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Functional MR Imaging Study of Language-
Related Differences in Bilingual Cerebellar

Activation

Jay J. Pillai, Jerry D. Allison, Sankar Sethuraman, Julio M. Araque, Dharma Thiruvaiyaru,
Claro B. Ison, David W. Loring, and Thomas Lavin

BACKGROUND AND PURPOSE: Reports in the monolingual literature suggest that the
cerebellum has an important role in language processing. The purpose of this study was to
determine whether bilingual cerebellar functional MR imaging (fMRI) activation differs during
the performance of comparable tasks in subjects’ primary and secondary languages.

METHODS: Eight bilingual, right-handed individuals underwent echo-planar fMRI at 1.5 T.
They performed semantic (noun-verb association) and phonological (rhyming) tasks in Spanish
(primary language) and English (secondary language). Individual and group functional data-
sets were analyzed using Statistical Parametric Mapping software (SPM99; P < .001 with a
10-voxel spatial extent threshold) and overlaid on T1-weighted anatomic images normalized to
a standard (Montreal Neurologic Institute) space. Analysis of variance was performed on
laterality indices derived from voxel counts in cerebellar regions of interest (ROIs). Subtraction
of group-averaged normalized results from the combined Spanish tasks from the combined
English tasks was also performed within SPM99 (P < .001 activation threshold).

RESULTS: Significantly greater lateralilty indices were noted in the English tasks than in the
Spanish tasks (mean Spanish LI, 0.3286; mean English LI, 0.5141 [P � .0143]). Overall, more
robust activation was seen in the English tasks than in the Spanish tasks. Areas of significantly
greater activation existed in the English tasks as compared with the Spanish tasks; these areas
were more prominent in the left cerebellar hemisphere.

CONCLUSION: Although both English and Spanish language tasks demonstrate left cere-
bellar dominance, English tasks demonstrate greater left hemispheric lateralization.

Functional MR imaging (fMRI) is a relatively new
and effective noninvasive method for the study of
bilingual language processing. Although many reports
in the linguistic and functional imaging literature
have addressed the issue of whether distinct cerebral
neural networks exist for primary language (L1) and
secondary language (L2) acquisition and processing
in bilingual adults, few have used fMRI. To date,
none has specifically addressed cerebellar language
processing in healthy bilingual individuals. fMRI does

not depict actual neural networks used in task perfor-
mance; however, it allows inferences to be made re-
garding such networks on the basis of changes in
regional cerebral blood flow associated with adjacent
cortical activation.

Reports in the fMRI, positron emission tomogra-
phy (PET), and magnetic source imaging literature
have described differences in activation topography
between L1 and L2 processing in bilingual subjects
(1–17). Many of these neuroimaging studies have
demonstrated topographic differences in language
representation between native and second languages,
suggesting that distinct neural networks may be uti-
lized for similar cognitive tasks performed in the
different languages. Evidence from the aphasia liter-
ature and electrophysiologic studies also suggests that
different cerebral neural networks may support the
acquisition of languages (18–22). fMRI results sug-
gest that a shared neural network for L1 and L2 might
exist in bilingual persons, with varing degrees of ac-
tivity in the common network for processing in the
different languages (16).
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None of these studies have specifically explored
differences in cerebellar activation between L1 and
L2. One reason is that the cerebellum has largely
been ignored as a major contributor to language pro-
cessing, and only recently has it been considered to
play a substantial role in neurocognition in general.
We now know from anatomic, neurosurgical lesional,
and, most recently, functional PET and fMRI neuro-
imaging studies that numerous interconnections exist
between the cerebellum and the supratentorial struc-
tures, particularly between the cerebellum and fron-
tal-lobe areas of the language-dominant hemisphere
(ie, Broca’s area and supplementary motor area) (23).
The lateral cerebellar hemispheres send projections
to Brodmann areas 6, 44, and 45 via the nucleus
ventralis intermedius and the nucleus ventralis ante-
rior of the thalamus and also reciprocal projections
from the prefrontal areas to the lateral cerebellum via
the pons and red nucleus (23–26). Therefore, the
cerebellum might contribute to language function.
The purpose of this study was to determine whether
cerebellar activation occurs during language process-
ing and whether language-related cerebellar activa-
tion differs between L1 and L2 in Spanish-English
bilingual individuals.

Methods

Subjects
The subjects included eight healthy adults (six men and two

women) aged 29–41 years. All were primary Spanish speakers,
with English as their second language. The subjects were orig-
inally from Colombia, Argentina, Nicaragua, Peru, or Puerto
Rico and held graduate-level medical or scientific degrees.
They started learning English in elementary school after the
age of 10 years and received further English instruction during
their middle- and high-school years. All had attained adequate
proficiency to pass standardized English examinations in their
respective countries. Each had an additional 1–5 years of En-
glish education beyond high school. All subjects rated their
fluency with respect to listening, speaking, reading, and writing
English as moderate to high. None spoke additional languages.
All were right-handed, as determined by means of the Benton
Handedness Questionnaire (27). All participants signed written
consent forms approved by our institutional review board.

Tasks
The four language tasks used in this study are described in

detail in another publication by our group (28). Four language
paradigms were used: 1) an English noun-verb association
(semantic) task, 2) a Spanish noun-verb association task, 3) an
English rhyming (phonological) task, and 4) a Spanish rhyming
(phonological) task. All four were block-design paradigms, with
identical lengths of visual stimulus presentation (5 seconds
each), identical lengths of activation and control blocks, and
identical content of control tasks. Although the actual seman-
tic, phonological, and lexical content of the Spanish and En-
glish tasks was different, the structure of the tasks was identical.
The Spanish noun-verb task, however, was designed to have
content as similar to that of the English noun-verb task as
possible, though the content of the phonological tasks were
necessarily different because Spanish translations of rhyming
English word pairs do not necessarily rhyme. One of the au-
thors (J.M.A.) who is highly proficient in Spanish (L1) and
English (L2) developed the Spanish tasks. A Macintosh laptop
computer running Psyscope software (29) was used to present

the visual stimuli for each task via MR imaging–compatible
video goggles (Resonance Technology, Inc., Northridge, CA).
The participants wore these goggles while they were inside the
bore of the MR imaging machine. Before performing the tasks,
all subjects underwent a brief training session with Psyscope
inside the machine. The subjects were provided written and
verbal instructions and given an opportunity to practice the
tasks while the investigators monitored their performance.
During the actual task and after the initiation of imaging, all
responses were recorded with Psyscope by using a keypad to
obtain in-magnet response accuracy data.

For each of the four tasks, 20-second blocks of the experi-
mental task alternated with 20-second blocks of the control
task, which was the same for all tasks. For the control task,
subjects were shown nonsense line drawings with a � sign in
one of the lower corners of the slide. The subjects were in-
structed to press a button on the left side of keypad if the �
sign was in the left corner or a button on the right if the sign
was in the right corner. Performance on the control task was
monitored. Left and right button presses were balanced for the
experimental and control tasks.

English and Spanish Noun-Verb Tasks.—For both the En-
glish and Spanish noun-verb tasks, three words were presented
in each stimulus. Two verbs were located on the same horizon-
tal line below a single noun. The subjects were asked to press
a button on the right side of a keypad with their right thumb if
the noun was associated with the verb on the right. Otherwise,
they were to press a button on the left with their left thumb if
the noun was associated with the verb on the left.

English and Spanish Phonological Tasks.—In both the En-
glish and Spanish phonological tasks, two words were pre-
sented in each visual stimulus. The subjects were instructed to
decide whether the pair of words rhymed and to press the right
button with their right thumb if they did or the left button with
their left thumb if they did not.

Imaging
Images were acquired on a 1.5-T system (Vision; Siemens

Medical Systems, Iselin, NJ). A three-dimensional structural
T1-weighted MPRAGE (magnetization-prepared rapid acqui-
sition gradient echo) dataset was acquired for anatomic defi-
nition. Ninety-three echo-planar functional datasets were ob-
tained. The sagittal T1-weighted structural images were
reformatted into approximately 61 sections with the same
obliquity and anatomic coverage as the echo-planar images to
display the functional data overlaid on the anatomic dataset.

Data and Statistical Analysis
Data were analyzed by using Statistical Parametric Mapping

software (SPM99; Wellcome Department of Cognitive Neurol-
ogy, London, UK) implemented in MatLab 6.0 (Mathworks
Inc, Sherborn, MA) (30). Data were prepared for statistical
analysis within SPM99. Of the 93 sets of brain images, the first
three were discarded to avoid saturation effects. Hence, 90 sets
were examined. To correct for motion, the 90 temporal data-
sets were spatially realigned within SPM99 by using a least-
squares approach to estimate a six-parameter rigid-body trans-
formation for each. The first dataset retained for analysis was
used as a reference for realignment. The temporal datasets
were normalized to a standard space (Montreal Neurologic
Institute [MNI] space) within SPM99. This space was based on
a template T1-weighted dataset, a close analog of Talairach
space (31) developed by the MNI (supplied to SPM by Alan
Evans, MNI, Canada [International Consortium for Brain
Mapping, National Institutes of Health P20 project, principal
investigator John Mazziotta]). The temporal datasets were
smoothed by using an isotropic Gaussian filter kernel having a
full-width at half maximum (FWHM) of twice the normalized
voxel size.
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Statistical analysis was accomplished within SPM99. Statis-
tical parametric maps were generated by using the general
linear model to characterize regionally specific effects in the
imaging data. Terms in the model included the activity condi-
tions (language task vs control) and the global mean value of
each temporal dataset. A boxcar reference waveform con-
volved with a kernel that approximates the hemodynamic re-
sponse curve was used to test specific hypotheses, resulting in a
t value (SPM {t}) at each voxel. Within SPM, each
SPM{t}statistic was transformed to the unit normal distribu-
tion to give an SPM{Z} statistic.

For all four tasks, statistical thresholding at a significance
level of P � .001 (without correction for multiple comparisons)
was initially used to determine significant activation for each
voxel. To reduce the effect of type I error (spurious activation
related to motion or other systematic error), a 10-voxel clus-
tering (spatial-extent) threshold was applied so that only clus-
ters consisting of 10 or more contiguous activated voxels were
considered significant.

Cerebellar ROI analysis was performed on the SPM maps.
Standardized coordinates were chosen for individual ROI anal-
ysis by visual inspection of the anatomic regions on orthogonal
normalized SPM structural displays. A spherical ROI with a
25-mm radius was chosen. This was centered with center MNI
coordinates of (�24, �63, �35) in the left cerebellar hemi-
sphere and (24, �63, �35) in the right cerebellar hemisphere.

Voxel counts were tabulated for ROIs in each subject for
fMRI results obtained at the P � .001 activation threshold.
These voxel counts represented individual normalized activa-
tion data points for each anatomic ROI. Region-specific later-
ality indices were calculated as follows: Laterality index � (no.
of activated voxels in left hemispheric ROI � no. of activated
voxels in the homologous right hemispheric ROI)/(no. of acti-
vated voxels in the left hemispheric ROI � no. of activated
voxels in the right hemispheric ROI). Two-way analysis of
variance (ANOVA) with language and task as the two factors
and with repeated measures on both factors was performed to
study the relative contributions of the hemispheres to overall
cerebellar activation.

In addition, group-level analysis was performed within
SPM99 and based on voxels across all eight subjects with
significant activation at P � .001. The purpose was to qualita-
tively assess differences in regional topography and the inten-
sity of activation between similar language tasks performed in
the two languages. In analyzing the results, pairs of tasks were
considered. The Spanish noun-verb task was subtracted from
the English noun-verb task, and the Spanish phonological task
was subtracted from the English phonological task; the reverse
subtractions were also performed. These results were displayed
in three orthogonal planes as glass-brain maximum intensity
projections (MIPs), which displayed the voxels across all eight
subjects that were significantly more activated in the first of
each pair of tasks than in the second; that is, they displayed the
additional brain activation in the first task compared with
second. Group-averaged normalized results for the combined
tasks (English noun-verb and phonological, Spanish noun-verb
and phonological) versus control were generated and displayed
at a threshold of P � .001 with a 10-voxel clustering threshold.
The combined Spanish tasks were then subtracted from the
combined English tasks.

In addition, to evaluate the actual intensity of activation for
individual subjects, we tabulated the absolute T values (T value
maxima) of voxels with maximal activation in each cerebellar
ROI (P � .001, 10-voxel clustering threshold). We also tabu-
lated the voxel counts for single clusters of activated voxels
(P � .001 activation threshold) containing the voxel with max-
imal T value in each ROI (modified voxel count). ANOVA
procedures were then performed on the basis of these tabu-
lated T valve maxima and modified voxel counts for each of the
eight individuals in the study.

Two-way ANOVA with repeated measures on both factors
(language and task) was performed on the response accuracy
data obtained as a subject task-performance measure.

Results

The cerebellar fMRI activation data are summa-
rized in the Table (Table 1).

Multiple two-way ANOVA procedures with re-
peated measures on the two factors (language and
task) were performed for computed total ROI voxel
count laterality index (LI) data based on individual
subject voxel counts obtained at an activation thresh-
old of P � .001 (with a 10-voxel clustering threshold
applied) for the cerebellar ROIs. The mean Spanish
laterality index of 0.3286 was significantly different
from the mean English laterality index of 0.5141 in
the cerebellar ROIs (P � .0143). However, no task-
specific differences were noted (P � .8068), and no
significant language * task interaction effect (P �
.4184) was demonstrated.

ANOVA of T value maxima demonstrated a sig-
nificant difference between the English (7.6878 �
3.4708 [mean � SD]) and Spanish (5.1672 � 2.5674)
language tasks (P � .0018). However, the maxima did
not differ between semantic and phonological tasks
(P � .1107). These findings suggested more robust
overall activation in the English tasks than in the
Spanish tasks. ANOVA revealed a similar finding
with the modified voxel counts. Counts in the English
tasks were significantly different from those in the
Spanish tasks (P � .0055), but no task effect was
present (P � .5229). This finding, which described the
spatial extent of activation, indicated more robust
overall cerebellar activation in the English tasks than
in the Spanish tasks.

Two-way ANOVA with repeated measures re-
vealed a significant language effect (P � .0001) but no
task effect (P � .067). The subjects had a significantly
greater error rate in the English tasks (9.25 � 4.60
incorrect responses from 93 total) than in the Spanish
tasks (1.00 � 0.894 incorrect responses). However,
the overall mean percentage of correct responses for
both English and Spanish tasks was over 90% (aver-
age, 83.75 correct responses per individual in English
vs 92 in Spanish). This finding may have been related
to differences in task difficulty or English proficiency.

Figure 1 displays four sets of orthogonal glass-brain
MIP images for the group-averaged task subtractions.
Figure 2 shows the combined language task subtrac-
tions. Figure 3 displays axial normalized anatomic
overlay images of the English and Spanish noun-verb
tasks. This Figure demonstrates graphically the dif-
ference in lateralization between the English and
Spanish noun-verb tasks, with demonstration of
greater degree of left cerebellar hemispheric lateral-
ization in the English noun-verb task. Figure 4 illus-
trates the combined English and Spanish tasks (vs
control). These results are derived from a single sam-
ple t-test, which is based on consideration of each of
the two tasks (English noun-verb and English phono-
logical for Part A and Spanish noun-verb and Spanish
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Cerebellar ROI fMRI activation data

Task

Voxel Count

Left ROI Right ROI

Coordinates of Voxel
with Maximal

T Value
Maximal
T Value

Modified
Voxel Count

Coordinates of
Voxel with

Maximal T Value
Maximal
T Value

Modified
Voxel CountLeft Right x y z x y z

Subject A
ENG
NnVb

368 169 –34 –84 –28 8.61 199 6 –78 –38 7.02 51

ENG
Phono

403 100 –40 –62 –26 8.11 256 8 –76 –28 5.31 22

SPN NnVb 155 68 –32 –84 –26 6.75 85 18 –80 –40 4.85 30
SPN Phono 194 0 –40 –60 –26 6.31 157 0 0

Subject B
ENG
NnVb

1223 1078 –40 –76 –22 17.81 1084 36 –74 –20 11.9 669

ENG
Phono

1175 1018 –40 –68 –18 15.55 1067 38 –74 –26 10.31 683

SPN NnVb 387 186 –38 –76 –20 12.59 272 28 –82 –28 5.33 21
SPN Phono 383 210 –28 –82 –20 11.89 357 36 –74 –16 6.59 210

Subject C
ENG
NnVb

148 55 –28 –70 –22 5.79 50 12 –74 –24 4.31 26

ENG
Phono

185 59 –48 –58 –30 6.85 74 18 –54 –12 4.96 6

SPN NnVb 240 87 –18 –58 –12 5.66 26 40 –52 –22 4.53 36
SPN Phono 86 43 –40 –76 –30 4.88 31 34 –70 –26 4.47 14

Subject D
ENG
NnVb

542 414 –26 –84 –32 9.23 359 26 –84 –26 11.25 276

ENG
Phono

309 426 –24 –86 –34 7.23 262 28 –84 –26 11.91 223

SPN NnVb 227 32 –42 –74 –26 6.28 139 44 –60 –20 4.12 5
SPN Phono 46 131 –42 –76 –24 4.25 29 24 –84 –25 6.92 110

Subject E
ENG
NnVb

402 115 –36 –52 –30 7.94 388 16 –78 –24 4.9 92

ENG
Phono

346 163 –36 –78 –22 9.06 172 22 –76 –26 4.85 117

SPN NnVb 167 13 –34 –76 –24 5.99 99 26 –80 –32 4.53 13
SPN Phono 87 18 –46 –66 –24 5.08 22 14 –82 –24 3.9 17

Subject F
ENG
NnVb

1 0 –42 –48 –24 3.64 1 0 0

ENG
Phono

285 248 –36 –64 –30 6.55 124 22 –74 –20 6.69 175

SPN NnVb 120 118 –38 –48 –32 5.45 77 40 –74 –22 6.46 71
SPN Phono 1 0 –42 –48 –24 3.64 1 0 0

Subject G
ENG
NnVb

985 448 –44 –64 –26 10.56 840 20 –80 –50 8.02 63

ENG
Phono

401 391 –46 –58 –26 7.36 327 38 –76 –36 7.27 110

SPN NnVb 71 12 –46 –58 –26 5.33 38 6 –76 –32 4 12
SPN Phono 90 26 –46 –60 –28 4.98 86 40 –58 –24 4.21 23

Subject H
ENG
NnVb

233 118 –38 –80 –24 5.71 206 16 –74 –40 4.74 76

ENG
Phono

338 112 –42 –74 –24 6.72 310 20 –72 –36 5.84 83

SPN NnVb 279 139 –46 –66 –26 5.68 150 28 –74 –30 6.07 73
SPN Phono 17 0 –42 –66 –22 4.61 17 0 0

Note.—ENG � English, SPN � Spanish, NnVb � noun-verb association task, Phono � phonological task.
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phonological for Part B). Figure 5 depicts anatomic
overlays of the functional data from the combined
English and combined Spanish tasks in Figure 4 on
T1-weighted MPRAGE images. In this Figure, only
anatomic sections at the level of the cerebellum are
displayed. Lastly, Figure 6 displays additional ana-
tomic overlays of the group-averaged normalized
combined English task and combined Spanish task
functional data in supratentorial anatomic sections.

Group results for the individual language task ver-
sus control were reported in a previous publication
(28) and not discussed here.

Discussion
Although the role of the cerebellum was consid-

ered to be limited to only motor function involving

the muscles of articulation, it is now clear that the
cerebellum plays a important role in cognition, par-
ticularly language processing. The cerebellum is be-
lieved to have a mostly modulatory role because its
extensive anatomic connections with the thalamus
and cerebral cortices (especially the frontal and pari-
etal lobes) (23–26).

Lesional studies in monolingual individuals with
cerebellar structural abnormalities (eg, stroke, tu-
mors, infection) have demonstrated that the right
cerebellar hemisphere, the left cerebellar hemi-
sphere, and the cerebellar vermis serve different func-
tions. Activation studies have confirmed the results of
the original PET study by Petersen et al (32–36),
which demonstrated activation in the inferior lateral
aspect of the right cerebellar hemisphere (which

FIG 1. Four sets of orthogonal SPM99
glass-brain MIP images depict the nor-
malized group-averaged results of all
eight individuals (P � .001, 10-voxel
clustering threshold). On the coronal im-
ages, the left side represents the left
hemisphere. On the axial images, the left
side is posterior, and the lower half rep-
resents the right hemisphere.

A, Spanish noun-verb task subtracted
from the English noun-verb task.

B, Spanish phonological task sub-
tracted from the English phonological
task.

C, English noun-verb task subtracted
from the Spanish noun-verb task.

D, English phonological task sub-
tracted from the Spanish phonological
task.

FIG 2. Combined (phonological and
noun-verb) task subtractions. Orthogo-
nal glass-brain MIP images display
group-averaged normalized results (P �
.001, 10-voxel clustering threshold).

A, English minus Spanish.
B, Spanish minus English.
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projects to the left prefrontal language area) in a
verbal association task. However, activation was seen
in the superior anterior lobe of the cerebellum just
lateral to the loci involved in finger and eye move-
ments during a simple verbal-motor task. Marien and
colleagues (37) performed an excellent review of the
literature, tabulating various language functions at-
tributable to the right and left cerebellar hemi-
spheres. Lesions in the left cerebellar hemisphere
have been associated with loss of muscular speech
control resulting in ataxic dysarthria and with loss of
visuospatial organization resulting in afferent dys-
graphia (38–41). Numerous studies demonstrate a
greater overall role of the right cerebellar hemisphere
in language functions (37). The functions of covert
articulation, articulatory planning (dysfunction result-
ing in speech apraxia), verbal associations, word
rhyming, generation of synonyms, word completion,
semantic associations, phonological generation, ex-
pressive grammar, syntactic knowledge, and language
dynamics have all been associated with the right cer-
ebellar hemisphere.

Schmahmann et al (42–44)and others (37, 45) de-
scribe a complex functional topography of the cere-
bellum, providing evidence for at least three function-

ally distinct cerebellar areas: 1) the sensorimotor
cerebellum rostral to the primary fissure in the ante-
rior lobe with a secondary representation in lobules
VII/IX of the cerebellar hemispheres; 2) the cognitive
cerebellum (also referred to as the neocerebellum)
consisting of the lateral cerebellar hemispheres and
the dentate and emboliform nuclei) in lobule VI and
VII at the vermis with extension into lobule VI, crus
I and II of lobule VIIA and lobule VIIB of the
cerebellar hemispheres; and 3) the limbic cerebellum
that encompasses the more primitive cerebellar fasti-
gial nucleus, the vermis, and the flocculonodular
lobes. Riva and Giorgi (45) confirmed many of these
topographic differences in their study of 14 children
with cerebellar hemispheric lesions, 11 children with
vermian lesions, and one child with viral cerebellitis.
Lesions of the vermis (particularly the lower lobules)
produced behavioral disturbances ranging from irri-
tability to psychosis. Right hemispheric lesions im-
paired language processing, symbolic sequencing,
problem solving, and categorical memory, whereas
left hemispheric lesions produced losses in speech
melody, fluency of designs, and visual sequential
memory. Furthermore, their results demonstrated
that the connections between the cerebellum and the

FIG 3. Group-averaged normalized
data for all eight subjects. Activated vox-
els are overlaid on standard T1-weighted
axial anatomic images, which demon-
strate the difference in lateralization be-
tween the tasks, with greater left lateral-
ization in the English task. The datasets
were normalized to the standard MNI
space within SPM99. Top row, Spanish
noun-verb task. Bottom row, English
noun-verb task.

FIG 4. Combined tasks. These results
are essentially based on a single sample
t test based on a consideration of indi-
vidual normalized data for each of the
two tasks (P � .001 with 10-voxel clus-
tering).

A, Combined English tasks versus
control.

B, Combined Spanish tasks versus
control.
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frontal associative cortical areas become functional
early in life, certainly by the age of 3 years. The
increased plasticity of the brain in childhood was

believed to be insufficient to compensate for early
cerebellar lesions.

The phenomenon of crossed cerebellocerebral di-
aschisis, first described by Broich and colleagues in
1987 (46), now refers to a well-recognized pattern of
perfusion deficits in patients with strokes. Broich et al
reported a patient with a right cerebellar hemispheric
infarct that produced remote, contralateral left hemi-
spheric hypoperfusion with greatest hypometabolism
in the premotor areas. Since then, numerous reports
of this phenomenon have arisen, and crossed cerebel-
locerebral diaschisis has been described in patients
with unilateral cerebellar stroke, neurodegenerative
disorders, and neurocognitive and neurolinguistic
deficits (23, 47–59). This phenomenon supports the
hypothesis that the left frontal lobe and the right
cerebellar hemisphere are functionally and closely
connected.

Bilingual studies of supratentorial activation have
demonstrated increased right hemispheric (frontal)
activation in the non-native language compared with
the native language. Although most work in the fMRI
evaluation of language processing (semantic, phono-
logical, and other) has demonstrated predominantly
left hemispheric areas of supratentorial activation (in-
ferior frontal gyrus, dorsolateral prefrontal cortex,
superior temporal gyrus, supramarginal gyrus, etc),
several studies show that poorly to moderately profi-
cient subjects who acquire L2 late have a greater
tendency to display right cerebral hemispheric activa-
tion in various language tasks. Calabrese et al (1)
have shown that, while predominantly left prefrontal
activation is present during both L1 and L2 process-
ing in a word fluency paradigm, right prefrontal acti-
vation is also present during L2 processing. In an-
other study, moderately fluent French (L1) and
English (L2) bilingual subjects listened to stories in
both languages (6). Left hemispheric activation (left
superior temporal sulcus) was consistently seen dur-
ing the L1 version of the language comprehension
task, but variable bihemispheric activation (involving
bilateral temporal and frontal regions) was seen dur-
ing the L2 comprehension task. In their study of

FIG 6. Anatomic overlays of the group-
averaged normalized combined English
task and combined Spanish task func-
tional data on supratentorial anatomic
MPRAGE sections. Functional data from
Figure 5 are shown (P � .001 with 10
voxel clustering).

FIG 5. Anatomic MPRAGE images show the functional data
overlays on the anatomic sections through the cerebellum. The
results from Figure 4A (top) and B (bottom) are depicted. The
right side of each image is the anatomic left side, and the left
side of each image, the anatomic right side.
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English-Mandarin bilingual persons, Chee and col-
leagues (5) noted bilateral inferior frontal activation
in some and unilateral (left) prefrontal and parietal
activation in others. They attributed the right hemi-
spheric activation to low L2 proficiency because
more-proficient individuals displayed more left later-
alized activation. In our previous article (28), we
noted greater right hemispheric activation (right fron-
tal lobe activation) in the English phonological task
than with the Spanish phonological task. We attrib-
uted this finding (at least partly) to our subjects’
moderate L2 proficiency or to the relatively late age
at which they acquired L2. In addition, the higher
cognitive demands of task performance in their non-
native language may also account for the decreased
lateralized supratentorial activation in the English
tasks as compared with the Spanish tasks. However,
none of the previously reported fMRI (or PET) stud-
ies of bilingual subjects specifically examined cerebel-
lar language activation or compared cerebellar acti-
vation patterns in L1 and L2.

Our results demonstrate greater contribution of the
left cerebellar hemisphere to overall cerebellar acti-
vation in the non-native language (English) than with
the native language (Spanish). This finding may have
been secondary to crossed cerebellar diaschisis. As
described in our previous work on supratentorial ac-
tivation in this group (28), greater right hemispheric
supratentorial activation is observed in L2 as com-
pared with L1. The frontocerebellar pathways may be
responsible. However, the few reports about cerebel-
lar activation in the bilingual literature seem to indi-
cate only right cerebellar activation in language tasks
(performed in L1 or L2) in bilingual persons (14, 60).
This may be related to the method of stimulus pre-
sentation. In our study, visual stimuli were used
throughout, whereas in other studies, auditory or
other stimuli were used. It is clear from previous work
in patients with cerebellar lesions that the left cere-
bellar hemisphere is involved in visuospatial process-
ing. In addition, although common language networks
may be used for both processing in L1 and L2, per-
haps greater utilization of certain subsystems or use
of entirely different subsystems is responsible for the
differences in activation topography on the task-sub-
traction activation maps. Variations in our task design
from those of other fMRI studies in bilingual subjects
may account for some of the differences observed.

The presence of left-lateralized cerebellar activa-
tion in right-handed individuals during the perfor-
mance of both tasks in L1 and L2 is surprising and not
in accordance with results from the few previously
published studies. Crossed cerebellar diaschisis does
not account for this finding because no significant
supratentorial right hemispheric activation was seen
in L1 in our previous work.

The possibility of motor contamination must be
addressed in any study of cerebellar activation, par-
ticularly when finger presses on a keypad are used to
record responses to stimuli. In our study, this possi-
bility can easily be discounted because, in both the
activation (language) and control (nonsense drawing)

tasks, equal numbers of correct right- and left-hand
responses were devised to effectively cancel the mo-
tor component from the activation. Incorrect re-
sponses are expected to occur randomly, and in the
process of creating group-averaged results, any skew-
ing of results in favor of greater motor activation for
one hand or the other should be effectively mini-
mized.

Limitations of the study include the relatively small
sample, which reduces its overall statistical power. In
addition, the presence of a sex-skewed sample limits
any evaluation of sex-related effects on language ac-
tivation. Furthermore, the presence of important lin-
guistic differences between Spanish and English, such
as word-order specificity and word morphology,
might have affected fMRI task activation. More re-
search is necessary to study the effects of differences
in linguistic structure on language representation and
processing. The lack of reproducibility data for these
specific tasks in this particular cohort is another lim-
itation of this preliminary study. Although we have
examined interimaging variability with English ver-
sions of these paradigms, we have not yet done so
with the Spanish tasks. Lastly, despite the presence of
response accuracy data, homogeneous educational
demographics, and use of subjective ratings of lan-
guage proficiency, the lack of objective language pro-
ficiency measures (eg, those of the Boston Naming
Test) is a limitation. For future investigations, such
objective measurements should be used to avoid a
potential confounding subject-proficiency variable.

Despite these limitations, our results indicate that
the cerebellar hemispheres participate in language
processing and also that the extent and laterality of
activation differ between native and non-native lan-
guages. Whether this reflects differential utilization
of a common, bilateral language neural network in
the cerebellar hemispheres or different contributions
of the cerebellar hemispheres in modulating the su-
pratentorial language network is unclear. Investiga-
tions of the exact nature of cerebellar activation in
language processing need to be performed. Research
in bilingual individuals is particularly useful to eluci-
date the role of the cerebellum in cognition and to
gain insights into the acquisition and maintenance of
linguistic functions. As the phenomenon of cerebel-
locerebral diaschisis demonstrates, the cerebellum
and supratentorial language-processing centers share
intimate connections. Knowledge of how these con-
nections operate and how the cerebellum participates
in overall language processing is vital to understand-
ing the effects of neurologic disease on language
function; this, in turn, is crucial for designing ade-
quate speech rehabilitation for patients with stroke or
cerebellar neoplasia.

Conclusions
Our preliminary data demonstrate significantly

greater left lateralization of cerebellar language acti-
vation with the non-native language compared with
the native language. However, overall left cerebellar
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hemispheric lateralization was seen during task per-
formance in both languages. Future studies of bilin-
gual individuals are needed to investigate the exact
role the normal cerebellum in the modulation of
complex cerebellocerebral neural circuitry and to bet-
ter predict functional recovery of language in patients
with cerebellar disease.
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