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Background: Bilinguals are people that can use two languages for oral communication. Many bilinguals
have specific language-associated cortical regions. This study aimed to analyze the cortical positioning
features of vocal, semantic, and graphemic task zones in unskilled late Chinese (first)-English (second)
(ULCE) bilinguals using the blood-oxygen-level dependent functional magnetic resonance imaging (BOLD-
fMRI) technique.

Methods: Twelve ULCE bilinguals were assigned Chinese-English (C-E) vocal, semantic, and graphemic
tasks; SPM8 software was used to compare and investigate the brain activation maps towards different
language tasks and to calculate their corresponding lateralization indexes (LIs).

Results: These three language tasks in simple Chinese could activate most traditional language zones,
which all exhibited obvious left-deviated activation dominance. A simple English task could also activate most
traditional language zones, but only the semantic task appeared to have obvious left-deviated lateralization.
However, none of the three tasks displayed any specific language zones between Chinese and English on the
group level.

Conclusions: Vocal, semantic, and graphemic tasks can all activate multiple brain regions in the language
network and reflect their respective cognitive processing characteristics. Bilingual processing in ULCE
bilinguals has similar neural mechanisms, but the left-deviated lateralization is not obvious when performing

English vocal and graphemic tasks.
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Introduction

Bilinguals are people that can use two languages for
communication (1-3). Bilinguals can be divided into early
and late types according to whether they had contact with
their second language before or after the age of 5 (4).
They can also be divided into skilled and unskilled types
according to the level of proficiency gained in their two
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languages. A skilled bilingual has similar proficiencies in
both languages, while the second language of an unskilled
bilingual cannot reach a similar proficiency as his/
her native language (5). Kim ez a/. (6) applied the silent
sentence-generation task to assess bilingual performance
and found that the language areas in the temporal lobe
of early or late bilinguals essentially overlapped or only
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showed a subtle difference. However, the areas in the
frontal lobe in late bilinguals had clear separation, while
no difference was found above the frontal lobe areas in
early bilinguals. The direct cortical electrical stimulation
(DCES) technique is the gold standard in testing language
areas. Many studies have demonstrated the presence of
specific cortical language areas in bilinguals using DCES;
specifically, they found that the electrical stimulation on
certain cortical areas caused disturbances in only one of the
two languages (7-10). This shows that the language areas
of two languages may not fully overlapped. Chee ez 4/ (11)
applied the vision-presenting reading task to compare
the blood-oxygen-level dependent functional magnetic
resonance imaging (BOLD-fMRI) activation zones of the
Chinese and English languages in skilled bilinguals. They
discovered that these bilinguals used the common semantic
analysis system when implementing Chinese and English
tasks. Therefore, it was concluded that the bilinguals
with Chinese as their native language used similar neural
mechanisms when implementing Chinese and English
tasks. Pu et a/. (12) also implemented the vision-presenting
verb generation task to study the representative zones
of Chinese and English in unskilled bilinguals. They
determined that bilinguals with Chinese as their native
language also used similar neural mechanisms when
implementing Chinese and English processing tasks. Xue
et al. (13) carried out the BOLD-fMRI study in late
Chinese-English (C-E) bilinguals using semantic decision
tasks and found no specific activation zone in these
bilinguals in the C-E semantic level; in other words, they
concluded that the representative zones of these two
languages are basically the same. Taken together, the
results outlined above concerning unskilled bilinguals or
late bilinguals are still controversial, and it remains unclear
whether there is a separation between the representative
zones of the two languages. The above studies only
performed testing in the semantic domain; however, a
language can generally be divided into the four aspects:
semantics, voice, grapheme, and syntax. Therefore, this
study was designed to further add the vocal and graphemic
tasks based on the above studies. The objective was to
determine the distribution characteristics of BOLD-
fMRI language zones in unskilled late Chinese (first)-
English (second) (ULCE) bilinguals when executing
semantic, vocal, and graphemic tasks, and to judge whether
these ULCE bilinguals used the same or different neural
mechanisms when performing different language tasks.
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Methods
Subjects

Twelve healthy volunteers (6 males and 6 females, aged 21
to 24 years, mean 22.3 years old) were enrolled in this study.
They were all the senior students majoring in English in
Guangdong University of Foreign Studies, with normal vision
or corrected vision and Mandarin as their native language.
None of the subjects had a history of neurological disease. All
of them were right-handed as determined by the Edinburgh
handedness inventory (EHI). Furthermore, their mini-mental
state examination (MMSE) scores were all about 30 points.
MRI brain scanning revealed no obvious abnormality, and
they all voluntarily agreed to participate in the study.

Experimental tasks

The language stimulation programs were as follows:
the semantics, vocal, and graphitic judgment tasks were
performed, and all blocks of the tasks were designed and
visually presented using the E-Prime software (Psychology
Software Tools Inc., CA, USA). Each subject completed
two trail task scans designed by Latin square. The
experimental pictures were screened from a picture library;
all the pictures were black-white pictures of the same size.
The experimental Chinese and English words were the
commonly used words selected from Chinese and English
word frequency tables, respectively (Figure I).

Experimental task 1 (semantic task)

The objective of the task was to judge whether the two
presented Chinese or English words were the same part
of speech: namely, whether they were both abstract words
or entity words (consistent), or one abstract word and one
entity word (inconsistent). The Chinese and English tasks
appeared alternately in each block.

Experimental task 2 (vocal task)
The objective of the Chinese judgment task was to
determine whether the two Chinese words had a consistent
tone of voice: namely, whether the two test words had the
same tone (consistent), or a different tone (inconsistent).
In order to simplify the assessment, only the second (rising
tone) and fourth tones (falling tone) were selected.

The objective of the English judgment task was to
determine whether the accented syllables of two English
words were consistent: namely, whether both test words
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Figure 1 Task flow sheets.

were accented on the same (first or second) syllable,
or whether they were accented on different syllables
(inconsistent). In order to simplify the assessment, words
with only two syllables were selected. The Chinese and
English tasks appeared alternately in each block.

Experimental task 3 (graphemic task)

The objective of the Chinese judgment task was to
determine whether the presented Chinese character was a
real character; the objective of the English judgment task
was to determine whether the presented English word
was a real word. The Chinese and English tasks appeared
alternately in each block.

The baseline tasks of all the above tasks used the same
prompt words with the same lumen on the visual screen;
during the scanning process, the right and left buttons
were used to determine “consistent” or “inconsistent”,
respectively. Before the study, all the subjects were trained
and had their behavioral data collected; the accuracy rates
of each Chinese and English task were between 98-100%
and were similar (P=0.343).

Data collection and analysis

A 12-coil Siemens 1.5 T superconductive MRI system was
used for the scanning, and SPM8 (Wellcome Department of
Imaging Neuroscience at University College London) was
used for the analysis. The activation maps were displayed
with SPM8-owned MNI coordinates with the activated
regions >10 adjacent voxels as the activation standard
[family-wise error (FWE) correction, P<0.001]. The X]Jview
8 (http://www.alivelearn.net/xjview/) plug-in was used
to convert the MNI coordinates of the activated regions
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into the anatomical locations and automatically mark the
anatomical position of the activated clump center.

Calculation of lateralization index (LI)

The LI was calculated as follows: LI = (L-R)/(L+R) [L:
activated voxels in the region of interest (ROI) of the
left hemisphere; R: activated voxels in the ROI of right
hemisphere; LI >0.1, left dominance], ROI selected bilateral
middle frontal gyrus, inferior frontal gyrus, superior
temporal gyrus, middle temporal gyrus, superior parietal
lobule, and inferior parietal lobule.

Results
Activation areas of the Chinese semantic task

As shown in Figures 2,3, the language areas for the simple
Chinese semantic task (FWE correction, P<0.001, voxel
>10) were as follows: right inferior frontal gyrus, right
middle frontal gyrus, right precentral gyrus, right anterior
cingulate gyrus, right postcentral gyrus, right inferior
parietal lobule, right insular lobe, right precuneus, right
parahippocampal gyrus, right lingual gyrus, right thalamus,
right cerebellum, left medial frontal gyrus, left middle
frontal gyrus, left inferior frontal gyrus, left anterior
cingulate gyrus, left cingulate gyrus, left precentral gyrus,
left postcentral gyrus, left inferior parietal lobule, left
insular lobe, left thalamus, and left caudate nucleus.

Activation areas of the English semantic task

The language areas for the simple English semantic task
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Semantic task

Figure 2 Simple Chinese task-activated language areas.

Semantic task

Figure 3 Simple English task-activated language areas.

[FWE correction, P<0.001, voxel >10] were as follows:
right insular lobe, right middle frontal gyrus, right inferior
frontal gyrus, right precentral gyrus, right postcentral gyrus,
right inferior parietal lobule, right cingulate gyrus, right
cerebellum, right precuneus, right thalamus, right caudate
nucleus, left insular lobe, left middle frontal gyrus, left
precentral gyrus, left superior temporal gyrus, left inferior
parietal lobule, left cingulate gyrus, left anterior cingulate
gyrus, left thalamus, and left precuneus.

Activation areas of the Chinese phonological task

The language areas for simple Chinese phonological task
(FWE correction, P<0.001, voxel >10) were as follows:
right middle frontal gyrus, right lateral angular gyrus,
right superior parietal lobule, right inferior parietal lobule,
right cingulate gyrus, right posterior cingulate gyrus,
right parahippocampal gyrus, right postcentral gyrus,
right transverse temporal gyrus, right cerebellum, right
thalamus, right lentiform nucleus, right precuneus, right
fusiform gyrus, right inferior occipital gyrus, left medial
frontal gyrus, left middle frontal back, left inferior frontal
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Graphemic task

Graphemic task

gyrus, left insular lobe, left middle temporal gyrus, left
transverse temporal gyrus, left cingulate gyrus, left anterior
cingulate gyrus, left precentral gyrus, left postcentral
gyrus, left inferior parietal lobule, left supramarginal gyrus,
left cerebellum, left lentiform nucleus, left thalamus, left
cuneus, left precuneus, and left caudate nucleus.

Activation areas of the English phonological task

The language areas for the simple English phonological
task (FWE correction, P<0.001, voxel >10) were as follows:
right precentral gyrus, right inferior parietal lobule, right
insular lobe, right fusiform gyrus, right cerebellum, right
middle occipital gyrus, right medial frontal gyrus, right
middle frontal gyrus, right superior temporal gyrus, right
caudate nucleus, right thalamus, right posterior cingulate
gyrus, right postcentral gyrus, right precuneus, right
parahippocampal gyrus, left precentral gyrus, left inferior
parietal lobule, left cuneus, left insular lobe, left claustrum,
left medial frontal gyrus, left superior frontal gyrus, left
caudate nucleus, left thalamus, left inferior frontal gyrus,
left lentiform nucleus, left cingulate gyrus, left lateral
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Page 5 of 7

Semantic task

Phonological task Morphological task

Area

Chinese English Chinese English Chinese English
Frontal lobe 0.36 0.34 0.13 -0.26 0.27 -0.16
Temporal lobe 0.78 0.45 0.23 -0.35 0.43 0.07

LI, lateralization index.

angular gyrus, left lingual gyrus, and left middle frontal
gyrus.

Activation areas of the Chinese morphological task

The language areas for the simple Chinese morphological
task (FWE correction, P<0.001, voxel >10) were as follows:
right medial frontal gyrus, right fusiform gyrus, right
inferior occipital gyrus, right middle occipital gyrus, right
postcentral gyrus, right inferior parietal lobule, right
claustrum, right precentral gyrus, right inferior frontal
gyrus, right cerebellum, right insular lobe, right superior
parietal lobule, right cingulate gyrus, right thalamus, left
postcentral gyrus, left inferior parietal lobule, left superior
frontal gyrus, left precentral gyrus, left middle frontal gyrus,
left middle occipital gyrus, left superior parietal lobule, and
left insular lobe.

Activation areas of the English morphbological task

The language areas for the simple English morphological
task (FWE correction, P<0.001, voxel >10) were as
follows: right inferior occipital gyrus, right fusiform
gyrus, right cingulate gyrus, right inferior parietal lobule,
right precuneus, right middle frontal gyrus, right insular
lobe, right inferior frontal gyrus, right cerebellum, right
precentral gyrus, right claustrum, left supramarginal gyrus,
left inferior parietal lobule, left superior frontal gyrus,
left insular lobe, left precentral gyrus, left inferior frontal
gyrus, left cuneus, left cerebellum, left cingulate gyrus, left
posterior cingulate gyrus, left superior parietal lobule, left
precuneus, left middle frontal gyrus, left precentral gyrus,
and left inferior frontal gyrus.

LIs of different language tasks

As shown in Table 1, the LIs of the semantic task for
Chinese were 0.36 (frontal lobe) and 0.78 (temporal lobe),
and those for English were 0.34 (frontal lobe) and 0.45
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(temporal lobe). The LIs of the phonological task for
Chinese were 0.13 (frontal lobe) and 0.23 (temporal lobe),
and those for English were —0.26 (frontal lobe) and —0.35
(temporal lobe). The LIs of the morphological task for
Chinese were 0.27 (frontal lobe) and 0.43 (temporal lobe),
and those for English were —0.16 (frontal lobe) and 0.07
(temporal lobe).

Specific language areas

The group comparison of C-E-mixed tasks (FWE
correction, P<0.05, voxel >10) showed that all three
language tasks had no specifically activated brain area.

Discussion

Currently, studies about C-E bilinguals in China and abroad
are mainly focused on skilled or early bilinguals; however,
research targeting ULCE bilinguals is rare, so it is clinically
urgent to understand the language zone distributions
in these bilinguals. Most scholars believe that under the
resolution provided by BOLD-fMRI, the representative
zones of the first and second languages in skilled and early
bilinguals are substantially coincident. Although the second
language might lead to greater activation intensity, this is
presumed to only be caused by the greater computational
needs rather than the different representative zones of the
second language and the native language (14). Whether
representative bilingual zones in unskilled or late bilinguals
exist separately is still controversial. Kim ez a/. (6) believe
that differences exist. Meanwhile, Rapport et 4l. (7), Roux
et al. (8), Bello et al. (10), and Giussani et al. (5) all
performed wake-up surgery plus direct cortical electric
stimulation and found that specific bilingual areas,
specifically cortical language areas, were present and not
entirely coincident. In this study, ULCE bilinguals all
performed vocal, semantic, and graphemic tasks, but the
BOLD-fMRI analysis did not find any specific language

areas in these bilinguals. In other words, the representative
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zones of these two languages in the cortex were similar,
so the brain might have the same neural mechanism when
processing these two languages.

Previous bilingual BOLD-fMRI studies mainly
implemented semantic task or a mixture of tasks of
spontaneous language; taking into account that a language
is composed of voice, semantics, graphemes, and syntax,
research targeting each individual item might help to
further understand the neural mechanisms of bilinguals.
This study was the first study that specifically targeted the
cortical representative zones of the vocal and graphemic
tasks in ULCE bilinguals, and no specific activated region
was found in the vocal and graphemic levels: ULCE
bilinguals used similar neural mechanisms in processing
vocal and graphemic tasks. Furthermore, it was found that
no specific activated region appeared in the semantic level
between the two languages, which is similar to previous
findings (12,13).

A previous study found that Chinese users exhibited
obvious lateralization in semantic, vocal, and graphemic
tasks while this lateralization appeared in English users
only in semantic tasks; this result might be explained by the
fact that the tested subjects were unskilled with the second
language (15). When performing language tasks, the left-
deviated lateralization in the BOLD-fMRI results was
one method to measure whether this language task could
effectively activate the language areas (16). The results
of this study showed that for ULCE bilinguals, their left
language area was much more obviously activated when
performing the bilingual semantic tasks. Mixed bilingual
tasks could display C-E activation zones in a single scan,
and could thus have an advantage over implementing
Chinese and English tasks individually by virtue of reducing
the scanning time and co-displaying the bilingual language
activation regions. Therefore, a C-E mixed semantic task
could be used as the BOLD-fMRI stimulation task for the
preoperative language area positioning in the language
functional region surgery of ULCE bilinguals.

This study only applies the BOLD-fMRI technique
to study the cortical representative zones of Chinese and
English, but the limited resolution of this technique might
be the reason why no specific cortical representative region
was found. Burgaleta er 4/. (17) compared the subcortical
structures of early bilinguals and monolinguals and found
significant morphological expansions in the bilateral
putamen and thalamus, in addition to the left globus pallidus
and right caudate nucleus. Pliatsikas er a/. (18) applied MR
tractography to study skilled late bilinguals and found as the
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proficiency of the second language increased, the subjects’
white matter structures were affected accordingly. These
all indicate that structural brain changes in bilinguals might
possibly exist. Because the subjects of this study were ULCE
bilinguals, the impacts of these two languages on brain
tissue structures, particularly the subcortical structures,
might still be too minor to be detected by BOLD-fMRI.
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