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abstract

We investigated how verbal labels affect object categorization in bilin-
guals. In English, most nouns do not provide linguistic clues to their
categories (an exception is sunflower), whereas in Chinese, some nouns
provide category information morphologically (e.g., 鸵鸟- ostrich and
知更鸟- robin have the morpheme鸟- bird in their Chinese names), while
some nouns do not (e.g., 企鹅- penguin and 鸽子- pigeon). We examined
the effect of Chinese word structure on bilinguals’ categorization pro-
cesses in two ERP experiments. Chinese–English bilinguals and English
monolinguals judged the membership of atypical (e.g., ostrich, penguin)
vs. typical (e.g., robin, pigeon) pictorial (Experiment 1) and English word
(Experiment 2) exemplars of categories (e.g., bird). English monolinguals
showed typicality effects in RT data, and in the N300 and N400 of ERP
data, regardless of whether the object name had a category cue in Chinese.
In contrast,Chinese–English bilinguals showed a larger typicality effect for
objects without category cues in their name than objects with cues, even
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Words that do anddonot have a category cue occur forwords that are learned early (汽车,巴士),
and late (琴酒, 香槟), that are very frequent (苹果, 橙子) and infrequent (蛋白石, 粉晶), that
have foreignorigins (红酒,白兰地), and, importantlyhere,when they are typicalmembersof the
category (生菜,胡萝卜) and atypicalmembers (牛油果,椰子). English translations are: car, bus,
gin, champagne, apple, orange, opal, quartz, wine, brandy, lettuce, carrots, avocado, coconut.
Category cues are in bold.
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when theywere tested in English. These results demonstrate that linguistic
information in bilinguals’ L1 has an effect on their L2 categorization
processes. The findings are explained using the label-feedback hypothesis.

keywords: linguistic relativity, bilingualism, Chinese–English bilin-
guals, linguistic label, word structure, morphological category cue, object
categorization

1. Introduction
There has been renewed research interest in Whorf’s (1956) idea that language
influences cognitive processes (Pavlenko, 2014).Here our interest is in howverbal
labels (or words) affect object categorization processes in bilinguals. Bilinguals
have two potential sources of influence instead of just one. Labels can be con-
structed differently across languages, and translation-equivalent words often do
not refer to precisely the same conceptual and perceptual items. Therefore, the
labels fromeach languagecouldpotentiallyhavea somewhatdifferent influenceon
the conceptual representations of bilinguals. Indeed, studies investigating naming
patterns of household objects have suggested that bilinguals who were raised
speaking two languages differ from monolinguals in both their first and second
languages in the set of objects that is given a particular category label (e.g., Ameel,
Storms, Malt, & Sloman, 2005). The current study examined the effects of
Chinese word structure on object categorization in Chinese–English bilinguals.
Before presenting our experiments, we first briefly discuss research from mono-
linguals on the impact of labels on categorization; next we present our guiding
theoretical framework; and then we describe a study that inspired our work.

1 .1 . the effects of labelling on categorization

Studies of category learning have shown that categories are learned more
effectively when they are accompanied by labels (Fulkerson & Waxman, 2007;
Lupyan & Casasanto, 2015; Lupyan, Rakison, &McClelland, 2007; Robinson,
Best, Deng, & Sloutsky, 2012). For example, in Lupyan et al. (2007), partici-
pants learned to categorize “aliens” as those to be approached or to be avoided
with nonsense category labels or other non-linguistic cues present or not.
Learning named categories was easier than learning unnamed categories, and
this facilitation effect could not be achieved by providing other non-linguistic
cues. Labels have also been shown to aid categorization of previously learned
familiar items (Edmiston&Lupyan, 2015; Lupyan&Thompson-Schill, 2012).
Once a category is learned, key features of the category are more effectively
activated by a verbal label than by other highly associated cues, such as non-
linguistic sounds (Boutonnet & Lupyan, 2015; Edmiston & Lupyan, 2015;
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Lupyan & Thompson-Schill, 2012), and numbers or symbols (Gervits, Johan-
son, & Papafragou, 2016). Furthermore, categorization processes are impaired
by verbal interference tasks (Lupyan, 2009) and anomic aphasia (Davidoff &
Roberson, 2004; Lupyan &Mirman, 2013).

1 .2 . the label-feedback hypothesis

Lupyan (2012) proposed the label-feedback hypothesis as an account of the
influence of word labels on object categorization and perception. It proposes
that language is highly interconnected with other cognitive processes, and
influences other functional networks in a top-down fashion.Labels can provide
feedback in the form of activation to the level of conceptual representations;
thus, named concepts should be activated differently under the on-line influ-
ence of the label compared to the same concepts activated by non-verbalmeans,
or when the labels are prevented from affecting the concept (see Figure 1).
According to this hypothesis, the activation of an object’s verbal label results in
the activation of the most typical features of the category (e.g., the label “car”
activates the feature “has wheels” more strongly than the feature “is black”).
This top-down activation from verbal labels to features produces a transient
“perceptual warping” in which category members that share those features are
drawn closer together and non-members are pushed away.

1 .3 . the effects of word structure on categorization

Most studies investigating the effects of labels on categorization have focused
on the advantage of verbal labels over other non-verbal cues. In contrast, Liu
et al. (2010) investigated the effects of word structure on categorization by
capitalizing on differences in the way that words are constructed in Chinese
and English. In English, most nouns do not provide linguistic clues to their
categories (exceptions are sunflower and bluebird), whereas in Chinese, many
nouns provide explicit category information either morphologically (e.g., the
morpheme 鸟 bird in the noun 鸵鸟 ostrich, which is pronounced), or ortho-
graphically (e.g., the radical 虫 bug in the noun 蚊子 mosquito, which is not
pronounced).1 In their first experiment, Liu et al. used images of objects that
have such category cues in their Chinese names as critical stimuli. Native
speakers of Chinese and English were presented with category labels followed
by images of typical and atypical exemplars and non-category exemplars of a
category. Participants were asked to judge the membership of the pictures
while their EEG (electroencephalogram) brainwaves were recorded. Gener-
ally, atypical items are categorized with more difficulty than typical items, a
finding known as the typicality effect (Rosch, 1973, 1975). Previous studies
investigating the typicality effect in pictorial stimuli with ERPs (event-related
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potentials) have observed it in theN300 component (Hamm, Johnson, &Kirk,
2002; Hauk et al., 2007; Kiefer, 2001; McPherson & Holcomb, 1999). Other
studies have suggested that N400 and a late positive component are also

Fig. 1: The Label-feedback Hypothesis (Lupyan, 2012). (A): A schematic view of the standard
account in which a word label is simply a means of accessing a concept. Multiple perceptual
exemplars of a concept map onto a common conceptual representation. The concept is further
mapped onto a word label, which enables a speaker to activate the same concept in a listener
using the label. The one-way connections between representational layers prevent the word
label to have an influence on the conceptual representations. (B): A schematic view of the label-
feedback hypothesis. All representational layers are recurrently connected, which allows the
word label to affect the conceptual representations through feedback. Reprinted from: Lupyan,
G. (2012). What do words do? Toward a theory of language-augmented thought. In B. H. Ross
(ed.),The psychology of learning and motivation, Vol. 57, pp. 255–297.Waltham,MA: Academic
Press.
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involved in the typicality effect (Federmeier & Kutas, 2001; Ganis, Kutas, &
Sereno, 1996; Hamm et al., 2002; West & Holcomb, 2002).

Liu et al. (2010) observed attenuated typicality effects for Chinese speakers
compared to English speakers (who were unaware of the category labels in the
Chinese names) in their behavioral data and in the N300 and N400 compo-
nents of their ERP data. The category cue provided in Chinese nouns facili-
tated the categorization process forChinese speakers and reduced the influence
of typicality, even though the stimuli were pictures, not words. In their second
experiment, with Chinese participants only, they specifically compared typi-
cality effects for images with morphological category cues in their names
(Ostrich: 鸵鸟, where 鸟 means bird and is pronounced as such), and images
with orthographic category cues (Penguin:企鹅, where鸟 is embedded in the
second character and is not pronounced like bird), and found somewhat smaller
typicality effects for the former (although not in decision latency data). Mor-
phological cues were more helpful in categorization than orthographic cues,
perhaps because theymore obviously represent the category name. To address
the possibility that the results of the first two experiments simply reflect the
detection of a match between the labels of a category (e.g.,鸟 “niăo” bird) and
an image (e.g., 鸵鸟 “tuóniăo” ostrich), in Experiment 3 they tested English
speakers using pictures whose name either did (e.g., basketball) or did not
(e.g., vehicle) contain a category cue. Both produced typicality effects, suggest-
ing that the results for Chinese do not reflect a simple lexical matching process.
The authors explained their results by proposing that languages change the
way people access semantic information. When categorizing atypical exem-
plars, English speakers needed additional semantic processing to make their
decision, whereas Chinese speakers were able to avoid this additional proces-
sing because of the morphological category cue in the objects’ Chinese names.
However, Liu et al. neither specify what is involved in the additional semantic
processing, nor did they propose a mechanism for their findings. The authors
did mention that morphological transparency is prevalent in Chinese and is
available from the time children first begin to acquire the language, and
suggested that it could be an organizing feature of categories.

The label-feedback hypothesis (Lupyan, 2012) can explain Liu et al.’s
(2010) findings, with the feedback influencing either on-line processing, as
Lupyan suggested, or the structure of conceptual representations. Liu et al.
presented a category label and then a picture in their experiments. The
processing steps in this task would proceed as follows according to the first
view. When participants see the category label, it activates typical features of
the category (e.g., birdwould activatemost highly the features that are found in
most members of the category, like has wings, has feathers, etc.). Then when
the target picture appears, it quickly activates its corresponding label, and the
label then activates features of the specific object. For an Englishmonolingual,
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a picture of a robin activates the label robin, then the label robin activates
features such as has wings, has feathers, red belly, etc.; an ostrich picture
would activate the label ostrich, which then activates features like has wings,
cannot fly, runs fast, etc. It is easier to categorize a typical object than an
atypical one, because the features activated from the category label would
overlapmore with the features activated for a typical exemplar than an atypical
one. For a Chinese monolingual, if an object’s Chinese name has the category
cue embedded, then this cue would facilitate the activation of the most typical
features of the category, even when the object is an atypical exemplar of the
category. For example, themorpheme鸟 (bird) embedded in theChinese label
鸵鸟 (ostrich) would make the typical features of the category bird more
available. Therefore, the perceptual features activated from a category label
would have more overlap with the features activated from the feedback from a
label with category cue than a label without cue, thus producing a faster
response and less negative N300 and N400.
This explanation assumes that the verbal label of the target object is acti-

vated quickly when the picture is presented and then the activation of the
object label influences the categorization decision. However, it is not clear
whether pictures would activate their corresponding names quickly enough in
a categorization task. Previous studies observed that pictures are categorized
faster than they could be named (e.g., Irwin & Lupker, 1983; Potter &
Faulconer, 1975).
An alternative way to understand Liu et al.’s (2010) findings is that the

organization of category representations inChinese speakers changes under the
long-term influence of feedback from everyday usage of objects’ Chinese
labels.More specifically, through daily feedback fromChinese labels, category
members that have a category cue in their Chinese names become more
strongly associated with the most typical features of the category, resulting
in them being stored closer together in the center of the category space, while
members that do not have a category cue in their Chinese names are stored in
the periphery. For example, every time bilinguals use the Chinese label 鸵鸟

(ostrich) to refer to an ostrich, the category cue鸟 (bird) embedded in the label
sends feedback to the conceptual representations. This feedback activates the
most typical features of the category bird, making ostrich share more features
with a typical bird (e.g., robin). Through years of influence from the Chinese
label 鸵鸟 (ostrich), the conceptual representation of an ostrich in Chinese
speakers would be stored closer to typical birds (e.g., robin) in the center of the
bird category, thus making it easier to categorize an ostrich as a bird. On the
contrary, because the atypical bird penguin does not have a category cue in its
Chinese name, the most typical features of the category bird would not get a
boost in activation every time the label was used. As a result, the conceptual
representation of a penguin would be stored at the periphery of the category
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bird, further away from typical birds,making it difficult to categorize a penguin
as a bird and producing a slower response and more negative N300 and N400.

In summary, Liu et al.’s (2010) study has suggested that categorization is not
only affected by whether or not an object has a verbal label, but also by
structure of the verbal labels. The label-feedback hypothesis provides a useful
framework to understand the how verbal labels influence categorization.

1 .4 . the present study

We extended the work of Liu et al. (2010) to investigate the impact of verbal
labels on categorization in bilinguals. One implication of the label-feedback
hypothesis for bilinguals is that there are twopotential sources of feedback (one
from the label in each language) instead of one. Of interest here was whether
bilinguals’ performance in a categorization task that is conducted in one
language is influenced by knowledge of their other language. Specifically,
we were interested in whether Chinese–English bilinguals’ performance in
an English category decision task is influenced by their knowledge of Chinese
word structure. In Experiment 1, picture targets were used that either did or
did not have amorphological category cue in their name. Bilinguals were tested
in separate English and Chinese sessions. To encourage participants to use the
target language in performing the task, each session was designed to appear as
monolingual as possible. For the English session, participants were greeted in
English by a monolingual Caucasian research assistant, and all conversation
and consent forms were in English. Similarly, in the Chinese session, partic-
ipants were greeted in Chinese by an Asian native Chinese speaker and all
conversation and formswere inChinese. InExperiment 2, to increase the focus
on English even further, there was a single English session and English word
targets were used. In both experiments, a comparison group of monolingual
English speakers was tested. These participants were unaware of the category
labels in the Chinese names. To be comparable to the Liu et al. study, we
collected both behavioral and ERP data. In the ERP data of Experiment 1, we
examined theN300 andN400 components, and inExperiment 2,where targets
were words, we examined just the N400 component. As noted previously, the
N300 has been observed in studies with picture targets specifically (Hamm
et al., 2002; Kiefer, 2001; McPherson & Holcomb, 1999).

Several limitations in the methodology of Liu et al.’s (2010) study were
addressed. First, Liu et al. did not include any exemplars without a category
cue in their Chinese names. Such stimuli are needed to show that Chinese
speakers are indeed sensitive to typicality when no category cue is available.
Here, exemplars that did and did not contain a category cue were included. A
second limitation is that they used a small number of stimuli and presented
them repeatedly to get enough datapoints for the ERP analysis. In their
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Experiment 2, items with a morphological cue came from only five categories,
with one typical and one atypical item in each category, and each stimulus was
presented ten times.Here,more exemplars with a category cue in their Chinese
name were added and they came from 11 different categories.
In the Chinese session of Experiment 1, bilinguals were expected to show a

smaller typicality effect when the objects had a category cue in their Chinese
name than when they did not. Of particular interest was whether Chinese–
English bilinguals would show the effects of Chinese category cues even when
they were tested in English in Experiment 1 and when targets were English
words in Experiment 2. We did not attempt to distinguish between Lupyan’s
(2012) hypothesis that feedback from labels would produce temporary per-
ceptual warping and the view that feedback from labels results in long-term
category restructuring.

2. Experiment 1
2 .1 . method

2.1.1. Participants

Thirty-four Chinese–English bilinguals (mean age 19 years, range 18–29,
25 female) and 28 English monolinguals (mean age 19 years, range 18–22,
20 female) were tested. Participants received course credit or money for their
participation. Data from six bilinguals were excluded (three were native
speakers of Cantonese, two did not complete the whole session, one had poor
ERP recording), leaving 28 Chinese–English bilinguals and 28 English
monolinguals in the final sample. The first language of the bilinguals was
Mandarin. All bilinguals were born in China orTaiwan, had lived in there for
a mean of 16.0 years (range 9–25), and had lived in Canada for a mean of
4.9 years (range 2–9).

2.1.2. Materials

Pictures of typical and atypical exemplars of various categories were used. Two
pilot studies were done to acquire typicality rating and name agreement data
for the stimuli. In Pilot Study 1, 249 category label and item word pairs
(e.g., BIRD-robin) were presented to 34 English native speakers without
any knowledge of Chinese (mean age 18 years, range 18–26, 23 female) and
18 Chinese native speakers (mean age 18 years, range 18–21, 6 female) one at a
time. Participants were asked to rate the typicality of the item using a 0 to
100 slide scale (0-Atypical, 100-Typical). The mean typicality rating for each
item was computed. Based on the data from English speakers, who were
unaware of the Chinese category cue, 13 categories and 108 items were selected
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(see Table 1). Half of the items were typical, half were atypical. Items with the
highest ratings for a category were selected as typical, items with the lowest
ratings were selected as atypical. Half of the items had a morphological
category cue in their Chinese names, half did not. Analyses of the typicality
ratings showed that there was a main effect of typicality (χ2(1) = 88.34,
p < .001). Typical items had higher ratings than atypical items. Importantly,
the interaction between typicality (Typical vs. Atypical), language group
(English vs. Chinese), and word type (Cue vs. No-Cue) was not significant
(χ2(1) = 2.04, p > 0.15), that is, there was no difference in the ratings across
language groups regarding the relationship between typicality and word type.

In Pilot Study 2, name agreement data were collected for images corre-
sponding to the 108 items chosen in Pilot Study 1. Images of 108 items were
selected from the Internet, all in colour with a white background. Images
were presented to 55 English native speakers without any knowledge of
Chinese (mean age 22 years, range 18–25, 32 female) and 46 Chinese native
speakers (mean age 19 years, range 17–24, 39 female) one at a time. Partic-
ipants were asked to type in a name for each image. Mean name agreement
(percentage of expected name) was computed for each item. Items for which
fewer than 30% of participants gave the expected name were excluded (with
the exception of 4 items, due to the difficulty in getting the same number of
items for each condition). The final stimulus list consisted of 11 categories
and 84 images, with 21 images in each of the four experimental conditions
(see Table 2). Examples of the stimuli are in Appendix A. In this set, there
was a main effect of typicality (χ2(1) = 78.79, p < .001), but importantly, no
significant interaction of typicality, language group, and word type was
found (χ2(1) = 1.12, p > .25).

2.1.3. Procedure

A category label–image matching task was used (see Figure 2). Participants
first saw a 500 ms fixation cross, followed by a category label (e.g., BIRD in

table 1 . Mean typicality ratings by English and Chinese L1 participants of the
108 words selected from pilot study 1. All of these words were used in Experiment 2.

Participants and Word Type Typical Atypical

English
Cue 90.10 66.87
No-Cue 90.29 64.37
Chinese
Cue 90.81 82.87
No-Cue 90.41 75.55
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English; 鸟 in Mandarin) for 500 ms, then followed by an image of an object
(e.g., robin). Participants were instructed to judge whether the image was an
example of the concept represented by the first word. All category label–
picture pairs were presented twice to each participant (in random order) to
get a clear ERP signal after averaging. There were 348 trials, including
168 critical trials that required a yes response (42 trials per condition), 168 filler
trials that required a no response, and 12 practice trials. Filler trials were
created by re-pairing the category label–image pairs from critical trials. That
is, the same set of category labels and the same set of pictures was used for the
filler (no) trials as the critical (yes) trials, but in the former case they were
shuffled to create unrelated pairs. This means that each target picture was
presented four times: two requiring a yes response, and two requiring a no
response. English monolinguals were tested only in English. Chinese–English
bilinguals were tested in both Chinese and English in separate sessions. The
second session was conducted at least 7 days after the first; half of the partic-
ipants did the Chinese session first, and half did English session first. The
testing environment matched the language of the session, with the Chinese
sessions conducted exclusively in Chinese and English sessions conducted
exclusively in English. At the end of the second session, participants were
asked to fill in a questionnaire about their language background.

2.1.3.1. EEG recording and preprocessing Continuous EEG activity was
recorded at 32 scalp sites using ActiveTwo BioSemi active Ag/AgCl electrodes
embedded in a custom elastic cap (BioSemi, Amsterdam, The Netherlands).
The electro-oculogram (EOG) was recorded with electrodes placed above and
below the right eye (vertical), and on the outer canthus of each eye (horizontal).
Data were recorded using ActiView software (BioSemi) in the frequency range
of 0.1–100 Hz at a sampling rate of 512 Hz. All EEG electrode impedances
were maintained below 5 kΩ.

table 2 . Mean percentage naming agreement in Pilot Study 2 and
corresponding typicality ratings from Pilot Study 1 for the pictures used in

Experiment 1

Participants and Word Type
Name Agreement Typicality

Typical Atypical Typical Atypical

English
Cue 76.23 62.36 89.69 66.63
No-Cue

82.76 74.25 91.81 65.89Chinese
Cue 83.53 68.58 90.76 82.33

No-Cue 77.23 73.64 91.28 76.25
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Off-line analysis was performed using ERPlab toolbox (Lopez-Calderon &
Luck, 2014). All data were re-referenced to the mean electrical activity of the
mastoids and bandpass filtered with cut-offs of 0.1 and 30 Hz. The epochs of
interest for target images were established to be from –200 to 800 ms post-
stimulus onset. Data were baseline corrected to the prestimulus baseline. The
data were filtered of eye-movement artifacts that were identified by running an
independent component analysis (ICA). Trials contaminated with activity
greater than �75 microvolts (μΩ) were excluded from the analysis (8.9% of
the trials for bilinguals in the English session, 9.2% of the trials for bilinguals in
the Chinese session, and 10.7% of the trials for English monolinguals).

2 .2 . results

Data were analyzed with linear mixed effects (LME) models in R (version
3.4.1; RDevelopment Core Team, 2017) using the lme4 package (version 1.1-
18-1; Bates, Mächler, Bolker, & Walker, 2015). The significance of the fixed
effects was determined with effect coding and type-II Wald tests using the
Anova function provided by the car package (version 2.1-5; Fox & Weisberg,
2011). The latter are reported in the text. Full output from themodels appears
in Appendix B (see supplementary materials, available at <http://doi.org/
10.1017/langcog.2020.8>).

Three sets of analyses were conducted for each dependent variable. To be
able to directly compare our findings to those of Liu et al. (2010), the first set
included only data from the bilinguals in the Chinese session. Models were
fitted with Typicality (Typical vs. Atypical, sum coded) andWord Type (Cue
vs. No-Cue, sum coded), as fixed effects, participants and items as random
intercepts, and by-participant random slopes for the effects of Typicality and
Word Type (without interactions). The second set included data from bilin-
guals in both sessions and included Test Language as a variable. Specifically,
models were fitted with Typicality (Typical vs. Atypical, sum coded), Word
Type (Cue vs.No-Cue, sum coded), Test Language (Chinese vs. English, sum
coded) as fixed effects, participants and items as random intercepts, and
by-participant random slopes for the effects of Typicality, Word Type, and

Fig. 2: Experimental procedure in Experiment 1.
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Test Language (without interactions). The third set included only data from
the English sessions and included Language Group as a variable. Specifically,
models were fitted with Typicality (Typical vs. Atypical, sum coded), Word
Type (Cue vs. No-Cue, sum coded), Language Group (Bilingual vs. English
Monolingual, sum coded), participants and items as random intercepts, and
by-participant random slopes for the effects of Typicality and Word Type
(without interaction). The RT data also included Exposure Order (First
Exposure vs. Second Exposure, sum coded) as a fixed effect. Of interest were
whether there was an overall main effect of Typicality, whether the size of the
typicality effect depended on having a category cue in their name (a Typicality
� Word Type interaction), and whether this interaction was impacted either
by the language of the task for bilinguals (an interaction of Typicality�Word
Type � Test Language) or the language group for the English sessions
(an interaction of Typicality � Word Type � Language Group).

2.2.1. Behavioral data

Incorrect responses (5.4% for the bilingual’s English session, 3.6% for the
bilingual’s Chinese session, and 5.0% for English monolinguals), as well as
RTs that were shorter than 200 ms or longer than 1500 ms (2.5% for the
bilingual’s English session, 1.3% for bilingual’s Chinese session, 0.9% for
English monolinguals), were excluded from the analyses of the latency data
for critical trials. Table 3 shows themean RTs and error rates for critical trials,
overall, and then separately for the first and second exposure to the item.

2.2.1.1. Category decision latency The full output frommodels of the behav-
ioral data appear in Appendix B (see supplementary materials), Tables 1–5.

2.2.1.1.1. Chinese session. There was a significant main effect of Typi-
cality (χ2(1) = 13.49, p < .001). Typical items were responded to faster than
atypical items. The Word Type � Typicality interaction only approached
significance (χ2(1) = 2.71, p < .09). However, the 20 ms typicality effect for
words with a category cue in their Chinese name was not significant (χ2(1) =
2.47, p > .10), whereas the 49 ms effect for items without cues was highly
significant (χ2(1) = 13.45, p < .001). As a point of interest, the correlation
between the size of the typicality effect in the Cue condition and length of
residence in Canada was r = .30, indicating that the typicality effect for these
items was smaller for participants who had been in Canada for a shorter period
of time.

2.2.1.1.2. Bilinguals: Chinese vs. English sessions. There was a signifi-
cant main effect of Typicality (χ2(1) = 12.17, p < .001). Typical items were
responded to faster than atypical items. The interaction between Word Type
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table 3 . Mean response times (in ms) and percentage error rates (between brackets) in Experiment 1

Participants and Session Language

All trials

Cue No-Cue

Typical Atypical Typicality effect Typical Atypical Typicality effect

Bilingual
Chinese session 539 (2.2) 559 (3.8) 20 (1.6) 542 (2.8) 591 (5.5) 49 (2.7)
English session 547 (3.7) 573 (6.2) 26 (2.5) 549 (4.0) 584 (7.8) 35 (3.8)

English monolingual 499 (2.8) 527 (5.1) 28 (2.3) 494 (3.1) 526 (8.9) 32 (5.8)

First exposure

Cue No-Cue

Typical Atypical Typicality effect Typical Atypical Typicality effect

Bilingual
Chinese session 542 (2.6) 559 (4.4) 17 (1.8) 544 (2.9) 599 (4.6) 55 (1.7)
English session 553 (3.6) 574 (6.8) 21 (3.2) 547 (4.4) 600 (7.8) 53 (3.4)

English monolingual 499 (3.7) 541 (5.3) 42 (1.6) 503 (3.2) 538 (10.0) 35 (6.8)

Second exposure

Cue No-Cue

Typical Atypical Typicality effect Typical Atypical Typicality effect

Bilingual
Chinese session 536 (1.9) 560 (3.2) 24 (1.3) 540 (2.7) 582 (6.5) 42 (4.8)
English session 540 (3.7) 571 (5.6) 31 (1.9) 550 (3.6) 568 (7.8) 18 (4.2)

English monolingual 499 (1.9) 514 (4.9) 15 (3.0) 485 (3.1) 514 (7.8) 29 (4.7)
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and Typicality was not significant (χ2(1) = 1.16, p > .20). The typicality effect
was significant for both items with a cue (23 ms) (χ2(1) = 3.85, p = .05) and
items without a cue (42 ms) (χ2(1) = 9.05, p < .002). The Word Type �
Typicality � Test Language interaction was not significant (χ2(1) = 1.40, p
> .20). While this finding indicates that Chinese–English bilinguals showed
the same response pattern regardless of the testing language, we should be
cautious about this interpretation because the difference in the typicality effect
for the two word types was 29 ms when the task was done in Chinese but only
9 ms in English. There was a significant three-way interaction between Typ-
icality,WordType, andExposureOrder (χ2(1) = 4.36, p= .03), suggesting that
the relationship betweenWord Type and Typicality was different for the first
and second exposures. Therefore, we further analyzed just data from the first
exposure to each picture as aYES trial. RTswere fittedwith the same variables
excluding the fixed effect of Exposure Order.
In the first exposure data there was a significant main effect of Typicality

(χ2(1) = 10.61, p < .001), and a trend of an interaction between Typicality and
Word Type (χ2(1) = 2.66, p = .10). The typicality effect was not significant for
items with cues (19 ms) (χ2(1) = 1.52, p > .20), but was highly significant for
itemswithout cues (54ms) (χ2(1) = 11.10, p< .001). The three-way interaction
between Typicality, Word Type, and Test Language was again not significant
(χ2(1) = 0.04, p> .80), but here the difference in the typicality effect for the two
word types was 38mswhen the task was done in Chinese and 32ms in English,
and therefore we can conclude with more confidence that Chinese–English
bilinguals showed the same response pattern regardless of the testing language.

2.2.1.1.3. English sessions: bilinguals vs. monolinguals. There was a
significant effect of Typicality (χ2(1) = 10.53, p = .001). Typical items were
responded to faster than atypical items.The key three-way interaction between
Typicality, Word Type, and Language Group was not significant (χ2(1) =
0.13, p > .70). However, there was a significant four-way interaction between
Typicality, Word Type, Language Group, and Exposure Order (χ2(1) = 5.40,
p= .02), suggesting that the relationship betweenWord Type, Typicality, and
Language Group was different for the first and second exposures. Therefore,
we further analyzed data from the first exposure separately.
In the first exposure data, there was a significant main effect of Typicality

(χ2(1) = 10.71, p= .001), and no interaction ofWordType�Typicality (χ2(1) =
0.40, p > .20). Importantly, there was a significant three-way interaction
between Word Type, Typicality, and Language Group (χ2(1) = 3.72, p
=.05). For English monolinguals (who were unaware of the category labels
in the Chinese names), the typicality effect was similar for items with cues
(42 ms) and items without cues (35 ms), but for Chinese–English bilinguals,
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the typicality effectwas 32ms smaller for itemswith cues (21ms) than for items
without cues (53 ms).

2.2.1.2. Error data None of the effects of interest were significant in the
error data.

2.2.2. ERP data

The data from 22 electrodes (F3, Fz, F4, FC5, FC1, FC2, FC6, C3, Cz, C4,
CP5, CP1, CP2, CP6, P3, Pz, P4, PO3, PO4, O1, Oz, O2) were included in the
analyses (see Figure 3). For each participant, the data from these electrodes
were averaged for each condition. Data were included only for trials with a
correct response. The negative goingN300 component peaked at about 325ms
and was measured in the 250–350 ms time-window. In addition to the N300,
we conducted analyses using a 400–500 ms time-window. We analyzed the

Fig. 3: Electrode montage for Experiment 1 and Experiment 2. Circles indicate electrodes
included in the analysis.
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waveforms in this time-window separately from the previous time-window,
although in our data it may not be a distinct component from the N300 but
rather a continuation of that component. This was also the case for Chinese
speakers in Liu et al.’s (2010) Experiment 2. We refer to it here as an extended
late component (ELC). Figures 4, 5, and 6 show the grand average waveforms
inmicrovolts (μV) evoked in response to the four conditions, and voltagemaps
showing the typicality effect on N300 and ELC components, for the bilingual
Chinese session, the bilingual English session, and English monolinguals,
respectively. Analyses were done only on data from both presentations of the
pictures. The coding of the ERP component of the experiment did not permit
the separation of data from the two presentations.

Fig. 4: Grand average waveforms in microvolts (μV) and voltage maps of the typicality effect
(Atypical - Typical) in N300 and ELC components for bilinguals in the Chinese session in
Experiment 1.
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2.2.2.1. N300 (250–350ms) The full output frommodels of theN300 data
appear in Appendix B (see supplementary materials), Tables 6–8.

2.2.2.1.1. Chinese session. There was a significant main effect of Typi-
cality (χ2(1) = 10.06, p < .001). Typical items had a smaller N300 than atypical
items. TheTypicality�WordType interaction was significant (χ2(1) = 4.09, p
= .04). The typicality effect was smaller for itemswith a cue than itemswithout
a cue. The correlation between the size of the typicality effect in the Cue
condition and length of residence in Canada was r = .11.

2.2.2.1.2. Bilinguals: Chinese and English sessions. There was a signifi-
cantmain effect of Typicality (χ2(1) = 16.56, p= .001). Atypical items elicited a
more negative N300 than typical items. Importantly, there was a significant
interaction between Typicality and Word Type (χ2(1) = 5.96, p = .01). The
typicality effect was smaller for items with a cue than items without a cue. The

Fig. 5: Grand average waveforms in microvolts (μV) and voltage maps of the typicality effect
(Atypical - Typical) in N300 and ELC components for bilinguals in the English session in
Experiment 1.
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three-way interaction between Typicality, Word Type, and Test Language
was not significant (χ2(1) = 0.74, p > .30). Chinese–English bilinguals showed
the same response pattern regardless of the language used in testing. Indeed, a
separate model for the English session confirmed that the Typicality �Word
Type interactionwas significant (χ2(1) = 5.31, p= .02), as it was for theChinese
session (reported above).

2.2.2.1.3. English sessions: bilinguals and monolinguals. There was a
significant main effect of Typicality (χ2(1) = 23.33, p < .001). Atypical items
elicited amore negativeN300 than typical items.TheTypicality�WordType
interaction neared significance (χ2(1) = 2.77, p < .09). The three-way interac-
tionbetweenTypicality,WordType, andLanguageGroupwas not significant
(χ2(1) = 0.47, p > .40). However, separate models for each language group
revealed that the Typicality � Word Type interaction was significant for
bilinguals (χ2(1) = 5.31, p= .02), as previously noted, but not formonolinguals

Fig. 6: Grand average waveforms in microvolts (μV) and voltage maps of the typicality effect
(Atypical - Typical) in N300 and ELC components for the English monolinguals in Experiment 1.
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(χ2(1) = 0.34). At this early time-point, although different patterns are begin-
ning to arise for bilinguals and monolinguals, there appears to have been too
much variability across participants and electrodes to produce a significant
triple interaction.

2.2.2.2. ELC (400–500 ms) The full output from models of the ELC data
appear in Appendix B (see supplementary materials), Tables 9–11.

2.2.2.2.1. Chinese session. There was a significant main effect of Typi-
cality (χ2(1) = 6.90, p < .01). Typical items showed a smaller ELC than
atypical items. The Typicality � Word Type interaction was significant
(χ2(1) = 9.26, p = .002). The typicality effect was smaller for items with a
cue than items without a cue. The correlation between the size of the
typicality effect in the Cue condition and length of residence in Canada
was r = .38, indicating that the typicality effect for these items was smaller
for participants who had been in Canada for a shorter period of time.

2.2.2.2.2. Bilinguals: Chinese and English sessions. There was a signifi-
cantmain effect of Typicality (χ2(1) = 23.43, p< .001). Atypical items elicited a
more negative ELC than typical items. Importantly, there was a significant
interaction between Typicality and Word Type (χ2(1) = 12.50, p < .001). The
three-way interaction between Typicality, Word Type, and Test Language
was not significant (χ2(1) = 0.35, p > .40). Chinese–English bilinguals showed
the same response pattern regardless of the language used in testing. Indeed, a
separate model for the English session confirmed that the Typicality � Word
Type interactionwas significant (χ2(1) = 5.59, p= .01), as it was for theChinese
session (reported above).

2.2.2.2.3. English sessions: bilinguals and monolinguals. There was a
significant main effect of Typicality (χ2(1) = 48.11, p< .001). Importantly, the
three-way interaction between Typicality, Word Type, and Language Group
was nearly significant (χ2(1) = 3.08, p =.07). A separate analysis on the English
monolinguals revealed that the Typicality � Word Type interaction was
nowhere near significant (χ2(1) = 0.001), unlike for the bilinguals (reported
above). The typicality effects were smaller for items with cues than items
without cues in bilinguals butwere similar for the two types of items inEnglish
monolinguals.

2 .3 . discuss ion

Experiment 1 explored the effect of Chinese word structure on bilinguals’
categorization processes with pictorial stimuli. The first questionwe addressed
was whether our data support Liu et al.’s (2010) claim that typicality effects in
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Chinese speakers are attenuated for pictures whose names contain a morpho-
logical category cue (i.e., the cue facilitates categorization). Here we improved
on their design by including pictures with names that do not have a morpho-
logical category cue for comparison purposes, and we also increased the
number of stimuli used. In the Chinese session, Chinese–English bilinguals
indeed showed a smaller typicality effect in a semantic categorization task for
pictures with a morphological category cue in their name than for pictures
without that cue in their name. The interaction between typicality and word
type was significant in the N300 and the ELC, and although not significant in
the decision latency data, the typicality effect in those data were only signif-
icant for items without a category cue in their name. Furthermore, for pictures
with a category cue in their name, there was a correlation of the size of the
typicality effect with years of residence in Canada in the RT and ELC data,
such that the typicality effect was smaller for those who had been in Canada for
less time, and who had, presumably, less exposure to English.
Having established that our stimuli show an effect ofChineseword structure

on picture categorization when the experimental session was conducted in
Chinese, we then addressed our question of interest, which was whether
Chinese–English bilinguals show the effects of Chinese category cues even
when they were tested in English. First we investigated whether the effect of
category cues differed for bilinguals when they did the task in English com-
pared to Chinese. They did not. The triple interactions between typicality,
word type, and test language were not significant in the RT, N300, or ELC
data. In the ERP data, significant interactions of typicality andword type were
observed both when bilinguals completed the task in Chinese and when they
completed it in English. In the RT data, this pattern was more evident when
just the first presentation of each stimulus was considered. We then examined
whether the effect of Chinese category cues on the English version of the task
differed for bilinguals and for English monolinguals, the latter of whom are
unaware of the category cues.Weobtained some evidence that it did.The triple
interaction between typicality, word type, and language group was significant
in the RT (first exposure) data and was very close to significant in the ELC
data. In both theN300 and theELCdata, the interaction of typicality andword
type was significant for bilinguals but nowhere close to significant for English
monolinguals.
In previous studies, the N300 component has been found to be related to

how integral the meaning of a non-verbal stimulus (e.g., picture, video) is to
the whole context, which highly resembles the categorization process
(Sitnikova, Kuperberg, & Holcomb, 2003; West & Holcomb, 2002). The
categorization process can be described as making judgments on how integral
themeaning of a categorymember is to the category as awhole. In addition, the
ELChas also been found to be involved in the typicality effect with non-verbal
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stimuli (Liu et al., 2010;West &Holcomb, 2002). Researchers have suggested
that the ELCmight indicate different levels of decision-making and evaluative
processes (Heinze, Muente, & Kutas, 1998; Stuss, Picton, & Cerri, 1988) or
violations of rules or goal-related requirements (Sitnikova, Holcomb,
Kiyonaga, & Kuperberg, 2008; Sitnikova et al., 2003). Therefore, findings
in the current experiment suggest that bilinguals find it easier to integrate the
semantic information of an object with a category cue in its name into the
category to which it belongs.

To summarize, both behavioral and ERP results in Experiment 1 demon-
strated that Chinese word structure influences picture categorization in Chi-
nese–English bilinguals. A category cue embedded in an object’sChinese name
facilitates categorization of the object. Furthermore, the facilitation from
objects’ Chinese names in bilinguals occurred even when English was the
language used for testing, suggesting that labels in the inactive language have
an influence on a bilingual’s categorization processes.

There are, however, several limitations to Experiment 1. Because of the
relatively small number of items (some items we had hoped to use were
excluded after Pilot Study 1 due to low name agreement for pictures), each
stimuluswas presented twice in the categorization task to get a clear ERP signal
after averaging. The behavioral results showed that this repeated presentation
of stimuli influenced participants’ responses. The faciliatory effect of a cate-
gory cue embedded in objects’ Chinese names only appeared in the first
exposure data. This could be due to a familiarity effect: as participants became
more familiar with the stimuli, they made faster responses, especially for
atypical items. However, in the ERP data analyses, data were collapsed across
both the first and the second exposure because the coding method we used for
the ERP data did not allow us to separate data from the first and second
exposures. This might have had an influence on the ERP results, and could
be the reason that, in the analyses of English sessions, no significant triple
interaction in the N300 component was observed. In Experiment 2, word
stimuli instead of pictures were used as targets. Because name agreement was
not a problem, more items could be included, and there was no need to repeat
them in the experimental task.

The filler pairs in Experiment 1 were created by re-pairing the critical
category label–image pairs. This was done to prevent participants from devel-
oping a link between an image and a response. For example, participantsmight
link a picture of a robin with a yes response in the first presentation, and then
might quicklymake a yes responsewhen they saw a robin picture for the second
time without categorization. This re-pairing method resulted in each target
picture being presented four times in the categorization task, which could have
influenced participants’ responses on critical trials and weakened the results.
In Experiment 2, because there was no need to repeat stimuli, new items that
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were different from critical stimuli were used as fillers, so that each critical
target was presented only once in the categorization task.
Another limitation in Experiment 1 is that, although bilinguals did the

English session in a pure English environment, half of the bilinguals did the
Chinese session first. This could have given them some clues that bilingualism
and Chinese were of interest in the study and possibly had some influence on
their results in the English session.When the bilingual participants were tested
in English, the knowledge that Chinese was relevant to the study could have
encouraged them to keep their Chinese active and made it more likely that we
would observe the effect of a category level cue in objects’ Chinese names.
Therefore, in Experiment 2, bilingual participants were put into an English
monolingual mode to the fullest possible extent. The use of word targets
instead of pictures made it possible to make it clearer to participants that only
their knowledge of English was required.

3. Experiment 2
InExperiment 2, participants were tested only in English, theywere greeted in
English, and all conversation and consent forms were in English. In addition,
bilingual participants were recruited via a filter system in the University
research participation pool, and advertisements posted on social media groups
for Chinese students. Therefore, the study was directed only to native Chinese
speakers without the requirements of bilingualism being listed in study infor-
mation. Amonolingual English comparison group was also tested. Again, this
group was unaware of the category labels in Chinese.
The same experimental paradigm was used as in Experiment 1, but English

word labels of target items were used instead of images. Previous studies
investigating the typicality effect with ERPs have found that typicality effects
in linguistic stimuli are marked by the N400 component, such that atypical
items of a category elicit a largerN400 than typical items (Kutas&Federmeier,
2000; Kutas & Hillyard, 1980). The N300 component was not of interest in
Experiment 2 because studies have shown that it is specifically elicited for
pictorial stimuli (Hauk et al., 2007; Kiefer, 2001).

3 .1 . method

3.1.1. Participants

Thirty-nineChinese–English bilinguals (mean age 22, range 18–46, 23 female)
and 29 English monolinguals (mean age 18, range 18–21, 10 female) were
recruited. Participants received course credit or money for their participation.
None of the participants had participated in Experiment 1. Data from eleven
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bilinguals (ten with low accuracy on the categorization task (< 63%), one with
poor ERP recording) and oneEnglishmonolingual (poor ERP recording) were
excluded, leaving 28 Chinese–English bilinguals and 28 Englishmonolinguals
in the final sample. The first language of bilinguals in the final sample was
Mandarin. All bilinguals were born in China or Taiwan, had lived in China or
Taiwan for a mean of 15.8 years (range 2–25), and had lived in Canada for a
mean of 7.4 years (range 2–21).

3.1.2. Materials

Critical stimuli for Experiment 2 were the stimuli selected from Pilot Study
1 for norming in Pilot Study 2, which consisted of 13 categories and 108 items
(in contrast to the subset of 11 categories and 84 items used in Experiment 1).
Half of the objects were typical, half were atypical (see Table 1). Half of the
objects had a category label in their Chinese names, half did not. All of the
critical stimuli required yes decisions. Another 108 category label–object name
pairs were created as filler stimuli to require no decisions. The same set of
category labels were used in filler pairs as in critical pairs. The breakdown of
the target words used in filler pairs was as follows: 56 items from the 13 cate-
gories, and 52 items from other categories (this was done because not enough
filler stimuli could be found within the 13 categories). Half of the filler items
were typical, half were atypical. Half of the filler items had a category label in
their Chinese names, half did not.

3.1.3. Procedure

A category label–object name matching task was used (see Figure 7). Partic-
ipants first saw a 500 ms fixation cross, followed by a category label
(e.g., BIRD) for 500 ms, then followed by a word (e.g., robin). Participants
were instructed to judge whether the concept represented by the second word
is an example of the category represented by the first word. All category label–
word pairs were presented once to each participant in a random order. There
were 216 trials, including 108 critical trials that required ayes response (27 trials

Fig. 7: Experimental procedure in Experiment 2.
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per condition), 108 filler trials that required a no response, and 12 practice
trials. All conversation and experimental materials were in English. At the end
of the experiment, participants were asked to fill in a questionnaire about their
language background.

3.1.3.1. EEG recording and preprocessing Recording, digitization of the
EEG activity, and off-line analysis were done as in Experiment 1. The epochs
of interest for target words were established to be from –200 to 1000 ms post-
stimulus onset. Trials contaminated with activity greater than�75 microvolts
(μΩ) were excluded from the analysis (10.5% for Chinese–English bilinguals;
9.8% for English monolinguals).

3 .2 . results

3.2.1. Behavioural analyses

Incorrect responses (21.0% for bilinguals, 9.2% for English monolinguals), as
well as RTs that were shorter than 200ms or longer than 2500ms for bilinguals
(3.8%), and RTs that were shorter than 200 ms or longer than 1500 ms for
English monolinguals (1.9%), were excluded from the analyses of the latency
data.Themean response latencies and error rates are presented inTable 4.The
higher error rate for bilinguals compared to English monolinguals is likely due
to the fact that there were some very low-frequency targets (e.g., tuxedo,
quartz) that the bilinguals may not have known. Correct responses most likely
reflect knownwords, and therefore onlyRTdata for correct responses, and not
error data, were analyzed.
RTs from bilinguals and English monolinguals were analyzed with LME

models. RTs were fitted with Typicality (Typical vs. Atypical, sum coded),
Word Type (Cue vs. No-Cue, sum coded), Language Group (Bilingual
vs. English Monolingual, sum coded), and Word Frequency (CELEX_W,
without interactions with other fixed factors) as fixed effects, participants and

table 4 . Mean response times (in ms) and percentage error rates (between
brackets) in Experiment 2

Cue No-Cue

Typical Atypical Typicality
effect

Typical Atypical Typicality
effect

Bilingual 932
(11.4)

1025
(31.5)

93
(20.1)

915
(14.3)

1062
(26.6)

147
(12.3)

English
monolingual

595
(4.1)

668
(13.5)

73
(9.4)

596
(5.7)

663
(13.4)

67
(7.7)

491

effects of word structure on categorization

https://doi.org/10.1017/langcog.2020.8 Published online by Cambridge University Press

https://doi.org/10.1017/langcog.2020.8


items as random intercepts, and by-participant random slopes for the effects of
Typicality andWord Type (without interaction). The full output frommodel
of theRTdata appears inAppendixB (see supplementarymaterials), Table 12.

There was a significant main effect of Typicality (χ2(1) = 24.89, p < .001).
Typical itemswere responded to 83ms faster than atypical items. Importantly,
there was a significant three-way interaction between Typicality, Word Type,
andLanguageGroup (χ2(1) = 4.16, p< .05). The typicality effects were smaller
for items with cues (93 ms) than items without cues in bilinguals (147 ms), but
were similar for items with cues (73 ms) and without cues in English mono-
linguals (67 ms).

3.2.2. ERP analyses

The data from the same set of electrodes as in Experiment 1 were included in
the analysis. Data were included only for trials with a correct response. The
N400 component peaked at around 400 ms and was measured in the 375–
500 ms time-window. Figures 8 and 9 show the grand average waveforms in
microvolts (μV) evoked in response to the four conditions, and voltage maps
showing the typicality effect onN400 components, for Chinese–English bilin-
guals and English monolinguals, respectively.

Mean amplitudes in the N400 were analyzed with LMEmodels. Themodel
was fittedwithTypicality (Typical vs. Atypical, sum coded),WordType (Cue
vs. No-Cue, sum coded), and Language Group (Bilingual vs. English Mono-
lingual, sum coded) as fixed effects, participants as random intercept, and
by-participant random slopes for the effects of Typicality and Word Type
(without interaction). The full output from themodel of theN400 data appears
in Appendix B (see supplementary materials), Table 13.

There was a significant main effect of Typicality (χ2(1) = 11.37, p < .001).
Atypical items elicited a more negative N400 than typical items. Importantly,
there was a significant three-way interaction betweenWord Type, Typicality,
and Language Group (χ2(1) = 4.50, p < .05). The typicality effect was smaller
for items with cues than without cues in bilinguals (χ2(1) = 7.30, p = .006), but
were similar for items with cues and without cues in English monolinguals
(χ2(1) = 0.12).

3 .3 . discuss ion

In Experiment 2, we further explored the effects of Chinese word structure on
bilinguals’ categorization processes with English word stimuli. The use of
word targets instead of pictures allowed more items to be included in the
stimulus list, so there was no need to repeat critical targets. Different words
were used to create filler trials with no response, so that each critical target word
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was presented only once. In addition, the use ofword targets further reinforced
the English nature of the experiment. Bilingual participants were put into an
English monolingual mode to the fullest extent possible. RTs and ERP
responses were measured as Chinese–English bilinguals and English mono-
linguals categorized English word labels of typical and atypical objects. In the
RT and N400 data, typicality effects were smaller for items with cues than
items without cues in bilinguals, whereas English monolinguals showed no
such difference (because they were unaware of the category labels in the
Chinese names).
The N400 component has been broadly used as an index of the semantic

congruency of aword to thewhole context (seeKutas&Federmeier, 2011, for a
review). Amore negative N400 is thought to be associated with more semantic
violation. Categorizing an atypical item produces more sense of semantic
violation than categorizing a typical item, because atypical items usually

Fig. 8: Grand average waveforms in microvolts (μV) and voltage maps of the typicality effect
(Atypical - Typical) in the N400 component for Chinese-English bilinguals in Experiment 2.
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contain more semantic features that are not commonly seen in the category
members. Thus, theN400 component has also been used as anERPmarker for
the typicality effects in linguistic stimuli (Kutas & Federmeier, 2000; Kutas &
Hillyard, 1980).

In summary, these results provide further evidence that the category infor-
mation imbedded in objects’ Chinese names facilitates categorization, and
demonstrates that this facilitation occurs even when bilinguals categorize
English words.

4. General discussion
The current study examined the effects of word structure on bilinguals’
categorization processes. More specifically, since bilinguals know two differ-
ent languages, we investigated the question of whether word structure in one

Fig. 9: Grand average waveforms in microvolts (μV) and voltage maps of the typicality effect
(Atypical - Typical) in the N400 component for English monolinguals in Experiment 2.
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language could have an impactwhen bilinguals perform a categorization task in
the other language. Chinese–English bilinguals and English monolinguals
completed two categorization tasks, one with picture targets and one with
word targets. Results from Experiments 1 and 2 showed that the typicality
effect was smaller for items with cues in their Chinese names than items
without cues in bilinguals, while English monolinguals showed no such dif-
ference (because they were unaware of the category labels in the Chinese
names), suggesting that category information in an object’s Chinese name
facilitated categorization of the object in Chinese–English bilinguals. Most
interestingly, the facilitation from objects’Chinese names in bilinguals existed
even when they were tested in a pure English-speaking environment where no
clue showed that Chinese was involved.

4 .1 . the label-feedback account

The label-feedback hypothesis (Lupyan, 2012) provides a mechanism to
account for our findings. Previous research investigating this hypothesis con-
sidered the influence of having a verbal label for an object on object categori-
zation.However, the hypothesis can also provide an account of the influence of
different characteristics of labels, like the structure of a label. Furthermore,
previous research was conducted with monolinguals. Bilinguals have two
labels for each object, which potentially makes the influence of labels on
perception in bilinguals more complex than inmonolinguals. As was discussed
previously for Liu et al.’s (2010) study, two explanations of our findings can be
derived from the label-feedback hypothesis.
In the first explanation, the category label and the category cue in an object’s

Chinese name temporarily warp the semantic space by activating the most
typical features of the category to a higher degree than the less typical features.
In both of our tasks, participants first saw a category label and then saw a target
that was either a picture or anEnglishword.The processing steps in these tasks
would proceed as follows according to the first view. When Chinese–English
bilinguals saw the category label, it would have activated typical features of the
category.Then,when they saw a target, both theEnglish andChinese names of
the target would have been activated, and these target labels then would have
sent feedback to the conceptual level. If the category cue in a target object’s
Chinese name highly activates the most typical features of the category, then
for atypical exemplars with a category cue, there would be more overlap
between the features activated from the category label and the target than
when there was no category cue in the Chinese name, thus facilitating catego-
rization. Based on this explanation, the current findings also provide support-
ing evidence for the language non-selective activation view in bilinguals
(Dijkstra & Van Heuven, 2002), which claims that bilinguals activate
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information from both of their languages simultaneously even when they are
using only one of their languages. However, this explanation assumes that in
Experiment 1, the Chinese label for the picture stimuli was available by the
time of the N300 response in the English task. As aforementioned, various
studies have suggested that pictures can be categorized faster than they are
named (e.g., Irwin & Lupker, 1983; Potter & Faulconer, 1975). Other studies
have found that automatic translation fromL2 toL1 in bilinguals takes place at
a late, post-lexical processing stage (around 400 ms), after word meaning
retrieval (Thierry &Wu, 2007). Therefore, in Experiment 1, it is possible that
participants categorized a target picture before its label was highly activated.

The second explanation for the current findings is that bilingual partici-
pants’ organization of category representations is permanently changed under
the long-term effects of everyday usage of objects’ Chinese names. More
specifically, objects that have a category cue in their Chinese names are more
strongly associated with the most typical features of the category through the
feedback from frequent usage of Chinese labels. As a consequence, they are
stored in the centre of the category, even an atypical exemplar, making them
easier to categorize. In contrast, atypical objects that do not have a category cue
in their Chinese names are stored in the periphery of the category space, thus
making them difficult to categorize. This hypothesis that category represen-
tations are permanently changed under the long-term effects of labels is not
assumed by Lupyan (2012), but it is consistent with findings from object
naming studies in bilinguals (e.g., Ameel et al., 2005). It was beyond the scope
of the present study to distinguish between the short-term perceptual warping
and the long-term category restructuring explanations. However, in future
research it may be possible to do so using transcranial direct current stimula-
tion (e.g., Lupyan, Mirman, Hamilton, & Thompson-Schill, 2012; Perry &
Lupyan, 2014).

4 .2 . other interpretations of the current findings

Participants did categorization tasks in Experiment 1 and 2, whichwe assumed
involved extensive semantic processing. While it is most likely that partici-
pants made decisions based on the semantic congruency between the category
labels and the target objects, it could be argued that participants did the
categorization task based only on phonological or lexical overlap between the
category labels and the objects’ Chinese names. For example, in Experiment
1, when bilingual participants saw the picture of an ostrich, the Chinese name
鸵鸟 was activated, which had the category label鸟 embedded in it. Bilingual
participants could have made the decision that an ostrich is a bird solely based
on the overlap of the character 鸟 in the category label and the object’s name.
Similarly, in Experiment 2, bilinguals could have automatically translated the
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category labels and the object words into Chinese, then performed the cate-
gorization task based on phonological or lexical overlap between the category’s
and the object’s Chinese labels. Alternatively, the faciliatory effects observed
here could have been due to priming from the category label to items with the
corresponding label in their names, thus causing them to be responded to faster
than items without the label in their names. Although this argument is less
likelywhen bilinguals were tested in English, especially inExperiment 2where
both category labels and targets were presented in English, bilingual partici-
pants could have automatically translated the category labels into Chinese,
then activated items with the corresponding category label in their names. If
indeed this is the case that the faciliatory effects observed in these experiments
were lexical, the current findings would still be interesting in that they provide
evidence for the language non-selective activation view of bilinguals.
However, Liu et al. (2010) provided evidence against a lexical interpretation

of their Chinese findings by conducting an experiment with English mono-
linguals. Critical pictures had a name that either did (e.g., BALL-basketball) or
did not (e.g., VEHICLE-car) contain a category cue. Both of the lexical
accounts would predict that English monolinguals would show reduced typ-
icality effects in the former compared to the latter, whereas both produced
significant typicality effects in behavioural and ERP data. Furthermore, in our
data the faciliatory effects from an object’s Chinese name were observed in
ERP components related to semantic processing. The N300 component has
been found to be related to how integral the meaning of a non-verbal stimulus
(e.g., picture, video) is to the whole context, which highly resembles the
categorization process (Sitnikova et al., 2003; West & Holcomb, 2002), the
N400 component has been broadly used as an index of the semantic congru-
ency of a word to the whole context (Kutas & Federmeier, 2011), and the ELC
appears to be associatedwith different levels of decision-making and evaluative
processes (Heinze et al., 1998; Stuss et al., 1988) or violations of rules or goal-
related requirements (Sitnikova et al., 2008; Sitnikova et al., 2003). Therefore,
it is unlikely that the effects observed in the current study are only due to the
overlap at the phonological or lexical level.

4 .3 . conclusion

The current findings add to our understanding of language–cognition inter-
action in bilinguals, providing evidence that word labels from both languages
can have an important effect on object categorization. An interesting charac-
teristic of Chinese labels was used, and the results demonstrated that object
categorization is influenced by how a verbal label is constructed. Furthermore,
verbal labels inChinese influenced categorization processes evenwhen the task
was conducted entirely in English, providing evidence that bilinguals’
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cognitive processes are constantly under the influence of two sets of labels, even
when only one language is being used. The label-feedback hypothesis provides
a useful framework in which to understand the mechanisms of language–
cognition interactions in bilinguals.

Supplementary materials

For supplementary materials for this paper, please visit <http://doi.org/
10.1017/langcog.2020.8>.
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Appendix A
Example stimuli in Experiment 1.

Category Item Typicality Word Type

English Chinese
BIRD 鸟 Typical Cue

BIRD 鸟 Atypical Cue

BIRD 鸟 Typical No-Cue

BIRD 鸟 Atypical No-Cue
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