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Abstract: After Newman and Twieg ([2001]: Hum Brain Mapp 14:39–47) and others, we used a fast
event-related functional magnetic resonance imaging (fMRI) design and contrasted the lexical processing
of pseudowords and real words. Participants carried out an auditory lexical decision task on a list of
randomly intermixed real and pseudo Chinese two-character (or two-syllable) words. The pseudowords
were constructed by recombining constituent characters of the real words to control for sublexical code
properties. Processing of pseudowords and real words activated a highly comparable network of brain
regions, including bilateral inferior frontal gyrus, superior, middle temporal gyrus, calcarine and lingual
gyrus, and left supramarginal gyrus. Mirroring a behavioral lexical effect, left inferior frontal gyrus (IFG)
was significantly more activated for pseudowords than for real words. This result disconfirms a popular
view that this area plays a role in grapheme-to-phoneme conversion, as such a conversion process was
unnecessary in our task with auditory stimulus presentation. An alternative view was supported that
attributes increased activity in left IFG for pseudowords to general processes in decision making,
specifically in making positive versus negative responses. Activation in left supramarginal gyrus was of
a much larger volume for real words than for pseudowords, suggesting a role of this region in the
representation of phonological or semantic information for two-character Chinese words at the lexical
level. Hum Brain Mapp 25:212–221, 2005. © 2005 Wiley-Liss, Inc.
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INTRODUCTION

Lexical decision task is a common language paradigm in
the study of mental lexicon [Forster and Bednall, 1976;
Marslen-Wilson, 1980; Rubenstein et al., 1970]. In this task,
participants are typically given a list of items to decide
whether each item is a real word or not. The foils can be
phonologically incorrect, meaningless nonwords or phono-
logically correct, meaningless pseudowords. For phonologic
processing, the contrast between pseudowords and real
words is of more concern as nonwords can be rejected
simply based on orthography [James, 1975].

Several imaging studies have compared the reading of
real and pseudowords [Binder et al., 2003; Fiez, 1993; Fiez et
al., 1999; Hagoort et al., 1999; Mechelli et al., 2003; Price et
al., 1994; Rumsey et al., 1997; Simos et al., 2002; Xu et al.,
2001]. Many found that the two types of stimuli activated the
same network of cortical regions, including the left inferior
frontal gyrus (IFG), in which pseudowords elicited a stron-
ger activation than did real words.

These findings have important theoretical implications,
for example, for the dual-route model, a well-known read-
ing model established before the imaging era [Coltheart et
al., 1993; Fiebach et al., 2002]. More relevant to the present
study, they also pose some difficulties to a major line of
imaging research documenting a role of left IFG in semantic
processing [Buckner et al., 2000; Copland et al., 2003; Demb
et al., 1995; Fiez, 1997; Gabrieli et al., 1998; Kapur et al., 1994;
Petersen et al., 1988; Poldrack et al., 1999; Thompson-Schill
et al., 1997; Wagner et al., 2001]. Along this line, one would
expect the left IFG to be more activated for real words,
which have semantic representations, than for
pseudowords, which do not.

It is possible that the left IFG may support multiple pro-
cesses, some of which may not be specific to semantic pro-
cessing. One such process is the grapheme-to-phoneme
(G–P) conversion [Herbster et al., 1997; Price, 1998; Rumsey
et al., 1997]. As pseudowords have to go through the G–P
conversion to access phonology whereas real words do not,
this conversion process is hypothesized to produce the
stronger activation observed in left IFG for pseudowords
than for real words.

Newman and Twieg [2001] tested this hypothesis with a
phoneme-monitoring task. Their participants listened to
blocks of real words or pseudowords and decided whether
or not each stimulus ended with a /t/ sound. As the G–P
conversion was not necessary with auditory stimulus pre-
sentation, the above hypothesis predicted no difference in
left IFG activation across pseudoword and real word blocks,
and this was indeed what Newman and Twieg [2001] found.

The study by Newman and Twieg [2001] was the first
comparing the auditory processing of real and
pseudowords. Kotz et al. [2002], a follow-up study with
auditory stimuli, however, located left inferior frontal sul-
cus, but not left IFG, with a stronger activation for
pseudowords than for real words. The inconsistency may be
partly due to methodologic differences, an issue that has
drawn attention in reading studies [Mechelli et al., 2003].

The Newman and Twieg [2001] study used a block-design
and their phoneme-monitoring task only implicitly probed
but may not have engaged adequate lexical processing. This
may account for their negative finding. The Kotz et al. [2002]
study, although with an event-related design, used a mixed
version of lexical decision task that combined a semantic
priming task with a lexical decision task. The target item for
lexical decision was preceded by a semantically related or
unrelated prime item. Their task therefore involved addi-
tional semantic processes other than lexical decision. Briefly,
inconsistencies in the available results need to be resolved
with more empirical studies optimizing experimental tasks.

In the present study, we followed Newman and Twieg
[2001] and Kotz et al. [2002] to examine further auditory
lexical processing. Although the primacy of spoken lan-
guage over written language is well recognized, this re-
search line has been given relatively little attention in the
imaging field (but see Gandour et al., 2002). Using functional
magnetic resonance imaging (fMRI), we imaged a lexical
decision task in its pure form to explicitly contrast
pseudowords and real words in the lexical access of Chinese
words. Specifically, we asked whether activation in the left
IFG showed a lexical effect. The involvement of other lan-
guage areas would also be examined.

Words in Chinese can contain a single character or mul-
tiple characters (see Fig. 1a). In the present study, we used
two-character words, which accounts for 74% of the total
Chinese vocabulary [Liu and Liang, 1990]. The
pseudowords used also consisted of two characters, con-
structed by combining the first character of one real word
with the second character of another real word, provided
such combination did not correspond to a real word (see Fig.
1b). In English, pseudowords share with real words their
constituent syllables at the sublexical level but lack the pho-
nological/semantic representations associated with real
words at the lexical or the whole-word level. The same

Figure 1.
a: Chinese words can consist of a single or multiple characters,
with the two-character form being the dominant one. b:
Pseudowords in the present study were constructed by combining
the first character of one real word (e.g., the first character in the
Chinese word for leader) with the second character of another
real word (e.g., the second character of the Chinese word for
countryside), provided such combination did not correspond to a
real word. English words in parentheses are translations for the
Chinese words.
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relationship holds between the two-character pseudowords
and real words used here.

Many individual characters in two-character Chinese
words are words themselves and have semantic meanings
that may differ from that of the two-character words they
form. One therefore cannot claim that the pseudowords
used in this study were totally without meaning, as for
English pseudowords. Nevertheless, this should not affect
comparison of the pseudoword condition with the real word
condition, because the semantic information at the single-
character level was comparable across the two conditions.

Although we use “two-character words” in the present
work for easy understanding, given the present study is on
speech, what we actually studied was two-syllable words, or
the phonologic form of two-character words. All characters
used in this study were single-syllable characters, as is typ-
ically the case in Chinese.

An event-related design was utilized so that pseudowords
and real words were intermixed randomly in the same scan-
ning session to avoid artifacts that may occur in a block
design. For example, participants may adopt different re-
sponse strategies if different types of trials were blocked in
different scanning sessions.

SUBJECTS AND METHODS

Subjects

Fourteen native Chinese speakers (six females; mean age,
20.9 years; age range, 18–23 years) participated in the study.
All had normal hearing as measured with a clinical audiom-
eter. All were strongly right-handed as judged by a hand-
edness inventory [Snyder and Harris, 1993]. Informed con-
sent was obtained in accordance with guidelines from the
Institute of Psychology of China, Beijing.

Experimental Design

All magnetic resonance (MR) imaging was conducted on a
1.5-T Philips scanner at the Medical College of Shantou
University, China with a standard headcoil. Twenty axial
slices covering the whole brain were acquired with a T2*-
weighted gradient-echo echo-planar imaging (EPI) pulse se-
quence (repetition time [TR] � 2,000 ms; echo time [TE] � 45
ms; flip angle � 90 degrees) for the functional scans (acqui-
sition matrix � 64 � 64; field of view [FOV] � 230 � 230
mm; slice thickness � 6 mm; no skip). Coplanar anatomic
images (acquisition matrix � 256 � 256) were acquired with
a T1-weighted spin echo pulse sequence (TR � 204 ms; TE
� 14 ms).

Participants lay supine inside the scanner and wore ear-
phones and goggles specially designed for the MR environ-
ment (Resonance Techonology Company, Los Angeles, CA).
Their head was restrained with padding behind the neck
and in-between the head and the headcoil. They were also
told to keep their head still when doing the task inside the
scanner. Participants made their responses with a button
box. All auditory stimulation was delivered binaurally
through the earphones and all visual stimulation through

the goggles. Stimulus presentation was controlled with a PC
computer using the Inquisit software package (Millisecond
Software, Seattle, WA).

The design was a fast random-interval event-related de-
sign. Participants were first familiarized with the task and
stimuli outside the scanner, and then went into the magnet
and each completed five scanning sessions. The first session
contained 10 practice trials and was excluded from later
analysis. The remaining four sessions were for tests, each
with twenty-four trials. In each trial, a sound segment of
about 1,000 ms was binaurally presented through the ear-
phones. The segment was a digital recording of a two-
character real word or a pseudoword, spoken by a profes-
sional female broadcaster. Participants were asked to judge
whether or not the segment was a real word and indicated
their response with a button press. Both speed and accuracy
were emphasized. Response time was measured from the
onset of the presentation of the auditory stimulus.

In each session, half of the trials were pseudoword trials
and the other half were real word trials, randomly inter-
mixed. The intertrial interval (ITI) was pseudorandomized
with a mean length of 10 s and a range of 6–14 s. In each
testing session, participants therefore carried out the lexical
decision task for 240 s (24 trials with an average length of
10 s). To avoid different eye movement patterns, all partic-
ipants were required to fixate on a central dot during this
period. This 4-min period was preceded and followed by a
30-s rest period where participants passively viewed a cen-
tral cross and did not do any task. Eye-movement monitor-
ing with an eye-tracking system confirmed that participants
maintained visual fixation.

We first selected 120 real words from the Dictionary of
Usage Frequency of Modern Chinese Words [Liu and Liang,
1990] with a mean word frequency of 79.88 per million
(standard error [SE] � 4.89). We then constructed the same
number of pseudowords by randomly recombining the first
character of one real word with the second character of
another (as shown in Fig. 1b) to produce two-character
combinations that were not present in the Chinese vocabu-
lary. Caution was taken to exclude those combinations that
sounded like a real word, even though it did not exist as a
real word in print. Half of the items obtained were used for
the odd-numbered participants and the other half for the
even-numbered ones. Of 60 items used for each participant,
12 were used for task familiarization and practice and 48 for
testing; no item was used more than once.

Data Analysis

Image analysis was conducted with SPM2 (Wellcome De-
partment of Cognitive Neurology, London, UK). Functional
images were slice-acquisition corrected, motion corrected, and
coregistered to the coplanar anatomic image for each partici-
pant. The T1 images were normalized to the standard statistical
parametric mapping (SPM) template and the resulting trans-
formation matrix was applied to the coregistered functional
images. Such normalized functional images, interpolated to
4-mm isotropic voxels and spatially smoothed with a Gaussian
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filter of 8-mm kernel, were entered into a regression analysis
using the general linear model for event-related designs in
SPM2 [Friston et al., 1995].

In regressor construction for the multiple regression, each
trial was modeled with a square-waved epoch of 1 TR,
convolved with the canonical hemodynamic response func-
tion in SPM. Two regressors were constructed, one for the
pseudoword trials and one for the real word trials. The rest
periods and the ITIs were modeled implicitly as baseline
(called rest condition for simplicity). Session-specific effects
were modeled as confound variables and low-frequency
noise in the signal was removed before regression analysis.

After the regression analysis, three linear contrasts were
constructed and subject-specific estimates of these contrasts
were obtained. They were pseudo versus rest, real versus
rest, and pseudo versus real contrasts.

The contrast estimates were entered into a standard SPM
second-level analysis with subject treated as a random effect,
using one-sampled t-test (degrees of freedom [df] � 14–1).
The expected mean difference value for the t-tests was set to
zero. A voxel-wise intensity threshold (uncorrected P
� 0.005) and a spatial extent threshold (cluster size greater
than 20 voxels) were combined to control for multiple com-
parisons [Forman et al., 1995; Poline et al., 1997] in the
generation of the t-maps. All coordinates reported were in

Talairach space converted from Montreal Neurological In-
stitute (MNI) space based on an algorithm (available at
www.mrccbu.cam.ac.uk/Imaging/mnispace.html). Percent
signal change was calculated by averaging the blood oxy-
genation level-dependent (BOLD) signal from all voxels in
each identified region of activation, separated for different
trial conditions and relative to the resting baseline.

RESULTS

Behavioral Performance

Mean accuracy and reaction time (RT) across all 14 par-
ticipants were 93.1% and 1,381 ms, respectively. Incorrect
trials were excluded from mean RT computation. Paired
t-tests indicated that responses to pseudowords were signif-
icantly slower and less accurate than the responses to real
words (mean error rate: 9.9%, SE � 1.9 for pseudowords vs.
3.9%, SE � 1.6 for real words; t[13] � 2.48, P � 0.05; mean
RT: 1,618 ms, SE � 96 for pseudowords vs. 1,143 ms, SE � 44
for real words; t[13] � 4.48, P � 0.0001).

Imaging Data

As shown in Figure 2 a and b, relative to the resting baseline
both the pseudoword and the real word conditions activated

Figure 2.
Axial t-maps of brain activation (P � 0.005, minimum 20 contigu-
ous voxels) for pseudoword vs. rest (a), real word vs. rest (b),
pseudoword vs. real word (c), and real word vs. pseudoword (d).
Deactivation in c and d are not shown to avoid redundancy. The

images were superimposed on a standard SPM anatomic template
brain in neurologic convention with z-coordinate for each slice
shown in Talairach space.
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an extensive set of brain regions, including bilateral superior
and middle temporal cortex, bilateral inferior frontal gyrus and
left precentral sulcus, supplementary motor cortex, bilateral
cerebellum, middle and anterior cingulate gyrus, left insula,
and left supramarginal gyrus. There were also activations in
the visual areas, including bilateral calcarine and lingual gyrus,
and some subcortical regions, including bilateral thalamus, left
caudate, and bilateral putamen. The parahippocampal area
was also activated for the pseudoword condition.

Whereas there was no brain region that was more active in
the rest condition than in the real word condition, bilateral
middle temporal cortex, middle/posterior cingulate gyrus,
and left precuneus showed deactivation in the pseudoword
relative to the rest condition.

Results from the direct contrast between the pseudoword
condition and the real word condition are shown in Figure
2c and d. Left IFG (Brodmann area [BA]44) and right IFG
(BA45) were significantly more activated for the
pseudowords than for the real words, as were the supple-
mentary motor area, middle cingulate gyrus, and right lin-
gual gyrus. The real word condition activated more than the
pseudoword condition did in bilateral middle temporal gy-
rus, and in a junction area between left post cingulate gyrus
and left precuneus. The percentage of signal change in these
areas is shown in Figure 3a and b separately for the
pseudoword condition and the real word condition. Table I
and Table II show the summary information for regions of
activation revealed in all the above-mentioned contrasts.

DISCUSSION

The behavioral performance results showed a clear lexical
effect, in terms of both reaction time and response accuracy.

Rejecting an item as pseudoword took longer and was more
difficult for participants than accepting an item as real word.
Although this finding is novel in that we have not found any
previous research with a similar task setting (i.e., an audi-
tory lexical decision task on two-character Chinese words), it
is in full accordance with the well-established lexical effect
in the lexical decision literature [see Ratcliff et al., 2004].

For imaging results, pseudowords and the real words
both activated bilateral auditory cortex in the superior tem-
poral gyrus (BA21/22), as one would expect for the present
task with auditory stimulation. Activation in supplementary
motor cortex, precentral sulcus, cingulate gyrus, and subcor-
tical structures such as cerebellum and caudate mostly likely
reflects the planning and execution of motor responses,
which like the stimulus perception process merged with the
lexical decision process in their fMRI responses. Thalamus
activation may reflect the involvement of attentional pro-
cesses [LaBerge, 1990]. The remaining activations at middle
temporal gyrus, inferior frontal gyrus, and supramarginal
gyrus were all located in language-related areas that have
been well documented in imaging studies of linguistic pro-
cesses [e.g., Binder et al., 1997; Levelt, 2001; Poeppel et al.,
2004]. There were also regions of deactivation in the
pseudoword condition (Fig. 2a) to be discussed later.

Given the minimal visual processing required for this task
(i.e., passively viewing a central fixation), it was surprising
that significant activation in visual cortex at calcarine and
lingual gyrus was found for both the pseudoword and the
real word conditions, relative to the baseline. It is possible
that the visual representation of Chinese characters was
accessed automatically when their corresponding phono-
logic representation was accessed.

Figure 3.
Mean percentage BOLD signal change of activated regions in the
pseudoword vs. real word contrast, separated by stimulus condi-
tion. a: Regions more activated for pseudowords than for real
words. b: Regions more activated (positively) for real words than

for pseudowords. See Table I for abbreviations. The signal differ-
ences between the two conditions were significant for all regions
shown (P � 0.001 level; two-tail paired t-tests.
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Overall, the pattern of activation was highly comparable
for the two types of stimulus. All regions activated in the
pseudoword condition except the parahippocampal gyrus
were also activated in the real word condition. Most of these
overlapping regions did not show up in the direct contrast
between the two conditions, indicating a close match in loci,
activation intensity, and spatial extent of corresponding re-
gions. In regions where the two conditions did differ, the
differences were more a matter of degree. These results
replicate and support further the general finding in the
lexical decision literature that pseudoword and real word
processing engages the same network of cortical areas [see
Mechelli et al., 2003].

The key finding from the present study came from the
inferior frontal gyrus. This region of BA44/45, particularly
the left IFG, which was our main focus, was activated for
both the pseudoword and the real word condition relative to

the baseline, and the activation was significantly stronger in
the former condition than in the latter.

This finding was different from that in Newman and
Twieg [2001], which did not reveal any differential left IFG
activity between pseudowords and real words. It was also
different from that of Kotz et al. [2002], where activity in the
left inferior frontal sulcus (BA6) but not in the inferior fron-
tal gyrus was found to depend on the lexical status of the
stimulus. BA6 activation was also found in the present study
but was unrelated to the pseudo/real distinction. A related
study by Specht et al. [2003] did not allow for a direct
comparison between pseudowords and real words because
their design, a block design, was focused on the nonword/
pseudoword distinction. In a contrast that was comparable
between the Specht et al. [2003] and the present study, i.e.,
real/pseudoword judgment relative to baseline, they found
activation in BA47 but not in BA44/45 whereas we found

TABLE I. Summary information for activated regions revealed in statistical contrasts
between pseudoword or real word versus the rest condition

Anatomic structure
Brodmann

area

Pseudoword Real word

Coordinates
Peak Z
score

Volume
(voxel) Coordinates

Peak Z
score

Volume
(voxel)

Condition � rest
IFG Left 45 �32 32 9 3.55 22 �44 23 3 4.00 88

44 �50 18 10 4.47 21 — — — — —
Right 44,45 52 13 15 3.91 40 58 11 4 4.42 72

45 42 33 9 3.89 23 — — — — —
PrCS Left 6 �32 �4 44 3.58 22 �29 �5 43 3.45 31
PrCS, IFG Left 6,44 �50 9 22 5.06 125 �44 5 24 4.12 101
MCG, ACG 24, 32 0 25 29 4.78 164 0 16 31 4.11 229
SMA Left, MCG 24, 6, 32 �5 5 43 4.60 159 �3 8 42 4.58 194
STG Left 22, 21 �54 �3 �3 4.16 205 �58 �7 �4 4.24 217

Right 22, 21, 38 55 �3 �6 3.84 113 58 �4 �4 3.97 104
MTG Left 21, 22 �52 �31 7 4.23 166 �63 �34 7 4.29 148
STG, MTG Right 22, 21 53 �27 5 4.73 168 56 �25 7 4.69 330
Supramarginal gyrus Left 40 �47 �33 35 3.52 29 �52 �28 32 4.16 142
Calcarine, lingual gyrus Left 17, 18 �14 �81 �1 4.19 146 �9 �76 2 4.11 129

Right 17, 18 9 �77 6 4.09 148 9 �73 10 3.86 114
Cerebellum Left — �13 �57 �16 3.99 155 �6 �67 �14 4.10 150

Right — 15 �70 �18 4.14 196 14 �70 �18 4.17 135
Thalamus Left — �18 �14 8 4.05 58 �15 �16 2 3.65 60

— �11 �17 2 4.21 49 — — — — —
Right — 19 �11 6 3.94 78 10 �14 5 3.45 43

Caudate, putamen Left — �17 13 11 5.47 67 �18 9 16 3.82 41
Putamen, pallidium Left — �18 9 0 4.81 60 �17 9 0 4.20 38
Putamen Right — 23 5 11 3.78 46 30 2 5 3.86 46
Insula Left — �34 14 �2 3.88 34 �33 14 �2 3.86 43
Parahippocampus Right 35 19 �28 �8 3.71 43 — — — — —

Rest � condition
MTG Left 39 �49 �60 20 �3.86 49 — — — — —

Right 22, 39 51 �53 15 �4.83 73 — — — — —
MCG, PCG Left 23 �10 �36 33 �3.61 32 — — — — —
PCG, precuneus Left 23 �7 �53 18 �4.08 56 — — — — —

Coordinates shown in Talairach space for the center of mass of each activated region. IFG, inferior frontal gyrus; PrCS, precentral sulcus;
SMA, supplementary motor area; MCG, ACG, PCG, middle, anterior, and posterior cingulate gyrus, respectively; STG, MTG, superior,
middle temporal gyrus, respectively.
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activation in BA44/45 but not in BA47. It would be prema-
ture to try to reconcile all these differences when there are
only a few relevant studies. One thing that seems evident,
however, is that although these few existing auditory imag-
ing studies reported a null effect in left IFG for the differen-
tiation of pseudowords and real words, we did find a dif-
ference. We attribute this discrepancy to methodologic
differences between our study and that of Specht et al.
[2003].

To the best of our knowledge, the present study is the only
auditory study using an event-related design and a pure
version of the lexical decision task. The event-related design
should help reduce false activation from factors such as
baseline signal shift. The random intermixing of the
pseudowords and real words should encourage partici-
pants’ adoption of uniform task strategies. Using the lexical
decision task in its pure form should facilitate an explicit
probing of lexical processing uncontaminated by other task
components. In addition, in recombining real word constit-
uent characters to construct pseudowords, the pseudowords
and the real words were made highly comparable for factors
such as familiarity, frequency, and phonology at the sublexi-
cal level, ensuring the pseudo/real word contrast to reveal
differences only at the lexical level. These features combined
help to explain why we were able to find a lexical effect in
left IFG activity whereas others did not and testify to the
reliability of our finding.

This finding does not support the notation that the stron-
ger left IFG activation for pseudowords relative to real
words in some previous reading lexical decision tasks was
due to the grapheme-phoneme conversion [Herbster et al.,
1997; Price, 1998; Rumsey et al., 1997], as such effect was
found in the present study with auditory presentation,
which did not involve the G–P conversion.

One thing that distinguishes pseudoword and real word
conditions is that the former requires a positive (yes) re-
sponse but the latter a negative (no) response in deciding
whether a probe item was in one’s preexisting mental rep-

resentation. The lexical effect was in line with the classic
finding that no responses are more effortful than yes re-
sponses [Stermberg, 1966; Ratcliff, 1985]. An alternative ex-
planation of the observation that left IFG was more engaged
by the processing of pseudowords than it was by processing
of real words is therefore to attribute this difference to
general processes not specific to lexical or semantic process-
ing [Binder et al., 2003]. In support of this explanation, a
recent imaging study with a verbal working memory task
found a stronger left IFG (BA44/45) activation for no re-
sponses than for yes responses [Zhang et al., 2003]. Candi-
dates for such general processes are likely components in the
decision-making process, such as a selection mechanism
[Thompson-Schill et al., 1997; Zhang et al., 2004a] or a
guided control mechanism [Wagner et al., 2001].

According to this general process explanation, the supple-
mentary motor area activation in the pseudo/real word
comparison should reflect increased decision effort (perhaps
due to more implicit articulation of the items, as in Hagoort
et al., [1999]) for the pseudowords than for the real words.
Similarly, the lingual gyrus activation may reflect reliance
on the word-form representations to facilitate judgment for
the more difficult pseudoword items.

Binder et al. [2003] manipulated the neighborhood size of
the pseudowords in a visual lexical decision task and ob-
served the standard effect in the behavioral data, i.e., slower
responses to items with larger neighborhood, as a general
decision model would predict. Nearly all the brain regions
sensitive to neighborhood size, however, were activated
more strongly by items with no neighbors than by items
with many neighbors. This pattern, the opposite of what one
would expect based on the decision model, remains to be
understood.

Previous imaging studies contrasting the auditory pro-
cessing of pseudowords and real words have used alpha-
betical languages, such as English and German [Newman
and Twieg, 2001; Specht et al., 2003]. Results in the present
study may therefore be partly specific to Chinese, a logo-

TABLE II. Summary information for activated regions revealed in statistical contrasts
between pseudoword and real word conditions

Anatomic
structure Brodmann area

Pseudo � real Real � pseudo

Coordinates Peak Z-score
Volume
(voxel) Coordinates Peak Z-score

Volume
(voxel)

IFG Left 44 �51 15 14 3.87 42 — — — — —
IFG Right 45 49 17 18 3.78 31 — — — — —
SMA, MCG 32, 24 0 18 37 4.04 181 — — — — —
Lingual gyrus Left 19 �26 �50 �3 3.97 38 — — — — —
MTG Left 37, 21, 39 — — — — — �48 �58 18 4.06 113

Right 21, 37 — — — — — 50 �47 13 4.02 178
PCG, precuneus Left 23, 31 — — — — — �11 �43 28 4.51 143

Coordinates shown in Talairach space for the center of mass of each activated region. IFG, inferior frontal gyrus; PrCS, precentral sulcus;
SMA, supplementary motor area; MCG, ACG, PCG, middle, anterior, and posterior cingulate gyrus, respectively; STG, MTG, superior,
middle temporal gyrus, respectively.
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graphical language with very different linguistic features.
Our recent study with two-character Chinese words, how-
ever, has provided evidence that at least some high-level
linguistic processing can be generalized across languages
[Zhang et al., 2004b], as advocated by other researchers
[Bookheimer, 2001; Chen et al., 2002; Matthews et al., 2002;
Perfetti, 2003].

The real word condition activated more than the
pseudoword condition did in bilateral middle temporal gy-
rus, left post cingulate gyrus and left precuneus. The same
set of regions were identified in a real word versus
pseudoword comparison when Japanese participants artic-
ulated visually presented Kana syllables or did a phonologic
lexical decision task on these materials [Ischebeck et al.,
2004]. Left middle temporal gyrus and left precuneus were
also found to be more activated in real word than in
pseudoword conditions in Rissman et al. [2003] with a
mixed version of the auditory lexical decision task.

As can be seen from Figure 2a and d, the regions that
showed stronger activation for real words than for
pseudowords all had deactivation in the pseudoword con-
dition. Similar results have been noted by other researchers
[Binder et al., 1999; Mechelli et al., 2003; Rissman et al., 2003].
Binder et al. [1999] examined in detail such localized, task-
induced deactivations and attributed them to interruption of
ongoing semantic processing that occurs at rest. This pro-
posal is readily applicable to our deactivation results, as
semantic processing was presumably interrupted in the
pseudoword condition but not in the real word condition.

Finally, the left supramarginal gyrus (BA40), although
absent in the direct comparison between the two types of
stimulus, showed a clear real word advantage in terms of
volume of activation (148 voxels for real words and 29 for
pseudowords1). Volume count, which has been used by
some researchers [e.g., Newman and Twieg, 2001], seems to
be a more sensitive index in this case than does the t-statistic.
Given that the sublexical codes were well-balanced across
the two stimulus conditions, this activation strongly sug-
gests that the left supramarginal gyrus is associated with the
phonologic or semantic representation of two-character Chi-
nese words at the lexical level, consistent with current un-
derstanding of function of this language area in English
studies [Levelt, 2001].

Summary

There are three main results in the present study. First,
replicating what has been found in the literature, processing
of pseudowords and real words were found activating a
highly comparable network of brain regions, including bi-
lateral inferior frontal gyrus, superior/middle temporal gy-
rus, calcarine and lingual gyrus, and left supramarginal
gyrus.

Second, mirroring a behavioral lexical effect, left inferior
frontal gyrus was more activated for pseudowords than it
was for real words. This result, in the context of the present
task with auditory stimulus presentation, does not support
the view that left IFG plays a role in grapheme-to-phoneme
conversion. Rather, increased activity in this area for
pseudowords is attributed to differences in general decision
making processes, specifically in making positive versus
negative responses.

Finally, activation in left supramarginal gyrus was of a
much larger volume for real words than it was for
pseudowords, suggesting a role of this region in the repre-
sentation of phonologic or semantic information of two-
character Chinese words at the lexical level.
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