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When asked to judge the membership of typical (e.g., car) vs. atypical (e.g., train) pictures of a category (e.
g., vehicle), native English (N = 18) and native Chinese speakers (N = 18) showed distinctive patterns of
brain activity despite showing similar behavioral responses. Moreover, these differences were mainly
due to the amount and pervasiveness of category information linguistically embedded in the everyday
names of the items in the respective languages, with important differences across languages in how per-

o vasive category labels are embedded in item-level terms. Nonetheless, the left inferior frontal gyrus and
'(E;:)eifglriltzyatelf(;:d the bilateral medial frontal gyrus are the most consistent neural correlates of category typicality that per-
MRI sist across languages and linguistic cues. These data together suggest that both cross- and within-lan-
guage differences in the explicitness of category information have strong effects on the nature of
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categorization processes performed by the brain.
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1. Introduction

One of the fundamental insights into semantic memory is the
role of typicality in both structuring and providing access to mem-
bers of a category (Mervis, Catlin, & Rosch, 1976). When asked
questions such as “Is an ostrich a bird?” or “Is a robin a bird?,” the
general behavioral finding (Mervis & Rosch, 1981) is that people
respond more quickly and more accurately to “robin” than
“ostrich” (i.e., demonstrate a “typicality effect”) simply because
“robin” is a more typical example of the category “bird” than
“ostrich.”

As one of the most consistent indexes of categorization pro-
cesses in behavioral studies (Mervis & Rosch, 1981), the typicality
effect has also been investigated with neuroimaging techniques
such as the Event-Related Potential (ERP). ERP studies have found
that typicality effects in linguistic stimuli are marked by a N400
component, such that atypical items of a category elicit a larger
N400 than typical items, regardless of the frequency of the item la-
bels (Fujihara, Nageishi, Koyama, & Nakajima, 1998; Heinze,
Muente, & Kutas, 1998; Stuss, Picton, & Cerri, 1988). In addition
to the N400 component found in the frontal, temporal, and parietal
areas of the brain, studies with pictorial stimuli have found addi-
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tional components at 160 ms (P160) in occipital areas and 280-
300 ms (N300) in other posterior areas, representing additional
perceptual and semantic processing of pictorial atypical vs. typical
stimuli (Barrett & Rugg, 1990; Hauk et al., 2007; McPherson & Hol-
comb, 1999).

However, to the best of our knowledge, this classic “typicality
effect” has not yet been directly investigated using neuroimaging
techniques with high spatial resolution such as functional Magnet
Reasoning Imaging (fMRI) (Patterson, 2007). Nonetheless, there
have been some studies that have begun to shed light on what
one might expect for such an effect. Studies investigating the
orthographic typicality (e.g., CHEESE is a typical English word but
SEIZE is an atypical one) or phonetic typicality (e.g., sounds belong
to normal human voicing continuum or not) of word stimuli, for
example, showed that atypical items elicited greater activation
than typical items in language processing areas such as the left
inferior frontal region and bilateral superior temporal regions
(Myers, 2007; Woollams, Silani, Okada, Patterson, & Price, 2011).
Moreover, fMRI studies using other categorization processing par-
adigms with English-speaking adults including both healthy con-
trols and patients with semantic dementia have identified three
qualitatively different categorization systems in the brain (Smith
& Grossman, 2008). The first is a rule-based categorization process
associated with a working memory system and selective attention
in the frontal and parietal areas, especially the left inferior frontal
gyrus. The second is a similarity-based categorization associated
with explicit long-term memory and integration of perceptual
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features in the parietal-temporal areas. For the third, other sorts of
implicit categorization processes associated with implicit long
term memory in the temporal-occipital areas have also been iden-
tified. However, which of these three categorization systems might
be involved in the typicality effect is still unknown. This question is
particularly interesting for semantic typicality processing. Com-
pared with other typicality processing such as orthographic typi-
cality or phonetic typicality, semantic typicality processing is
characterized by a more complicated connectionist representation
where concepts correspond to distributed representations occupy-
ing positions in a multidimensional semantic space (Patterson,
2007). Studies on the brain mechanism of related semantic pro-
cessing have found that categorization of both word and pictorial
stimuli show activation in the bilateral middle and inferior frontal
gyrus, the bilateral inferior parietal lobule, bilateral temporal-
occipital conjunctions, anterior cingulate cortex and caudate
(Adams & Janata, 2002; Ganis, Schendan, & Kosslyn, 2007; Gross-
man et al.,, 2002; Jiang et al., 2007; Koenig et al., 2005; Myers,
2007; Reber, Gitelman, Parrish, & Mesulam, 2003). The left inferior
frontal gyrus, in particular, has been identified as a region which
contributes greatly to semantic and lexical access (Bookheimer,
2002; Hagoort, Hald, Bastiaansen, & Petersson, 2004; Vandenber-
ghe, Price, Wise, Josephs, & Frackowiak, 1996). Thus, our first aim
of the present study is to investigate the neural correlates of the
semantic typicality effect by recording an MRI signal when partic-
ipants perform a classic category verification task with pictorial
stimuli. We would expect to identify a brain network involved in
semantic processing, particularly in the inferior frontal cortex.

The second aim of the present study is to investigate how the
neural correlates of the typicality effect might be similar or differ
across languages. The idea that language plays an important role
in categorization is not new in cognitive psychology. As Whorf sug-
gested in the linguistic relativity hypothesis, “We dissect nature
along lines laid down by our native language.”(Whorf, 1956).
Developmental studies have shown that language shapes the
way that object categories are organized and structured in chil-
dren’s minds (Martinez & Shatz, 1996; Yoshida & Smith, 2003).
In addition, cross-linguistic studies have found that different lan-
guages differ greatly in providing linguistic cues to a word’s
semantic category. For example, in English, basic level object nouns
usually do not share any obvious relationships to their superordi-
nate category labels (e.g., nouns for wheeled vehicles are bicycle,
truck, car, taxi, bus, train, etc.), although some do (e.g., cuttlefish,
catfish). In contrast, most basic level object nouns in Mandarin Chi-
nese contain superordinate category information in some way,
either by sharing a common root morpheme (Tardif, 2006) (e.g.,
all wheeled vehicles share the common morpheme chel (%) that
means “vehicle”, such as bicycle - zi4xing2chel 51T %, truck -
ka3chel-& %, car - jiao4chel¥ %, taxi — chulzulchel fi#8 %, bus -
gonglgongdqidchel 7> #£i5 %, train — huo3chel’X %), or by including
a unpronounceable orthographic “radical” that cues either the
basic or superordinate category in the written character (Zhou,
Marslen-Wilson, Taft, & Shu, 1999; Zhou, 1978) (e.g., the noun
“fish” (yu2&)) is not only a simple character in its own right, but
is also an orthographic component (also known as a “semantic rad-
ical”) in the written character for different fish names, such as carp
- li3%8, bass - [u2fg, catfish - nian2%}, and shark - shais). Over 80%
of Chinese characters provide semantic radicals (Zhou et al., 1999;
Zhou, 1978), and these can be traced back to the oracle bone char-
acters used 3500 years ago (e.g., the radical of “water” shui3’k in
the characters of river - he2 i8] and wine - jiu3 if), thus creating
a fascinating and long-standing tradition of cueing category infor-
mation that is pervasive in basic level terms in Chinese.

In summary, in English, nouns tend to have opaque or “non-
transparent” cues to categories, whereas Chinese nouns have a
highly productive and pervasive morphological and orthographic

compounding system which provides explicit cues to category
membership. How could these language differences then influence
categorization processes and the typicality effect? Since both typ-
ical and atypical nouns in Chinese contain exactly the same lin-
guistic cue (whether morphological or orthographic), it is
possible that this pervasive system of cues might be used to aid
Chinese speakers in making category judgments and thus obviate
the need for typicality as a cue. This hypothesis was supported in
a series of cross-cultural ERP studies comparing English and Chi-
nese speaking adults with a category verification task. In these
studies, Chinese speaking adults showed no N300 or N400 compo-
nents revealing no apparent differences in the processing of typical
vs. atypical items (Liu et al., 2010) despite clear differences with
the identical stimuli for English-speaking adults and strong simi-
larities in the N300 and N400 effects shown across languages for
within vs. out of category items. These studies led to the suggestion
that the linguistic cues in Chinese nouns facilitated the semantic
access of category information in Chinese speaking adults and
eliminated the left frontal N300 and N400 typicality effects. How-
ever, the locus of these cross-linguistic similarities and differences
are still not clear.

In the current study, we investigated the neural correlates of
the typicality effect and its cross-linguistic variations with native
US English and native Chinese speakers using event-related fMRI.
We conducted a category verification task with pictorial stimuli
that differ in both typicality and linguistic cues to category mem-
bership and demonstrate that these linguistic cues are responsible
for differing levels of brain activation in the same brain areas iden-
tified by others as responsible for semantic categorization, despite
overall similarities in behavioral responses.

2. Methods
2.1. Participants

Twenty native Mandarin Chinese speakers and 19 native US
English speakers (from US or Canada) in Beijing, all right-handed
with normal vision, participated in this study and were each paid
RMB100 (approximately US$12). Considering previous studies
have demonstrated differences between bilinguals and monoling-
uals in naming task (Ameel, Malt, Storms, & Van Assche, 2009;
Ameel, Storms, Malt, & Sloman, 2005), we also controlled the Lan-
guage 2 (L2) level in participants recruiting. To minimize the pro-
ficiency of English, all native Chinese speakers were college
students who had not yet passed College English Test (CET). To
minimize the proficiency of Chinese for native English speakers,
they were required to have lived in Beijing for less than three years
and have learned Chinese for less than one year. Three participants
were excluded from further analysis, two Chinese speakers for
poor behavioral performance and one English speaker for uncor-
rectable head movement (>4 mm) during fMRI acquisition. The fi-
nal sample consisted of 18 Chinese speakers (10 females, M
age=22.33years) and 18 English speakers (10 females, M
age = 25.38 years) in the behavioral and fMRI data analysis. The
recruitment of participants in Beijing was approved by IRBs at
Beijing Normal University and the University of Michigan
(B04-00001580-M1).

2.2. Stimuli

Twenty-eight grayscale object pictures of 14 categories were se-
lected from previous ERP studies (Liu et al., 2010) (Fig. 1), for which
two pilot studies were conducted to refine and ensure the cross-
linguistic comparability of the pictorial stimuli and their judged
typicality. In Pilot Study one, 25 English and 25 Chinese
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Fig. 1. Experimental procedure (A) and materials (B). Participants first saw a category-level label (e.g., “VEHICLE” in English or che1 “%" in Chinese), followed by a picture of
either a typical, atypical or out-of-category object (e.g., a car, a train or a pen, respectively). The participants’ task was to judge whether the object picture was an exemplar of
the label or not. In English, 5 of the ten categories included nontransparent items only (e.g., VEHICLE: car, train) and 5 included morphologically transparent items (e.g.,
PAPER: writing paper, tissue paper). In Chinese, 5 of the ten categories included morphologically transparent items (e.g., VEHICLE/chel%: car -jiao4chel$5 %, train —
huo3chel!X %), and 5 were orthographically transparent (e.g., BUG/chong2H, fly -canglying®#8, butterfly - hu2die2##%). Among these ten English and ten Chinese
categories, six included identical categories and item pictures across languages (bottom six categories in both languages, 5 nontransparent and 1 morphological for English, 5
morphological and 1 orthographic for Chinese). In addition, all participants also completed a typicality rating survey in a 1-6 scale before the scan (see Method).

participants were given a questionnaire about the acceptability of
replacing certain terms for each other (e.g., “Can car be used to re-
place the word vehicle?”). For example, given the nouns fly can-
glyingl®&%8, worm qiulying3 #r%5, bug chong2zi =, and
mosquito wen2zi ¥ F(from the category BUG), a participant could
say that “fly” can be used in place of “bug”, or that “fly” can be used
in place of “mosquito”, and so on. In Pilot Study two, 29 English
and 24 Chinese participants were asked to rate the typicality of
each picture, given either the category- (e.g., vehicle) or item- (e.
g., car) level label, on a six-point scale. These ratings were then
used to identify typical and atypical items for each category. Addi-
tionally, to ensure consistency across categories and languages,
every participant completed a typicality rating survey before the

scan by first naming the item stimulus picture and then rating
the typicality of each item on a 1-6 point scale, with 1 representing
not at all typical (RZ&8%Y) and 6 representing extremely typical
(MhimEal), in response to the visually presented question “How
typical is this as an example of a VEHICLE?” (X% KiZE LEE—
&8I % ). Any responses that did not contain the expected
orthographic/ morphological parts in the naming task were
counted as inaccurate labels. All stimulus pictures received >80%
naming accuracy at the item-level from both English (86.3%) and
Chinese (84.4%) speakers. The typicality rating results for the six
categories compared cross-linguistically and ten categories in Eng-
lish and Chinese revealed no significant interactions between typ-
icality and other factors of interest such as language or label type
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(Ps > 0.46), thus ensuring the comparability of the stimuli across
languages and conditions in the current study.

2.3. Procedure and task

A schematic summary of the procedure and task can be found in
Fig. 1. Specifically, there were two types of categories (label types)
for each language: those with morphologically transparent vs. non-
transparent cues to the superordinate category for English and
morphologically transparent vs. orthographically transparent cues
for Chinese. Within these two types of categories, one pictorial
exemplar each of a “typical” (e.g., car) and “atypical” (e.g., train)
category member was shown to participants, who were asked to
judge simply whether the pictured item “was” (yes) or “was not”
(no) a member of the category whose term appeared preceding
the presentation of the pictorial stimuli.

All participants finished 12 practice trials with category and
item pictures that were not selected for the real experiment (e.g.,
category “station” chelzhan4 %5 and a picture of a train station)
before the scan. During the fMRI scan, a total of 400 trials, 20 trials
for each of the 20 pictures, were presented in random order to each
participant in four separate runs with 100 trials each. The inter-
trial interval was jittered at 500, 2000, 3500, 5000, and 6500 ms
with differing probabilities (50%, 25%, 12%, 7%, 6%, respectively).
Half of all trials required a Yes response (e.g., label “vehicle”, fol-
lowed by a picture of car) and half required a No response (e.g., la-
bel “vehicle”, followed by a picture of eggplant). Among the 200
“Yes” trials, there were 50 trials for each condition in a fully crossed
design of Typicality (Typical vs. Atypical) by Label type (Morpho-
logical vs. Nontransparent in English and Morphological vs. Ortho-
graphic in Chinese). The cross-linguistic comparison was done by
comparing the six identical categories (vegetable, paper, pants,
vehicle, shoes, writing instrument) in English and Chinese, yielding
60 trials for each language. The whole experimental session lasted
approximately 1 h with 25-30 min for fMRI data acquisition.

2.4. Image acquisition

Echo Planar Imaging was acquired from a Siemens 3T scanner
(TR =1500 ms, TE =28 ms, interleaved, 28 axial slices with 4.8-
mm-thick each, field of view 200 x 200 mm, acquisition matrix
was 64 x 64, flip angle 75°, in-plane resolution = 3.1 x 3.1 mm?).
A total of 1184 scans were acquired in four runs. High-resolution
T1-weighted images were obtained for each subject to provide de-
tailed anatomy (1.0 x 1.0 x 1.3).

2.5. Imaging data analysis

Data analysis was performed with SPM5 from the Wellcome
Department of Cognitive Neurology, London. MNI coordinates
(Friston et al., 1995) were transferred into Talairach coordinates
(Talairach & Tournoux, 1988) according to the criteria specified
by  http://www.mrc-cbu.cam.ac.uk/Imaging/Common/mnispace.
shtml. Image data were represented using MRIcroN http://www.
sph.sc.edu/comd/rorden/mricron/ and CARET http://brainvis.
wustl.edu/wiki/index.php/Main_Page. Talairach coordinates were
transferred to brain regions using the Talairach Daemon database
(Lancaster et al., 1997). The first two scans of each run were dis-
carded from the analysis to eliminate non-equilibrium effects of
magnetization. Scans were first preprocessed for slice-timing,
realignment, normalization (to MNI space), and smoothing
(8 x 8 x 8 mm, Gaussian spatial filter). The resulting images had
voxel size of 3.13 x 3.13 x 4.8 mm°.

Two individual-level analyses for each participant were per-
formed separately for the cross- and within-language comparisons.
For the cross-linguistic comparison, each of the eight types of trial

generated from crossing the Typicality (typical vs. atypical) by Lan-
guage (English vs. Chinese) by Response (Yes vs. No) conditions,
was contrasted with the six motion parameters obtained from
realignment as the covariate. For the within-language comparison,
everything else was the same except that Language was replaced
by the Label type (nontransparent vs. morphological in English
and orthographic vs. morphological in Chinese). Long-term signal
variations were eliminated with a high-pass filter set at 128s,
and a low-pass filter was achieved by convolution with the stan-
dard SPM hemodynamic response function (HRF). The hemody-
namic response of the event was time-locked to the presentation
of the object pictures. The duration was set to 0 as an event-related
design. We performed two group-level random effects analyses. A
two-sample t-test between English and Chinese speakers was con-
ducted for the cross-linguistic comparison and a one-sample t-test
among English speakers and Chinese speakers was conducted sep-
arately for the within-subjects comparison between different label
types in each language. The cross-linguistic contrasts with two
sample t-tests used an uncorrected voxelwise threshold of
P<0.001, P<0.05 (K>10) (Canli et al., 2005) with False Discovery
Rate (FDR) corrected for multiple comparisons using the small vol-
ume correction (SVC), whereas the within-linguistic contrasts with
one sample t-tests revealed weaker brain activation in general,
thus a reduced threshold of uncorrected voxelwise P < 0.005 was
set with a FDR corrected P < 0.05 (K > 20 voxels) (Depue, Curran,
& Banich, 2007; Seymour, Daw, Dayan, Singer, & Dolan, 2007) with
SVC correction for all conditions but one. In the Chinese morpho-
logical (Atypical vs. Typical) contrast, we expected not to find
any differences, and thus to be more conservative in our conclu-
sions, we set a higher threshold of FDR corrected P< 0.1, (K> 10
voxels) with SVC correction in order to reveal any potential activa-
tion that could reflect the behavioral differences in this condition.
A less stringent threshold was used for the one sample t-test of the
within-language comparison than for the two sample t-test of the
between-language comparison due to the fact that we had fewer
categories per condition in the within-language comparison (5 cat-
egories and 50 trials) than that in the between-language compari-
son (6 categories and 60 trials). Based on the frontal and parietal
regions identified in various previous categorization studies
(Adams & Janata, 2002; Ganis et al., 2007; Grossman et al., 2002;
Jiang et al., 2007; Koenig et al., 2005; Myers, 2007; Reber et al.,
2003), small-volume correction (SVC) was done separately using
ROIs within the left BA 46 and 47, the right BA46 and 47, the bilat-
eral BA 8, bilateral BA 9 and bilateral BA 40, defined by the Talai-
rach Daemon Brodmann Areas from the WFU_PickAtlas 2.40
(Maldjian, Laurienti, Kraft, & Burdette, 2003). Average signals in
the ROIs were extracted and plotted using Marsbar (Fig. 5A) (Brett,
Anton, Valabregue, & Poline, 2002). The SVC in the Chinese mor-
phological (Atypical vs. Typical) contrast was set in the left BA19
and right caudate tail. Determination of common regions for “Eng-
lish Morphological Atypical” and “Chinese Orthographic Atypical”
was calculated by a conjunction analysis implemented in SPM5
for the contrasts “English Morphological Atypical > Typical” and
“Chinese Orthographic Atypical > Typical”. The threshold of the
resulting statistical map was P < 0.005, uncorrected for at least
20 contiguous voxels (Fig. 5B).

3. Results
3.1. Behavioral results

Trials with a response time >1200 ms or <200 ms were excluded
as outliers in both behavioral and fMRI analyses (English: 1.0% of

all responses, Chinese: 4.5% of all responses). Only trials with cor-
rect responses were included in the behavioral and fMRI analysis.
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Fig. 2. Behavioral and typicality rating (1-6) results show cross-linguistic differences in the six identical categories shown for English and Chinese speakers (A), between
morphologically transparent and nontransparent items for English speakers (B) and between morphologically transparent and orthographically transparent items for Chinese
speakers (C). Reaction time data is presented only for correct responses. P <0.01, P<0.05, "P<0.01 and ~P<0.001.

A series of Typicality (Typical vs. Atypical) by Language (English
vs. Chinese) repeated measures ANOVAs with Bonferroni correc-
tions for post-hoc analyses were conducted for the accuracy, RT
and rating data of all stimuli to explore the effect of Typicality
and Language in the “yes” responses (Fig. 2A). We found a signifi-
cant main effect of Typicality in all three measures, such that par-
ticipants rated the items we included as Typical to be significantly
more “typical” than those considered to be “Atypical,” F(1,34)
=308.56, P<0.001, and made more errors and responded more
slowly for Atypical items than Typical items [Accuracy: M= 0.95
and 0.99, F(1,34)=10.57, P=0.003; RT: M =565.45 and 523.56, F

(1,34) = 52.06, P<0.001, respectively], as shown in Fig. 2A, which
repeated the classic Typicality Effect found in many previous
behavioral and ERP studies (Fujihara et al., 1998; Heinze et al.,
1998; Mervis & Rosch, 1981). Moreover, there was a significant
main effect of Language in the RT data such that Chinese partici-
pants responded more slowly than English speakers (M =582.17
and 505.34, F(1,34)=9.07, P=0.004) and generally gave higher
ratings (Typical M = 5.65, Atypical M = 3.57) than English speakers
(Typical M = 5.13, Atypical M = 2.76) for both types of items, with
no significant Typicality by Language interaction in the ratings,
reaction times or accuracy data. Overall, even considering the
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Fig. 3. Similarities in brain activation for pictures of items in all categories that received Yes responses (in category) vs. No responses (out of category) from English- and
Chinese-speaking participants (A) (Table 1). Brain regions showing activation (atypical-typical) for pictures of items in six identical categories judged by English- and
Chinese-speaking participants (Yes responses only) (B) (Table 2). Slices begin with the overall axial view with infinite search depth. English and Chinese participants showed
almost identical brain patterns for the Yes vs. No contrast. However, the typicality effect was associated with the left IFG (BA 46), the right MFG (BA11) and the right SFG (BA8)
only in English speakers when comparing those six identical categories across languages.

apparently stronger typicality effect in the RTs for the Chinese par-
ticipants in this study, these results are consistent with previous
studies finding typicality effects for English and other languages
such as Japanese and German indicating that behavioral manifesta-
tions of the typicality effect are robust across languages. The fol-
lowing analyses thus consider, first, the effects of Label Type
within each language, and, second, the neuroimaging results.

For the English speakers, a Label Type (Morphological vs. Non-
transparent) by Typicality (Typical vs. Atypical) repeated measures
ANOVA with Bonferroni corrections for post-hoc analyses on the
accuracy, RT and rating data revealed significant typicality effects
for both non-transparent and morphologically transparent labels
(Fig. 2B). As with the overall ANOVAs, there were main effects of
Typicality in the ratings, F(1,17)=271.99, P < 0.001, as well as in
the RT and accuracy data such that participants made more errors
and responded more slowly for Atypical than Typical items (Accu-
racy: M=096 and 099, F1,17)=8.28, P=0.010; RT:
M =520.86 ms and 491.78 ms, F(1,17) = 29.96, P < 0.001). Interest-
ingly, there was also a significant main effect of Label Type in the
RT data such that participants responded more slowly for pictures
with Morphologically transparent labels than pictures of items
with Nontransparent labels (M=512.30ms and 500.34 ms, F
(1,17)=8.78, P=0.009). One possible reason is that there are less

Morphological labels than Nontransparent labels in English, thus
such a slow response for morphological labels might be attributed
to the novelty effect. However, no interactions between Typicality
and Label Type were found for any of the measures and English
speakers generally gave similar ratings for pictures of items Mor-
phological cues to category membership (Typical M =5.19, Atypi-
cal M=2.97) as they did for Nontransparent items (Typical
M =5.24, Atypical M = 2.81).

For the Chinese speakers, a Label Type (Morphological vs.
Orthographic) by Typicality (Typical vs. Atypical) repeated mea-
sures ANOVAs with Bonferroni corrections for post-hoc analyses
revealed significant typicality effects for the ratings, F(1,17)
=172.32, P<0.001, as well as for the RT and accuracy data such
that participants made more errors and responded more slowly
for Atypical than Typical items (Accuracy: M=0.96 and 0.99, F
(1,17)=5.01, P=0.039; RT: M=61522ms and 571.51ms, F
(1,17)=42.11, P<0.001). In addition, there was also a significant
main effect of Label Type in both the ratings, F(1,17)=25.77,
P<0.001, and the RT data such that participants generally gave
higher ratings for pictorial stimuli with Morphological (Typical
M =5.76, Atypical M =3.62) than Orthographic cues to category
membership (Typical M =5.42, Atypical M =3.19), and responded
more slowly for items with Orthographic than Morphological
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Table 1

Brain regions showing significant activation between Yes and No responses in English and Chinese. (Two sample t-test, uncorrected voxelwise threshold of P < 0.001, with P < 0.05

with False Discovery Rate (FDR) corrected for multiple comparisons (K> 10 voxels).)

Contrast BA P (FDR) corrected Voxel X y z Z
English (Yes—-No)

L Superior Frontal G 8 <0.01 100 -13 35 47 3.92
R Superior Frontal G 8 0.02 13 35 47 3.78
L Middle Frontal G 10 0.01 35 -34 52 7 4.45
L Inferior Frontal G 10 0.03 —47 43 -2 3.50
L Inferior Parietal L 40 <0.01 105 —49 -55 47 4.82
L Inferior Temporal G 20 0.01 17 —62 -25 -19 4.31
L Middle Temporal G 21 0.01 -62 -34 -10 4.02
L Cingulate G 31 <0.01 149 0 -38 29 4.99
L Precuneus 7 0.01 -3 -59 38 4.03
R Inferior Parietal L 40 <0.01 97 47 —62 47 5.01
Chinese (Yes-No)

L Medial Frontal G 10 0.01 18 -9 57 2 4.29
L Medial Frontal G 10 0.03 16 -9 39 -10 3.64
L Middle Frontal G 10 0.02 17 -34 57 2 3.89
L Inferior Frontal G 10 0.05 —44 46 -2 3.31
L Inferior Parietal L 40 0.02 81 —47 -59 38 4.14
L Superior Parietal L 7 0.02 -38 —64 52 3.93
L Inferior Parietal L 39 0.05 —47 —68 43 3.34
L Inferior Temporal G 20 0.01 16 -62 -22 -15 447
L Middle Temporal G 21 0.02 -62 -34 -10 3.82
L Cingulate G 31 <0.01 133 -3 -38 33 4.90
L Precuneus 7 0.03 -3 -59 34 3.53
R Superior Frontal G 8 <0.01 147 9 42 47 4.90
R Superior Frontal G 9 0.01 13 58 24 4.19
L Medial Frontal G 8 0.02 0 45 37 4.08
L Superior Frontal G 8 0.02 -16 45 42 3.97
R Middle Frontal G 8 0.02 12 41 24 48 3.84
R Inferior Parietal L 40 0.01 38 47 —65 47 434

labels (M =603.23 ms and 583.49 ms, F(1,17)=10.25, P=0.005).  Table 2

As with English, no interaction was found between Typicality and
Label Type for any of the measures, as can be seen from Fig. 2 C.
Again, because there are less Orthographical labels than Morpho-
logical labels in Chinese, thus such a slow response for Orthograph-
ical labels might be attributed to the novelty effect.

3.2. Imaging results

When contrasting responses to items belonging to the category
(Yes responses) versus those not belonging (No responses) (Fig. 3 A,
Table 1), both groups of speakers showed similar patterns of activ-
ity. Specifically, out-of-category items elicited greater activity in
the bilateral SFG (BA8), the left MFG and IFG (BA10), the bilateral
IPL (BA40), the left inferior temporal lobe (ITL) (BA20), and the left
middle temporal lobule (MTL) (BA21) (Fig. 3 A, Table 1). This
indicates that Chinese and English speakers performed the task
similarly when distinguishing between in-category and out-of-
category items, not only at the level of categorization processing,
but also at the level of basic visual processing and decision making.

In contrast, the fMRI results showed dramatic differences in the
English and Chinese speakers’ processing of typical vs. atypical
items. For English speakers, atypical items elicited larger activity
in the left inferior frontal gyrus (IFG) (Brodmann areas [BA] 46,
47), the right middle frontal gyrus (MFG) (BA10, 11), the right
superior frontal gyrus (SFG) (BA8) and the right inferior parietal
lobule (IPL) (BA40) (Fig. 3 B, Table 2). In contrast, Chinese speakers
showed no differences between typical and atypical items in these
regions (Fig. 3B, Table 2).

The highly similar brain pattern we found in the Yes vs. No con-
trast between Chinese and English speakers indicates that the dif-
ferences in the non-overlapping items is not likely to be the
primary source of cross-linguistic differences in brain activation
for the Typical vs. Atypical comparison. Instead, we propose that
the cross-linguistic difference in the typical vs. atypical contrast
was not due to item differences or context effects, but to other fac-

Brain regions showing significant activations between typical and atypical items in
English and Chinese. (Two sample t-test, uncorrected voxelwise threshold of
P <0.001, P < 0.05 with False Discovery Rate (FDR) corrected for multiple comparisons
with the small volume correction (SVC) in the regions of frontal and parietal cortex.
(K> 10 voxels)).

Contrast BA P(FDR) Voxel x y z z
English (Atypical-Typical)

L Inferior Frontal G 46 0.02 13 —47 46 2 375
L Middle Frontal G 47 0.03 -50 40 -6 322
R Superior Frontal G 8 <0.01 18 13 35 47 451
R Middle Frontal G 11 0.05 16 44 39 -14 340
R Middle Frontal G 10 0.05 47 48 -7 337
R Inferior Parietal L 40 0.05 24 44  -49 42  3.56

Chinese (Atypical-Typical)
(none)

tors such as the prevalence and availability of linguistically trans-
parent cues to category membership.

The comparison among different types of linguistic labels with-
in English and Chinese revealed even more details about the differ-
ent patterns of brain activity involved in the typicality effect.
Although the behavioral results did not show interactions between
the different types of linguistic labels and the typicality of the pic-
tures for either English or Chinese (Fig. 2), brain activity to these
different types of items was strikingly distinct, both within and
across languages. For English speakers, semantically “nontranspar-
ent” items (e.g., VEHICLE: car) activated several distinct areas
including the bilateral SFG (BA8), IFG (BA46, 10), MFG (BAS, 11)
and the right IPL (BA40). In contrast, “morphologically transpar-
ent” items (e.g., BALL: basketball) activated only the bilateral med-
ial frontal gyrus (MeFG) (BA8), the left IFG (BA47, 45), IPL (BA40)
and the right lingual gyrus (BA18). Even more interestingly, Chi-
nese “morphologically transparent” items (e.g., VEHICLE chelZ%:
car jiao4che1%5 %) showed only slight activation in the left middle
occipital gyrus (MOG) and the right caudate without any activation
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Fig. 4. English and Chinese speakers showed different patterns of activation for the typicality effect dependent on the type of linguistic label (Table 3). English nontransparent
items and Chinese morphologically transparent items showed dissimilar activation in the bilateral frontal regions, even though 4 out of 5 categories had identical item
pictures (Fig. 1). In contrast, English morphologically transparent and Chinese orthographically transparent items showed similar activation in the left IFG (BA46 and 47) and
the left MeFG (BA8) (Fig. 5), even though all 5 categories contained item pictures completely different across the two languages (Fig. 1).

in frontal regions, whereas Chinese “orthographically transparent”
items (e.g., BUG chong2=:: butterfly hu2die2$#f#%) activated the left
MeFG (BA8) and IFG (BA46, 47), two areas that overlap with activa-
tion for English morphologically transparent items (Fig. 4 and 5;
Table 3).

In summary, despite overall similarities in the behavioral re-
sults and patterns of brain activation for the Yes vs. No contrast,
English and Chinese speakers showed significant differences in
brain activation patterns for the typicality effect. In English speak-
ers, atypical items elicited larger activity in the left IFG, the right
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Fig. 5. Activation map and% Signal change for similar activation of the atypical vs. typical contrast in the left Inferior FG and Medial FG clusters for English morphologically
transparent items and Chinese Orthographically transparent items (A). Conjunction analysis for the English morphologically transparent items and Chinese Orthographically

transparent items revealed significant activation at the left Inferior FG and Medial FG clusters (B).

Table 3

Brain regions showing significant activation between the typical and atypical items for different label types in English and Chinese. (One sample t-test, uncorrected voxelwise
threshold of P < 0.005, P < 0.05 FDR corrected for multiple comparisons with the small volume correction (SVC) in the regions of frontal and parietal cortex (K > 20 voxels). The
threshold for the Chinese morphologically transparent condition (Atypical vs. typical) was set to P < 0.005, P < 0.1 with FDR corrected for multiple comparisons with the SVC in the

left BA19 and right Caudate tail (K > 10 voxels)).

Contrast BA P(FDR) Voxel X y z VA4
English

Morphological (Atypical-Typical)

L Medial Frontal G 8 0.03 64 -6 35 38 3.80
L Inferior Frontal G 47 0.02 121 —38 18 -5 3.63
L Middle Frontal G 46 0.04 —41 43 7 2.72
Nontransparent (Atypical-Typical)

L Superior Frontal G 8 0.02 31 —38 15 48 3.37
L Middle Frontal G 6 0.04 -28 21 52 2.75
L Inferior Frontal G 46 0.04 27 —47 43 7 3.43
R Superior Frontal G 8 0.02 39 16 35 47 3.42
L Superior Frontal G 8 0.03 -3 24 52 3.17
R Superior Frontal G 8 0.01 37 34 21 52 4.09
R Inferior Parietal L 40 0.02 182 44 —49 42 3.9
Morphological (Atypical-Typical)-Nontransparent (Atypical-Typical)

Nontransparent (Atypical > Typical)

L Medial Frontal G 8 0.03 24 -6 35 40 3.94
L Inferior Frontal G 47 0.02 28 -38 18 -5 3.63
Nontransparent (Atypical-Typical)-Morphological (Atypical-Typical)

R Superior Frontal G 8 0.01 21 34 21 52 4.23
R Inferior Parietal L 40 0.01 105 47 —47 40 412
Chinese

Morphological Atypical-Typical

Atypical

L Middle Occipital G 19 0.06 13 —49 -61 -5 3.51
R Caudate 0.06 12 38 -30 -3 2.64
Orthographic Atypical-Typical

L Medial Frontal G 8 0.03 54 -3 47 38 3.92
L Inferior Frontal G 47 0.04 21 —28 18 -13 3.61
L Inferior Frontal G 46 0.04 —-34 34 11 3.36
Orthographic (Atypical-Typical)-Morphological (Atypical-Typical)

L Medial Frontal G 8 0.02 27 -3 47 38 3.98
L Inferior Frontal G 47 0.05 12 —26 18 -10 3.53

Morphological (Atypical-Typical)-Orthographic (Atypical-Typical)
(none)
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MFG, the right SFG and the right IPL than typical items. None of
these patterns of increased activation for atypical items were
found in Chinese speakers. Further comparisons within each lan-
guage demonstrate that brain activation for less typical items is
inversely correlated with the prevalence and availability of lin-
guistic cues to category membership, even when the items to
be judged are pictorial stimuli. English items with nontransparent
labels showed the most activation in the bilateral SFG, IFG, MFG
and the right IPL, whereas English items with morphologically
transparent labels and Chinese items with orthographically trans-
parent labels showed the same activation in the left MeFG and
IFG. Chinese items with morphologically transparent labels
showed the least activation - only in the left MOG and the right
caudate.

4. Discussion

In the current study, we investigated the representation of cat-
egory typicality in the brain and its cross-linguistic variations with
native US English and native Mandarin Chinese speakers. We con-
ducted a category verification task with pictorial stimuli that dif-
fer in both typicality and linguistic cues to category membership.
The results demonstrate that the availability of linguistic cues,
even for pictorially presented stimuli, differentially affect brain
activation during categorization of typical and atypical category
members.

In the present study, the category verification task required that
the participant first read and keep in mind a category label (e.g.,
vehicle) and then judge whether a picture (e.g., a sedan), shown
1500 ms later, was an example of the label. Because participants
ultimately had to make a link between the visual characteristics
of the picture and the linguistic category label shown before it,
we assume that all participants, both Chinese and English speakers,
engaged in some sort of semantic access before the final decision
was made. However, whether the typicality of the item affected
the semantic access or not, was strongly dependent on the avail-
ability of a linguistic cue to the category label, even when that lin-
guistic cue was not explicitly presented.

As far as we know, no previous fMRI study has explored the rep-
resentation of the “typicality effect” involved in semantic categori-
zation. Nonetheless, our results are consistent with other studies
involving semantic categorization. Specifically, categorizing both
word and pictorial stimuli will elicit activation in the bilateral mid-
dle and inferior frontal gyrus, the bilateral inferior parietal lobule,
bilateral temporal-occipital conjunctions, anterior cingulate cortex
and caudate (Adams & Janata, 2002; Ganis et al., 2007; Grossman
et al,, 2002; Jiang et al., 2007; Koenig et al., 2005; Myers, 2007; Re-
ber et al., 2003). One particularly important region is the left infe-
rior frontal gyrus (IFG), which has been found to contributes
greatly to semantic and lexical access for English speakers (Book-
heimer, 2002; Hagoort et al., 2004; Vandenberghe et al., 1996) as
well as bilinguals (Rodriguez-Fornells, Rotte, Heinze, Nosselt, &
Munte, 2002) and monolingual Chinese speakers (Liu et al., 2008;
Siok, Perfetti, Jin, & Tan, 2004). Our study echoes these findings
of greater left IFG activation for both the English- and Chinese
speaking participants for out-of-category items (No responses) rel-
ative to in-category items (Yes responses). Moreover, in English,
atypical items showed larger left IFG activity than typical items,
regardless of whether the verbal label for that item was nontrans-
parent or whether it contained a morphological cue to its category
membership. In Chinese, atypical items showed larger left IFG acti-
vation than typical items, but only for items with orthographic
cues to category membership (Fig. 4B, 5; Table 3). These results
greatly underscore the role of the left IFG in semantic processing
and demonstrate it might be a fundamental locus of the typicality
effect in semantic categorization.

However, there is also another possible explanation on the role
of the left IFG in categorization. According to some language com-
prehension models, such as MUC model (Hagoort, 2005), the left
IFG is the areas of semantic unification whereas the temporal lobe
is the areas underlying lexical and semantic retrieval (Willems,
Ozyurek, & Hagoort, 2007; Zhu et al., 2012). Moreover, some stud-
ies on visual processing also demonstrated that when there was
conflict between two sources of information, the left IFG was acti-
vated, as compared with no conflict. It seems that the more diffi-
cult the unification processing, the more possible that the left
IFG was activated. Thus in the present study it might be that the
left IFG activity for atypical item was mainly due to the fact that,
relative to typical item, atypical item was more difficult to match
with the corresponding “category” (as reflected by the behavioral
results). Meanwhile, English speakers responded more slowly for
pictures with morphologically transparent items than nontrans-
parent items, whereas Chinese speakers responded more slowly
for Orthographic than Morphological items. Therefore, the activa-
tion of left IFG was more pronounced in the morphologically trans-
parent item for English speakers whereas more pronounced in the
orthographically transparent items for Chinese speakers. Further
studies thus are needed to verify these two possible roles of the left
IFG in categorization processing.

In addition to the left IFG, both groups of participants also
showed a typicality effect in the bilateral MeFG, areas which have
been argued to be related to goal-directed attention (Corbetta &
Shulman, 2002), decision making, and category uncertainty (Grin-
band, Hirsch, & Ferrera, 2006). Activation in these areas is consis-
tent with behavioral results, showing typicality effects in both
accuracy and reaction time for Chinese as well as English speakers.
More specifically, they also suggest that the “typicality effect”, at
least for semantic category judgments, may reside largely in fron-
tal areas responsible for retrieval from semantic memory and
working memory (e.g., Badre, Poldrack, Pare-Blagoev, Insler, &
Wagner, 2005; Feredoes & Postle, 2007) rather than the parietal
areas that were also active during this particular task which in-
volved integrating visual with semantic information.

Our results thus showed that the left IFG and the bilateral MeFG
are the most consistent neural correlates of typicality effect that
persist across languages, which could reflect the semantic process-
ing and explicit decision making processing that accompany
categorization.

The second question of interest is whether participants in the
two languages engaged in the same type of semantic access and/
or whether they engaged in additional semantic processing picto-
rial stimuli that were atypical members of a category, given the dif-
ferences in the availability of linguistic cues to category
membership (e.g., car/jiao4chel#7% ). Our assumption, based on
the present data, is that speakers of English not only accessed a
verbal label for the pictures, but that they engaged in additional
semantic and phonological processing, evidenced by the presence
of widespread activation for the Nontransparent Atypical items
in the IFG (bilaterally) and MFG (primarily left hemisphere)
(Fig. 4A), in order to facilitate judgments in this task. In contrast,
speakers of Chinese were able to bypass much of this additional
semantic processing because of the presence of linguistic cues in
the common label for morphologically transparent items (e.g.,
jiao4chel%+ %) and the prevalence of this naming convention in
Chinese. Thus, because they were able to more directly access cat-
egory information through the morphological information avail-
able in the common labels for these pictures, they did not show
a typicality effect in frontal regions, although they still engaged
in visual categorization processes in the middle occipital gyrus
(Pernet et al, 2004) and caudate (Grossman et al, 2002)
(Fig. 4D), as would be expected for implicit rule-based categoriza-
tion (Grossman et al., 2002).
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Interestingly, however, when English participants were given
pictures with labels that also contained a morphological cue to
the category, the same type of semantic processing bypass did
not occur, and we argue that this is because this type of cue is
not a consistent marker of category membership in English. None-
theless, it did appear to help with semantic and phonological pro-
cessing, as evidenced by reduced activation in the right IFG for the
morphologically transparent condition relative to the nontranspar-
ent condition (Fig. 4B). Nonetheless, providing a morphological cue
to category membership in English might not be as effective as it is
in Chinese, a language which has had a long tradition of using lin-
guistic cues to category for thousands of years across large num-
bers of semantic categories.

Moreover, it is also possible that because the semantic radicals
in Chinese orthographically transparent items are not pronounced
and thus do not provide additional phonological information in the
way that morphologically transparent items do, it may be that they
simply provide less explicit and later-learned cues than morpho-
logically transparent items. As a result, Chinese speakers may have
to evoke additional semantic processing in the left IFG when view-
ing orthographically transparent items (Fig. 4C). This finding is
consistent with ERP studies using this same paradigm, in which
Chinese speakers did not show a reliable typicality effect in the
N300 and N400 components for items with morphological cues
to category membership, whereas they did show significant typi-
cality effects in both the N300 and N400 components for items
with orthographic cues to category membership (Liu et al., 2010).
A recent finding in a semantic relatedness judgment task, where
the left ventral IFG (BA47), the same area that was activated in
the orthographic Atypical-Typical comparison in our category
judgment task, also shows such activation to be related to seman-
tic, but not phonological, processing in Chinese speakers (Liu et al.,
2008).

The reduction of frontal activity for picture stimuli with mor-
phologically transparent labels, relative to those with nontranspar-
ent labels for English speakers, and the increase in frontal
activation for stimuli with orthographically transparent labels in
Chinese speakers, together demonstrate the influence of multiple
levels of linguistic cues in categorization, and the importance of
the prevalence and explicitness of such cues in the language. These
results are in line with previous findings about different categori-
zation systems in the brain (Smith & Grossman, 2008) as well as
with the proposal that these processes are widely distributed
across brain areas (Rogers & McClelland, 2004). For English non-
transparent items with no explicit linguistic cues, speakers rely
on semantic rule-based categorization with a loading on working
memory and selective attention, resulting in bilateral inferior fron-
tal gyrus and medial gyrus activation. In contrast, for morphologi-
cally transparent items in English and orthographically transparent
items in Chinese, for which some category-relevant information is
available - but not highly prevalent or explicit — speakers need to
conduct on-line linguistic rule-based categorizations (e.g., the mor-
phological cues in English and orthographical cues in Chinese)
requiring less effort, and resulting in left-lateralized inferior frontal
gyrus activation. Nonetheless, with follow-up studies focused
more specifically on delineating the differences between these
types of cues, more precise distinctions might be found between
the English morphologically transparent and Chinese orthographi-
cally transparent items.

Our findings have enriched our understanding of categorization
and semantic processing and will allow us to develop more parsi-
monious theories to explain these fundamental human abilities
from neurological and cross-cultural perspectives. Although tradi-
tional behavioral theories such as the “probabilistic” and “exem-
plar” views (Medin & Smith, 1984) do not provide specific
predictions on how the linguistic cues in a language could influ-

ence categorization and semantic processing in the brain, probably
because of the lack of sensitivity of those behavioral methods, the
PDP approach (Rogers & McClelland, 2004, 2008) does make expli-
cit predictions on how category information in semantic memory
is distributed in the brain. According to Rogers and McClelland
(2004), the content of semantic memory is represented in the same
regions of cortex that directly encode modality-specific regularities
in the environment during perception and action. However, do-
main-general learning mechanisms operate to allow the semantic
system, when presented with information about an object in some
perceptual modality (e.g., visual or auditory), to make correct infer-
ences about the object’s unspecified attributes. As a consequence,
the system acquires abstract representations whose similarity rela-
tions are not tied to any individual modality (e.g., visual or audi-
tory), but capture the deep structure across modalities, most
likely in the frontal regions. Most importantly, the maturation of
this PDP representation is highly dependent on the training pro-
cess in the neural network. In computer modeling, training is
achieved by running more epochs, whereas in reality, training is
achieved by accumulating more experiences with the items and
their properties such as linguistic cues. Our current fMRI data sup-
port the critical role of training and experience on forming repre-
sentations in semantic memory by showing a pattern such that
the morphologically transparent items for English speakers and
orthographically transparent items for Chinese speakers, when
requiring similar experiences and knowledge to master their cate-
gorical cues in corresponding language, actually activate similar
brain areas in the inferior and medial frontal gyrus.

One limitation of the current study is that we did not include
non-transparent Chinese items because of the difficulty in finding
proper stimuli that could be matched with the typicality and visual
complexity characteristics both between and across languages. All
the stimuli used in the study were adopted from our previous one
with two pilot studies of category replacing and picture naming
(Liu et al., 2010). However, non-transparent items are much less
common than linguistically labeled items in Chinese and those
we found failed badly in both of these two pilot studies. As a result,
we only included two “non-transparent” categories in our previous
cross-cultural ERP studies (STATION and BUILDING), but because
they were both much more visually complicated than other stimuli
and showed poor accuracy in the behavioral results, we discarded
them in the present study. For the above reasons, we could not find
enough Chinese “non-transparent” items and thus could not exam-
ine this interesting condition in the current study.

Of interest for future research, therefore, is whether and what
types of differences might appear due to the specific type of infor-
mation provided (orthographic vs. morphological) vs. the explicit-
ness of the information, or simply the pervasiveness of the
information in the language (morphological transparency is a dom-
inant feature of most Chinese nouns but a less common, though
still present, feature of some English nouns). Nonetheless, it is
striking with all these differences across languages that the pat-
terns were so similar between morphologically cued items in Eng-
lish and orthographically cued items in Chinese. To answer these
questions, a promising line of research will be including a truly
bilingual Chinese-English group (e.g., participants from Hong Kong
or Singapore) and testing the influence of language on their
categorization.

Finally, for Chinese morphologically transparent items, auto-
mated and direct access to semantic and phonological components
in implicit long-term memory appear to be possible, for which ex-
plicit rule-based categorization processes do not appear to be nec-
essary. This possibility raises a number of questions about the role
of typicality and categorization processes more generally. Specifi-
cally, despite similar increases in reaction time for atypical (e.g.,
“ostrich”) relative to typical (e.g., “robin”) members of a category
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in both English and Chinese speakers, the brain does not necessar-
ily process typicality in similar ways across languages, at least
when it comes to deciding on category membership. These data
suggest, further, that typicality is a useful heuristic only when a
language does not regularly embed category-level terms in the la-
bels for members of the category.

Most importantly, however, these data speak to larger issues of
how similar behavioral results can obtain despite quite dissimilar
underlying brain processes. Both the similarities and the differ-
ences between English and Chinese speakers on this categorization
task speak to the flexibility and complexity of brain processes
underlying apparently similar behavioral responses. Our data sug-
gest that these differences that may impact a number of processes
in which typicality plays a role (e.g., in the behavioral and brain
manifestations also of semantic dementia), but they may also be
just one of many phenomena in which the neurophysiological
underpinnings of common cognitive processes may inform impor-
tant differences in how language, and experience more generally,
shapes the brain.
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