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Figure 5. Horizontal views showing comparisons of classroom learners and native Chinese reading Chinese and English.
Learners show a bilateral occipital and fusiform “Chinese” pattern for Chinese and a standard alphabetic pattern for English.
Chinese natives show a Chinese pattern for both English and Chinese. Talairach coordinates for peak voxel activations are as
follows. English learners of Chinese: English stimuli –35, –65, –12; Chinese stimuli –43, –44, –9; Chinese bilinguals:
English stimuli –33, –56, –12; Chinese stimuli –43, –54, –12. Based on Nelson et al., 2005.

Perfetti (in press) carried out such a study with volunteer
learners, who came into the laboratory to learn 60
Chinesecharacters.

Volunteers learned the characters in the laboratory
and through self-paced home study through a web-
based tutor that presented characters along with audio
recordings of pronunciations and translations (depending
on the condition). To control the lexical constituents
acquired by the learner, Liu, Dunlap et al. (in press)
taught one group (the meaning group) only the character’s
English translation (but no Chinese pronunciation). For
another group (the pronunciation group), they taught
the character’s Chinese pronunciation, but provided no
meaning. The third group was taught both pronunciation
and meaning, providing the full set of lexical constituents.

The results showed further evidence for accommod-
ation. During passive viewing, learners showed two
activation patterns that are distinctive to reading by
native Chinese speakers. First, they showed the bilateral
activation pattern for occipital and fusiform regions
relative to both baseline fixation and to English. The areas
of activation were close to those found in the Nelson et al.
(2005) study, although the peak activation in the fusiform
was more posterior. Second, learners showed greater left
middle frontal activation (BA 9), relative to both fixation
and to English words. The right middle frontal gyrus also
showed increased activation for Chinese, as can be seen
in Figure 6.

Because learning either pronunciation or meaning was
sufficient to produce LMFG activation, the results do
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Figure 6. Comparison of laboratory learners showing
activation in both left and right middle frontal areas for
Chinese, relative to baseline. Horizontal view is at z = 33.
Peak activations for learned Chinese characters relative to
baseline are left hemisphere (LH) –49, 12, 33 and right
hemisphere (RH) 44, 14, 33 (Talairach). Adapted from Liu,
Dunlap et al., in press.

not support the hypothesis that the LMFG is needed to
hold simultaneously the three lexical constituents (ortho-
graphy, phonology, and meaning). A second hypothesis
is also not supported: that the LMFG is specifically
responsive to character writing, because subjects were
not asked to write characters during learning. Rather than
supporting a more specific hypothesis about the LMFG,
the results instead are consistent with a more general
hypothesis related to integration: that the left middle
frontal area supports a memory for the character so that a
constituent stored with the character can be retrieved.

However, an area in LMFG showed more activation
in the pronunciation and meaning group than in the
other two groups. This area is somewhat superior and
medial compared to the area that produced peak activation
across all the groups. This suggests that the LMFG
has some functional differentiation in character reading,
at least for learners. One area seems to support the
reading of a character whether it links to phonology or
meaning. Another, the more superior area, may become
involved when both meaning and phonology are involved
or more generally when there are multiple associations to

a character. However, because these results were found
in a passive viewing task, there is no reason to conclude
that explicit retrieval of either phonology or meaning is
necessary.

Conclusions from learning studies

The behavioral, ERP, and fMRI studies show
complementary parts of an overall picture of writing
system accommodation when alphabetic readers begin to
learn Chinese. The behavioral studies show rapid progress
(one term) in learning to distinguish character forms from
character-like forms (Wang, Perfetti and Liu, 2003) and
a slower progress (two terms) in learning pronunciations
and meanings (Liu, Wang and Perfetti, in press). Within
these same time frames, the ERP studies provide an
indicator of an initial high level of RH visual activation
(N200) that reflects the rapid form learning and a frontal
indicator (also at 200 ms) that may mark the effort of
retrieving pronunciation and meanings. (An absence of an
N400 may further mark the slowness of acquiring efficient
meaning retrieval.) These indicators generally correspond
to results of behavioral studies (Liu, Wang and Perfetti, in
press).

The learning studies produce a consistent convergence
with both fMRI and ERP studies of native Chinese readers
in showing bilateral occipital and occipital-temporal
activation for learners as well as native speakers. Finally,
the fMRI learning studies show a remarkable convergence
with fMRI studies of native speakers in identifying the
importance of the left middle frontal gyrus for reading
characters. That the LMFG is important even in learning
by relatively unskilled second language readers suggests
that the system accommodation hypothesis applies not
only to the visual areas that respond to superficial
differences in writing, but to frontal areas that carry out
integrative lexical processes.

General discussion and conclusion

Reading universally involves the mapping of written
graphs to units of language. Accordingly, we should
expect to find manifestations of this universality in
behavioral studies of reading and in studies of the neural
correlates of reading. And we do. When we compare
alphabetic reading with Chinese, a writing system of
maximal contrast for alphabetic comparisons, the results
of cognitive-behavioral research show a highly general
role for phonology across writing systems; and the
results of imaging studies show networks of brain areas
that partially overlap across writing systems. However,
along with the universals come variations that are
imposed by all three dimensions of writing variation –
script, orthography, and writing system. These variations
produce corresponding differences in the critical details
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of reading procedures that respond to the visual-spatial
properties of the script, the consistency of grapheme–
phoneme mappings within the family of alphabetic
systems, and the deep mapping features that distinguish
one writing system from another. Each of these differences
is accompanied by corresponding differences in the neural
basis of reading.

Our focus here has been how the brain’s reading
network compares across English and Chinese. Cognitive-
behavioral studies have suggested that phonology, while
important in both systems, is implemented in different
ways. Comparative ERP and fMRI studies converge
with this conclusion in general terms, and suggest some
specific possibilities for how the brain’s reading network
accommodates these differences. Chinese brain imaging
studies and meta-analyses of these studies point to several
departures from the results of alphabetic studies. One is
the bilateral activation of occipital and fusiform regions
that support the initial perceptual process of word identi-
fication, as opposed to the left-dominant pattern for alpha-
betic reading. This difference appears to reflect specific
spatial demands of Chinese characters, perhaps associated
with spatial relations among component radicals.

A second point of departure is the distinctive role of the
left middle frontal gyrus (LMFG) in Chinese, a role that
has been revealed in nearly every imaging study. Although
the exact role of the mid-frontal gyrus remains to be
determined, our suggestion is that this part of the Chinese
reading network supports a brief but sustained memory for
the orthographic form of the character during the retrieval
of its associated phonological and semantic constituents.
Other differences include reduced roles for both the left
inferior frontal gyrus and the left superior temporal-
parietal regions for Chinese compared with alphabetic
reading.

To this general picture, we add studies of learning
Chinese that we have carried out using both ERP and
fMRI procedures. We find ERP evidence that characters
require more visual processing at the beginning of
learning, as one would expect. However, significant gains
in experience with Chinese characters appear within two
terms of classroom learning, with results showing reduced
differences between English and Chinese and between
high and low frequency characters. ERP evidence also
suggests that semantic processing of characters continues
to be slow or weak, even after two terms. These results
help support the interpretation of changes with learning
of orthographic priming effects and are consistent with
the lexical constituency model of reading (Perfetti et al.,
2005). In fMRI studies of Chinese learners, two different
experiments converge to show activation in two areas that
are found in studies of native Chinese speakers: Learners
show (1) bilateral occipital and fusiform activation, and
(2) activation of LMFG (and also RMFG). This area
of LMFG is close to that observed in studies of native

speakers. For learners who acquired both phonology and
meaning links for the characters, we find an additional
LMFG area, slightly superior to that observed for native
speakers, which may be involved when both pronunciation
and meaning are connected to orthography.

Our learning results are consistent with the accommo-
dation hypothesis, which assumes that the brain’s reading
network must adapt to features of a new writing system
to the extent that those features require different reading
procedures. In learning Chinese, the brain’s reading
network accommodates the script demands of characters
by recruiting right hemisphere visual areas that are suited
for the global spatial analysis required by the characters.
And it responds to the distinctive mapping demands
of Chinese, which requires non-mediated syllable-level
phonology and meaning to be retrieved, by recruiting the
LMFG, which is suited for retaining the character form
during lexical processing.

The accommodation process may be asymmetrical,
applying to an alphabetic learner of Chinese more than
to a Chinese learner of English. We found the Chinese–
English bilinguals tend to show the same bilateral
activation of visual areas, including the fusiform, when
they read English as well as when they read Chinese. We
also found some evidence that Chinese–English bilinguals
may use frontal Chinese L1 areas for English. This is
assimilation rather than accommodation. The interesting
implication of this asymmetry is that it is actually Chinese
that provides the more universal system for reading.
Chinese reading procedures can be applied to English and
other alphabetic writing in a way the alphabetic reading
procedures cannot be applied to Chinese.

We caution, however, against drawing too strong an
inference from this assimilation conclusion. The success
of Chinese reading procedures in assimilating alphabetic
reading may be limited. Higher levels of second language
skill show brain-related as well as behavioral differences
from lower levels of skill (Abutalebi, Cappa and Perani,
2001). We should not be surprised to discover a similar
result in cross-writing-system reading skill. High levels of
L2 alphabetic reading skill for an L1 Chinese reader may
arise with experience at alphabetic decoding that requires
accommodation to brain structures that serve alphabetic
procedures.
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