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To understand how culture modulates on-line neural responses to social information, this study compared how individuals from two distinct cultural groups, English-speaking North Americans and Chinese,
process emotional meanings of multi-sensory stimuli as indexed by both behaviour (accuracy) and
event-related potential (N400) measures. In an emotional Stroop-like task, participants were presented
face–voice pairs expressing congruent or incongruent emotions in conditions where they judged the
emotion of one modality while ignoring the other (face or voice focus task). Results indicated that while
both groups were sensitive to emotional differences between channels (with lower accuracy and higher
N400 amplitudes for incongruent face–voice pairs), there were marked group differences in how intruding facial or vocal cues affected accuracy and N400 amplitudes, with English participants showing
greater interference from irrelevant faces than Chinese. Our data illuminate distinct biases in how adults
from East Asian versus Western cultures process socio-emotional cues, supplying new evidence that
cultural learning modulates not only behaviour, but the neurocognitive response to different features of
multi-channel emotion expressions.
& 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

1.1. Cultural differences in cross-channel emotion processing

In today's highly globalized world, social interactions involving
people from different cultural backgrounds are not unusual, despite the fact that acquired rules and routines for interacting socially, and possibly the neurocognitive system that supports social
communication, vary in marked ways across cultures. One aspect
of communication that is vital for interpersonal rapport is the
ability to correctly interpret facial and vocal displays of emotion.
This study represents one of the ﬁrst attempts to investigate
whether culture shapes the on-line neural response to multi-sensory emotional expressions (combined faces and voices) beyond
the level of behavioural performance. These data will supply new
information on how culture modulates the cortical response to
socio-emotional cues that are an integral part of (inter-cultural)
communication.

Humans typically utilize multiple information channels to express and understand emotions in daily life (Grandjean et al.,
2006; Paulmann and Pell, 2011); for example, a happy utterance is
often accompanied by a smiling face. However, recent psychological studies imply that cultures vary in how they process emotions from different information sources, at least when behavioural responses are examined. In a key study conducted by Tanaka et al. (2010), Japanese and Dutch participants performed an
emotional Stroop-like task consisting of emotionally congruent or
incongruent face–voice pairs; participants had to identify the
emotion of the face while ignoring the voice, or vice versa. In the
Stroop paradigm, a Stroop or congruence effect on behaviour is
expected in the form of longer response times and/or lower accuracy for incongruent versus congruent trials, which suggests
that incongruent cues from the to-be-ignored source impede
performance of the target task; likewise, congruent information
from the to-be-ignored channel facilitates the target task. Tanaka
et al. found that Japanese participants demonstrated a signiﬁcantly
larger congruence effect in accuracy than Dutch participants when
judging facial expressions, whereas the Dutch exhibited a smaller
congruence effect when identifying the tone. This suggests that
Japanese participants were inﬂuenced to a larger extent by to-be-
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ignored vocal tones, whereas Dutch participants were inﬂuenced
more by irrelevant faces. The authors concluded that Japanese
people are more likely to allocate their attention to vocal cues in
speech, whereas Westerners are more attentive to facial information even when instructed to ignore it, highlighting important differences in how each cultural group processes emotional cues.
These results are in line with previous ﬁndings pointing to
cultural differences in how emotions are perceived from combined
vocal cues (“speech prosody”) and semantic word meanings. Kitayama and Ishii (2002) presented a Stroop-like task consisting of
semantically negative or positive words, spoken in an emotionally
congruent or incongruent vocal tone, to groups of Japanese and
American participants who had to identify the emotion of the
word meaning while ignoring the tone, or vice versa. They reported that for Japanese participants, response times when judging word meaning were inﬂuenced to a larger extent by to-beignored vocal tones than for American participants, whereas the
opposite group pattern was observed when identifying the tone.
This pattern again suggests that Japanese participants were more
attuned to vocal cues when performing the task, whereas Americans were more sensitive to semantic cues. Coupled with Tanaka
et al.'s (2010) ﬁndings, these results imply that during multichannel emotion perception, East Asians are relatively more sensitive to vocal information whereas Westerners are more oriented
towards semantic or facial cues. This conclusion is also suggested
in a study of Tagalog–English bilinguals tested in the Philippines
(Ishii et al., 2003). Collectively, these data argue that cultures vary
in how they process emotional expressions, although evidence is
so far restricted to off-line behavioural judgments.
To explain these cultural differences, it has been suggested that
display rules, which refer to culture-speciﬁc social norms regulating how emotions are expressed in socially appropriate ways, play
a central role in emotion perception (Engelmann and Pogosyan,
2013; Ishii et al., 2003; Park and Huang, 2010). In contrast to
Western “individualist” cultures, it is believed that East Asian
“collectivist” cultures consider harmonious social relations as most
important (Hall and Hall, 1990; Scollon and Scollon, 1995). To
maintain social harmony, certain display rules are therefore
adopted by these groups (Gudykunst et al., 1996; Matsumoto et al.,
1998); for example, East Asian cultures tend to favour indirectness
in communication (e.g., unﬁnished sentences or vague linguistic
expressions) to a greater extent than Western cultures to prevent
embarrassment between interlocutors (Bilbow, 1997). East Asian
cultures also endorse the control of facial expressions, especially
negative ones, whereas Western cultures encourage explicit facial
expressions of emotion (Ekman, 1971; Markus and Kitayama, 1991;
Matsumoto et al., 1998, 2008, 2005). East Asians are also more
inclined to avoid eye contact than Westerners, as a sign of respect
and politeness to others that is thought to beneﬁt social harmony
(Hawrysh and Zaichkowsky, 1991; McCarthy et al., 2006, 2008).
Due to these culture-speciﬁc display rules, it is possible that East
Asians rely more on vocal cues to express their emotions and to
understand the feelings of others during interpersonal communication; in contrast, Western cultures tend to rely more on facial
and semantic information which tends to be more salient and
accessible during their social interactions (Ishii et al., 2003; Kitayama and Ishii, 2002; Tanaka et al., 2010).
These ideas lead to the question: do cultural differences in
emotion processing previously attributed to “East Asian” cultures
generalize to Chinese? Given that the Chinese culture constitutes a
major part of East Asia—one that shares the essential collectivist
display rules of previously-studied cultures such as Japanese—it
would be valuable to advance this literature by examining how
Chinese process cross-channel emotions when compared to a
major Western culture (e.g., English-speaking North Americans).

From the perspective that display rules promote differences in how
Eastern and Western cultures process facial and vocal cues about
emotion, one might expect that Chinese participants would show a
similar pattern as the Japanese population when compared to Western participants, i.e., higher sensitivity to vocal cues than to facial
cues. Testing this hypothesis in a manner that includes both behavioural and on-line neural responses—data that begin to inform the
nature as well as the time course of cultural effects on multi-channel
emotion processing—was another major goal of this study.
1.2. Cultural effects on neurophysiological responses to emotional
stimuli
While cultural differences in behavioural judgments of emotional displays have been reported, there is still little evidence that
culture affects brain responses that occur as humans process crosschannel emotions in real time. Electrophysiological data show that
cross-channel emotion perception is a dynamic process marked by
various temporal stages that can be indexed by different eventrelated brain potentials (ERPs) (de Gelder et al., 1999; Ishii et al.,
2010; Jessen and Kotz, 2011; Schirmer and Kotz, 2003). For instance, using an Oddball-like task consisting of emotional face–
voice pairs that were presented to Dutch participants, de Gelder
et al. (1999) observed a mismatch negativity (MMN) component
suggesting that early cross-sensory integration of emotional cues
occurs very quickly, approximately 100–200 milliseconds (ms)
after stimulus onset. Similarly, in an ERP study that presented a
Stroop-like task, presented positive, negative, and neutral words
spoken in a congruent or incongruent emotional voice to German
participants, who identiﬁed the valence of the word meaning and
ignored the tone, or vice versa. In this study they observed a larger
N400—a component sensitive to the integration of matching/mismatching semantic meanings from different contextual sources
(Bower, 1981; Bowers et al., 1993; Brown et al., 2000; Schirmer and
Kotz, 2003)—in response to incongruent versus congruent word–
tone pairings in the word valence judgment (although only in
female participants). Differences in N400 amplitude were also
reported by Ishii et al. (2010) using an emotional Stroop-like task
that contrasted emotional tone and emotional word meanings in
Japanese, with greater amplitudes when cross-channel emotional
cues were incongruent in meaning. Although these studies did not
directly compare participants from different cultural backgrounds,
they suggest that the N400 response can be meaningfully examined to shed light on whether cultural differences exist at the
neural processing stage where the emotional meaning of a face
and a vocal expression is registered and compared, around 400 ms
after event onset, allowing deeper speciﬁcation of behavioural
ﬁndings on face–voice processing (e.g., Tanaka et al., 2010).
In another noteworthy study, Schirmer et al. (2006) conducted
an EEG experiment in which they presented an emotional Strooplike task to Cantonese speakers from Hong Kong. Two-syllable
Cantonese words spoken in a congruent or incongruent emotional
voice were presented to Cantonese listeners, who identiﬁed the
emotion of the word meaning while ignoring the vocal tone as
brain potentials were recorded. Results of this study failed to uncover a typical Stroop/N400 effect in the Cantonese as that reported for German participants (Schirmer and Kotz, 2003); rather,
a late positivity peaking around 1500 ms was observed with larger
amplitude in the incongruent versus congruent condition. The
authors argued that in contrast to the N400 effect found in German participants, the delayed congruence effect they witnessed in
Cantonese listeners was related to the existence of lexical tones
and a higher degree of homophony in the Cantonese language;
this may have rendered lexical processing more effortful and
postponed the integration of emotional voice tone with the semantic message in this study (Schirmer et al., 2006).

P. Liu et al. / Neuropsychologia 67 (2015) 1–13

While this conclusion may seem inconsistent with behavioural
data showing that Japanese participants are more sensitive to
vocal emotional cues than word meanings, it does not necessarily
contradict the hypothesis that East Asians prioritize emotional
speech prosody to a relatively greater extent when processing
multi-channel emotions. Schirmer et al.'s (2006) observations
could be accounted for by several methodological factors; for example, since the emotional salience of word meanings and emotional prosody was not matched between channels in the Cantonese stimuli, it is possible that prosody was emotionally less
salient and easy to ignore, exerting little or delayed inﬂuence on
judging the word meaning in their task. This can be inferred by the
participants' high accuracy rates (around 95%) in the word judgment task. From a cultural perspective, given the long-term history
of Hong Kong as a British colony, and the fact that Hong Kong
people are mostly educated in the English language, it is also
possible that differences in cultural exposure may have affected
how Schirmer et al.'s participants process emotional information,
even in their native language (see Liu et al., in preparation). Processing emotions from two-syllable words versus full utterances
could also affect the extent to which biases for vocal cues are
detected across studies. Here, by directly comparing participants
from Mainland China who had just recently been exposed to
Western society with matched participants from (English) North
America, and by matching cross-channel stimuli for emotional
salience, we therefore sought to address some of the valuable
questions raised by previous authors to clarify how culture inﬂuences the processing of emotional meanings encoded in more than
one channel (in this case, face and voice).
Thus, while cultural differences in behaviour have been documented (Tanaka et al., 2010; Kitayama and Ishii, 2002) and there
are clues in the N400 literature that the neural semantic processing of multi-channel emotions may differ between Eastern and
Western cultures (Schirmer and Kotz, 2003; Schirmer et al., 2006;
Ishii et al., 2010), the hypothesis that culture modulates on-line
neural responses to multi-channel emotions is largely untested.
Nonetheless, this idea ﬁts with recent evidence that the N400
component is sensitive to cultural differences in other cognitive
domains. For example, cultural background was shown to modulate the N400 when (otherwise unspeciﬁed) East Asian and
European American participants were presented an affective
background picture, followed by a superimposed facial expression
that was emotionally congruent or incongruent with the background scene (e.g., a happy face on a positive scene). When
identifying the facial expression, East Asians showed a larger N400
for incongruent picture–face pairs compared to congruent pairs,
whereas Americans exhibited no difference across conditions,
suggesting that East Asians were inﬂuenced to a larger degree by
background information than the other group. The authors concluded that it is the process of semantic integration, indexed by
N400, that is modulated by culture (Goto et al., 2013). These data
provide further incentives to investigate how culture shapes online neural responses as humans process multi-channel emotional
expressions.
1.3. The present study
Building on recent work, this study administered an emotional
Stroop-like task to inform how culture modulates the processing
of emotional meanings from combined faces and voices in reference to both “off-line” behavioural judgements (accuracy, response times) and on-line neural responses to underlying stimulus
meanings (N400 component). Adults from two major cultural
groups, English North Americans and Chinese, were directly compared using emotional stimuli (static faces and pseudo-utterances)
that were paired with each other to form congruent and
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incongruent face–voice dyads in each cultural condition. Based on
previous ﬁndings suggesting that East Asian display rules favouring social harmony promote culture-speciﬁc biases in emotion
processing for Japanese participants (Ishii et al., 2003; Kitayama
and Ishii, 2002; Tanaka et al., 2010), it was hypothesized that
Mandarin-speaking Chinese participants, who share many of the
same values and cultural display rules, will also be relatively more
attuned to vocal expressions than facial expressions when processing cross-channel emotions. In contrast, English North Americans might be expected to attend to a relatively greater extent to
facial cues when performing our task. Based on literature showing
that the N400 is typically sensitive to the emotional relationship of
multi-channel stimuli in Stroop-like paradigms (i.e., Schirmer and
Kotz, 2003; Ishii et al., 2010; Schirmer et al., 2006), and that cultural variables modulate N400 amplitudes in other cognitive domains involving semantic processing (Goto et al., 2010, 2013), we
predicted that culture-speciﬁc biases would be observed in both
behavioural performance and N400 responses to our stimuli when
the groups are compared: Chinese participants should demonstrate a larger Stroop effect than North Americans when judging
the emotion of faces and ignoring the voices for both types of
measurements, whereas the opposite group pattern was predicted
when participants judged the voice and ignored the face (i.e.,
larger Stroop effect for English North Americans).

2. Method
2.1. Participants
Two groups of participants were recruited. The ﬁrst group
consisted of 19 English-speaking North Americans (10 female,
9
male;
mean
age¼25 73.91
years;
years
of
education ¼14.18 72.19 years). Given the diversity of cultural
backgrounds in native English speakers in North America, a
screening questionnaire was administered to ensure that each
participant (1) was born and raised in Canada or the U.S. and spoke
English as their native language and (2) had at least one grandparent of British decent on both the maternal and paternal side of
their family, with other grandparents of descent from other
Western European countries. The questionnaire also established
that no participant in this group had lived for any extended period
outside of North America. The second group consisted of 20
Mandarin-speaking Chinese participants (10 female, 10 male; mean
age¼24.5572.75 years; years of education ¼16.45 72.68 years).
Based on a questionnaire, each participant was a native Mandarin
speaker born and raised in Mainland China and none had lived
outside of China for more than one year (all participants were recent immigrants or students studying in Montreal, Canada). No
difference in age (F(1,37) ¼0.253, p ¼0.618) or years of education (F
(1,37) ¼ 1.039, p ¼0.319) was found between groups, which will be
referred to henceforth as the “English” and “Chinese” groups for
ease of description. None of the participants reported any hearing
impairment, and all had normal or corrected-to-normal vision. The
study was approved by the Faculty of Medicine Institutional Review Board, McGill University and informed written consent was
obtained in the native language of the participant prior to testing.
All participants received modest ﬁnancial compensation at the end
of the study ($60CAD).
2.2. Stimuli
The vocal stimuli were fragments of Chinese and English
pseudo-sentences uttered in sad and fear emotional tones adopted
from previously validated recording databases (Liu and Pell, 2012;
Pell et al., 2009a, 2009b). They were produced by 4 native
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speakers of each language (2 female, 2 male) in a sad or a fear
tone; in total, 8 fear and 8 sad pseudo-utterances (2 items  4
speakers) were included. Pseudo-sentences are composed of
pseudo content words conjoined by real function words, rendering
them meaningless but resembling the phonetic-segmental and
supra-segmental properties of the target language (Banse and
Scherer, 1996; Pell and Baum, 1997); such stimuli have been used
effectively in studies interested in the perception of voice tone
independent of the linguistic-semantic content during speech
(Castro and Lima, 2010; Paulman and Pell, 2010; Pell et al., 2009a,
2009b; Rigoulot and Pell, 2012, 2014; Rigoulot et al., 2013). In the
present study, our interest also lies in the perception of emotions
in the context of speech processing, which occurs most frequently
in daily communication. To meet this end, emotionally inﬂected
pseudo-utterances were adopted as vocal stimuli to maximally
imitate human speech processing while the semantic content was
well controlled.
The facial stimuli were black and white Chinese and Caucasian
faces expressing sadness and fear adopted from the Montreal Set
of Facial Displays of Emotions (Beaupre and Hess, 2005). In this
database, 6 adult actors (3 female, 3 male) from Chinese or Caucasian North American group were instructed to produce faces of
different emotions according to the Facial Action Coding System
(Ekman and Friesen, 1978). Six fear and six sad faces (1 item  6
actors) of each group were selected for the current study (Fig. 1).
In a pilot study designed to further validate and select the
stimuli, 562 English pseudo-utterances and 553 Chinese pseudoutterances conveying six emotional meanings (fear, sadness, happiness, disgust, anger, and neutrality) were initially selected from
the vocal database (Liu and Pell, 2012; Pell et al., 2009a, 2009b). In
order to keep the amount of expressed information consistent
across stimuli, the original utterances with varied duration were
cut into fragments of 800 ms measured from sentence onset using
Praat software (Boersma and Weenink, 2001); this duration approximates the average length of utterances presented elsewhere
in the immediate literature. For the facial stimuli, 48 Caucasian
faces and 48 Chinese faces of the six emotion categories were
selected from the facial database. Both the 800 ms long vocal stimuli and the facial expressions were then subjected to a validation
study, in which each stimulus was validated by 20 in-group native
speakers (i.e., 20 English-speaking European Canadians and 20
Mandarin-speaking Chinese, respectively). For each stimulus, the
participant made two consecutive judgments: they ﬁrst identiﬁed
the emotion being expressed by each item in a six forced-choice
emotion recognition task (with happiness, sadness, anger, disgust,

fear, and neutrality as the 6 options); immediately after, they rated
the intensity of the emotion they had selected in the previous
recognition task on a 5-point rating scale, where 0 indicated “not
intense at all” and 4 indicated “very intense”.
For stimulus selection, recognition rates were calculated for
each item across participants; intensity ratings for each item were
calculated across participants with correct responses in the emotion recognition task. A three-way ANOVA was run on recognition
rates and intensity ratings separately, with sensory channel (voice
and face), emotion (fear and sadness), and group (English and
Chinese) as three independent variables. To control the emotional
salience of the stimuli and ensure that the expected culture-speciﬁc bias is not confounded with stimulus salience and clarity
(Matsumoto, 2002), stimuli were selected in a way that both the
recognition rates and intensity ratings were matched between
modalities (vocal and facial), emotions (fear and sadness), and
cultural groups (English and Chinese); i.e., there were no signiﬁcant differences in recognition rates or intensity ratings between vocal and facial modalities, fear and sad emotions, and the
two groups. In order to meet all these criteria, 8 pseudo-utterances
(2 item  4 speakers) and 6 facial expressions (1 item  6 actors) of
two emotional categories, sadness and fear, were selected for each
group in the present study. Emotion recognition rates and intensity ratings of these selected stimuli were of medium-to-high
level for both groups (Table 1). In our tasks, only in-group stimuli
were presented to participants in each group (i.e., Chinese faces
and voices to the Chinese group, Caucasian faces and English
voices to the English group); this design satisﬁes our immediate
goal of evaluating how multi-sensory emotions are perceived by
each group in the context of their native language and culture,
based on learning such as display rules that are likely to produce
culture-speciﬁc responses. For each group, the in-group facial and
vocal stimuli were paired with each other to construct bi-sensory
emotional stimuli, forming congruent (fear face and fear voice, sad
face and sad voice) and incongruent (fear face and sad voice, sad
face and fear voice) trials. In each pair, the static face was synchronized to the dynamic voice, resulting in a total duration of
800 ms for each face–voice pair.
2.3. Task
An emotional Stroop-like paradigm yielding both behavioural
and ERP measures was administered, composed of two experimental conditions: a face task and a voice task. Each condition
consisted of 1 block of 192 trials, in which 96 trials were composed

Fig. 1. Examples of facial and vocal stimuli. Top left, example of Chinese sad face; bottom left, example of Chinese pseudo-sentence and waveform of this sentence spoken in
sadness. Top right, example of Caucasian fear face; bottom right, example of English pseudo-sentence and waveform of this sentence spoken in sadness.
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Table 1
Mean recognition rates (per cent correct target identiﬁcation) and emotional intensity ratings (on a 5-point scale, where 0 ¼ very weak and 4¼ very intense) of the vocal and
facial stimuli by emotion and cultural group (standard deviation in parentheses).
Voices

Faces

English

Recognition rates
Intensity ratings

Chinese

English

Chinese

Fear

Sadness

Fear

Sadness

Fear

Sadness

Fear

Sadness

90.6(1.8)
2.4(0.3)

92.5(2.7)
2.4(0.4)

91.2(5.2)
2.5(0.3)

91.2(5.2)
2.4(0.3)

90.8(8.6)
2.4(0.3)

91.7(9.3)
2.4(0.4)

91.2(7.6)
2.3(0.4)

90.9(10.0)
2.6(0.5)

of congruent face–voice pairs (48 fear face–voice pairs, 48 sad
face–voice pairs), while the other 96 were incongruent pairs (48
fear face–sad voice pairs, 48 sad face–fear voice pairs). In the face
task, the participants were required to identify the facial expression as fear or sad and ignore the voice; in the voice task, they
identiﬁed the vocal expression as fear or sad while ignoring the
face.
2.4. Procedure
The experimental stimuli were presented and controlled by
Presentations software (Version 16.0, www.neurobs.com). Each
trial started with a 1000 ms ﬁxation cross at the centre of the
monitor followed by a 500 ms blank screen, followed immediately
by the face–voice pair which lasted for 800 ms. The face was displayed at the centre of a computer monitor (600  420 pixels) and
the voice was presented binaurally via insert headphones at a
comfortable listening level. The participants were instructed to
respond as accurately and as quickly as possible to identify the
emotion of the face or the voice as fear or sad, by pressing one of
two buttons on a response box, while ignoring the other channel.
The assignment of the two response labels, fear (“害怕” in Chinese)
and sad (“伤心” in Chinese), was counterbalanced to the right and
left response buttons. During the voice task, the participants were
instructed to passively look at the faces but actively attend to the
emotion expressed by the voice and make the judgment accordingly. They were constantly monitored by the experimenter during
the task to make sure that they were closely following the instructions. After a response (or after 3500 ms from the offset of the
face–voice stimulus in case of no response), a variable inter-trial
interval of 500–1000 ms occurred before the next trial began
(speciﬁcally, a series of random number within the range of 500–
1000 were generated in Excel and was used as the length of intertrial interval for each experimental condition). Fig. 2 illustrates the
sequential structure of each trial. All trials were presented randomly within each block. Each condition started with a practice
block of 10 trials (which did not appear in the experiment) to familiarize participants with the experimental procedure. The order
of the two conditions (face task condition and voice task condition)

Fig. 2. Trial structure of the voice and face tasks.

was counter-balanced among participants, and a 10-min break
was inserted between blocks.
2.5. EEG recording and preprocessing
After preparation for EEG recording, the participants were seated at a distance of approximately 65 cm in front of a computer
monitor in a dimly lit, sound-attenuated and electrically-shielded
testing booth. While performing the experiment, EEG signals were
recorded from 64 cap-mounted active electrodes (modiﬁed 10/20
System) with AFz electrode as the ground, FCz electrode as on-line
reference (Brain products, ActiCap, Munich), and a sampling rate of
1000 Hz. Four additional electrodes were placed for vertical and
horizontal electro-oculogram recording: two at the outer canthi of
eyes and two above and below the left eye. The impedance for all
electrodes was kept below 5 kΩ. The EEG data were resampled offline to 250 Hz, re-referenced to the average of all 64 electrodes,
and 0.1–30 Hz bandpass ﬁltered by EEGLab (Delorme and Makeig,
2004). Trials were epoched from 200 to 800 ms relative to stimulus onset with a pre-stimulus baseline of 200 ms (  200 to
0 ms). The data were then inspected visually to reject unreliable
channels and trials containing large artifacts and drifts, after
which EOG artifacts were rejected by means of ICA decomposition.
On average, approximately 78.4% of the data were retained for
analysis after excluding artifacts and incorrect responses (Chinese
face task: 80.8%; Chinese voice task: 80.2%; English face task:
76.1%; and English voice task: 76.6%). At a ﬁnal step, data were
averaged according to the experimental conditions for each group
(congruent/incongruent trials of the face task, congruent/incongruent trials of the voice task).
2.6. Statistical analyses
Our analyses were designed to evaluate the predicted Stroop
effect in both our behavioural measures (accuracy rates and response time) and N400 data. For the ERP data, only trials with
correct behavioural responses were included in the statistical
analyses; this contrasts with previous studies that employed
emotional Stroop-like paradigms (e.g., Schirmer and Kotz, 2003;
Goto et al., 2010, 2013) where all trials were averaged for the N400
component. By focusing here on correct trials when there was
evidence that the registered Stroop effect—i.e., the N400 difference
between emotionally incongruent and congruent conditions—reﬂected true instances when participants attended to the target
channel, we hoped to achieve a stronger test of the cost or beneﬁt
of the unattended information channel. The N400 literature suggests that this component is typically largest in the centro-parietal
region during the 200–600 ms post-stimulus time window (Kutas
and Federmeier, 2011), with more frontal distribution for visual
stimuli (Ganis et al., 1996) and auditory language stimuli (see review by Kutas and Van Petten, 1994). Therefore, we expected to
observe the N400 component in this corresponding area falling
within the 200–600 ms time span and restricted our ERP data
analyses as such (for a discussion of ERP data quantiﬁcation, see
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Handy, 2004). Visual inspection of the averaged ERPs for each
condition of each group conﬁrmed these expectations, with a
negative deﬂection after 250 ms post-stimulus in the incongruent
versus congruent trials, distributed primarily in the middle frontocentro-parietal area. Accordingly, 15 electrodes from this region
(FC1, FC2, Cz, C1, C2, C3, C4, CPz, CP1, CP2, CP3, CP4, Pz, P1, and P2)
were selected for subsequent analyses. For these electrodes, an
exploratory examination of the peak latency of the negativities
within the 200–600 ms time window yielded an averaged peak
latency of 337 ms (range 327–363 ms) across conditions and
groups. Based on this observation, which conformed to both previous literature and visual inspection, mean amplitude in the 250–
450 ms time window was extracted for the N400 analysis for selected electrodes.
For both the behavioural and N400 data, a three-step analysis
was performed to focus each analysis on patterns of speciﬁc theoretical importance in a clear and incremental manner. First, twoway repeated-measures ANOVAs were conducted on accuracy, RT,
and the mean amplitude of 250–450 ms time window across selected electrodes to examine whether there was an effect of congruence elicited in each condition, separately for each group. For
each ANOVA, congruence of the trials (incongruent and congruent)
and emotion of the attended channel (i.e., voices in the voice task,
faces in face task; fear and sadness) were included as two withinsubject factors.
Second, behavioural and neural indices of the congruence effect
were analyzed in the form of difference scores to directly compare
the two cultural groups, while controlling for extraneous factors
(e.g., repetition and/or motor-related effects; see Goto et al., 2010,
2013; Ishii et al., 2010; Tanaka et al., 2010). Two difference scores
were computed for the behavioural data for each participant in
each condition: difference accuracy as the subtraction of accuracy
in the incongruent trials from that in the congruent trials (congruent–incongruent); and difference RT as the subtraction of RT in
the congruent trials from that in the incongruent trials (incongruent–congruent). For the ERP data, a difference wave (i.e., difference N400) was obtained from each selected electrode by
subtracting the mean amplitude of the 250–450 ms time window
in the congruent trials from that of the incongruent trials (incongruent–congruent). Differences between congruent and incongruent trials in behavioural or neural responses reﬂect the
extent to which the information from the task-irrelevant channel
is integrated into the task-relevant channel (i.e., how much the
mismatching information from the task-irrelevant channel interferes with the target task, and how much the matching information from the task-irrelevant channel facilitates the target task).
Therefore, higher difference scores and larger difference wave indicate a larger congruence effect. Third, to specify the impact of
culture on the integration effect, a three-way repeated-measures
ANOVA was conducted on difference accuracy, difference RT, and
the mean amplitude of difference N400 across selected electrodes,
separately. Task (face task and voice task) was considered as the
within-subjects factor, while Culture (Chinese and English) and
Gender (female and male) were taken as two between-subjects
factors.
In addition to hypothesized changes in the N400, visual inspection showed an earlier positive-going deﬂection around 200–
300 ms after stimulus onset in the parieto-occipital region in the
voice task of the English group, but not in the other conditions. To
quantify this potential earlier effect, 11 parieto-occipital electrodes
(Oz, O1, O2, POz, PO3, PO4, Pz, P1, P2, P3, and P4) were selected
based on visual inspection and the mean amplitude of the time
window 200–300 ms was extracted for each electrode. A similar
three-step analysis (i.e., two-way ANOVA of Congruence and
Emotion; calculation of difference wave; three-way ANOVA of
Culture, Task, and Gender) was conducted on the amplitude values

of this time window across the selected electrodes.
Finally, to explore potential associations between the participants' behaviour and on-line brain responses to cross-sensory
emotional stimuli, Pearson correlation analyses (two-tailed) were
conducted between the behavioural difference scores (accuracy;
RT) and the amplitude of difference N400 in each experimental
condition for each group, as well as between groups for each
condition.

3. Results
3.1. Behavioural results
The ANOVAs performed on the behavioural data for each condition for each group showed a signiﬁcant main effect of Congruence on accuracy rates (Chinese face task, F(1,19) ¼ 7.114, p o.01,
r1 ¼ 0.522; Chinese voice task, F(1,19) ¼ 6.967, p o.01, r ¼0.518;
English face task, F(1,18) ¼5.406, p o.01, r ¼0.481; English voice
task, F(1,18) ¼8.197, p o.01, r ¼0.559) and on response times
(Chinese face task, F(1,19) ¼9.212, p o.01, r ¼ 0.571; Chinese voice
task, F(1,19) ¼ 8.031, p o.01, r ¼0.545; English face task, F(1,18) ¼
5.037, po .05, r ¼0.468; and English voice task, F(1,18) ¼6.859,
po .01, r ¼0.525). Overall, lower accuracy and longer response
times were observed when participants encountered emotionally
incongruent face–voice pairs than congruent pairs. No signiﬁcant
effect involving the Emotion was found for these analyses (all
ps4.07).
Analysis of the difference scores revealed a signiﬁcant interaction between Task and Culture on difference accuracy (F(1,35) ¼
4.767, p o.05, r ¼ 0.346), but no such effect was found on difference RT (p¼ .17). Simple effect analysis of difference accuracy indicated that the Chinese group showed no difference in performing the face task versus the voice task (p ¼.26); however, the
English group exhibited a signiﬁcant Task effect (F(1,35)¼20.921,
po .01, r ¼0.612) explained by a larger congruence effect in the
voice task than in the face task. The effect of culture was signiﬁcant in the voice task (F(1,35) ¼ 3.912, p o.05, r ¼ 0.317), as
Chinese participants showed a smaller congruence effect than the
English group when attending to vocal emotions; no such cultural
difference was noted in the face task (p ¼.20). No effect involving
Gender was found (ps4.21; see Fig. 3 for illustration; see Table 2
for means and standard deviations of the behavioural data).
3.2. ERP results
The two-way ANOVAs performed on the mean amplitude of the
250–450 ms time window showed a signiﬁcant main effect of
Congruence across the selected electrodes (i.e., evidence of the
N400 component) in each condition for each group (Chinese face
task, F(1,19) ¼6.140, p o.01, r ¼ 0.494; Chinese voice task, F(1,19) ¼
6.375, po .01, r ¼0.501; English face task, F(1,18) ¼5.431, p o.05,
r ¼0.481; and English voice task, F(1,18) ¼ 9.786, p o.01, r ¼ 0.593).
More negative going amplitudes were observed in response to
emotionally incongruent face–voice pairs relative to congruent
pairs, demonstrating a Stroop/congruence effect elicited at the
neural processing level. Again, no signiﬁcant effect involving the
Emotion was found (ps 4.27; see Fig. 4A).
The following analysis on difference N400 revealed a signiﬁcant interaction between Task and Culture (F(1,35)¼ 5.619,
po .05, r ¼0.372). Step-down analyses indicated that while no
effect of Task was observed in the Chinese group (p ¼.31), signiﬁcant task differences characterized the English group (F(1,35) ¼
1

Effect size, calculated as r ¼√F/(Fþ dferror) (Rosnow and Rosenthal, 2003).
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effect involving Gender was found (ps 4 .15; see Fig. 4B).2
3.3. Correlation results
Pearson correlations demonstrated signiﬁcant/marginally signiﬁcant positive correlations between accuracy (difference score)
and N400 amplitudes (difference score) for each condition of each
group: Chinese face task, r(18) ¼.298, p o.05; Chinese voice task, r
(18) ¼ .207, p¼ .061; English face task, r(17) ¼ .250, p ¼ .05; and
English voice task, r(17) ¼.301, po .05. The analysis also yielded
signiﬁcant positive correlations across the two groups in each
condition between accuracy and N400: face task: r(37) ¼.270,
po .05; voice task, r(37) ¼.265, p o.05. No signiﬁcant relationship
between difference RT and difference N400 was observed
(ps4.10). In general, larger difference accuracy was associated
with larger difference N400 for each group, suggesting that the
cross-channel emotion integration occurred at both behavioural
and neural semantic levels in a consistent and related manner.
Fig. 3. Difference accuracy in the voice and face task for each cultural group.

Table 2
Mean behavioural accuracy and response time (RT) for each group in each experimental condition (standard deviation in parentheses).
Group

Task

Condition

Emotion (face–voice)

Accuracy

RT (ms)

Chinese

Face

Congruent

Sad–sad
Fear–fear
Sad–fear
Fear–sad
Sad–sad
Fear–fear
Sad–fear
Fear–sad

0.92(0.05)
0.91(0.04)
0.89(0.09)
0.88(0.06)
0.87(0.08)
0.87(0.05)
0.84(0.08)
0.83(0.07)

745(263)
755(273)
776(313)
770(256)
784(354)
780(332)
810(183)
802(347)

Sad–sad
Fear–fear
Sad–fear
Fear–sad
Sad–sad
Fear–fear
Sad–fear
Fear–sad

0.94(0.05)
0.93(0.07)
0.91(0.05)
0.90(0.06)
0.91(0.08)
0.90(0.07)
0.80(0.13)
0.79(0.09)

699(184)
700(215)
718(165)
715(268)
760(305)
757(271)
781(318)
782(298)

Incongruent
Voice

Congruent
Incongruent

English

Face

Congruent
Incongruent

Voice

Congruent
Incongruent

10.587, po .01, r ¼ 0.482) who showed a larger difference N400 in
the voice task than in the face task. Cultural effect was signiﬁcant
in the voice task only (F(1,35) ¼7.257, po .01, r ¼0.414), with the
Chinese group showing a smaller difference N400 than the English
group (see Fig. 5). No effect involving Gender was found (ps 4.11).
For the earlier positivity observed in the parieto-occipital area,
the two-way ANOVAs showed a signiﬁcant main effect of congruence on the mean amplitude of the 200–300 ms time window
in the voice task of the English group only (F(1,18) ¼ 8.906, po .01,
r ¼0.575), not in any other condition (ps4.13). The incongruent
trials in the voice task elicited a more positive-going amplitude
relative to the congruent ones in the English group, but not in the
Chinese group. No signiﬁcant effect involving the emotion of the
attended channel was found (ps4.24). The following three-way
analysis on the difference wave revealed a signiﬁcant effect of
Culture (F(1,35) ¼6.113, p o.05, r ¼0.386) and a signiﬁcant interaction between Task and Culture (F(1,35)¼ 5.174, p o.05, r ¼ 0.359).
Post-hoc comparisons suggested that the English group showed a
larger difference wave between congruent and incongruent conditions than the Chinese group (F(1,35) ¼6.062, p o.05, r ¼0.384);
this cultural difference was signiﬁcant in the voice task (F(1,35)¼
8.066, p o.01, r ¼0.433) but not in the face task (p 4.23). Again, no

4. Discussion
To our knowledge, this is one of the ﬁrst studies that examined
how Chinese participants perceive multi-sensory emotions in
comparison to individuals from a Western culture. The pattern
observed in the Chinese group was consistent with that found
when Japanese participants processed cross-channel emotional
stimuli, where they showed lower sensitivity to facial (Tanaka
et al., 2010) and semantic information (Ishii et al., 2003; Kitayama
and Ishii, 2002) than Westerners. Our results are also in line with a
previous observation in non-emotional communication that Japanese speakers use visual cues less than English speakers when
interpreting audiovisual speech (Sekiyama and Tohkura, 1991). The
compatibility between the present study and the relevant literature suggests that the cultural characteristics previously found in
2
An omnibus ﬁve-way ANOVA performed on the behavioural and N400 data,
with Congruence of the trials, Emotion of the attended channel, and Task as withinsubjects factors, and Culture and Gender as between-subjects factors, yielded consistent results with that of the three-step analysis. In particular, signiﬁcant effect of
Congruence was observed in behavioural response time (F(1,35)¼8.036, p o .01,
r¼ 0.432), behavioural accuracy (F(1,35)¼ 9.164, po .01, r¼ 0.456), and the amplitude of N400 (F(1,35)¼ 8.373, po .01, r ¼0.439), demonstrating a Stroop effect on
both behavioural and neural semantic levels. Moreover, in the accuracy data, a
signiﬁcant three-way interaction was found between Congruence, Task, and Culture
(F(1,35)¼5.501, p o .05, r¼ 0.369). Step-down analysis exhibited that the effect of
Culture is signiﬁcant only in the incongruent trials of the voice task (F(1,35)¼4.517,
p o.05, r ¼ 0.338) where the Chinese group outperformed the English, but not in
any other condition. This pattern suggests that compared to the Chinese, the
English participants were impeded to a larger degree by incongruent to-be-ignored
faces in recognizing voices. In the N400 data, a signiﬁcant interaction between
Culture and Task (F(1,35)¼ 5.705, p o.05, r¼ 0.374) was observed; larger N400 was
found in the English group than in the Chinese group in the voice task (F(1,35)¼
7.113, p o.01, r¼ 0.411), but not in the face task (p ¼.23). A signiﬁcant three-way
interaction between Congruence, Task and Culture was also observed (F(1,35)¼
6.889, po .01, r¼ 0.406). Speciﬁcally, the effect of Task is signiﬁcant in the incongruent condition of the English group only but not in the Chinese (F(1,35)¼ 5.410,
p o.05, r¼ 0.366); in the English group, a larger N400 was elicited by the incongruent trials of the voice task compared to that of the face task. Again, these observations suggest that the English participants were distracted to a larger degree
by incongruent facial expressions in the voice task. No signiﬁcant effect involving
the Emotion of the attended channel and Gender was found (ps 4.11). Last, the ﬁveway ANOVA was also conducted on the mean amplitude of the early positivity
(200–300 ms) across selected electrodes. The results showed a signiﬁcant threeway interaction between Congruence, Task, and Culture, according to which the
effect of congruence was signiﬁcant in the voice task of the English group only (F
(1,35)¼ 6.001, p o .01, r ¼ 0.383), but not in any other condition, suggesting that only
the English participants were inﬂuenced by irrelevant faces in the voice task to a
signiﬁcant degree. These results demonstrate consistent patterns with that of the
three-step analysis, demonstrating culture-speciﬁc sensitivities towards different
information sources in emotion perception.
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Fig. 4. (A) Grand averages elicited by congruent trials (solid lines), incongruent trials (dotted lines), and the difference wave (dashed lines; incongruent–congruent) for
Chinese and English participants in the Face and Voice task, measured at (A) Cz electrode and (B) POz electrode.

the Japanese population (i.e., higher reliance on vocal cues) are
shared by the Chinese group, which is another major East Asian
collectivist culture that shares certain cultural similarities with the
Japanese culture. More importantly, this study provides novel
evidence on the cultural effect on the neural activities underlying
emotional processing and communication. The modulatory effect
of culture was found not only in behavioural performance, but also
in N400 during semantic processing. In the literature on visual
perception, cultural effect has been reported on N400 in visual
emotion/object perception (Goto et al., 2010, 2013). The present
study provides the ﬁrst neurophysiological evidence that this ERP
component is sensitive to culture in the domain of audio–visual
emotion perception, and broadens the knowledge of the role of
cultural learning on perception and cognition in general.
4.1. The ﬁndings of this study
As predicted, our results demonstrate signiﬁcant cultural differences between Chinese and English groups in processing multichannel emotional stimuli: whereas Chinese participants did not

show signiﬁcant differences between the face and voice tasks, the
English group was inﬂuenced to a larger extent by facial cues in
the voice task than by vocal cues in the face task. These differences
were evident in behavioural accuracy, the N400 component, as
well as a positive deﬂection that occurred around 200ms poststimulus onset in select conditions (as elaborated below).
Regardless of cultural origin, a signiﬁcant congruence effect
was observed at both the behavioural and electrophysiological
level in each experimental condition, as participants performed
worse in incongruent versus congruent trials with increased N400
component. This conﬁrms previous reports that emotion integration across faces and voices can be observed at both the behavioural and neural levels (Collignon et al., 2008; de Gelder and
Vroomen, 2000; Föcker et al., 2011; Ishii et al., 2010; Massaro and
Egan, 1996; Mitchell, 2006; Nygaard and Queen, 2008; Schirmer
and Kotz, 2003). Moreover, as the congruence effect was not inﬂuenced by the emotional meaning of the facial or vocal expressions, it seems that the process of cross-channel semantic integration is relatively independent of the speciﬁc emotions being
appraised. Importantly, while the congruence effect was observed
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Fig. 5. (A) Grand averages at Cz electrode and topographic maps of difference N400 for Chinese and English participants in each task. (B) Mean amplitude values of
difference N400 averaged across selected electrodes by task and group.

in each attentional condition for each group, there was a signiﬁcant distinction between groups in the size of the congruence
effect as a function of task. The English group exhibited a larger
effect in the voice task than the face task, indicated by larger difference accuracy scores and larger difference N400 in the voice
task, whereas no between-task difference was observed for Chinese participants. These observations suggest that the English
participants were distracted to a larger degree by to-be-ignored
faces in the voice task than by to-be-ignored voices in the face
task, whereas no such pattern was observed in the Chinese group.
These results are compatible with the hypothesis that individuals
from Western cultures are relatively more oriented to facial versus
vocal cues during communication in comparison with individuals
from East Asian cultures (Tanaka et al., 2010).
The N400 effect observed in each experimental condition
showed similar temporal and spatial characteristics to those of the
semantic-related N400 reported in previous literature (Kutas and
Federmeier, 2011). In particular, it has been argued that the N400
effect reﬂects the processing of mismatching semantic/emotional
cues from different information sources, and the larger amplitude
of N400 is associated with increased cognitive processing

resources necessary to integrate mismatching meanings from
different sources (Brown and Hagoort, 1993; Brown et al., 2000;
Chwilla et al., 1995; Holcomb and Neville, 1990; Kotz and Paulmann, 2007; Paulmann and Kotz, 2008; Paulmann et al., 2008;
Schirmer et al. 2002). While this is the typical interpretation of the
Stroop-induced N400 effect adopted by previous studies that are
directly relevant to this one (Ishii et al., 2010; Schirmer and Kotz,
2003), an alternative interpretation of the N400 effect is that it
reﬂects top-down conﬂict control functions. When mismatching
information from two different sources is presented simultaneously in interference tasks, the participant has to focus on one
source and inhibit conﬂicting information activated by the other
source. It has thus been argued that the Stroop-elicited N400-like
component in the fronto-central area is associated with conﬂict
monitor and inhibition control (Dong et al., 2011; Liotti et al.,
2000), which may arise from the anterior cingulate cortex and
frontal cortex (Etkin et al., 2006; Haas et al., 2006). In the present
study, it is possible that this conﬂict control process is vulnerable
to the modulatory effect of acquired cultural biases about the
importance of speciﬁc social cues in communication which impact
on multi-sensory emotion perception, yielding our observation

10

P. Liu et al. / Neuropsychologia 67 (2015) 1–13

that English participants found it more difﬁcult to inhibit irrelevant facial information than participants in the Chinese group.
In addition to the hypothesized N400 effect, a signiﬁcant congruence effect on a parietal-occipital positivity around 200-300ms
was also observed in the EEG data (i.e., larger amplitude elicited in
incongruent trials relative to congruent trials), but exclusively in
the voice task for the English group. The temporal and spatial
features of this deﬂection resemble those of a posterior P2 component reported in the literature, which is considered originating
from posterior visual association cortex and related to visual attention; more speciﬁcally, larger posterior P2 has been observed in
response to attended affective stimuli (Carretié et al., 2001; Eimer
et al., 2001; Talsma et al., 2005). In our experiment, this increased
positivity found in the voice task may reﬂect involuntary attention
shift to the irrelevant facial information. Interestingly, this was
only observed for English and not Chinese participants, providing
potentially new support for the argument that individuals from
many Western cultures are more attentive to facial cues when
compared to East Asian participants, based on highly sensitive, online brain responses to emotional stimuli.
While the English group showed the expected cognitive biases
to irrelevant faces in the voice task (e.g., larger congruence effect
in accuracy and N400), no difference between the two tasks was
observed in the Chinese group. This is somewhat unexpected due
to the assumption that Chinese participants, like Japanese individuals (Ishii et al., 2003), would be more oriented to vocal cues
and therefore show a larger congruence effect in the face task than
the voice task. This pattern could be especially pronounced in the
context of processing negative emotions as in the present study,
given that Chinese/East Asian display rules tend to mask negative
facial expressions (Ekman, 1971; Matsumoto et al., 2008, 2005),
meaning that these individuals may rely more on tonal cues to
understand negative feelings (Ishii et al., 2010). Indeed, the absence of the expected voice bias in the Chinese group here could
be partly due to our focus on only negatively-valenced emotions,
sadness and fear; encountering explicit, unmasked expressions of
negative emotion may well have been more salient and captured
relatively greater attention for Chinese participants who are less
accustomed to these expressions in daily life, attenuating the size
of the Stroop effect in the voice judgment condition. Future studies
will need to employ other sets of emotions, including positive
emotions, to elaborate our ﬁndings. Nonetheless, in spite of the
lack of differences between tasks for the Chinese participants,
when compared to English participants they showed signiﬁcantly
smaller congruence effects in the voice task, although not in the
face task. This suggests that in the voice task, Chinese adults had
less difﬁculty ignoring the faces and more easily attuned to the
voices when compared to English listeners; this pattern is compatible with results reported in the behavioural literature involving the Japanese population (Ishii et al., 2003; Kitayama and Ishii,
2002; Tanaka et al., 2010). Moreover, given that these previous
studies focused on the perception of emotions differing in positive/negative valence (e.g., pleasant and unpleasant; happiness
and anger), the current study extends previous work by showing
that the integration of two discrete negative emotions (sadness
and fear) is subject to the inﬂuence of culture as well.
Although facial and vocal stimuli were carefully validated and
controlled for perceived emotional salience between communication channels, a majority of participants in each group reported that it was more demanding to identify the emotion of
vocal expressions in pseudo-sentences than of facial expressions
when debriefed after the experiment. Given that pseudo-sentences were somewhat unusual and less familiar than facial displays, it is possible that for both groups, vocal expressions were
relatively easier to ignore in the face task, whereas the faces are
more difﬁcult to ignore in the voice task, leading to a potential

ceiling effect in the face task. During the task, participants were
advised that the pseudo-sentences they heard were semantically
meaningless, and in the voice task condition, they were further
instructed to pay attention to the tone of the utterance without
wondering about the semantic meaning; however, one can still
not exclude the possibility that participants were involuntarily
distracted by the unusual linguistic content of the pseudo-sentences. This is especially possible for the English participants, given suggestions that they are more attuned to semantic meanings
(e.g., Kitayama and Ishii, 2002; Ishii et al., 2003). If true, the larger
congruence effect expected in the face task relative to the voice
task for the Chinese group might have been mitigated by differences in stimulus features; likewise, in the English group, the large
congruence effect observed in the voice task may have been facilitated for this reason. In future investigations, using faces of
reduced visibility (e.g., by adding dynamic noise to the images;
Tanaka et al., 2010), or that are physically degraded in some
manner to be more comparable in their task demands to pseudoutterances, might help to reduce the apparent ceiling effect in the
face task and better reveal the impact of vocal cues in the Chinese
group.
Despite the atypical nature of pseudo-utterances (which were
necessary to isolate emotion in the voice), it should be underlined
that emotion recognition rates and intensity ratings of stimuli in
both channels were high overall and carefully matched across
channels. Moreover, the semantic content of the pseudo-sentences
did not bear any emotional meaning or emotional relationship to
either the voice or the face; consequently, no match or mismatch
between the semantic content of the sentences and their emotional tones could be made. Thus, any potential distraction effect
of the (pseudo) content on judging vocal tones would not differ
between the congruent and incongruent conditions and would be
cancelled out for each group when the Stroop effect was calculated. A similar argument can be made with respect to other
possible limitations of our stimuli; apart from emotional features,
there were other obvious (hypothesis-irrelevant) mismatches between the facial and vocal stimuli. For instance, the identities of
the faces were not consistently matched with the identity of accompanying voices, and facial expressions were static whereas the
vocal expressions were dynamic. These discrepancies between the
two information sources of interest are undoubtedly registered by
the neural system in each task condition as well. However, these
factors were again controlled by focusing on the difference between the congruent and the incongruent conditions in the data
analysis, which only varied according to the emotional relationship of the two events. Similarly, the fact that stimuli presented to
each cultural group were physically distinct—i.e., each group was
presented a unique set of culturally-appropriate (in-group) stimuli
—does not represent a limitation of our design, as group comparisons always considered the difference in the Stroop effect between the face and the voice tasks in each cultural context. Thus, it
is unlikely that the robust group differences we observed are
confounded by the use of pseudo-utterances or other uncontrolled
stimulus features in our experiment; rather, our data convincingly
argue that English participants were more attuned to the emotional faces than to voices, whereas the Chinese participants exhibited a more balanced pattern.
As a result, this experiment extends previous ﬁndings on
emotion perception in East Asians by contributing new ERP evidence that culture affects emotional meaning integration at neural
processing stages that precede behavioural judgements. While
there are data showing that the N400 is modulated by culture in
the domain of visual perception (Goto et al., 2010, 2013), our results demonstrate that this component is also a reliable neural
index of cultural effects during audio–visual emotion perception.
Our results also highlight a posterior positivity occurring around
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200–300 ms post-stimulus onset that could represent an additional neural index of acquired cultural differences on attention
allocation during emotion perception. This implies that even earlier processing stages implicated during multi-sensory emotion
perception (e.g., de Gelder et al., 1999) may be amenable to cultural learning and vary between cultures as well.
4.2. How culture guides emotion processing and communication
While it is increasingly clear that cultural differences shape the
perception and cognitive evaluation of emotional expressions,
leading to distinct cultural biases in the uptake of particular social
cues, how can these differences be explained and how do they
shape underlying neurocognitive mechanisms? In the case of
emotion communication, it has been argued that culture-speciﬁc
display rules, which play a critical role in regulating how emotions
are expressed in socially appropriate ways, play a role in emotion
perception (Engelmann and Pogosyan, 2013; Ishii et al., 2003; Park
and Huang, 2010). In a speciﬁc culture, display rules refer to social
norms about when, how, to whom, and to what extent one's
feelings should be displayed in various social settings, if at all
(Ekman et al., 1969; Engelmann and Pogosyan, 2013; Matsumoto,
1990; Matsumoto et al., 2002, 2008). In contrast to Western individualist cultures, it has been said that East Asian collectivist
cultures consider social harmony within a group as more valuable
and important than the needs of individuals (Hall and Hall, 1990;
Scollon and Scollon, 1995). These values are reinforced by culturespeciﬁc display rules to avoid social conﬂicts and to maintain
harmony (Gudykunst et al., 1996; Matsumoto et al., 1998). Thus,
for East Asian cultures, indirectness in communication, e.g., unﬁnished sentences or vague linguistic expressions, is more common and socially-acceptable than direct references when compared to Western cultures (Bilbow, 1997) to prevent potential
conﬂicts between interlocutors. It has also been shown that Japanese participants tend to mask their negative facial expression
(e.g., by putting on a smile) when another person is present,
whereas Americans convey similar negative faces irrespective of
the presence of another person (Ekman, 1971; Markus and Kitayama, 1991; Matsumoto et al., 1998, 2008, 2005). East Asians are
also more inclined to avoid eye contact during face-to-face interactions than Westerners, as a sign of respect and politeness to
others (Hawrysh and Zaichkowsky, 1991; McCarthy et al., 2006,
2008).
These culture-speciﬁc display rules result in sustained learning
experiences about emotional expressions, including routine participation in behavioural practices and exposure to particular
patterns of emotional expressions of others; this, in turn, shapes
perceptual and attentional biases for extracting and perceiving
emotional information (Nisbett et al., 2001). In East Asian cultures,
the more frequent use of indirectness in speech, the constrained
facial expressions, and reduced eye contact in comparison with
Western cultures, may cause East Asians to rely more on cues from
other sources, e.g., prosodic cues, to convey their feelings effectively (Ambady et al., 1996; Hall, 1976; Markus and Kitayama,
1991). Thus, cultural speciﬁcities in the availability of emotional
information from different sources, which to a large extent is determined by display rules, may well contribute to ingrained biases
in perception and attention when perceiving emotions. Arguably,
our data show that these biases are rooted in speciﬁc cultural
learning to such a degree that they have an in-depth impact, not
only on behaviour but on early neurocognitive operations that
integrate and elaborate the meanings encoded by multi-channel
emotion expressions (de Gelder et al., 1999; Ishii et al., 2010;
Schirmer and Kotz, 2003).
While it is reasonable to infer that acquired knowledge about
display rules underlies the differences we observed between
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Chinese and English participants, an alternative interpretation
centres on linguistic characteristics of the language spoken by
each group. Unlike English, Mandarin Chinese is a tone language in
which syllables are marked by four different pitch patterns to
lexically distinguish words with otherwise similar sound patterns.
It is possible that Mandarin speakers, who constantly attend to
variations in pitch to ascertain word meanings, develop a higher
sensitivity to subtle changes in voice/pitch cues not only in lexical
processing but when vocal cues are encountered in other speech
contexts, such as when they convey emotions. Here, this could
partly explain the sensitivity of Mandarin speakers to emotional
vocal cues when processing pseudo-speech. Interestingly, the two
other East Asian languages that have been studied previously in
this literature, Japanese (Ishii et al., 2003; Kitayama and Ishii,
2002; Tanaka et al., 2010) and Tagalog (Ishii et al., 2003), are not
complex tone languages; rather, each uses “pitch accents”, a simpliﬁed use of tonal information to mark certain word meanings
(e.g., in Japanese, “ame” with a low-high pitch means “candy”,
whereas “ame” with a high-low pitch means “rain”). Since the two
previously-studied Western languages, English and Dutch, use
neither tonal contrasts nor ‘pitch accents’, it is plausible that even
a simpliﬁed use of tone/pitch accents in East Asian languages
promotes a bias to pay greater attention to vocal (emotion) cues,
although perhaps to a lesser extent than in Chinese or other languages with complex tone systems. One way to begin teasing apart
these factors is to administer a similar protocol to participants
from an East Asian culture that shares many of the display rule
features of collectivist cultures, but who speak a language without
strong tonal features at the lexical level, such as standard Korean.
4.3. Future directions
The present study supplies new evidence that culture modulates human behaviour and real-time brain responses during
emotional communication; in addition, it points to several new
directions to build on these ﬁndings. As noted earlier, future studies that consider a broader range of emotional categories are
needed to clarify whether the observed cultural differences are
generalizable to other discrete emotions, especially positive emotions, given that different socio-cultural meanings are often attributed to positive expressions and events (Lu and Gilmour, 2004;
Oishi et al., 2013; Uchida et al., 2004). Individual differences in
social orientation and/or cultural values (e.g., independence vs.
interdependence) have also been associated with cognitive processing biases, modulating neurophysiological responses to emotional information (Ishii et al., 2010; Goto et al., 2010). These results make a strong case for examining not only how one's cultural
background, but also how individual differences along socio-cultural dimensions, interact to shape the neurocognitive system
devoted to emotional processing and related areas of perception
and cognition.
In this work, Chinese participants had just immigrated to Canada or recently arrived in Montreal to attend university. Despite
the fact that most of them had fair/good knowledge of English and
were being exposed to a Western culture, our results illustrate
robust differences between the Chinese and English groups.
Nonetheless, this raises the question of how the extent of cultural
exposure, and different types of cultural experiences—e.g., shortvs. long-term cultural immersion, different ages of arrival in the
foreign country, and different degrees of acculturation, etc.—shape
brain functioning during communication, a topic that has received
scant attention to date. This question also touches on the idea of
whether acquired biases related to cultural display rules, which
arguably motivated the differences we observed in emotion
communication, would transfer to another language and culture
(see Elfenbein, 2013 for a related view). That is, would culture-
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speciﬁc neural responses observed here persist when participants
are presented out-group stimuli that reﬂect the cultural norms of a
foreign culture? Answering this question is another task for future
work.
Finally, the likelihood that neurocognitive responses to emotional stimuli occur at an even earlier stage than was the focus
here, i.e., the stage of semantic retrieval and meaning integration
(N400), merits further investigation. In a seminal paper, de Gelder
et al. (1999) presented evidence that cross-sensory emotion integration begins very early after stimulus onset; using an Oddball
task, they reported an auditory MMN-like component peaking at
178 ms for deviant face–voice pairs relative to standards, a typical
neural index of the early pre-attentive processing of sensory input
(Näätänen, 1992). This suggests that multi-sensory integration of
emotion begins at a very early stage, prior to 200 ms post-stimulus
onset (Jessen and Kotz, 2011; Pourtois et al., 2000). While these
data do not reveal whether culture modulates brain responses at
this early processing stage, this possibility seems reasonable in
light of our observation that a posterior positivity around 200–
300 ms post-stimulus onset differed between Chinese and English
participants. We are now testing this question directly using an
Oddball paradigm similar to that used by de Gelder et al. (1999) to
evaluate cultural effects on earlier stages of perceptual processing
of multi-sensory emotions. Future studies are also tasked with
localizing the neural generators involved in these cultural effects
(e.g., Gutchess et al., 2006). Interestingly, some neuroimaging data
suggest that culture shapes fronto-parietal functions involved in
top-down executive control; culturally-disfavoured tasks, which
require more attentional resources that culturally-favoured tasks,
appear to induce greater activity within these brain regions
(Hedden et al., 2008). It is possible that culturally-dictated changes
within this network, which is also implicated in multi-sensory
emotion processing (Ethofer et al., 2006), contribute to observed
cultural effects on the N400 which are likely to engage both semantic processing and conﬂict control processes. As a long-term
goal, aligning data from ERPs with fMRI will provide richer insights into the relations between culture, emotion, and the brain.
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