BRAIN IMAGING

NEUROREPORT

Similar brain activation patterns for writing
logographic and phonetic symbols in Chinese

ChongYu Lin®, Zhuang-Wei Xiao®, Li Shen“?, John X. Zhang®® and Xu-Chu Weng®

2Laboratory for Higher Brain Function, Institute of Psychology, Chinese Academy of Sciences, Beijing, "Guangdong Key Lab of Medical Molecular Imaging,
Medical College of Shantou University, Shantou, “Department of Psychology, Nanjing Normal University, Nanjing and “Department of Psychology,
The Chinese University of Hong Kong, Hong Kong, China

Correspondence to Xu-Chu Weng, Institute of Psychology, Chinese Academy of Sciences, Al0 Datun Road Chaoyang District, Beijing, China
Tel: +86 10 64854476; fax: + 86 10 64872070; e-mail: wengxc@psych.ac.cn and
John X. Zhang, e-mail: jxzhang@cuhk.edu.hk

Received 20 July 2007; accepted 20 July 2007

This event-related functional MRI study examined the neural cor-
relates for Chinese writing, by comparing the writing of logo-
graphic characters and that of pinyin, a phonetic notation system
for Chinese characters. The temporal profile of the activations in-
dicated that the middle frontal gyrus, superior parietal lobule, and
posterior inferior temporal gyrus reflected more central pro-
cesses for writing. Although pinyin writing elicited greater activity
overall than character writing, the critical finding is that the two
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types of symbols recruited essentially the same brain regions.
The results were compared with studies in Japanese showing
dissociation between logographic kanji and phonetic kana writing
and frequency of use was suggested to be an important
factor in accounting for result differences across the two writing
systems. NeuroReport 18:1621-1625 © 2007 Wolters Kluwer
Health | Lippincott Williams & Wilkins.

Introduction

Classical neuropsychological studies on pure dysgraphia
have identified left superior parietal lobule and left middle
frontal gyrus as brain regions critical for writing, or the so
called ‘writing centers’ [1]. Modern brain imaging research
with healthy participants generally corroborate these ob-
servations [2,3], but have also found other brain regions
involved in writing, such as motor area [4], angular gyrus
[5], and inferior temporal gyrus [6].

Analogous to reading studies [7,8], an important question
can be asked for writing from a cross-language perspective,
which is, whether the brain mechanisms for writing differ in
different writing systems. Taking advantage of a unique
feature in Japanese where a logographic kanji and an
alphabetical phonetic kana system coexist, some research
found a brain structure dissociation where left posterior
inferior temporal gyrus (PITG) [9] was responsible for kanji
writing but angular gyrus [10] for kana writing. Tokunaga
and others [5] suggested that one possible role of the left
PITG was to retrieve kanji forms. If so, one would predict
that this area should also be involved in writing Chinese
characters that are identical to kanji in visual form.

The present study tested this prediction with functional
MRI. Following the positron emission tomography study
[5], we used a dictation for mental writing task. With
functional MRI, we were able to adopt an event-related
design to better interpret brain activations on the basis of
their temporal profile. Participants would first hear a two-
character target word. After a short delay, they would hear a
verbal instruction cue, ‘write character’, upon which they
would start the mental writing.

In addition to these character writing trials, there was also
a comparison condition with pinyin writing trials. A pinyin
writing trial was identical to a character writing trial except
that the verbal cue was ‘write pinyin’ to instruct participants
to start writing out the pinyin form of the target word.
Pinyin is a system to notate the sound of Chinese characters
using the English alphabet. For example, the pinyin form for
the Chinese character ‘f" (meaning house) is fang. The
pinyin system is extremely familiar to all educated Chinese
who all used it in learning to read. One reasonable
assumption is that pinyin writing of a sequence of
alphabetical phonetic symbols should be similar to kana
writing in Japanese. On the basis of this assumed parallel
relationship, we further examined whether a similar brain
dissociation pattern was present between character writing
and pinyin writing, as that between kanji and kana writing.

Materials and methods

Twelve right-handed, healthy college students (age range:
17-24 years, 6 men) participated in the study. All were
native Chinese and none had any psychiatric or neurologi-
cal disorders. Informed consent was obtained from all
participants.

Imaging was performed on a 1.5 T Philips Power 6000
MRI scanner (Philips Company, Amsterdam, The Nether-
lands). Twenty axial slices covering the whole brain were
acquired with a T2*-weighted gradient-echo echo planar
imaging pulse sequence (TR=2000ms, TE=45ms, flip
angle=90°) for the functional scans (matrix=64 x 64,
FOV=230 x 230 mm, thickness/gap=5/1mm). A 120-slice
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high-resolution sagittal structural image was also obtained
for coregistration.

It was an event-related design with several events in each
trial. Participants first heard a two-character target word
presented for 1500 ms. They were told to hold the word in
mind and be prepared for mentally writing it after a delay,
variable from 4 to 10s to better separate the BOLD signal for
target word presentation and that for other events. At the
end of the delay, an auditory instruction, either ‘write
character” or ‘write pinyin’, would cue participants to start
writing. With no physical movement, they were to imagine
writing with their right index finger on a piece of paper.
They pressed a button once they finished writing. The time
elapsed from the cue onset was taken as their writing time.
The next trial started 14s following the onset of the
instruction cue in the present trial. Each participant
completed four functional runs, each with 16 trials, half
for character and half for pinyin, randomly intermixed. Each
run was 356s long, consisting of 178 three-dimensional
volumes.

Sixty high-frequency two-character words were used. All
participants were interviewed after test to confirm they
knew how to write out character and pinyin forms for them.
Pilot study was also conducted to control writing complex-
ity so that the average writing time was comparable for the
two types of symbols.

Preprocessing and data analysis were conducted follow-
ing a standard procedure as in our earlier research with
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random effect analysis [11,12]. After removing linear trends,
the echo planar images were motion-corrected, normalized
to Talairach space [13], and smoothed (FWHM=6 mm). The
imaging data from two participants were discarded due to
serious head motion. A general linear model was used to fit
the BOLD signal from each voxel with a stimulus function
which specified the type and onset times of the three types
of trial events, that is target word presentation, character
writing cue, or pinyin writing cue. The analysis produced
three F statistics (and three associated P values), one for
each event type, indicating the extent to which this voxel
was engaged in responding to that particular trial event.
Using a threshold of P<10 > combined with a cluster size
greater than 270mm’® (10 voxels) threshold, functional
activation maps were generated, one for each of the three
trial events.

For each voxel, the mean BOLD signal in response to each
of the three types of events was calculated. Such signal was
also called a voxel’s impulse response functions (IRFs),
showing the temporal dynamics of its response to a trial
event. The length of these functions was set by convention
to be 14s (seven time points or TRs). The IRF for a specific
brain region of interest (ROI) was obtained by averaging the
IRFs from all voxels in that ROL

Contrast between the two cueing events (character vs.
pinyin writing) was conducted with a paired t-test (d.f.=9)
across all participants by comparing participants’ mean IRF
signal intensity for the character writing event and that for

. o

P value

Fig.1 Axial brain activation maps (P < 10~°, minimum 10 contiguous voxels) associated with presentation of (a) the target word, (b) the cue for character
writing, and (c) the cue for pinyin writing. (d) Axial brain activation map (P <0.05, minimum |0 contiguous voxels) from the direct contrast between two

trials events, the cue for character writing and the cue for pinyin writing.
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the pinyin writing event. Using a P<0.05 threshold
combined with a cluster size greater than 270 mm?>
(10 voxels) threshold, the activation map thus constructed
showed brain regions with significantly greater activity for
one cueing event relative to the other.

Results

Behavioral results

The mean writing time for the 12 participants was
8.05+2.23s for pinyin writing and 8.83 +2.19s for character
writing. Writing Chinese took significantly longer than
writing pinyin (P <0.05).

Table |

Imaging results

The brain regions activated in response to the three types of
trial events are shown in Fig. 1. For the target word
presentation event, the regions include bilateral superior
temporal gyri, left posterior middle frontal gyrus, left
inferior prefrontal gyrus, left precentral and postcentral
gyrus, and regions surrounding the anterior cingulate
sulcus (Fig. 1a). The activated regions for the character
cueing event overlapped with that for the pinyin cueing
event, including bilateral superior temporal gyri, bilateral
superior parietal lobule, bilateral premotor area, bilateral
cerebellum, bilateral basal ganglia, and supplementary
motor area (Fig. 1b and c).

Summary information for regions of activation associated with different trial events, including target word presentation, cuing for character

writing, and cuing for Pinyin writing, and for activations from the direct contrast between cuing for character writing and cuing for pinyin writing

Anatomic structure L/R Peak activation coordinates F or t value for peak activation
Target word presentation
Prefrontal gyrus L —44 4l 9 121
Middle frontal gyrus L —4l 17 27 16.2
Precentral gyrus L -32 -20 63 15.6
SMA — -2 20 42 15.3
Inferior parietal lobule L —53 —26 48 12.2
Superior temporal gyrus L —53 —17 9 459
R 59 -1l 3 51.3
Cueing for character writing
Middle frontal gyrus BA 6 L -20 -2 54 304
R 29 -2 45 177
Middle frontal gyrus BA 9 L —47 8 36 22.5
R 59 1] 33 190
Postcentral gyrus R 41 —26 45 12.2
SMA — 2 2 54 35.5
Superior parietal lobule L —26 —53 57 35.5
R 29 —53 54 184
Superior temporal gyrus L —53 —17 9 264
R 59 -1l 3 36.1
Basal ganglion L —17 5 9 15.2
R 23 2 9 1.5
Cerebellum L -23 -59 —19 14.3
Cueing for pinyin writing
Middle frontal gyrus BA 6 L -23 -2 54 38.2
R 29 2 48 18.5
Middle frontal gyrus BA 10 L —4l 41 12 18.5
Inferior frontal gyrus BA 45 R 56 1] 18 20.1
Postcentral gyrus R 41 —26 48 171
SMA — 5 5 51 370
Superior parietal lobule L —26 —53 54 438
R 32 —53 51 279
Inferior temporal gyrus L —50 —59 -1 170
Superior temporal gyrus L —53 —17 6 219
R 59 -1l 3 36.7
Supermarginal gyrus R 53 -50 2| 149
Precuneus R 14 -50 30 14.8
Basal ganglion L —17 5 9 15.7
R 23 8 9 12.0
Cerebellum L -23 -59 —19 16.4
R 26 —56 —16 190
Pinyin > character
Middle frontal gyrus BA 9 L -38 8 27 84
Inferior frontal gyrus BA 10/46 L -35 35 15 4.0
Precentral gyrus L —44 -1 54 38
Superior parietal lobule L -29 —53 45 5.5
Inferior temporal gyrus L —44 —59 —1 41
Cerebellum R 17 —62 ) 40
Character > pinyin
None

Note: Coordinates shown are for peak activation in theTalairach space. Voxel size is 3 x 3 x 3 mm.

SMA, supplementary motor area.
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Fig. 2 The impulse response function (IRF) time course for some ROIs (regions-of-interest). (a) Left primary auditory area when listening to target
words, (b) left primary auditory area, (c) left precentral gyrus, (d) left middle frontal gyrus, (e) left superior parietal lobule, and (f) left posterior inferior

temporal cortex [(b—f): in Chinese character and pinyin writing].

Figure 1d shows results from the direct contrast between
the character cueing and pinyin writing events. Six regions
showing greater activity for pinyin writing than for
character writing, including left middle frontal gyrus (BA
9), left superior parietal lobule, left posterior inferior
temporal cortex, left prefrontal gyrus (BA 10/46), left pre-
central gyrus, and right cerebellum existed. No brain region
was significantly more activated for character writing than
for pinyin writing. Detailed information about these activa-
tions is listed in Table 1.

Related to the main interest of this study, IRFs were
extracted (Fig. 2) from six ROIs to expose the temporal
dynamics of the brain activation in these regions. The first
ROI was the left superior temporal gyrus shown in Fig. 1a.
The second ROI was the left superior temporal gyrus shown
in Fig. 1b and c. The third ROI was the left primary motor
cortex shown in Fig. 1b and c. The remaining three ROIs, the
left middle frontal gyrus, the left superior parietal lobule, and
the left PITG, were all taken from the activated regions
identified in Fig. 1d, that is from the direct contrast between
character writing and pinyin writing. Except for the first ROI
where the IRF for the target word presentation event was
plotted, the IRFs for the character writing and for pinyin
writing were plotted separately for all the other ROIs.

Discussion

In light of the event-related design, the brain activations for
the target word presentation event reflect transient pro-
cesses associated with processing the target word. For

example, the superior temporal gyrus (Fig. 2a) showed a
temporal profile with early peaking and fast decay,
consistent with its expected function in speech perception.
This same area was also activated for the cueing events
(Fig. 2b) with a similar temporal profile, presumably in
response to the presentation of the auditory instruction cue.
In comparison, activations in regions including premotor
area, supplementary motor area, basal ganglia, and cere-
bellum were likely for preparation for and carryout of the
mental movements [14,15]. Consequently, the BOLD signal
in these regions, shown with the primary motor area as an
example in Fig. 2c, demonstrated a sustained temporal
response profile extending till participants finished mental
writing around 8s following the cue.

Other regions identified in the cueing for writing events
were interpreted as reflecting more central processes for
writing, such as retrieving the written form for character
and pinyin and transforming it to sequences of spatial
movement patterns [16]. These regions, including left
posterior middle frontal gyrus, superior parietal lobule,
and PITG, show a pattern that replicates the typical results
in the imaging literature of writing [17,18]. Their temporal
profiles, as shown in Fig 2d-f for left posterior middle
frontal gyrus, superior parietal lobule, and PITG, being
sustained but terminating earlier than that for the motor
areas, were consistent with such an interpretation.

For left PITG, we found it was significantly activated for
pinyin writing but not for character writing. Time course
plot of the BOLD signal from this area (Fig. 2f) did show
some response to character writing, albeit at a lower level,
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relative to that for pinyin. Still, this result was very different
from what was found in Japanese where the PITG was
strongly activated for kanji writing but not for kana writing.
Our result, therefore, presents difficulty for the proposal
that the left PITG is specific to the visual form of kanji or
Chinese characters [5]. Further, we did not find any angular
gyrus activation for either pinyin writing or for the pinyin
vs. character writing comparison. Essentially, we were
unable to find any dissociation between character and
pinyin writing, parallel to that in Japanese between kanji
and kana. Rather, character and pinyin writing seem to have
recruited a highly similar set of brain regions. Note that
pinyin showed an overall stronger activation — in all
the three brain regions typically associated with writing,
the middle frontal gyrus, the superior parietal lobule,
and the PITG, pinyin writing elicited greater activity
than character writing whereas no brain region showed
the opposite effect. This pattern of difference cannot be
explained with task difficulty as the writing time was
slightly shorter for pinyin than for character writing
(8.05 vs. 8.835).

It is possible that the assumption of parallel relationship
we made in the introduction (between Chinese character vs.
pinyin and kanji vs. kana) was incorrect. Indeed, even
though pinyin was a highly accessible phonogram for
Chinese characters, it was never used intermixed with
Chinese character in reading or writing, different from the
case of kana and kanji in Japanese.

We, however, tend to explain this different pattern with a
frequency factor — writing less frequently used symbols elicits
stronger brain activation. Indeed, while Chinese character is
more frequently used than pinyin, the opposite is true for
kanji for Japanese, relative to kana [19]. This may imply that
different types of symbol writing activate a similar network of
brain regions but to different extent, depending on their
frequency of use, or that research to show distinct pathways
for writing with different types of symbols, for example,
logograph vs. phonogram, would make a more convincing
case if frequency of use is controlled.

Conclusion

Examination of the time course of the activated regions in
our mental writing task suggested that left posterior middle
frontal gyrus, superior parietal lobule, and PITG were more
central in the writing process. No evidence stating that
distinct brain regions were involved for Chinese character
and pinyin writing. Earlier research showing dissociation
between writing of logographic and phonogram in Japanese
may need further validation by controlling frequency of
symbol use.
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