decision pro-
cesses rather than phonologic or semantic processing
per se [Poldrack et al., 1999; Thompson-Schill et al.,
1997]. However, the semantic weighted task may ad-
ditionally activate BA 30, 31, and 47, whereas the
phonologic version may involve greater activation in
BA 44 [Paulesu et al., 1997; Poldrack et al., 1999]. The
observation is important for pediatric studies as chil-
dren younger than 8 or 9 years are more facile with
semantic than phonologic fluency tasks. From a clini-
cal point of view, semantic fluency tasks may be em-
ployed to determine language dominance in prepara-
tion for planning epilepsy surgery in younger children
in lieu of the phonologic fluency task, which is more
commonly reported in older age groups [Bahn et al.,
1997; Benson et al., 1999; Harvey et al., 1999; Hertz-
Pannier et al., 1997; Keene et al., 2000; Lehericy et al.,
2000; Stapleton et al., 1997; Yetkin et al., 1998].

We found a similar laterality of activation in all
selected brain regions between children and adults.
There was no correlation with age and laterality of
activation with individuals older than 7 years. This
finding is in agreement with other studies of auditory
comprehension [Balsamo et al., 2002, Gaillard et al.,
2002b] and reading comprehension [Gaillard et al.,
2001a, 2002a, 2003]. For these tasks the networks un-
derlying language processing in temporal areas,
mostly along the middle and posterior aspects of the
left superior temporal sulcus, appear to be as region-
ally specific and as strongly lateralized by age 5 to 6
years as they are in adults. As may be expected, these
observations are more pronounced for auditory-based

tasks. In contrast, these same comprehension tasks
yield inconsistent frontal activation in children
younger than 8 or 9 years. Listening to stories and
auditory response naming (naming an object de-
scribed by a five- to six-word sentence) in children
younger than 10 yields variable location of left frontal
activation for individual and, as a consequence, less
pronounced frontal activation in group analysis [Bal-
samo et al., 2002, Gaillard et al., 2002b]. Reading tasks,
such as reading stories and a reading version of the
auditory response naming task described above, show
the same degree and laterality of activation in IFG and
MFG in adults and children 8 years and older [Gail-
lard et al., 2001a, 2002a]. The same reading tasks show
inconsistent presence or location of frontal activation
in children 5 to 7 years old [Gaillard et al., 2003].

The variability in regionally localized activation pat-
terns, especially in frontal regions and regardless of
modality of stimulus presentation, in the younger chil-
dren may reflect the use of different cognitive strate-
gies and differing burdens on working memory and
grammatical processing [Gaillard et al., 2003]. Results
from the present study suggest that activation in dom-
inant hemisphere frontal regions involved in verbal
fluency language processing tasks are strongly later-
alized by 7 years. Similar regional specialization in
dominant IFG and MFG for single word semantic and
phonologic decision tasks in 7-year-olds and older has
also recently been described [Shaywitz et al, 2002].

Our present findings show activation to be similar
in location as earlier studies using verbal fluency in
similarly aged children [Gaillard et al., 2000; Holland
et al., 2001; Schlaggar et al., 2002]. Yet they also differ
from our previous study of verbal fluency [Gaillard et
al., 2000], and a more recent study by Holland et al.
[2001], which found greater bilateral activation in
(younger) children. They differ, too, from our earlier
study where we observed a greater extent of activation
in children than in adults. These differences in later-
ality derive from greater activation in right inferior
frontal lobe found in prior studies. The investigators
proposed that the observed developmental differences
may be a consequence of the later physiologic and
functional maturation in frontal lobe association cor-
tex, as reflected in regional myelination, compared to
motor and sensory regions [Giedd et al., 1996, 1999;
Paus et al., 1999; Yakolev and Lecours 1967]. Rather
than reflect developmental differences, the observed
frontal lobe differences may be a consequence of tech-
nical differences such as coil characteristics, head mo-
tion, paradigm design, and physiologic age dependent
differences in resting cerebral blood flow upon which
the BOLD signal is based [Gaillard et al., 2001b]. In our
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study, there was a small but discernable difference in
motion between groups. Our measures cannot distin-
guish between in phase and out of phase motion: out
of phase motion will increase noise and thus decrease
activated pixel detection and in phase motion will
increase activation bilaterally and may reduce AI. The
coil we used was designed for adults; children with
shorter necks do not sit in the center of the coil, which
may account for diminished signal detection and
hence activation in some children. Our previous study
used surface coils, which were likely to identify more
activated voxels at a lower threshold in children be-
cause their thinner skulls and scalp place the coils
closer to the brain surface than in adults, in contrast to
the methods used here that may favor signal detection
in adults. Holland et al. [2001] used the 3 Tesla scan-
ner, which may enhance the capacity to identify
smaller signal change relative to noise and may have
identified more subtle activation in the right. Studies
involving a larger cohort, including younger children,
and possibly employing quantitative measures of ac-
tivation, may be necessary to resolve the differences in
experimental observations. The observations from
these studies raise a cautionary note regarding tech-
nical and developmental factors that may affect signal
and noise detection that, in turn, may influence an
interpretation of age-based differences in activation
patterns.

We did not find a correlation between perfor-
mance assessed out of scanner and regional activa-
tion, albeit out of scanner performance may differ
from experimental performance. Previous investiga-
tors describe a similar degree of correlation between
performance and activated voxels in 20 adults dur-
ing word generation to letters [Wood et al., 2001].
This is likely because the task usually results in
optimal individual performance. Although perfor-
mance may be different, effort is likely to be similar.
Our choice of paradigm design, a 32-sec block to
generate as many words as possible, may also ac-
count, in part, for the differences described by Hol-
land et al. [2001] who employed a noun–verb gen-
eration task [Peterson et al., 1989] where stimuli
were presented every 5 sec, which may under-
emphasize effort. Parametric tasks have been pro-
posed as a means of controlling for developmental
differences in performance speed and accuracy
across ages by comparing age group based on opti-
mal performance for task [Bookheimer, 2000].

We found regionally specific areas of activation in
inferior and mid frontal lobe in children performing a
semantic verbal fluency task. Our findings add to the
growing evidence that language processing is strongly

lateralized and regionally consolidated to the domi-
nant hemisphere dorsolateral prefrontal cortex and
temporal lobe in children seven and older [Gaillard et
al., 2001a, 2002b, 2003; Holland et al., 2001; Schlaggar
et al., 2002]. Activation patterns are fundamentally
similar to those seen in adults in location and lateral-
ity. Relatively minor differences described here and by
other investigators with this and other language tasks
may reflect anatomic maturation, age-dependent dif-
ferences in cerebral blood flow, technical factors of
image acquisition and analysis, or different language
processing strategies. Networks evoked by other, per-
haps less mature or efficient, processing approaches
appear equally regionally localized and may be uti-
lized in the setting of brain injury or learning disabil-
ity. Our results do not exclude the possibility of
greater bilateral frontal activation in younger age
groups, especially children younger than 5 or 6 years.
Like adults, children older than 7 exhibit the same
degree of modest activation in homologous regions in
the non-dominant hemisphere, especially in IFG and
MFG, which may serve as a reserve for functional
recovery following injury to the left hemisphere
[Booth et al., 2000; Gaillard et al., 2001a; Staudt et al.,
2001]. Verbal fluency tasks may be adapted for imple-
mentation in younger children and may serve as a
probe to identify frontal language areas during nor-
mal development and in disease states, such as epi-
lepsy.
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