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Study 2 by testing a third group, Chinese immigrants to Canada. The two studies have been 

written in manuscript format for publication elsewhere. At the time of official submission of this 

thesis to McGill University, Study 1 has been submitted to Neuropsychologia for review. Parts of 

the results of Study 1 have been presented at the Plenary Meeting of International Society for 

Research on Emotion, in August, 2013. Parts of the results of Study 1 and Study 2 have also been 

presented at the International Conference on Multilingualism, in October, 2013, and Annual 

Meeting of Society for Neuroscience, in November, 2013. Study 2 will be submitted for 

publication before the oral examination. 
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Abstract 

      Communicating feelings and emotions with each other using multiple cues (e.g., facial 

expressions, prosodic cues, body postures, etc.) is a common and essential part of our daily life 

and vital to human’s survival as social beings. Meanwhile, as the phenomenon of cultural 

exchanges is multiplying around the world, it is not unusual that emotional communication 

occurs between people from different cultural backgrounds, where misunderstandings are likely 

to be encountered due to culturally-varied rules and routines for social communication. A 

comprehensive investigation of the culturally-specified biases in communicating multi-sensory 

emotions, which might potentially help eliminate misunderstandings and promote relations 

between different cultural groups, is still ongoing. To understand the impact of different types of 

cultural experiences on both off-line and on-line responses to emotional information, this thesis 

examined emotion processing in three cultural groups by measuring behavior and event-related 

brain potentials (ERPs). Study 1 compared individuals from two cultures, English-speaking 

North Americans and Chinese, in how they process multimodal emotional cues. Results of an 

emotional Stroop task and an Oddball task demonstrated marked group differences at distinct 

processing stages as reflected in behavioural accuracy, N400, and visual MMN ERP components, 

with English participants showing higher sensitivity to faces than Chinese, whereas Chinese 
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were influenced to a larger extent by vocal cues. Study 2 further explored how the experiences of 

cultural immersion and adaptation modulate emotion processing by testing a third group--

Chinese immigrants to Canada--in identical tasks to those of Study 1. In comparison with the 

data of the Chinese and English groups from the first study, the immigrants showed a similar 

behavioural response pattern to the English group in processing multi-sensory emotions, but 

analogous patterns in N400 and vMMN to the Chinese group. Interestingly, correlation analyses 

indicated that longer stays of the immigrants in Canada were associated with ERP patterns 

resembling the English group. This thesis provides significant evidence on the modulating effects 

of culture and cultural immersion on human’s behavioural and neural responses to emotional 

expressions at multiple processing stages, and advances our understanding of human’s neuro-

cognitive plasticity in socio-emotional communication.     
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Résumé  

      Communiquer aux autres nos sentiments et nos émotions au travers de supports multiples 

(tels que nos expressions faciales, notre ton de voix, nos attitudes corporelles ou autres) est une 

activité courante mais essentielle de notre vie quotidienne, vitale pour notre survie en tant 

qu’êtres sociaux. Aussi, de par la multiplication des échanges culturels dans le monde, il est 

facile d’imaginer que de tels échanges puissent se faire entre deux personnes de culture 

différente, pouvant entrainer des incompréhensions liées à des règles de communication sociale 

ne correspondant pas. Une étude approfondie des biais culturels dans la communication 

multimodale des émotions est donc nécessaire. Dans cette thèse, deux études ont ainsi été mises 

en place pour comprendre l’impact des origines culturelles sur le traitement des informations 

émotionnelles, au niveau comportemental et cérébral (potentiels évoqués). Dans la première 

étude, des individus anglophones issus d’Amérique du Nord ont été comparés à des participants 

chinois dans leur traitement d’informations émotionnelles multimodales (audiovisuelles). En 

utilisant une tâche de Stroop émotionnel et une tâche de déviance, cette étude a permis 

d’observer que les participants anglophones étaient plus sensibles aux informations 

émotionnelles visuelles (visages) alors que les participants chinois étaient largement plus 

influencés par le contenu émotionnel des informations auditives (voix), suggérant des différences 
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marquées dans le traitement émotionnel, aussi bien au niveau comportemental qu’au niveau 

cérébral (N400, MMN), selon l’origine des participants. Le but de la seconde étude, était 

d’explorer comment l’immersion culturelle et l’adaptation à une nouvelle culture peuvent 

moduler le traitement des informations émotionnelles, en utilisant les tâches décrites 

précédemment sur un troisième groupe de participants, des Chinois immigrés récemment au 

Canada. Ce troisième groupe montre un profil de réponse comportementale similaire à celui du 

groupe anglophone, mais une activité cérébrale (N400, MMN) analogue à celle du groupe de 

Chinois. De manière intéressante, des analyses de corrélation mettent aussi en évidence que plus 

la durée du séjour au Canada est longue, plus le profil de réponses cérébrales des participants 

immigrés se rapprochent de celui observé chez les participants anglophones. Cette thèse apporte 

donc des éléments nouveaux dans la compréhension de l’influence de l’origine culturelle et de 

l’immersion culturelle des individus sur leurs réponses comportementales et cérébrales aux 

informations émotionnelles et permet donc une meilleure appréhension des effets de plasticité 

neuro-cognitive humaine dans un cadre de communication sociale.  
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1. Introduction 

      Emotion, which is one of the most essential aspects of human nature, has been a topic 

researched by philosophers and scientists for centuries, dating back to the Ancient Greek period. 

Theories on emotions were conceived as responses to certain events of concern to an individual, 

triggering physiological changes and subjective feelings, and motivating corresponding changes 

in behaviour, including characteristic displays in various sensory channels (Ruberg, 2009). 

Communicating such responses through sensory channels, i.e., notifying other people how we 

feel towards certain events and meanwhile, understanding how others feel about it, is of vital 

importance for human’s survival as social beings. For instance, we convey fearful feelings to 

other people to signal to them the potential danger in the immediate environment; or we 

successfully interpret the sadness of a friend who is seeking social support and help.  

      However, as we are living in a rapidly globalizing world nowadays, it is not unusual that this 

friend is from a different cultural background and follows distinct culturally-learnt rules to 

express sadness, as well as other emotions. Moreover, emotion is a multidimensional process and 

can be displayed via multiple sensory channels, such as facial, vocal, lexical, gestural, and 

postural means (de Gelder, 2006; Grandjean, Banziger, & Scherer, 2006; Kipp & Martin, 2009; 

Wilson & Wharton, 2006). While each of these sources plays a role in communicating emotional 
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information, the two most commonly involved sources are facial expressions and emotional 

prosody; e.g., a terrified face is almost always accompanied by a trembling voice in different 

cultures. Thus, correctly interpreting such multi-sensory emotional displays of other people, 

especially those who are from a different cultural group, is vital to maintain social rapport and 

avoid unnecessary misunderstandings between individuals from different cultural backgrounds. 

However, in spite of the importance of efficient cross-cultural communication, culture-specific 

cognitive biases and their underlying neural mechanisms in communicating multi-sensory 

emotions are not fully understood. Therefore, the present work focuses on how various cultural 

experiences, i.e., cultural origin and cultural immersion, modulate human’s neuro-cognitive 

responses to multi-sensory emotional expressions.  

      This study aims to contribute to the understanding of how culture shapes multi-sensory 

emotion perception by examining different cultural groups in processing emotional face-voice 

dyads. Two major questions were addressed in this thesis. The first topic of concern is whether 

culture plays a role at multiple temporal processing stages of multi-sensory emotion processing. 

By using sensitive event-related brain potentials (ERPs) measures, the question examined was 

whether people from two cultural origins, Chinese and English-speaking North American, 

differed from each other at both early and late on-line processing stages of multi-sensory 
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emotion perception, in addition to behavioural performance. Following the first study, the second 

question aims at further investigating whether a distinct type of cultural experience, cultural 

immersion in a foreign environment, also has an impact on the neuro-cognitive mechanisms of 

multi-sensory emotion perception. To this aim, a third cultural group, Chinese immigrants to 

Canada, were examined using identical ERP methods as in the first study and compared to the 

Chinese and North American groups. By exploring these questions, this thesis is one of the first 

studies that systematically investigates the temporal features of the process for processing and 

combining emotional cues in the face and voice, and more importantly, will provide novel 

evidence regarding the extent to which cultural origin and cultural immersion shape the way the 

neuro-cognitive system operates during multi-modal emotion perception.  

1.1 Emotion  

      Due to its vital role in the human mind, emotion has been a prevailing topic in psychology 

and relevant research disciplines, where it has been defined as a conscious mental experience 

characterized by subjective states, physiological responses, behavioural expressions and 

reactions (Ruberg, 2009). Emotions are believed to play a fundamental role in human’s evolution 

and adaptation to the physical, social and cultural environments and serve a wide variety of 

significant mental functions (Darwin, 1998; Ekman, 1992b; Izard, 1977, 1992; Plutchik, 1980). 

http://en.wikipedia.org/wiki/Conscious
http://en.wikipedia.org/wiki/Subjective_experience
http://en.wikipedia.org/wiki/Mental_state_(disambiguation)
http://en.wikipedia.org/wiki/Metabolism
http://en.wikipedia.org/wiki/Psychophysiology
http://en.wikipedia.org/wiki/Psychophysiology
http://en.wikipedia.org/wiki/Emotional_expression
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They are considered as the driving force behind motivation, which promotes various thoughts 

and behaviours (Izard, 1977, 1992; Naqvi, Shiv, & Bechara, 2006). Emotions are also believed to 

be closely associated with mood, temperament, personality, and disposition (Stemmler & 

Wacker, 2010). Therefore, it is essential to understand the processes and mechanisms involved in 

emotion and a tremendous amount of research has been devoted to this topic, among which 

multiple theoretical frameworks have been proposed.  

      The conception of emotion is complicated and studies on emotion have been conducted from 

different perspectives and approaches. In the literature, Darwin’s notion, which considers 

emotion as innate biologically-hardwired aspect of human nature, has been the most influential 

one in the modern psychology of emotion (Darwin, 1998). In observing the similarities in facial 

expressions between non-human primates and humans, Darwin argued that emotional 

expressions originally developed to perform adaptive biological functions to increase the chances 

of survival (e.g., by rejecting noxious contaminants); meanwhile, traits facilitating the 

communication of emotions among conspecifics would be passed on to the next generation by 

natural selection. This evolutionary perspective on emotion has influenced a variety of the 

following theories, for example, the discrete emotion theory, with the notion of universality as a 

working assumption in emotion research (Ekman & Friesen, 1969; Izard, 1977).  

http://en.wikipedia.org/wiki/Motivation
http://en.wikipedia.org/wiki/Mood_(psychology)
http://en.wikipedia.org/wiki/Temperament
http://en.wikipedia.org/wiki/Personality_psychology
http://en.wikipedia.org/wiki/Disposition
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      However, the universality of emotion has been questioned by increasing knowledge of cross-

cultural differences in some human emotional behaviours which were originally assumed to be 

instinctual and biologically invariant. For example, anthropologists observed that Japanese 

(Hearn, 1894) and some African (Gorer, 1949) individuals tend to mask their negative emotions 

with smiles and laughter, while the Utku Eskimos tend to conceal their negative feelings by 

neutral faces (Briggs, 1970). In contrast, the Kiowa Tribe of Oklahoma encourages enthusiastic 

emotional expressions during specific events, even in the absence of an internal feeling (Labarre, 

1947). With these observations of culture-specific emotional behaviours, the idea of the 

universality of emotions continues to be hotly debated, and different notions have been proposed 

that emotions are socially learned to a certain extent, instead of completely instinctual (Klineberg, 

1940; Labarre, 1947; Mead, 1975).  

      Therefore, with the development of theoretical frameworks on emotion, a variety of theories 

have been proposed to depict the mechanisms and characteristics of emotion in the literature; 

however, there has not been a generally accepted consensus among researchers. For instance, 

from a Darwinian evolutionary perspective, one of the most classical theories has proposed that 

there is a set of innate basic emotions with adaptive functions experienced by all humans across 

cultural and linguistic boundaries (Ekman, 1992b). Another prevalent theory defines emotion by 
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the common features shared by different emotions along certain affective dimensions, e.g., 

valence and arousal (Bradley & Lang, 2000; Russell, 2003). In addition, some models focus on 

the notion of emotional ‘appraisal’ mechanisms, according to which emotion is the result of a 

series of cognitive evaluations of the immediate situation and events (Scherer, 1986, 2003). 

Therefore, no agreement has been achieved on the theoretical account of emotion; rather 

different aspects of emotion have been the focus of different approaches. In the next section, an 

overview of the major psychological theories of emotion will be discussed, followed by a 

succinct review of existing research on emotion perception. 

1.1.1 Emotion theories 

1.1.1.1 Discrete emotion theory 

      In the emotion literature, a dominant and widely-cited theoretical account of emotion is the 

discrete (basic) emotion theory, which was first proposed by Tomkins (Tomkins, 1962, 1963) and 

further developed by Ekman (Ekman & Friesen, 1969) and Izard (Izard, 1977). This theory 

defines emotion in reference to a set of discrete emotion categories, e.g., happiness, sadness, and 

fear, each of which is considered as a unique experiential state that results from distinct causes. 

While the exact number of categories of basic emotions varies from six to eleven, at least six 
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emotions are widely accepted and adopted in emotion research: happiness, sadness, anger, fear, 

disgust, and surprise (Ekman, 1992b).  

      In particular, this core set of discrete emotions are believed to be distinct from each other in 

the patterns of preceding incentives, appraisal, physiological responses, subjective experiences, 

behavioral expressions and reactions. Empirical evidence supporting such discrete patterning 

was first reported in the visual modality for facial expressions (Ekman, 1992b; Izard, 1994) and 

later in the auditory (vocal) modality (Bryant & Barrett, 2008; Scherer, Banse, & Wallbott, 2001). 

It is suggested that there is an independent neural system subserving each basic emotion (Ekman, 

1992b). For example, a meta-analysis of functional magnetic resonance imaging (fMRI) studies 

demonstrated that each of the basic emotions (fear, anger, disgust, sadness, and happiness) was 

characterized by consistent and discriminable neural correlates across different studies, as 

defined by reliable correlations with regional brain activations (Vytal & Hamann, 2010). These 

prototypical patterns of the basic emotions are considered as biologically hard-wired, present 

from birth, and serving distinct adaptive functions to increase the chances of survival (Izard, 

1992; Stein & Oatley, 1992). Therefore, it can be said that they share universal expressions and 

responses across cultural boundaries (Ekman, 1992a, 1992b; Izard, 1994). It is also assumed that 
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all affective states can be derived from this core set of universal and innate basic emotions 

(Ekman, 1992a, 1992b).  

      While basic emotion theory has been considered as one of the most classical approaches to 

emotion in the literature, it has been criticized by some researchers who suggest that its 

prototypical patterns of basic emotions cannot generalize to more complex emotions, e.g., moral 

emotions and aesthetic emotions such as guilt and awe; the assumed universality of the innate 

patterns also fails to account for the differences across cultures and languages in emotion 

categorization (Scherer & Ellgring, 2007; Schorr, 2001). In addition, some of the reported neuro-

imaging and physiological evidence in emotion recognition has been incompatible with the 

assumption that there exists an independent neural system subserving each of the discrete 

emotions (Barrett & Wager, 2006). In spite of these shortcomings, this approach has been widely 

employed in emotion studies in recent decades. The current study also follows the framework of 

basic emotion theory and examines emotion perception of two basic emotions, sadness and fear.  

1.1.1.2 Dimensional theory of emotion 

      Instead of the prototypical patterns of categorical basic emotions, an alternative approach to 

define emotions focuses on a number of independent affective dimensions, which combine with 

each other to comprise specific emotions. This notion was first suggested by Wundt (1896), who 
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proposed the distinction among three dimensions of emotions: pleasure-displeasure, arousal-

calmness, and tension-relaxation (Wundt, 1896). In the recent literature, two dimensions have 

been most widely accepted and best understood: emotional valence which indicates the hedonic 

value of a specific emotion (pleasure–displeasure); and emotional arousal that refers to the 

intensity or strength of the emotional state, i.e., activation–deactivation (Bradley & Lang, 2000; 

Russell, 2003). Both valence and arousal can be defined as subjective experiences (Russell, 

1980); meanwhile, they are thought to represent two independent neurophysiological systems 

and act as a motivational guide to set the priority for a response (Cabanac, 1996, 2002). 

According to the dimensional theory, all affective states are considered as arising from these two 

independent systems; in other words, different emotions can be understood as combinations of 

varying degrees of valence and arousal (Posner, Russell, & Peterson, 2005; Russell, 1980). Both 

valence and intensity can be measured in the form of parametric variables (Cabanac, 2002) and 

evidence has also been reported that they exist across cultural boundaries (Russell, 1994) and are 

present early in life (Russell & Bullock, 1985). In addition to the two dimensions, other 

researchers suggest a third dimension, dominance, which indicates the feeling of being in control 

versus being controlled (Bradley & Lang, 2000); or an approach-withdrawal dimension 

indicating the tendency to approach or escape from the event that triggers the emotion (Davidson, 

1995). 
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      Despite the prevalence of the dimensional theory in the emotion literature, there has been 

some evidence reported on the model’s incompatibility with emotion data (Schimmack & 

Bockenholt, 2002; Schimmack & Grob, 2000). For instance, this theory has been criticized for its 

lack of differentiation between emotions that are close neighbours in the valence-arousal space, 

such as anger and fear which are supposed to be similar according to the dimensional model but 

are actually very distinct from each other in many aspects, including subjective feelings and 

physiological-behavioural responses (Tellegen, Watson, & Clark, 1999). It has also been 

reported that the two-dimensional model is not able to account for all the varieties in some 

domain-specific emotions, e.g., music-elicited emotions (Bigand, Vieillard, Madurell, Marozeau, 

& Dacquet, 2005; Collier, 2007; Ilie & Thompson, 2006; Vieillard et al., 2008).  

1.1.1.3 Appraisal theory of emotion 

      Distinct from the discrete and dimensional models of emotion, the appraisal approach has 

conceptualized emotion from a new perspective, considering emotion as a dynamic process of 

the individual’s evaluation of the event that triggers the emotion. Specifically, the term 

‘appraisal’ refers to the process of evaluating how the event, object, or person affects us and how 

to cope with the situation. For example, an event is assessed to determine whether it has a 

positive or a negative consequence, following which an emotional response would be triggered 
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to cope with the situation. Strong claims have been made that appraisal processes are mandatory 

for identification of emotion and that the emotion category is determined based on the appraisal 

of the significant event (Averill, 1980; Frijda, 1987; Scherer, 2001).  

      Within the framework of appraisal theory, Scherer and colleagues (1986, 2001, 2003) have 

proposed a component process model that describes the nature and features of emotion, with 

specific reference to the processing of vocal emotional stimuli. According to this model, a 

significant event and its consequences are appraised with a set of stimulus evaluation checks, i.e., 

evaluation criteria, which relate to the individual’s needs and objectives. The main components 

of the stimulus evaluation checks are relevance detection, implication assessment, an evaluation 

of coping potential, and normative significance. Relevance detection refers to the appraisal of the 

features of the event, e.g., pleasantness and importance to the individual. For example, an event 

that is threatening to one’s survival would lead to the detection of unpleasantness and the 

significance of the event. Next, the implications and consequences of the event will be assessed 

in terms of the cause and the outcome probability of the event. The situation triggered by the 

event is also evaluated to see how urgently a responsive action is required. Meanwhile, the 

individual’s ability to cope with the situation is evaluated to determine whether the person has 

the power to change the event or adjust to the situation. Finally, an individual evaluates the 
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situation according to social norms to decide whether it is socially acceptable and how it will be 

interpreted by other group members (Scherer, 1986, 2001, 2003). 

      This appraisal process will have an impact on the individual’s motivational state; this in turn 

affects the autonomic nervous system yielding emotional physiological responses (e.g., 

cardiovascular and respiratory changes) and activation of the somatic nervous system, resulting 

in different forms of emotional expressions in multiple sensory channels (e.g., face, voice, and 

body postures, etc.). All different component processes are centrally integrated and represented 

with continuous updating as the appraisal is ongoing. It is also argued that most of these 

appraisal processes are automatic and independent of consciousness, with the exception that 

some deeper analyses of emotional expressions may require conscious processing (Scherer, 1986, 

2003). While this model has been appealing to many researchers, concerns have also been raised, 

for example, it was argued that the component processes at different functional levels are more 

general processes of cognition and not specific to emotion processing (Russell, 2009).  

      Comparing the different theories reviewed above, whereas the appraisal model of emotion 

emphasizes the dynamic process of cognitive evaluation of the event that induces an emotion, the 

discrete and dimensional theories of emotion are more focused on the structural features of 

specific emotions. However, despite the fundamental differences among these theories, one 
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common aspect shared by all theories is that each emotional state is associated with specific 

expressive patterns in multiple sensory modalities, including facial and vocal expressions, 

gestures, and postures. Consequently, it has been assumed that emotions can be communicated 

by these expressive patterns from different modalities between humans (Ekman, 1992b; Izard, 

1992; Scherer, 1986). For example, the appearance of a snake can trigger a specific emotion of 

fear, for which a set of facial and vocal expressions, physiological responses and voluntary 

actions that are uniquely characteristic of fear will be evoked, either directly or via cognitive 

appraisal. Communicating these expressions to other people to signal the danger of the snake, 

therefore, is crucial to the survival and welfare of conspecifics.  

      In the literature, the perception of emotional expressions has been extensively investigated in 

single modalities, especially for facial expressions (Keltner, Ekman, Gonzaga, & Beer, 2003) but 

also for speech prosody (Scherer, 2003), emotional vocalizations (Frühholz & Grandjean, 2013; 

Scott, Sauter, & McGettigan, 2010), hand gestures (Kipp & Martin, 2009), and body postures (de 

Gelder, 2006). Curiously, the understanding of multi-sensory emotional signals, which are more 

common and natural in our daily life, is relatively limited. Therefore, the current thesis will focus 

on two major sensory channels in emotional processing: facial expression and speech prosody. In 

the following sections, key studies on emotion perception from facial expressions and speech 
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prosody will be briefly reviewed and discussed. 

1.1.2 Emotion perception  

      The most common and natural way of communicating emotions occurs in face-to-face 

interactions between two or more people, during which information from multiple sensory 

sources is involved. The two major sources are visual and auditory modalities: visual information 

encompasses facial expressions, hand gestures, and body postures; auditory information includes 

both linguistic information and non-linguistic vocal cues. In this thesis, two non-linguistic 

channels of sensory information, facial expressions and prosodic cues, will be investigated in 

emotional communication. While language is the most essential tool of human communication, 

from an evolutionary point of view, however, non-linguistic communication such as facial 

expressions and prosody are relatively more ancient and basic (Hauser, 2004). For instance, non-

human animals, and pre-linguistic ancient humans, used facial and body movements as well as 

vocalizations to communicate purposefully to conspecifics; human infants also use various non-

verbal cues to communicate their feelings and needs before speech is developed. As noted earlier, 

the significance of non-linguistic cues is especially germane in communicating emotional 

messages, and understanding how such messages are processed has also been an important 

research question in psychology and cognitive sciences. 
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1.1.2.1 Uni-sensory emotion perception from facial expressions or emotional prosody      

      In the literature of emotion perception/recognition, the most extensive work has been 

conducted on the facial channel, i.e., facial expression recognition. A facial expression consists 

of one or more motions or positions of the muscles beneath the skin of the face, which serves the 

function of conveying various emotional states of an individual. As a primary form of nonverbal 

communication, facial expressions play a significant role in conveying social/emotional 

information between humans, but they also occur in most other mammals and some other animal 

species (Waller & Micheletta, 2013). For human participants, emotions can be readily identified 

from facial expressions. This ability develops early in infancy, e.g., some basic emotions can be 

discriminated by 7-month old infants (Saarni, Mumme, & Campos, 1998; Soken & Pick, 1992) , 

and persists across the life span (Moreno, Borod, Welkowitz, & Alpert, 1993), although evidence 

of an aging effect on facial expression recognition, i.e., a decrease in recognition accuracy has 

also been reported (Adolphs, Damasio, Tranel, & Damasio, 1996). Interestingly, recognition of 

different emotions from facial expressions is associated with different performance accuracies; 

typically, it has been reported that happy faces show a recognition advantage when compared to 

many basic emotions (Leppänen & Hietanen, 2004; Leppänen, Tenhunen, & Hietanen, 2003), 

http://en.wikipedia.org/wiki/Muscle
http://en.wikipedia.org/wiki/Skin
http://en.wikipedia.org/wiki/Emotion
http://en.wikipedia.org/wiki/Nonverbal_communication
http://en.wikipedia.org/wiki/Nonverbal_communication
http://en.wikipedia.org/wiki/Human
http://en.wikipedia.org/wiki/Mammals
http://en.wikipedia.org/wiki/Species
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probably due to their high salience and distinctiveness of the “smile” when compared to other 

facial expressions. 

      In addition to behavioural studies on facial expression perception, neural evidence has been 

reported demonstrating the brain mechanisms underlying this process; these data come from 

related electrophysiological (Eimer & Holmes, 2007), neuroimaging (Alves, 2013; Phan, Wager, 

Taylor, & Liberzon, 2002; Posamentier & Abdi, 2003) and neuropsychological studies (Balconi, 

2012). In particular, event-related potential (ERP) studies have investigated the time course of 

facial expression processing, in which face-sensitive P1, N170, and vertex positive potential 

(VPP) components have been examined. The P1 component is thought to correlate with early 

rapid categorization of emotional information that occurs before more in-depth, fine-grained 

perceptual processing (Linkenkaer-Hansen et al., 1998; Liu, Higuchi, Marantz, & Kanwisher, 

2000; Luo, Feng, He, Wang, & Luo, 2010; Pizzagalli et al., 2002) and effects of facial emotions 

on P1 have been reported, e.g., larger amplitude was elicited by fearful faces than by neutral 

faces (Batty & Taylor 2003; Halgren , Raij , Marinkovic , Jousmäki , & Hari 2000). The N170 is 

considered an index of the structural processing of faces (Bentin , Allison , Puce , Perez , & 

McCarthy 1996; Bötzel , Schulze , & Stodieck 1995; Eimer, 2011) and some researchers have 

found that this component is also modulated by emotional expressions (Batty & Taylor 2003; 
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Caharel, Courtay, Bernard, Lalonde, & Rebaï, 2005; Miyoshi, Katayama, & Morotomi, 2004), 

e.g., noting a larger mean amplitude of N170 for fearful relative to neutral faces (Batty & Taylor 

2003). The VPP is a positive deflection at the fronto–central area with an early latency similar to 

that of the N170. According to recent findings, larger mean VPP amplitudes are observed in 

response to fearful faces relative to happy and neutral faces (Williams, Palmer, Liddell, Song, & 

Gordon, 2006). 

      In addition to facial expressions, the display of emotions in the form of vocal cues or speech 

prosody is another integral part of social/emotion communication. Prosody refers to a set of 

supra-segmental features of speech, representing variations in a number of acoustic parameters, 

e.g., frequency, amplitude, duration of speech sounds, etc. These acoustic properties serve a 

variety of communicative functions, including emotional expression, supplying information 

about speaker identity, etc. From such acoustic features, emotions can readily be recognized in 

speech (Scherer, 1995) and this ability is argued to be widespread or universal (Pell, Paulmann, 

Dara, Alasseri, & Kotz, 2009; Sauter, Eisner, Ekman, & Scott, 2010). In the growing literature 

on emotional prosody, studies have been conducted to explore how prosody encodes discrete 

emotions via various acoustic features as well as how listeners decode prosody conveying 

discrete emotions (Banse & Scherer, 1996; Castro & Lima, 2010; Liu & Pell, 2012; Pell, 
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Paulmann, et al., 2009; Scherer et al., 2001; Thompson & Balkwill, 2006; Trimmer, Meyer-

MacLeod, Cuddy, & Balkwill, 2007). For instance, accuracy data suggests that anger and fear 

tend to be recognized more accurately from vocal speech cues than other emotions across 

different cultures; this could support an evolutionary view of emotion communication, whereby 

vocal signals associated with threat must be highly salient over long distances and across 

language systems to ensure human survival (Castro & Lima, 2010; Liu & Pell, 2012; Pell, 

Paulmann, et al., 2009). These studies have advanced our knowledge of the particular perceptual-

acoustic characteristics of vocal emotions and provide clues about how emotional 

communication may differ in the voice when compared to the face (Paulmann & Pell, 2011).  

      Other studies have used neuropsychological (Adolphs, Damasio, & Tranel, 2002; Adolphs, 

Tranel, & Damasio, 2001; Pell & Leonard, 2003; Ross & Monnot, 2008; Thompson & Balkwill, 

2006; Trimmer et al., 2007) and neuroimaging (Grandjean et al., 2005; Mitchell & Ross, 2008; 

Paulmann & Kotz, 2008; Paulmann, Pell, & Kotz, 2008) methods to investigate the neuro-

cognitive mechanisms underlying the processing of emotional prosody. For example, some ERP 

studies have identified a voice-specific response (VSR) elicited by sung voices compared to 

instrumental sounds peaking around 320ms after stimulus onset with a fronto-central distribution 

(Levy, Granot, & Bentin, 2001). Similarly, amplitude differences of ERPs were reported as early 
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as 164ms post stimulus onset between voice and non-voice (bird songs and environmental 

sounds) stimuli which peaked around 200 ms on fronto-temporal (positivity) and occipital 

(negativity) electrodes; this suggests a rapid brain discrimination of sounds of voice at latencies 

comparable to the face-specific N170 component (Charest et al., 2009). More importantly, 

emotional effects were also observed in the neural processing of prosody: for instance, the P200 

component was shown to be modulated by emotionality and marginally by arousal (Kotz & 

Paulmann, 2011; Paulmann, Bleichner, & Kotz, 2013; Paulmann & Kotz, 2008) reflecting an 

early emotional encoding of the stimulus. It was also observed that P200 was followed by a late 

positive component (LPC) between 400 and 750 ms, which was modulated by both emotion and 

arousal of the stimuli (Paulmann et al., 2013). These results suggest that emotional/valence 

information is robustly decoded during early and late processing stages, while arousal 

information is only reliably taken into consideration at a later stage of processing (Schirmer, 

Chen, Ching, Tan, & Hong, 2013). 

      Models of how emotional prosody is processed and represented in the human brain have been 

proposed in the literature. Schirmer and Kotz (2006) proposed a neuro-cognitive model to 

demonstrate the multiple successive processing stages during recognition of emotional prosody. 

In their model, three stages are involved: the first stage occurs around 100 ms, when the sensory 
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processing of acoustic cues takes place; the second stage occurs around 200ms, corresponding to 

the extraction of emotional significance from acoustic cues (Paulmann & Kotz, 2008; Paulmann, 

Seifert, & Kotz, 2010); the third stage (around 400 ms) is associated with higher-order cognitive 

processes that allow emotional significance to be assigned to the output of sensory processes, 

including the integration of the emotional significance of acoustic cues with semantic 

information (Schirmer & Kotz, 2006). Wildgruber and colleagues (2009) proposed a similar 

three-step model of emotional prosody processing: during the first step, supra-segmental acoustic 

information is extracted, which is associated with activation of predominantly right hemispheric 

primary and secondary auditory processing regions; the second step corresponds to the 

representation of meaningful supra-segmental acoustic sequences, which is linked to posterior 

aspects of the right superior temporal sulcus; the third step pertains to emotional judgment, 

linked to the bilateral inferior-frontal cortex (Wildgruber, Ethofer, Grandjean, & Kreifelts, 2009).  

      As a summary, tremendous work has been done in the past on how humans process facial 

expressions and emotional prosody from others in communication, with evidence on both 

behavioural performance and neural activities. Moreover, based on the empirical literature, 

theoretical models on emotional prosody processing have been proposed, which provides a 

general framework on how emotional prosody is processed and represented in the human brain. 
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1.1.2.2 Multi-sensory emotion perception across facial expressions and emotional 

prosody 

      While both facial expression and emotional prosody, as reviewed above, play a vital role in 

emotion communication, a more natural situation that occurs in daily life is that the information 

from these two channels exists simultaneously to communicate emotions. Numerous studies have 

investigated how information from the two sensory channels interacts and integrates with each 

other in processing emotional messages (see review Klasen, Chen, & Mathiak, 2012). In this 

literature, one paradigm that has been commonly employed is the presentation of congruent 

relative to incongruent information from the two sensory channels, i.e., emotional information 

from one channel is paired with (or followed by) the same or a different emotion from the other 

channel; subsequently, the analysis of the effect of congruence on emotion perception provides 

insights into the process of multi-sensory emotion integration. By using such paradigms, it has 

been shown that facial expressions and vocal expressions influence each other in a significant 

and involuntary way in emotion perception (de Gelder & Vroomen, 2000; Pell, 2005; van den 

Stock, Grèzes, & de Gelder, 2008). For instance, when an ambiguous facial expression 

“morphed” between sadness and happiness was accompanied by a sad voice, participants were 

more likely to identify the face as sad, even though they were instructed to actively ignore the 
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voice; in contrast, when the same ambiguous face was accompanied by a happy voice, they 

tended to recognize the face as happy. This pattern was replicated when a morphed emotional 

voice was identified while accompanied by a happy or sad face (de Gelder & Vroomen, 2000). 

This effect was still evident when the participants had to perform an extra cognitive task (e.g., 

digit-adding) in addition to emotion identification (Vroomen, Driver, & de Gelder, 2001); 

suggesting that despite the simultaneous cognitive demand, the emotion identified was 

influenced by the concurrent channel to a similar extent as that found in the study of de Gelder 

and Vroomen, 2000. This finding strengthens the suggestion that the integration of emotional 

cues across modalities occurs as a mandatory process which is unconstrained by attentional 

resources (Collignon et al., 2008; Nygaard & Queen, 2008).    

      In addition to behavioural findings, electrophysiological studies that employ a high-temporal-

resolution measurement further shed light on the temporal mechanisms of multi-sensory emotion 

integration. As has been shown in EEG studies, this integration appears very early during 

emotion processing. De Gelder et al. (1999) employed an Oddball-like task with ERP 

measurements in which emotional face-voice pairs were presented to participants who were 

instructed to pay attention to the faces but ignore the voices. In one condition, congruent pairs 

(angry voices and angry faces) served as the standard trials (85%) and incongruent pairs (angry 
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voices and sad faces) served as deviants (15%); in the second condition, the standard and deviant 

trials were exchanged. In both conditions, an aMMN-like (auditory Mismatch Negativity) 

component peaking at 178ms was observed in response to deviant trials relative to standards. An 

aMMN is considered as a typical index of the early, pre-attentive detection of deviant 

information in the auditory modality (Näätänen, 1992). In this study, the auditory stimuli were 

identical across trials (angry voices) while facial stimuli changed to serve as deviance; it was 

therefore inferred that the deviance from the visual modality was integrated into the auditory 

modality and elicited the aMMN, suggesting that the multi-sensory integration occurs early at the 

pre-attentive stage (de Gelder, Bocker, Tuomainen, Hensen, & Vroomen, 1999). An early 

integration effect has also been observed on the P2 component (Pourtois, Debatisse, Despland, & 

de Gelder, 2002), where a longer latency for incongruent face-voice pairs relative to congruent 

pairs was observed, suggesting that the early perceptual processing indicated by this component 

was delayed by incongruent emotional information across sensory modalities.  

      In addition to early stages where sensory processing and cue integration occurs, more in-

depth integration of multi-sensory emotional cues at later processing stages has also been 

documented. For example, it has been shown that the N400 component, which is sensitive to the 

semantic/ emotional meaning of events in certain processing environments (Bower, 1981; 
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Bowers, Bauer, & Heilman, 1993; Brown, Hagoort, & Chwilla, 2000), is modulated by the 

emotional congruence of cues between sensory channels. In a cross-modal priming study 

conducted by Paulmann and Pell (2010), emotional pseudo-utterances of 200ms or 400ms were 

presented as prime stimuli, followed by emotional facial expressions or unemotional facial 

“grimaces” as the target events. Participants passively listened to the utterances and were 

instructed to judge whether the face represented an emotion or not (Pell, 2005). The EEG results 

revealed an effect of prime-target congruence in both prime duration conditions: in the longer 

duration condition, incongruent prime-target pairs elicited a classical N400 effect with larger 

amplitudes when compared to congruent pairs, indicating the difficulty of integrating the 

incongruent facial cues into the preceding prosodic channel. In the short prime duration 

condition, however, congruent pairs elicited a larger N400 relative to the incongruent ones (i.e., 

reversed priming). It was inferred that short primes failed to provide sufficient activation of the 

corresponding emotional meaning, thus leading to an inhibition of congruent emotional concepts 

in the other modality. Nevertheless, despite the difference in effect directions, the modification of 

N400 in both conditions provides evidence of cross-talk between vocal and facial modalities that 

can be detected at later processing stages of semantic evaluation. Consistent findings on N400 

were also reported in a study of emotion integration between the prosodic and semantic channels; 

using a similar affective priming task in which semantically neutral sentences spoken in different 
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emotional tones served as primes, followed by emotional words as targets, a larger N400 with 

longer latency was elicited in response to incongruent prime-target pairs relative to congruent 

ones (Schirmer, Kotz, & Friederici, 2002). Moreover, interestingly the temporal course of this 

process seemed to differ as a function of sex: female participants showed the N400 effect with a 

shorter interval between the prime and target, whereas male participants exhibited this effect 

with a longer prime-target interval. Although the role of biological sex in how emotional signals 

are communicated and processed is a topic of considerable interest and debate in the literature 

(Atkinson, Tipples, Burt, & Young, 2005; Goos & Silverman, 2002; Schirmer et al., 2008; 

Schirmer & Kotz, 2003; Schirmer et al., 2002; Schirmer, Kotz, & Friederici, 2005; Schirmer et 

al., 2006; Schirmer, Striano, & Friederici, 2005), this topic is beyond the scope of the current 

work that focuses on how other social factors, the effects of culture background and cultural 

immersion, impact on emotional communication.  

      A similar N400 effect was also observed after administering an emotional Stroop task, in 

which pleasant and unpleasant words spoken in either congruent or incongruent emotional 

prosody were presented to a group of Japanese participants who was asked to identify the 

valence of the word meaning and ignore the prosody while EEG signals were recorded (Ishii, 

Kobayashi, & Kitayama, 2010). The ERP results revealed a typical Stroop effect, such that a 
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larger N400 component was elicited when word meaning and the accompanying prosody were 

incongruent versus congruent. This N400 effect was larger for females than for males, suggesting 

that females are more sensitive to prosodic information than males in multi-sensory emotion 

integration, replicating the findings of Schirmer and colleagues (2002). Moreover, they found 

that the N400 effect was predicted by the participants’ scores of social orientation, which refers 

to an individual’s preparedness to engage in social relations; in particular, higher social 

orientation scores were associated with larger N400 effect, indicating that individuals who are 

more ready to engage in social relations tend to integrate the prosodic information into word 

processing to a larger extent. However, again, this association was observed in female 

participants only, meaning that the effects of social orientation on emotion processing remain an 

empirical question. Nonetheless, both the behavioural and ERP studies reviewed above highlight 

the complex process whereby emotion in facial expressions and in prosody are integrated and 

assigned meaning during emotion perception: this integration can be measured not only by 

examining “off-line” responses at the behavioural level, but can be indexed at distinct temporal 

processing stages in the event-related potential, including the MMN and N400 components. 

1.2 Cultural effects on emotion perception 

      A major motivation to study cultural differences in social/emotional communication is their 
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prevalence and relevance in our daily life. As today’s world has been globalizing at a fast pace 

and on an extensive scale, exchanges and migrations between different cultures have become 

commonplace throughout the world. As a consequence, communications that occur between 

people from sometimes vastly different cultural backgrounds are not unusual any more. Under 

such circumstances, however, difficulties in communicating and frustrations caused by 

misunderstandings are encountered on a frequent basis by the interlocutors, even when the same 

language is being used as the communicative tool. Therefore, exploring why and how such 

misunderstandings happen has been an important and appealing research question in psychology 

and relevant disciplines, the answers to which will not only advance our knowledge of cultural 

differences in communication but also potentially help us avoid miscommunications and 

promote relations and mutual understanding between individuals from different cultural 

backgrounds.  

      During the past decades, extensive research has been conducted on this topic, and different 

theoretical frameworks have been proposed, to explain the extent and nature of cultural 

differences in emotional communication. One key concept used to explain cultural differences in 

social communication refers to external social norms, i.e., display rules, that regulate the 

expression (and perception) of emotions to serve the purpose of culture-specific social values 
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(Ekman, Sorenson, & Friesen, 1969; Matsumoto, 1990; Matsumoto et al., 2002; Matsumoto, Yoo, 

& Fontaine, 2008). Alternatively, a different theory focuses on the internal features of emotional 

expressions produced by different cultural groups, which do not purposely serve any social 

values and are defined as “dialects” of the universal language of emotion (Elfenbein, Beaupré, 

Levesque, & Hess, 2007; Tomkins & McCarter, 1964). In this section, a brief overview of these 

two major theoretical accounts of cultural differences in emotion communication will be 

discussed. 

1.2.1 Theories on cultural differences in emotion communication 

1.2.1.1 Display rules theory 

      A dominant view on cultural differences in emotion is the theory of display rules. Display 

rules refer to social norms in a specific culture about when, how, to whom, and to what extent 

one’s feelings should (or should not) be displayed in various social situations; these social norms 

are aimed to maintain certain social values in this particular culture (Ekman et al., 1969; 

Engelmann & Pogosyan, 2013; Matsumoto, 1990; Matsumoto et al., 2002; Matsumoto et al., 

2008). For individuals from a particular cultural group, display rules are enforced by learning 

relevant management techniques that regulate their emotional displays (e.g., 

amplification/deamplification, qualification, masking, neutralization, etc.) during socialization 
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and development (Ekman et al., 1969; Engelmann & Pogosyan, 2013; Matsumoto, 1990; 

Matsumoto et al., 2002; Matsumoto et al., 2008). This kind of social learning results in sustained 

culture-specific experiences that govern emotion communication, including routine participation 

in behavioural practices and exposure to particular patterns of emotional expressions; these 

routines, in turn, modulate the way that people tend to decode and interpret emotional displays 

posed by members of the (real or perceived) cultural group (Nisbett, Peng, Choi, & Norenzayan, 

2001). 

      In comparison between the Western individualist culture and East Asian collectivist culture, 

the East Asian culture considers social harmony as the most critical social value, whereas the 

Western culture prioritizes the value of individuality (Hall & Hall, 1990; Scollon & Scollon, 

1995). Accordingly, culture-specific display rules are adopted in each cultural group to maintain 

their respective social values (Gudykunst et al., 1996; Matsumoto, Takeuchi, Andayani, 

Kouznetsova, & Krupp, 1998). For instance, in a classical study investigating negative facial 

expressions (Ekman, 1971), American and Japanese participants watched stressful movies while 

their facial expressions were recorded either when they were alone or in the presence of an 

examiner. While alone, participants from both groups displayed similar negative facial 

expressions; however, when there was an experimenter present, Japanese participants tended to 
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mask their negative emotions by putting on a smile, whereas the Americans continued showing 

the same negative facial expressions in spite of the presence of the experimenter. These 

observations were interpreted as indications of different display rules in the two cultures: while 

East Asian collectivistic culture (hypothetically) encourages the concealing of negative affective 

expressions to maintain group harmony, Western individualistic cultures tend to endorse 

expressions of individual feelings (Ekman, 1971; Markus & Kitayama, 1991; Matsumoto et al., 

2008; Matsumoto, Yoo, Hirayama, & Petrova, 2005). Moreover, in East Asian cultures, 

indirectness in speech communication (e.g., unfinished sentences or vague linguistic expressions: 

a little, about, possibly, etc.) is more common and socially acceptable than direct references 

when compared to Western cultures (Bilbow, 1997). Such indirectness is used to prevent 

potential conflicts or embarrassment that might threaten the face of the interlocutors to maintain 

interpersonal relations (McGloin, 1984). East Asians are also reported as more inclined to avoid 

eye contact during face-to-face interactions than individuals from Western cultures; they perceive 

faces with direct eye gaze as unapproachable and unpleasant (Akechi et al., 2013; Sue & Sue, 

1977) and consider the avoidance of eye contact as a sign of respect and politeness to others, 

which is beneficial to social harmony (Hawrysh & Zaichkowsky, 1991; McCarthy, Lee, Itakura, 

& Muir, 2006; McCarthy, Lee, Itakura, & Muir, 2008). In sum, with such examples of different 

social norms in communication being observed across different cultures, display rules has 
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become one of the most influential views in the cross-cultural literature on social communication, 

providing a theoretical framework to interpret the phenomenal cultural differences that people 

frequently encounter in their daily communication. 

1.2.1.2 Dialect theory 

      An alternative theoretical account of cultural differences in emotion is the dialect theory, 

which was first proposed by Tomkins and McCarter (1964) who adopted the linguistic concepts 

of “dialect” to the context of non-verbal emotional communication. In particular, it considers the 

differences across cultures in communicating emotions as “dialects” of the universal language of 

emotion—similar to the dialects of a language which differ in accent, grammar, and vocabulary, 

the language of emotion may also have dialects that differ from each other in the way that a 

particular emotion is conveyed (and interpreted) across cultures (Tomkins & McCarter, 1964). 

Built on these ideas, the dialect theory was further developed and elaborated by Elfenbein and 

colleagues (Elfenbein & Ambady, 2002b; Elfenbein et al., 2007). Specifically, this theory starts 

with a universal view of emotion, which argues that different cultural groups share certain basic 

universal rules in communicating emotions. In addition to the universalities, each cultural group 

has a specific affect program which adjusts the universal rules in a culturally-specified manner 

and leads to culture-specific differences in the appearance of emotional expressions, i.e., dialects 
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of the language of emotion. While these differences are acquired through social learning, they do 

not necessarily serve any specific social purposes, but rather are an integral part of emotional 

displays; this is distinct from the display rules, which are conscious management techniques for 

the benefit of certain social values.  

      The dialect theory is arguably supported by the widely observed in-group advantage in 

emotion recognition, which indicates that participants from a certain cultural group are more 

accurate in judging emotional displays from their own group than a different one (Elfenbein & 

Ambady, 2002b). Similar to the case of language communication, where it is more common to 

misunderstand someone with a different accent, the presence of dialects in emotional displays 

could potentially impede emotion recognition across cultures. For example, it was found that 

while participants tended to confuse facial expressions of fear and surprise in their own culture, 

this confusion occurred even more frequently when they were identifying facial expressions with 

a “dialect”, i.e., from a different culture (Elfenbein, Mandal, Ambady, Harizuka, & Kumar, 

2002). Similarly, in vocal emotions, confusions between fear and sadness, and confusions 

between happiness and neutrality are reported within the same cultural group, but these 

confusions are observed more commonly in judging out-group vocal expressions (Scherer et al., 

2001). On the other hand, as spoken words with greater redundancy and uniqueness from other 
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words can be understood in speech even with a strong foreign accent, facial expressions with 

more distinct features compared to other facial emotions (e.g., happy faces with the revealing of 

teeth) are relatively less frequently confused with other facial expressions in both in-group 

(Kirita & Endo, 1995; Leppänen & Hietanen, 2004), and out-group judgement tasks (Elfenbein 

& Ambady, 2002a). 

      In comparison with each other, the display rules theory focuses on the external social norms 

in communication which serve the purpose of specific social values, whereas the dialect theory 

focuses on the internal features of affective displays which do not purposely serve social values 

but are considered as an integral part of emotional expressions. While these two theories have 

been debated in the literature (Elfenbein, Mandal, Ambady, Harizuka, & Kumar, 2004; 

Matsumoto, 2002), they have been accepted as the two most leading theories on cross-cultural 

differences in social/emotion communication, which approach this issue from two different 

perspectives.  

1.2.2 Cross-cultural differences in emotion perception 

1.2.2.1 Cultural differences in uni-sensory emotion perception from facial expressions or 

emotional prosody 

      As previously mentioned, multiple sensory modalities exist for human beings to 
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communicate emotions, e.g., faces, voices, hand gestures, body postures, etc. Among them, facial 

expressions and vocal cues (i.e., prosody) are the two sensory channels that are most frequently 

involved in our daily communication. Research has suggested that culture plays a role in 

perceiving emotions from each of the two modalities in a way that 1) participants can 

successfully understand emotions from faces or voices from another culture, suggesting the 

existence of a set of shared properties that encode emotions across cultures and languages; 

however, 2) they always perform better in recognizing emotions from their own culture than 

from a foreign culture, indicating an in-group advantage or out-group disadvantage in emotion 

perception (Elfenbein & Ambady, 2002b). One classical study on cross-cultural facial expression 

recognition was conducted by Ekman and colleagues (1969), in which participants from various 

cultures, including U.S., Brazil, Japan, New Guinea and Borneo, identified facial expressions 

posed by American actors conveying six basic emotions (i.e., happy, surprise, fear, disgust, anger, 

and sad). It was found that while all participants could recognize the six emotions at above 

chance level, the American group outperformed the other groups in identifying facial expressions 

from their own culture (Ekman, 1971; Ekman & Friesen, 1969; Ekman et al., 1969; Izard, 1977). 

      Likewise, in recognizing emotional prosody, existing cross-cultural studies have also 

reported that listeners can correctly identify the emotional meanings of prosody from a foreign 
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language at high accuracy levels (often 3-4 times chance performance) (Pell, Monetta, Paulmann, 

& Kotz, 2009; Scherer et al., 2001; Thompson & Balkwill, 2006; Trimmer et al., 2007). Studies 

that have examined acoustic measures have described a number of central tendencies in the 

acoustic characteristics of vocal emotion expressions that seem to be similar across language and 

cultural boundaries (Banse & Scherer, 1996; Castro & Lima, 2010; Liu & Pell, 2012; Pell, 

Paulmann, et al., 2009). However, again, it is noteworthy that many of the perceptual studies also 

reported an in-group advantage, indicating that listeners identify vocal emotions in their native 

language more accurately than in a foreign language, implying that exposure to vocal emotions 

in a certain language plays a role in these abilities (Elfenbein & Ambady, 2002a).  

      While the studies reviewed above have demonstrated clear cultural effects on emotion 

perception from faces or prosody on the behavioural level, relatively less work has been done on 

how culture affects the neural mechanisms and responses associated with uni-sensory emotion 

processing. An fMRI study compared Japanese and American participants in how they processed 

facial expressions, and found that fearful faces from the participants’ own culture induced greater 

amygdala activation than fearful faces from the other culture; however, this pattern was not 

observed for other emotion types, such as anger, happiness, and neutrality (Chiao et al., 2008). 

This pattern might be due to the evolutionary significance of fear: fearful cues from in-group 
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conspecifics may be more relevant to the individual’s survival than those from a foreign group, 

which therefore evoked stronger brain responses in that study. In an ERP study,the neural 

temporal features of emotional picture processing were compared in European and Asian 

individuals; here, they found that similar electrophysiological responses were evoked in the early 

stage of emotion processing, but later components showed a significant decrease of amplitudes 

for Japanese participants compared to the European group (at parieto-occipital electodes). The 

latter effects may reflect a poorer engagement of parietal areas of the Japanese participants, 

which were known to be involved in emotional arousal processing. Possibly, the cultural 

differences observed during the later processing stages are related to the more restrained 

emotional expressions in the Japanese population relative to the Western culture (Hot, Saito, 

Mandai, Kobayashi, & Sequeira, 2006; see also Murata, Moser, & Kitayama, 2013). 

1.2.2.2 Cultural differences in multi-sensory emotion perception 

      While numerous studies have been conducted to explore cross-cultural differences in emotion 

perception in uni-sensory modalities as reviewed above, relatively limited work has investigated 

cultural differences in multi-sensory emotion perception involving different information sources. 

In a classical study in this area, Kitayama and Ishii (2002) examined potential differences 

between Japanese and American participants in how they integrate prosodic and semantic 
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information during emotion processing. Using an emotional Stroop task, participants were 

presented semantically negative or positive words spoken with a congruent or incongruent 

emotional prosody, and were instructed to recognize the valence of the word and ignore the 

prosody (word task), or to recognize the emotional prosody and ignore the word meaning 

(prosody task). Analysis of decision response times revealed that in comparison with the 

American group, the Japanese participants were influenced to a larger extent by task-irrelevant 

prosody in the word task, but to a lesser extent by task-irrelevant semantic meaning in the 

prosody task. It was therefore concluded that in emotion perception, Japanese people were more 

sensitive to prosodic information relative to the Western group, even when instructed to ignore it 

(Kitayama & Ishii, 2002). These results were replicated in another East Asian group, Philippine 

participants, who showed larger attention allocation to prosody than to semantics in both Tagalog 

and English (Ishii, Reyes, & Kitayama, 2003).  

      By using a similar Stroop task, Tanaka and colleagues (2010) investigated emotion 

integration between two other sensory modalities, faces and voices, in Japanese versus Dutch 

participants. In their study, happy or angry faces were paired with utterances spoken in happy or 

angry prosody; participants were asked to identify the facial expression as happy or angry and 

ignore the prosody (face task), or to identify the emotional prosody and ignore the face (prosody 
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task). Behavioural accuracy results showed that Japanese participants were influenced more by 

task-irrelevant prosody during face recognition than Dutch participants, whereas in the prosody 

recognition task, a reversed pattern was observed: the Dutch group was influenced more by the 

to-be-ignored faces than the Japanese participants (Tanaka et al., 2010). These results indicate 

that Japanese people are more attuned to vocal information than Dutch people in multi-sensory 

emotion perception, replicating and extending Kitayama and colleagues’ findings (2002, 2003) 

that Japanese and Philippine participants showed higher sensitivity to prosody than word 

meaning.  

      In these studies, the theory of display rules has been adopted to explain these observed 

cultural differences in cross-channel emotion perception. It has been proposed that East Asian 

collectivist culture values harmonious social relations higher than individuals in comparison with 

Western individualist culture (Hall & Hall, 1990; Scollon & Scollon, 1995), which arguably 

leads to culture-specific rules of displaying emotions in different cultures (Gudykunst et al., 1996; 

Matsumoto et al., 1998). Specifically, restraints on expressing individual feelings, including 

using indirectness in speech (Bilbow, 1997), masking of (negative) emotions  (Ekman, 1971; 

Markus & Kitayama, 1991; Matsumoto et al., 1998; Matsumoto et al., 2008; Matsumoto et al., 

2005), and avoidance of direct eye contact (Hawrysh & Zaichkowsky, 1991; McCarthy et al., 
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2006; McCarthy et al., 2008) are more prevalent in Eastern Asian culture than in the West. Such 

display rules result in sustained communication experiences in East Asia where both semantic 

and facial information is relatively less salient than in the West. In order to efficiently infer the 

feelings of the others, East Asians may have developed cognitive biases that allow prioritized 

sampling of relevant information from other available sources, e.g., the vocal cues.  

      The cross-cultural studies reviewed so far demonstrate clear differences between the Eastern 

and Western cultures in perceiving multi-channel emotions. However, they were mostly limited 

to one subgroup of the East Asian culture, the Japanese population, and it is not clear whether the 

culture-specific biases attributed to East Asian culture built on these studies can be generalized to 

other Eastern cultures, e.g., the Chinese culture. In addition, the current literature is limited to the 

behavioural level and little work has been done to examine whether the observed culture-specific 

biases in behaviours also exist at distinct on-line processing stages of emotion perception. Given 

the evidence that cross-channel emotion perception is a dynamic process involving both early 

and later temporal processing stages indicated by different ERP components (de Gelder et al., 

1999; Ishii et al., 2010; Schirmer & Kotz, 2003; Schirmer et al., 2002), new insights can be 

gained by comparing the neural responses and sensitivity of different cultural groups during 

multi-channel emotion processing. Exploring this research question will advance our 
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understanding of the extent to which culture plays a role in modulating brain activities in 

emotion communication and shed light on the neuro-cognitive plasticity in emotion processing in 

the context of cultural experiences. The first study of this thesis, which compared Chinese and 

English North Americans, aims to provide insights to this question. 

1.2.3. Effects of cultural immersion on emotion perception 

      The cross-cultural literature discussed above focuses on emotion perception by contrasting 

two groups of different cultural origins, e.g., Japanese and Dutch (Tanaka et al., 2010). However, 

given the rapid change in human migration patterns in recent decades which have resulted in 

large immigrant communities in many different countries, another relevant question to address is 

whether the experiences of cultural and language immersion in a new environment shape how 

individuals perceive the world, and how the neurocognitive apparantus adapts to these changes. 

In the domain of emotional communication, a small amount of work has explored the effect of 

cultural immersion on these processes. For example, Damjanovic et al. (2013) explored how 

cultural immersion affects facial expression processing in a visual search task composed of 

Caucasian and Japanese faces. Three groups were tested: Japanese participants in Japan, British-

Caucasian participants living in the UK, and Japanese participants living in the UK. They found 

that while Caucasian British participants displayed a search advantage in response time 
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favouring happy faces, Japanese participants in Japan showed comparable response time for 

happy and angry faces; importantly, a group of Japanese participants living in the UK showed an 

advantage for happy faces, resembling the British participants. Furthermore, a sorting task was 

performed by the three groups to examine how they structured their emotional space for the 

seven basic emotions expressed by Caucasian and Japanese faces. Grouping patterns made by the 

British-Caucasian group and the Japanese participants in Japan were more clearly defined for 

own-race relative to other-race faces, whereas Japanese participants in the UK tended to create 

equally defined emotion clusters for both Caucasian and Japanese faces (Damjanovic, 

Athanasopoulos, Krajciova, Kasai, & Roberson, 2013). These results imply that for the group 

that had lived in a foreign culture, their experiences of cultural immersion influenced the way 

facial expressions were processed and represented in their mind, demonstrating a transition 

pattern from their native culture to their host culture.  

      Neuroimaging evidence has also been reported on the cultural immersion effect on facial 

expression processing. Derntl and colleagues (2009) conducted fMRI studies on two cultural 

groups, 24 Asians (Chinese, Japanese, Pakistanis, and Indians; average age of 29.2 years) and 24 

Caucasian Europeans (Austrians; average age of 28.3 years), who performed emotion 

recognition tasks involving Caucasian facial expressions. The Asian group had lived in Europe 
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for an average of 6.1 months. Their results indicated that Asian participants showed stronger 

amygdala responses to Caucasian facial expressions than European participants, which might 

reflect an alien effect, i.e., greater demands on cognitive resources when processing out-group 

facial expressions. More importantly, in the Asian participants, a reverse correlation was 

observed between their duration of stay in Europe and amygdala activation: Asians who had 

lived in Europe for a longer time showed reduced amygdala responses, a tendency resembling 

the patterns of the Europeans (Derntl et al., 2009). These results were replicated in another study 

comparing a more narrowly-defined group of East Asians (Chinese and Japanese) who had been 

in Europe for an average of 5.8 months and Austrian Europeans (Derntl et al., 2012). Taken 

together with Damjanovic and colleagues’ behavioural findings on facial expression processing 

(2013), these studies suggest that immersion in a new culture, and the amount of exposure to the 

host culture, are significant factors that can modify emotion perception at both the behavioural 

and neural processing levels. 

      While data highlighting a cultural immersion effect on emotion processing are relatively 

limited, complementary evidence of this effect has documented in other domains. Kitayama and 

colleagues (2003) compared four different groups of university students: 32 Japanese adults 

living in Japan; 40 European Americans in the U.S.; 18 Americans living in Japan (duration of 
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stay = maximum 4 months); and 21 Japanese living in the U.S. (duration of stay = 2 months to 4 

years). The participants performed a framed-line test (FLT) where they were presented a square 

frame, within which a vertical line was printed; they were then shown a second frame of a same 

or different size as the first one, and were instructed to draw a line within the frame that was 

identical to the first line in the first frame in absolute length (absolute task) or proportional to the 

height of the surrounding frame (relative task). It was found that Japanese in Japan were more 

accurate in the relative task whereas Americans in the U.S. were more accurate in the absolute 

task; interestingly, the other two groups, Americans in Japan and Japanese in the U.S., each 

displayed a pattern that resembled their respective host culture (Kitayama, Duffy, Kawamura, & 

Larsen, 2003). These results support the general hypothesis that people from East 

Asian/collectivist cultures are more sensitive to contextual information than people from North 

American/individualist cultures (Hall, 1976); even more specifically, they suggest that 

immersion experiences in a new culture affect object perception in a way that progressively 

resembles the host culture.  

      There is also some electrophysiological evidence of the effect of cultural immersion on 

cognition in the domain of colour processing. Athanasopoulos et al. (2010) employed a visual 

Oddball task of colour perception to compare ERP responses of three groups of young adults 
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(aged 20-23 years old): 10 native English speakers living in the UK; 10 native Greek speakers 

living in the UK for a relatively long duration (averaged 42.6 months); and 10 native Greek 

speakers living in the UK for a relatively short duration (averaged 7.2 months). In the Greek 

language, two linguistic terms, ghalazio and ble, are used to distinguish light and dark blue, 

whereas in English no such distinction in colour terms exists. The authors hypothesized that 

Greek speakers would therefore be more sensitive to the luminance contrast of the blue colour 

than English speakers. In the Oddball task, the standard stimuli were light or dark blue (or green) 

circles (70%); the deviant stimuli were blue (or green) circles with a luminance opposed to that 

of the standards (10%); and the target stimuli were dark and light blue (or green) squares (20%). 

The participants were instructed to detect the squares (both dark and light) by pressing a button. 

Results showed that a visual mismatch negativity (vMMN) in the 150-220 ms time window was 

observed for all three groups in each condition. Interestingly, the short-stay Greek group showed 

a larger vMMN for blue luminance contrasts than for green ones; in contrast, both the English 

group and the long-stay Greek group showed similar vMMN responses to both blue and green 

stimuli. These results argue that the linguistic terms of the blue colour in Greek leads to a higher 

early sensitivity of the Greek speakers to the blue luminance contrast; of even greater relevance 

to this thesis, the data argue that this sensitivity was lost by the Greek speakers who had lived in 

the UK for a longer period of time, providing evidence that increased exposure to the new 
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cultural and linguistic environment had altered their colour perception at a very early online 

processing stage in a way that approaches their host culture (Athanasopoulos, Dering, Wiggett, 

Kuipers, & Thierry, 2010).    

      Taken together, these studies demonstrate that in addition to the effect of cultural origin 

which has been more widely explored in the current literature, cultural immersion is also likely 

to play a role in shaping cognitive processes, including emotion processing, in both behavioural 

performance and when sensitive on-line neural processing measures are examined. However, 

given the fact that previous studies on emotion have focused only on facial expressions  

(Damjanovic et al., 2013; Derntl et al., 2009; Derntl et al., 2012), it is unclear how cultural 

immersion will impact on multi-sensory emotion processing, when faces and vocal expressions 

are presented in tandem, and to what extent an impact of the host culture will be observed in 

altered behaviourial tendencies and/or in neural sensitivity to emotional stimuli. The second 

study of this thesis represents a first major undertaking to investigate this question. 

1.3 The present study 

      The broad aim of this thesis is to investigate how different cultural experiences affect the 

neuro-cognitive mechanisms underlying multi-sensory emotion perception. In order to examine 

different neural processing stages that underlying emotion perception, the ERP technique was 
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employed in this thesis in the context of two frequently-used tasks, a Stroop task and an Oddball 

task. Event-related potentials (ERPs) are the evoked brain responses extracted from the recorded 

raw EEG (Electroencephalography) signals, which can be linked to specific sensory, cognitive, 

or motor events. The ERP measurement bears high temporal resolution and has been commonly 

used to investigate the temporal characteristics of various cognitive processes in the literature. In 

this thesis, two ERP components are of interest: the N400 component elicited in the Stroop task, 

which has been typically associated with the processing of semantic meaning (Bower, 1981; 

Bowers et al., 1993; Brown et al., 2000; Schirmer & Kotz, 2003); and the MMN component 

observed in the Oddball task, which has been considered an index of the pre-attentive or early 

perceptual processing of the evoking stimulus (de Gelder et al., 1999; Näätänen, 1992). In 

addition to neural measurements, the behavioural results of the Stroop task were also analyzed as 

an indication of the response selection process at the behavioural level. Thus, rather than focus 

on a single processing stage—the behavioural response—as in most previous cross-cultural 

studies (Ishii et al., 2003; Kitayama & Ishii, 2002; Tanaka et al., 2010), this thesis is novel in its 

more comprehensive examination of both on-line and off-line measures of emotion perception 

that are thought to reflect multiple stimulus processing stages, as inferred from online neural 

responses (indexed by vMMN and N400) and off-line behavioural judgments. Together, these 

data will contribute to descriptions of temporal characteristics of cross-sensory emotion 

http://en.wikipedia.org/wiki/Brain
http://en.wikipedia.org/wiki/Sense
http://en.wikipedia.org/wiki/Cognition
http://en.wikipedia.org/wiki/Motor_system
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processing, at specific points in time of theoretical importance to the literature. 

      Equally important, this thesis will provide novel insights about how this process is influenced 

by culture, by comparing three different groups—Chinese, English-speaking North Americans, 

and Chinese immigrants—to shed light on how two different types of cultural experiences, 

cultural origin and cultural immersion, affect multi-sensory emotion perception. Two ERP 

studies were conducted involving different groups of participants: Study 1 was designed to 

explore the effect of cultural origin on multi-sensory emotion perception by comparing two 

groups, Chinese and English North Americans. This study was comprised of two EEG 

experiments, which employed a Stroop (Expt 1) and Oddball (Expt 2) task, respectively. Data 

from Study 1 were meant to identify the temporal processing stage(s) that culture plays a role in 

when processing emotional cues from facial and vocal expressions. To further explore the effect 

of a distinct kind of cultural experience, i.e., cultural immersion and adaptation to a foreign 

environment, Study 2 involved participants from a third group, Chinese immigrants to Canada, 

employing identical tasks and measures used in Study 1. Data from Study 2 were then compared 

to those from Study 1 to clarify the effects of cultural immersion on multi-sensory emotion 

processing. 
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      The results of these two studies will be crucial to inform new studies in the emerging 

literature on how culture affects emotion and cognition, as there are limited reports that have 

addressed if and how the neuro-cognitive processing of multi-sensory emotions is modulated by 

different cultural experiences, especially in the case of cultural immersion. By elaborating how 

emotions from two sensory channels, facial expressions and emotional speech prosody, are 

processed both behaviourally and neurally by different cultural groups, these studies will provide 

new clues about the extent to which cultural experiences shape the neuro-cognitive system for 

communicating emotions; in turn, this will advance our understanding of the plasticity of the 

human brain in the context of communication and the processing of socio-emotional stimuli. In 

the following two chapters, each of the two studies is presented in detail in terms of the 

motivation, method, results, and interpretation of the findings. This is followed by a General 

Discussion that ties together the two studies and provides an analysis of overarching issues. 
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Abstract: To understand how culture modulates on-line neural responses to social information, 

this study compared how individuals from two cultures, English-speaking North Americans and 

Chinese, process multimodal emotional cues. Behavioral and event-related potential data were 

compared between cultures at distinct processing stages that tap semantic and early perceptual 

processing of emotions. In Experiment 1 (emotional Stroop 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 task); results demonstrated 

marked differences in accuracy and N400 amplitudes between groups, with English participants 

showing more interference from irrelevant faces than Chinese. In Experiment 2 (Oddball task), 

participants passively viewed emotional faces with or without simultaneous vocal expressions to 

test how culture effects early processing of emotions; here, a significantly larger visual MMN 

was observed for Chinese versus English participants when faces were accompanied by voices, 

suggesting that Chinese were influenced to a larger extent by vocal cues. 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 neurocognitive responses to 

emotional expressions rapidly and at multiple stages of stimulus processing.     

Key words: Cross-cultural, emotion, ERP, facial expression, vocal tones 
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1. Introduction 

      In today’s highly globalized world, social interactions between individuals from different 

cultures 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 human 

emotional expressions across faces and voices at two critical stages of event processing. 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.  

Cultural differences in multi-channel emotion processing       

      Humans typically utilize multiple information sources to express and understand emotions in 

daily life (Grandjean et al., 2006; Paulmann & Pell, 2011), e.g., 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 sources, at least when behavioral responses are 

examined. In a key study (Kitayama & Ishii, 2002), Japanese and American participants 

performed an emotional Stroop task consisting of semantically negative or positive words spoken 

in an emotionally congruent or incongruent vocal tone, where they had to identify the emotion of 

the word meaning while ignoring the tone, or vice versa. Recall that in the Stroop paradigm, a 
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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. Kitayama and Ishii (2002) 

reported that Japanese participants demonstrated a significantly larger congruence effect in 

response times than Americans when judging word meanings; in contrast, they exhibited a 

smaller congruence effect when identifying the tone. This suggests that Japanese participants 

were influenced to a larger extent by to-be-ignored vocal tones, whereas Americans were 

influenced more by irrelevant semantic cues. The authors concluded that Japanese people are 

more likely to allocate their attention to vocal cues in speech, whereas Americans are more 

attentive to semantic information, even when instructed to ignore it.  

      Compatible cultural differences were reported in a study of Japanese and Dutch participants 

who performed an analogous Stroop task, but one composed of emotionally congruent or 

incongruent face-voice pairs (Tanaka et al., 2010). These researchers found that Japanese 

participants’ ability to identify facial expressions was reduced by conflicting to-be-ignored vocal 

cues to a greater degree than for Dutch participants, whereas the opposite pattern occurred 

between cultures in identifying vocal emotions. In line with the previous findings, these results 

exemplify that during multichannel emotion perception, East Asians bear higher sensitivity to 

vocal information whereas Westerners are more oriented towards semantic or facial cues, which 

is also suggested in a study of Tagalog-English bilinguals tested in the Philippines (Ishii et al., 
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2003). These data make a compelling argument that cultures vary in how they process emotional 

expressions, although evidence is so far restricted to behavioral 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 role in emotion perception (Engelmann & Pogosyan, 2013; Ishii et al., 2003; Park & 

Huang, 2010). In contrast to Western individualist cultures, East Asian collectivist cultures 

consider harmonious social relations as most important (Hall & Hall, 1990; Scollon & Scollon, 

1995). In order to maintain social harmony, certain display rules are adopted (Gudykunst et al., 

1996; Matsumoto et al., 1998); for example, in East Asian cultures indirectness in 

communication (e.g., unfinished sentences or vague linguistic expressions) is more commonly 

used than in 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 emotional expressions by faces (Ekman, 1971; 

Markus & Kitayama, 1991; Matsumoto et al., 1998; Matsumoto et al., 2008; Matsumoto et al., 

2005). Moreover, East Asians are more inclined to avoid eye contact than Westerners, as a sign 

of respect and politeness to others that benefits social harmony (Hawrysh & Zaichkowsky, 1991; 

McCarthy et al., 2006; McCarthy et al., 2008). Due to such culture-specific display rules, East 

Asians may have to rely more on vocal cues to express their emotions and on the other hand, 

may have developed a higher sensitivity to vocal cues in interpreting the feelings of others 

during interpersonal communication. In contrast, Western cultures tend to rely more on facial and 



 

58 
 

semantic information which is typically more salient and accessible during their social 

interactions (Ishii et al., 2003; Kitayama & Ishii, 2002; Tanaka et al., 2010).  

      These findings lead to the first research question of our study: 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 extremely 

valuable to examine 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 could promote differences in how Eastern and Western cultures process facial and vocal 

cues to emotion, it was expected 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 behavioral and on-line 

neural responses that begin to inform the nature and time course of these cultural effects was 

another major goal of this study.  

Cultural effects on electrophysiological activities 

      While cultural differences in behavioral judgments of emotional displays have been reported, 

there is still little evidence that culture exerts a notable effect on brain responses that occur as 

humans process multichannel emotions in real time. Electrophysiological evidence shows that 

multichannel emotion perception is a dynamic process marked by various temporal stages that 
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can be indexed by different event-related potential (ERP) components (de Gelder et al., 1999; 

Ishii et al., 2010; Schirmer & Kotz, 2003). In an ERP study using a Stroop task, Schirmer and 

Kotz (2003) presented positive, negative, and neutral words spoken in congruent or incongruent 

emotional vocal tones to German participants, who identified the valence of the word meaning 

and ignore the tone, or vice versa. They observed a larger N400—a component considered 

sensitive to the integration of matching/mismatching semantic meanings from different sources 

(Bower, 1981; Bowers et al., 1993; Brown et al., 2000; Schirmer & Kotz, 2003)—in response to 

incongruent word-tone pairings relative to congruent pairs in the word valence judgment in 

female participants. Here, the N400 response can be examined to investigate the potential impact 

of culture at the stage of on-line semantic processing of multi-sensory emotions—i.e., the point 

when the emotional meaning of the two expressions is registered and compared around 400 

milliseconds (ms) after event onset—allowing deeper specification of current behavioral findings.  

      To further examine the role of culture in multi-channel emotion processing, Schirmer and 

colleagues (2006) conducted a similar EEG study in which they presented an emotional Stroop 

task to a different cultural group, Cantonese speakers from Hong Kong. Two-syllable Cantonese 

words spoken in congruent or incongruent emotional tones were presented to Cantonese speakers 

whose brain potentials were recorded while they were identifying the emotion of the word 

meaning and ignoring the tone. Interestingly, the results failed to exhibit a typical Stroop/N400 

effect in the Cantonese as had been reported for Germans (Schirmer & Kotz, 2003), but showed 

a late positivity peaking around 1500 ms, which showed larger amplitude in the incongruent 
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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 speakers was 

related to the use of lexical tones and a higher degree of homophony in the Cantonese language; 

this could have rendered lexical processing more effortful and postponed the integration of 

emotional tone with the semantic message (Schirmer et al., 2006).  

      While this conclusion seems inconsistent with previous behavioural data for Japanese 

participants who displayed higher sensitivity to emotional prosodic cues than to word meanings, 

it does not necessarily contradict the hypothesis that East Asians prioritize emotional prosody 

over other information sources when processing emotions. Schirmer et al.’s (2006) observations 

may be accounted for by several factors; for example, since the emotional salience of the 

Cantonese stimuli was not matched between the two channels, word meaning and emotional 

prosody, it is possible that prosody was emotionally less salient than word meanings and easy to 

ignore, exerting little or delayed influence on judging the word meaning. This could be inferred 

by the participants’ high accuracy rates (around 95%) in the word judgment task (Schirmer et al., 

2006). 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 possible 

that differences in cultural exposure may also have affected how Schirmer et al.’s (2006) 

participants process emotional information (Athanasopoulos et al., 2010; Damjanovic et al., 

2013), even in their native language. Processing emotions from two-syllable words versus full 

utterances could also potentially affect the extent to which biases for vocal cues are recorded in 
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different studies. Therefore, by testing a cultural group from Mainland China using well 

controlled materials, the present study aims to clarify the role of culture in on-line processing of 

cross-channel emotions.  

      In addition to the relatively late, semantic processing, it is possible that culture affects brain 

functioning at earlier stages of multi-sensory emotion processing that is much sooner than 400ms 

post-stimulus onset, which can be typically measured by using an Oddball paradigm. In such a 

paradigm, a stream of repetitive stimuli is presented interspersed by infrequent, task-irrelevant 

changes, in response to which a Mismatch Negativity (MMN) component is typically elicited. In 

an ERP study using the Oddball task, de Gelder et al. (1999) presented participants angry voices 

paired with angry or sad faces. The congruent pairs (angry face-angry voice) served as standard 

trials (85% of total trials) while the incongruent pairs (sad face-angry voice) served as deviants 

(15%). Participants passively viewed the faces while ignoring the voices. An auditory MMN 

(aMMN)-like component peaking at 178ms was observed in deviants relative to standards, which 

is typically associated with deviance detection in the unattended auditory channel and considered 

as a neural index of the early pre-attentive processing of auditory input (Näätänen, 1992). Note 

that in this study, the auditory stimuli were identical across all trials (angry) while facial 

expressions (angry or sad) were manipulated as deviants; it was thus inferred that the detected 

discrepancy indexed by aMMN actually referred to the facial channel which bore the deviant 

information (de Gelder et al., 1999). This suggests that the cross-modal integration of emotion 

takes place at a very early stage, prior to 200ms post-stimulus onset (Jessen & Kotz, 2011; 
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Pourtois, de Gelder, Vroomen, Rossion, & Crommelinck, 2000), although current data do not 

reveal whether cultural factors somehow modulate brain responses at this early processing stage. 

      Thus, while research shows that the processing of cross-channel emotions is a dynamic 

process marked by distinct neural processing stages as indexed by ERP components, it is still not 

clear how culture plays a role at these on-line stages beyond the behavioral level. This leads to 

the second research question of our study: do cultural differences in emotion processing exist 

during different neural processing stages beyond the behavioural level? Our hypothesis that 

culture modulates neural responses to multi-sensory emotions, while still untested, is built upon 

recent evidence that certain ERP components, such as N400 and MMN, are sensitive to cultural 

differences in other cognitive domains. In one study, cultural background modulated 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/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 the other group 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, Yee, Lowenberg, & Lewis, 

2013).  

      Likewise, the earlier component MMN was reported to be modified by culture/language 
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background in an Oddball task of colour perception (Thierry et al., 2009). In particular, Greek 

speakers, in whose language there are two different terms distinguishing light blue and dark blue 

(ghalazio and ble, respectively), showed a larger visual MMN component in response to deviants 

of dark blue circles relative to standards of light blue circles than did English speakers, in whose 

language both colours are called blue and no such distinction exists. Similar to auditory MMN, 

the vMMN is considered as a neural index of the early, automatic detection of discrepancy in the 

visual input, which was found to be modulated by culture/language background in this study 

wherein the Greek speakers exhibited a higher early sensitivity in discriminating dark and light 

blues due to the specific characteristics of their language. This small but growing literature 

provides a foundation for new studies of how culture shapes on-line neural responses as humans 

process emotional expressions. 

The present study 

      Building on recent work, this study presents two ERP experiments that explored how culture 

modulates neurophysiological responses to emotional expressions (face-voice dyads) at two 

distinct cognitive processing stages (semantic, early perceptual integration). Adults from two 

major cultural groups, English North Americans and Chinese, were tested. In order to examine 

how emotions are processed by each group in a context that resembles how these displays are 

typically encountered in daily life, emotional (pseudo) speech and facial expressions were 

adopted as experimental stimuli. In our first experiment, an emotional Stroop task was conducted 

to examine cultural effects on behaviour and on neural semantic responses to emotions (indexed 
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by N400), and in a second experiment, participants encountered the stimuli in an Oddball task to 

determine whether culture shapes very early stages in processing multi-sensory emotions 

(indexed by the MMN). Based on previous findings suggesting that East Asian display rules  

promote culture-specific biases in emotion processing for Japanese participants (Ishii et al., 2003; 

Kitayama & Ishii, 2002; Tanaka et al., 2010), it was hypothesized that Mandarin-speaking 

Chinese participants, who share cultural display rules promoting social harmony, will be 

relatively more attuned to vocal expressions than facial expressions when processing cross-

channel emotions, whereas English North Americans will be more oriented towards facial cues.  

      In particular, given evidence that neural semantic processing (Goto, Ando, Huang, Yee, & 

Lewis, 2010; Goto et al., 2013) and early perceptual processing (Thierry, Athanasopoulos, 

Wiggett, Dering, & Kuipers, 2009) are each sensitive to cultural variables in certain cognitive 

domains, we anticipated culture-specific biases to be observed at both neural processing stages, 

as indexed by the N400 and MMN, as well as in behavioural performance. In the Stroop task 

(Experiment 1), we predicted a larger Stroop effect in the Chinese participants when they were 

judging the emotion of the faces and ignoring the voices in both the behavioural and N400 data, 

and a larger Stroop effect in the English group when they were judging the emotion of the voices 

and ignoring the faces. In the Oddball task (Experiment 2), we expected that the MMN 

component would be modulated by culture in a way that the Chinese group would be influenced 

to a larger extent than the English group by vocal emotion cues (indicated by an enhanced MMN 

component). However, this latter prediction was less certain given the lack of previous evidence 
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demonstrating culture effects on MMN in the emotional domain. 

1. Experiment 1: Effects of culture on semantic level processing of emotional expressions  

      To explore how culture influences behavioural and neural responses when processing 

emotional meanings, we employed an emotional Stroop paradigm, composed of emotionally 

congruent and incongruent face-voice pairs, with ERP measures in two cultural groups, English 

North Americans and Chinese.  

2.1. Participants 

      Two groups of participants were recruited. The first group consisted of 19 English-speaking 

North Americans (10 female, 9 male; mean age = 25 ± 3.91 years; years of education = 14.18 ± 

2.19 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; (2) had at least one 

grandparent on each of the maternal and paternal sides of British descent and the other 

grandparents of descent of other Western European countries. The second group consisted of 20 

Mandarin-speaking Chinese participants (10 female, 10 male; mean age = 24.55 ± 2.75 years; 

years of education = 16.45 ± 2.68 years), for whom a questionnaire was administered in advance 

to ensure that they were all born and raised in Mainland China as native Mandarin speakers and 

had lived out of China for less than one year. No difference in age ( F(1, 37) = 0.253, p = 0.618) 

or years of education ( F(1, 37) = 1.039, p = 0.319) was found between groups, which will be 
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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, 

as determined by self-report. All gave informed consent before participation, which was 

approved by the Institutional Review Board of the Faculty of Medicine at McGill University. All 

participants were financially compensated for their participation.  

2.2. Stimuli 

      The vocal stimuli were fragments of Chinese and English pseudo-sentences uttered in sad 

and fearful emotional tones adopted from previously validated recording databases (Liu & Pell, 

2012; Pell, Paulmann, et al., 2009). They were produced by 4 native speakers of each language 

(2 female, 2 male) in a sad or a fearful 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 & Scherer, 1996; Pell & 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 & Lima, 2010; Paulman & 

Pell, 2010; Pell, Monetta, et al., 2009; Rigoulot & Pell, 2012; Rigoulot, Wassiliwizky, & Pell, 

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.  
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      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 (Beaupré & Hess, 2005). In 

this database, 6 adult actors (3 female, 3 male) from Chinese or Caucasian North American 

groups were instructed to produce faces of different emotions according to the Facial Action 

Coding System (Ekman & Friesen, 1978). Six fear and six sad faces (1 item × 6 actors) of each 

group were selected for the current study (Figure 1).  

 

Figure 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. 

      In a pilot study designed to further validate and select the stimuli, 562 English pseudo-

utterances and 553 Chinese pseudo-utterances conveying six emotional meanings (fear, sadness, 
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happiness, disgust, anger, and neutrality) were initially selected from the vocal database (Liu & 

Pell, 2012; Pell, Paulmann, et al., 2009). In order to keep the amount of expressed information 

consistent across stimuli, the original utterances with varied duration were cut into fragments of 

800ms measured from sentence onset using Praat software (Boersma & 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 800ms 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, 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 
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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 the following tasks, only in-group stimuli were presented to each group aiming to investigate 

emotion processing in the context of their native culture (i.e., Chinese faces and voices to the 

Chinese group, Caucasian faces and English voices to the English group). Specifically, for each 

group, the in-group facial and vocal stimuli were paired with each other to construct bi-sensory 

emotional stimuli, both congruent (fear face & fear voice, sad face & sad voice) and incongruent 

(fear face & sad voice, sad face & fear voice). In each pair, the static face was synchronized to 

the dynamic voice, resulting in a length of 800ms for each face-voice pair.  

Table 1. Means of recognition rates (in percentage) and intensity ratings (on a 5-point scale with 

0 refers to very weak and 4 refers to very intense) of vocal and facial stimuli for each emotion of 

each group (standard deviation in parentheses) 

 Voices  Faces 
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 English  Chinese  English  Chinese 

 Fear Sadness  Fear Sadness  Fear Sadness  Fear Sadness 

Recognition rates 90.6(1.8) 92.5(2.7)  91.2(5.2) 91.2(5.2)  90.8(8.6) 91.7(9.3)  91.2(7.6) 90.9(10.0) 

Intensity ratings 2.4(0.3) 2.4(0.4)  2.5(0.3) 2.4(0.3)  2.4(0.3) 2.4(0.4)  2.3(0.4) 2.6(0.5) 

2.3. Task  

      An emotional Stroop paradigm with ERP measures was used. Two experimental conditions 

were employed: face task condition and voice task condition. Each condition consisted of 1 block 

of 192 trials, in which 96 trials were composed 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 

emotion while ignoring the face.  

2.4. Procedure 

      The experimental stimuli were presented and controlled by Presentation® software (Version 

16.0, www.neurobs.com). Each trial started with a 1000ms fixation cross at the center of the 

monitor followed by a 500ms blank screen, followed immediately by the face-voice pair which 

lasted for 800ms. The face was displayed at the center of a computer monitor (18 × 12.5 cm) 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 
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Chinese) and sad (“伤心” in Chinese), was counterbalanced to the right and left response buttons. 

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 numbers within the range of 500-1000 were generated in Excel 

and used as the length of the inter-trial interval for each experimental condition). Figure 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) was counter-balanced among 

participants, and a 10min break was inserted between blocks.  

 

Figure 2. Trial structure in the Stroop task. 

2.5. EEG recording and preprocessing 

       After preparation for EEG recording, the participants were seated at a distance of 

approximately 65cm 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 
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from 64 cap-mounted active electrodes (10/10 System) with AFz electrode as the ground, FCz 

electrode as the 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 off-line to 250 Hz, re-

referenced to grand average, and 0.1-30Hz bandpass filtered by EEGLab (Delorme & Makeig, 

2004). They were epoched from -200 to 800ms relative to stimulus onset with a pre-stimulus 

baseline of 200ms (-200 to 0ms). 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. For statistical analyses, only trials with correct behavioural 

responses were included. 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%; 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 

      Based on our predictions of the Stroop effect in this experiment, both behavioural measures 

(accuracy rates and response time) and N400 data were of interest in the analyses. The N400 

literature suggests that this component is typically largest in the centro-parietal region during the 

200-600ms post-stimulus time window (see review Kutas & Federmeier, 2011), with more 

frontal distribution for visual stimuli (Ganis, Kutas, & Sereno, 1996) and auditory language 
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stimuli (see review Kutas & Van Petten, 1994). Therefore, we expected to observe the N400 

component in this corresponding area falling within the 200-600ms time span and restricted our 

ERP data analyses as such (for a discussion of ERP data quantification, see Handy, 2004). Visual 

inspection of the averaged ERPs for each condition of each group conforms to these expectations, 

exhibiting a negative deflection after 250ms post-stimulus in the incongruent trials relative to 

congruent ones, with a main distribution in the middle fronto-centro-parietal area. Accordingly, 

15 electrodes from this region (FC1, FC2, Cz, C1, C2, C3, C4, CPz, CP1, CP2, CP3, CP4, Pz, P1, 

P2) were selected for subsequent analyses. For these electrodes, an exploratory examination of 

the peak latency of the negativities within the 200-600ms time window yielded an average peak 

latency of 337ms (range 327-363ms) across conditions and groups. Based on this observation, 

which conformed to both previous literature and visual inspection, the 250-450ms time window 

was selected for the N400 component of interest. To quantify this component, mean amplitude 

values were extracted from this time window for the 15 selected electrodes for statistical 

analyses.  

      For both the behavioral and N400 data, a three-step analysis was performed. First, two-way 

repeated-measures ANOVAs were conducted on accuracy, RT, and the mean amplitude in the 

250-450ms time window across selected electrodes, separately in each condition of each group, 

to examine whether there was an effect of congruence elicited in each condition. 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 

within-subject factors.  
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      Second, behavioural and neural indices of the congruence effect were calculated. 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 in the 250-450ms time window in the congruent trials from that in 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 waves indicate a larger congruence effect.  

      Third, to specify the impact of culture on the integration effect, a three-way repeated-

measures ANOVA was conducted separately on difference accuracy, difference RT, and the 

mean amplitude difference of the N400 component across selected electrodes Task (face task and 

voice task) was considered as the within-subjects factor, while Group (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 200-300ms 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 
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earlier effect, 11 parieto-occipital electrodes (Oz, O1, O2, POz, PO3, PO4, Pz, P1, P2, P3, P4) 

were selected based on visual inspection and the mean amplitude in the time window 200–300ms 

was extracted for each electrode. The amplitude values were then subjected to a two-way 

repeated-measures ANOVA in each condition of each group, separately, with congruence of the 

trials (incongruent and congruent) and emotion of the attended channel (fear and sadness) as two 

within-subjects factors. 

      Finally, to explore potential associations between the participants’ behavioural and brain 

responses to multi-sensory emotional stimuli, Pearson correlation analyses (two-tailed) were 

conducted between the behavioural difference scores (accuracy; RT) and the amplitude of the 

N400 difference wave for each experimental condition of each group, respectively.  

2.7. Results 

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) = 7.114, p 

< .01, r
1
 = 0.522; Chinese voice task, F(1,19) = 6.967, p < .01, r = 0.518; English face task, 

F(1,18) = 5.406, p < .01, r = 0.481; English voice task, F(1, 18) = 8.197, p < .01, r = 0.559) and 

on response times (Chinese face task, F(1,19) = 9.212, p < .01, , r = 0.571; Chinese voice task, 

F(1,19) = 8.031, p < .01, r = 0.545; English face task, F(1,18) = 5.037, p < .05, r = 0.468; English 

                                                             
1
 Effect size, calculated as r =√F/(F + dferror) (Rosnow & Rosenthal, 2003) 
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voice task, F(1,18) = 6.859, p < .01, r = 0.525). 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 of the attended channel was 

found for these analyses (all ps >.07).  

      Analysis of the difference scores revealed a significant interaction between Task and Group 

on accuracy (F(1, 35) =4.767, p < .05, r = 0.346), but no such effect was found for RT difference 

scores (p = .17). Simple effects analysis of difference accuracy indicated that the Chinese group 

showed no difference in performing the face task versus the voice task (p = .26); however, the 

English group exhibited a significant Task effect (F(1, 35) = 20.921, p < .01, r = 0.612) 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) = 3.912, p < .05, r = 0.317), as Chinese participants showed 

a smaller congruence effect than the English group when attending to vocal emotions; no such 

group difference was noted in the face task (p = .20 ; see Figure 3). No effect involving Gender 

was found (ps > .21). 

 



 

77 
 

Figure 3. Difference accuracy in the voice and face task for each cultural group. 

ERP results 

      The two-way ANOVAs performed on the mean amplitude in the 250-450ms 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) = 6.140, p 

< .01, r = 0.494; Chinese voice task, F(1, 19) = 6.375, p < .01, r = 0.501; English face task, F(1, 

18)= 5.431, p < .05, r = 0.481; English voice task, F(1, 18) = 9.786, p < .01, r = 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 of the attended channel was 

found (ps >.27; see Figure 4a).  
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Figure 4. (a) Grand averages elicited by congruent trials (solid lines), incongruent trials (dotted 

lines), and the difference wave (dashed lines; incongruent - congruent) at Cz electrode for each 

condition of each group; (b) Grand averages elicited by congruent trials (solid lines), incongruent 

trials (dotted lines), and the difference wave (dashed lines; incongruent - congruent) at POz 

electrode for each condition of each group. 

      The following analysis on the N400 difference waves revealed a significant interaction 

between Task and Group (F(1, 35) = 5.619, p < .05, r = 0.372). Step-down analyses indicated that 

while no effect of Task was observed in the Chinese group (p = .31), significant task differences 

characterized the English group (F(1, 35) = 10.587, p < .01, r = 0.482) who showed a larger 

N400 difference in the voice task than in the face task. A Cultural effect was significant in the 

voice task only (F(1, 35) = 7.257, p < .01, r = 0.414), with the Chinese group showing a smaller 

N400 difference than the English group (see Figure 5). No effect involving Gender was found 

(ps > .11). See Table 2 for a summary of the means and standard deviations for the behavioural 
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and N400 data.  

      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 in the 200-300ms time 

window in the voice task of the English group only (F(1, 18) = 8.906, p < .01, r = 0.575), not in 

any other condition (ps > .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 

(see Figure 4b). No significant effect involving the emotion of the attended channel was found 

(ps > .24). 
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Figure 5. (a) Grand averages at Cz electrode and topographic maps of difference N400 for each 

condition of each group. (b) Mean amplitude values of difference N400 averaged across selected 

electrodes. 

Table 2. Means and standard deviations (in parentheses) of behavioural accuracy, response time 

(RT), and mean amplitude of N400 in Experiment 1 for each experimental condition 

    Accuracy RT (ms) N400 (μV) 

Chinese  

Face task 

Congruent Sad face-sad voice 0.92(0.05) 745(263) -1.65(1.50)  

Fear face-fear voice 0.91(0.04) 755(273) -1.64(1.23) 

Incongruent Sad face-fear voice 0.89(0.09) 776(313) -1.86(1.61) 

Fear face-sad voice 0.88(0.06) 770(256) -1.84(1.89) 

Voice task 

Congruent Sad face-sad voice 0.87(0.08) 784(354) -1.71(1.72) 

Fear face-fear voice 0.87(0.05) 780(332) -1.69(1.56) 

Incongruent Sad face-fear voice 0.84(0.08) 810(183) -1.87(1.92) 

Fear face-sad voice 0.83(0.07) 802(347) -1.89(1.58) 

English  

Face task 

Congruent Sad face-sad voice 0.94(0.05) 699(184) -1.68(0.98) 

Fear face-fear voice 0.93(0.07) 700(215) -1.68(1.21) 

Incongruent Sad face-fear voice 0.91(0.05) 718(165) -1.88(1.30) 

Fear face-sad voice  0.90(0.06) 715(268) -1.87(1.29) 

Voice task 

Congruent Sad face-sad voice 0.91(0.08) 760(305) -1.66(1.47) 

Fear face-fear voice 0.90(0.07) 757(271) -1.64(1.61) 

Incongruent Sad face-fear voice 0.80(0.13) 781(318) -2.15(2.00) 

Fear face-sad voice  0.79(0.09) 782(298) -2.09(1.97) 
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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) = .298, p < .05; Chinese voice task, r(18) = .207, p = .061; 

English face task, r(17) = .250, p = .05; English voice task, r(17) = .301, p < .05. No significant 

correlations between difference RT and N400 difference were found (ps > .07). In general, larger 

difference accuracy was associated with larger N400 differences for each group, suggesting that 

the cross-modal emotion integration occurred at both behavioral and neural semantic levels in a 

consistent and related manner.  

2.8. Discussion 

      As predicted, results of Experiment 1 demonstrate significant cultural differences between 

Chinese and English groups in the semantic-level integration of multi-sensory 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 post-stimulus onset in 

select conditions (as elaborated below).   

      First of all, it should be noted that regardless of cultural origin, a significant congruence 

effect was observed at both the behavioural and electrophysiological levels in each experimental 
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condition, as participants performed worse in incongruent versus congruent trials with an 

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 & Vroomen, 2000; Föcker, Gondan, & Röder, 2011; Ishii et al., 2010; Massaro & Egan, 

1996; Mitchell, 2006; Nygaard & Queen, 2008; Schirmer & 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 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 N400 differences 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 (Ishii et al., 2003; Kitayama & Ishii, 2002; Tanaka et al., 

2010).    

      The N400 effect observed in each experimental condition showed similar temporal and 
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spatial characteristics to those of the semantic-related N400 reported in previous literature (Kutas 

& 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 N400 

amplitude is associated with increased cognitive processing resources necessary to integrate 

mismatching meanings from different sources (Brown & Hagoort, 1993; Brown et al., 2000; 

Chwilla, Brown, & Hagoort, 1995; Holcomb & Neville, 1990; Kotz & Paulmann, 2007; 

Paulmann & 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 & 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, Zhou, & Zhao, 2011; Liotti, 

Woldorff, Perez III, & Mayberg, 2000), which may arise from the anterior cingulate cortex and 

frontal cortex (Etkin, Egner, Peraza, Kandel, & Hirsch, 2006; Haas, Omura, Constable, & Canli, 

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 that 

English participants found it more difficult to inhibit irrelevant facial information than 

participants in the Chinese group.  
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      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, Mercado, Tapia, & Hinojosa, 2001; 

Eimer, Cockburn, Smedley, & Driver, 2001; Talsma, Slagter, Nieuwenhuis, Hage, & Kok, 2005). 

In our experiment, this increased positivity found in the voice task may reflect an 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, on-line 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 
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expressions (Ekman, 1971), meaning that these individuals may rely more on tonal cues to 

understand negative feelings (Ishii et al., 2010). However, it should be noted that 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 & Ishii, 2002; Tanaka et al., 2010).  

      It is worth mentioning that, 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. 

Thus, since 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. 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. However, 

even though the familiarity of stimuli may have varied somewhat in the two communication 

channels, it merits re-emphasizing that emotional recognition rates and intensity ratings of 
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stimuli in both channels were overall high and carefully matched across channels. Moreover, any 

influence of presenting vocal cues embedded in pseudo-utterances on our data should be 

comparable between groups, in spite of which the results still exhibit a clear and robust 

difference between the two groups in perceiving emotions, i.e., the English participants showed 

higher susceptibility to the faces than to the voices, whereas the Chinese participants did not.    

      Another potential factor for the absence of the expected bias in the Chinese group possibly 

involves the negative valence of the two emotions, sadness and fear, that were adopted in this 

experiment. Given display rules whereby Chinese/East Asians tend to restrain their facial 

expressions, especially negative ones such as sadness and fear (Ekman, 1971; Matsumoto et al., 

2008; Matsumoto et al., 2005) to maintain social harmony, it is possible that the faces that they 

were presented during the Stroop task, which explicitly expressed negative emotions, were of 

higher-than-usual salience to them. Consequently, these faces might have drawn their attention to 

a greater extent and mitigated the size of the Stroop effect in the voice judgment condition. To 

clarify the potential effect of emotional valence on culture-specific patterns in cross-channel 

emotion processing, future studies employing positive emotions would be helpful. 

       This experiment extends previous findings on emotion perception in East Asians by 

contributing new ERP evidence demonstrating cultural differences in emotional meaning 

integration during neural processing stages beyond the behavioural level. While there are 

previous claims that the N400 is modulated by culture in the domain of visual perception (Goto, 

Ando, Huang, Yee, & Lewis, 2009; Goto et al., 2013), our ERP findings extend the applicability 
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of this component as a neural index of cultural effect in audio-visual emotion perception. Our 

results also highlight a posterior positivity occurring around 200-300ms post-stimulus onset that 

could represent another neural index of acquired cultural differences on attention allocation at 

earlier stages of emotion perception. This implies that, in addition to behavioural and neural 

semantic processing, culture may have an impact on much earlier processing stages during multi-

sensory emotion perception, as also suggested by recent work on colour perception described by 

Thierry et al. (2009). To test this hypothesis, a second experiment using an Oddball/MMN 

paradigm was conducted to explore the early perceptual stage in processing emotions encoded by 

combined face-voice expressions. 

2. Experiment 2: Effects of culture on early perceptual processing of emotional expressions 

      In this experiment, we investigated the role of culture on an earlier neural processing stage of 

emotion integration by analyzing a visual MMN component elicited in an Oddball paradigm, 

comparing groups of English and Chinese participants. True to our objectives, data obtained 

from an Oddball task permit further elaboration of culture effects on emotion processing that 

were highly expected at the semantic processing level (i.e., Stroop task, Expt. 1), allowing these 

to be tested at a different stage, the earlier perceptual processing, for the same stimuli and 

participants.  

3.1. Participants  

      Participants were the same English and Chinese adults who completed Experiment 1.  
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3.2. Stimuli 

      The same vocal and facial stimuli used in Experiment 1 were employed in Experiment 2. In 

addition, two pure tone auditory stimuli lasting 800ms in duration were constructed as non-vocal 

stimuli to present to each group (four pure tone stimuli total). The frequency of each pure tone 

stimulus was determined by calculating the mean fundamental frequency values of the fear and 

sad vocal expressions produced by speakers of each language (Chinese fear voices: 267 Hz, 

Chinese sad voices: 249 Hz; English fear voices: 266 Hz, English sad voices: 187 Hz).  

3.3. Task and design 

      An Oddball task was adopted to explore the early cross-modal integration in emotion 

perception. Three experimental conditions were employed. In Condition 1, facial expressions 

were presented without any auditory stimuli, which served as the control condition to examine 

the classical visual MMN effect elicited by facial stimuli (face-only condition). In Condition 2, 

emotional voices were paired with the same facial expressions as in the face-only condition, to 

test the influence of concurrent vocal information on the early processing of faces (face-voice 

condition). In Condition 3, the face-tone condition, pure tone stimuli were paired with the same 

faces, in order to exclude the possibility that effects observed in the face-voice condition would 

be simply attributable to the presentation of audio-visual stimuli, regardless of their emotional 

meanings. 

      For each experimental condition, 4 blocks of 600 trials each were presented, including 480 
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standard trials (80%), 60 deviant trials (10%), and 60 target trials (10%). In Condition 1, fear 

faces served as standard trials and sad faces served as deviant ones in blocks 1 and 2, while this 

pattern was reversed in blocks 3 and 4 (i.e., sad faces serve as standards and fear faces served as 

deviants). In addition to faces, 60 pictures of circles were randomly inserted in each block as 

target trials to which the participants had to press a button as response. This was to ensure that 

the participants were actively attending to the targets and viewing the faces passively.  

      In Condition 2, each face was paired with an emotional voice to construct a bimodal face-

voice condition. Specifically, faces were paired with fear voices in block 1 and 3, whereas faces 

of block 2 and 4 were paired with sad voices. This led to the four bi-modal blocks: in two blocks, 

congruent pairs (fear face-voice pairs in block 1, sad face-voice pairs in block 4) served as 

standards while incongruent pairs (sad face-fear voice pairs in block 1, fear face-sad voice pairs 

in block 4) served as deviants; in the other two blocks, incongruent pairs (fear face-sad voice 

pairs in block 2, sad face-fear voice pairs in block 3) served as standards and congruent pairs 

(sad face-voice pairs in block 2, fear face-voice pairs in block 3) served as deviants. The purpose 

of exchanging standard and deviant trials as congruent or incongruent pairs was to examine 

whether the congruence of face-voice pairs was relevant in evoking the vMMN. Again, in each 

block, 60 circles were randomly inserted as targets.  

     Similarly, in Condition 3, each face was paired with a pure tone of 800ms to create a face-

tone condition. In blocks 1 and 3, the faces were paired with a tone with a frequency matched 

with the mean f0 of the fear voices; in blocks 2 and 4, the faces were paired with a tone with a 
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frequency matched with the mean f0 of the sad voices. Sixty circles were included as targets. 

Overall, the visual stimuli, the frequency and proportion of different types of trials (standards, 

deviants, and targets) were identical in all three conditions; differences lay only in the 

accompanying auditory stimuli (see Table 3). 

      Such a visual MMN paradigm (the visual stimulus sequence consists of standards, deviants, 

and targets) is different from the classical auditory MMN paradigm in which the participants 

would be focusing on the visual modality and ignoring the auditory channel (Näätänen, 1992). 

This paradigm has been typically used in the visual MMN literature and it is assumed that while 

the classical auditory MMN paradigm examines the preattentive processing of auditory stimuli, 

the vMMN task would tap into the early perceptual processing of the deviant versus standard 

visual stimuli. In particular, the early negativity elicited in such paradigms, i.e., visual MMN, has 

been considered as an indication of early perceptual detection of deviant information in the 

visual modality (Athanasopoulos et al., 2010; Stagg, Hindley, Tales, & Butler, 2004; Susac, 

Ilmoniemi, Pihko, & Supek, 2004; Thierry et al., 2009). 

Table 3. Types of standard and deviant trials per block in each condition of the Oddball task 

 
Condition 1 

Face-only 

Condition 2 

Face-voice 

Condition 3 

Face-tone 

Block 1 
Standard: sad face  

Deviant: fear face 

Standard: sad face & sad voice 

Deviant: fear face& sad voice 

Standard: sad face & tone1 

Deviant: fear face & tone1 

Block 2 
Standard: sad face 

Deviant: fear face 

Standard: sad face & fear voice 

Deviant: fear face& fear voice 

Standard: sad face & tone2 

Deviant: fear face & tone2 

Block 3 
Standard: fear face 

Deviant: sad face 

Standard: fear face & sad voice 

Deviant: sad face & sad voice 

Standard: fear face & tone1 

Deviant: sad face & tone1 

Block 4 
Standard: fear face 

Deviant: sad face 

Standard: fear face & fear voice 

Deviant: sad face & fear voice 

Standard: fear face & tone2 

Deviant: sad face & tone2 
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3.4. Procedure 

      Since participants in Expt. 1 had to focus on either the facial or vocal channel and ignore the 

other, which could promote conscious attention to the match/mismatch of emotions between the 

two channels, the Oddball task was always completed by each participant in a single session 

preceding the session when the Stroop task was presented, with an interval of at least a day 

between sessions. This avoided the possibility that conscious awareness of cross-channel 

congruence/incongruence in the Stroop task would interfere with responses in the Oddball task, 

in which participants were instructed to ignore the vocal/auditory channel completely and focus 

only on the visual channel.  

      In all three conditions, each block started with a 1000ms fixation cross at the center of the 

monitor, followed by the trials which were presented pseudo-randomly such that two deviant 

trials never appeared in immediate succession, and at least three standard trials appeared in a row 

between two deviant ones. Each trial was presented for 800ms, and the variable inter-trial 

interval was 500-1000ms. The visual stimuli were presented at the center of the monitor and the 

auditory stimuli were presented binaurally via headphones at a consistent comfortable listening 

level. In all conditions, the participants were instructed to detect the circle targets among the 

faces by pressing the spacebar; in Condition 2 and 3 where a face was paired with a sound, it was 

emphasized that they should ignore the concurrent auditory stimuli whatever it was (Figure 6). 

Each condition started with a practice block of 40 trials to familiarize participants with the 

procedure. The order of the four blocks within each condition, and the order of the three 
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conditions within the experiment, was counter-balanced among participants, and a 10-minute 

break was inserted between blocks.  

 

Figure 6. Task procedures for each of the three conditions in the Oddball task. From top to 

bottom: face-only, face-voice, face-tone. 

3.5. EEG recording and preprocessing 

      The same procedures of EEG recording and preprocessing were employed as those in 

Experiment 1. For further analysis, all target trials and standard trials that immediately followed 

deviants were also excluded, which left 480 trials (420 standards, 60 deviants) in each block. 

After artifact rejection, an average of 81.4% of data were retained for subsequent statistical 

analyses (Chinese face-only: 79.6%; Chinese face-voice: 81.5%; Chinese face-tone: 81.8%; 

English face-only: 81.7%; English face-voice: 82.3%; English face-tone: 81.3%).  

3.6. Statistical analyses 
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      Built on the hypothesis of the early MMN effect in the Oddball task, the visual MMN 

component was of interest in the analyses. Research suggests that MMN elicited by visual/facial 

stimuli is typically maximal in the occipital-parietal area across the 100-300ms time span post-

stimulus (Athanasopoulos et al., 2010; Schröger, 1998; Thierry et al., 2009; Wei, Chan, & Luo, 

2002; Zhao & Li, 2006). Based on this evidence, we focused our analyses on the same temporal 

and spatial regions to test our hypotheses. Visual inspection of the waveforms of grand averaged 

ERPs revealed more negative-going deflections elicited by deviant trials relative to standard ones 

during the 100-200ms time window in the parieto-occipital region in each condition, confirming 

our expectations. Accordingly, 14 electrodes were selected from the occipital-parietal region 

(POz, PO3, PO4, PO7, PO8, PO9, PO10, Oz, O1, O2, P5, P6, P7, P8) for further analyses. For 

these electrodes, an exploratory investigation of the peak latency of the difference wave between 

the deviant and standard trials (deviant - standard) yielded an average peak latency of 151ms 

(range 143-158ms) across conditions, consistent with previous literature and our visual 

inspection of the data; accordingly, the 100-200ms time window was selected for analysis of 

MMN mean amplitude values for the 14 selected electrodes. 

      A three-step analysis was performed on the EEG data. First, repeated-measures ANOVAs 

were conducted on the mean amplitude in this time window across selected electrodes, in each of 

the three conditions for each group respectively, to verify whether there was a deviance effect in 

each condition. Specifically, in the face-only condition, deviance (standard and deviant) and 

facial expression of deviants (fear and sadness) were adopted as within-subjects factors for a 

two-way repeated-measures ANOVA; in the face-voice condition, deviance (standard and 
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deviant), facial expression of deviants (fear and sadness), and congruence of deviants (congruent 

and incongruent) served as within-subjects factors for a three-way repeated-measures ANOVA; 

in the face-tone condition, deviance (standard and deviant), facial expression of deviants (fear 

and sadness), and tone (frequency 1 and frequency 2) were included as within-subjects factors 

for a three-way repeated-measures ANOVA.  

      Second, difference waves were obtained by subtracting the mean amplitude in the standard 

trials from that in the deviant trials (deviant - standard) for the 100-200ms time window in each 

condition. In the face-only condition where there were only visual-evoked potentials, the 

difference wave was considered as a visual Mismatch Negativity (vMMN) elicited by deviant 

faces relative to standard ones (Astikainen & Hietanen, 2009; Susac et al., 2004; Zhao & Li, 

2006). In the face-voice and face-tone conditions, while facial stimuli were varied as deviant and 

standard trials, the auditory stimuli were identical across all trials (fear or sad voices in the face-

voice condition; pure tones in the face-tone condition). Thus, the same auditory brain potentials 

were evoked in all trials while different visual potentials were elicited in standard versus deviant 

trials. Therefore, by subtracting the ERPs in the standard trials from those in the deviants, the 

auditory potentials were eliminated and the obtained difference wave was also considered as a 

visual-evoked MMN component.  

      Third, to further clarify how the difference wave was modulated by culture, a second three-

way repeated-measures ANOVA was conducted on the amplitude of vMMN across selected 

electrodes, with Condition (face-only, face-voice, and face-tone) as the within-subjects factor, 
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while Group (Chinese and English) and Gender (female and male) served as two between-

subjects factors. 

      Last, in order to further examine whether the two groups of participants’ brain responses in 

the two experiments were correlated with one another, Pearson correlation two-tailed tests were 

conducted for each group between the mean amplitude of vMMN in the face-voice condition of 

the Oddball task and the amplitude of the N400 difference wave in each of the two conditions of 

the Stroop task, i.e., face judgment and voice judgment condition, respectively.   

3.7. Results 

      First, the main effect of deviance was found to be significant on the mean amplitude in the 

100-200ms time window across the selected electrodes for each condition performed by each 

group (Chinese face-only condition, F(1, 19) = 7.011, p < .01, r = 0.519; Chinese face-voice 

condition, F(1, 19) = 15.256, p < .01, r = 0.667; Chinese face-tone condition, F(1, 19) = 6.963, p 

< .01, r = 0.518; English face-only condition, F(1, 18) = 7.709, p < .01, r = 0.548; English face-

voice condition, F(1, 18) = 6.910, p < .01, r = 0.527; English face-tone condition, F(1, 18) = 

6.884, p < .01, r = 0.526). This means that deviant trials elicited a more negative going ERP 

amplitude than standard trials, implying that a visual MMN effect was evoked in each 

experimental condition. No significant effect involving facial expression of deviants, congruence 

of deviants, and tone frequency was found (ps > .37; see Figure 7).  
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Figure 7. Grand averages elicited by standard trials (solid lines), deviant trials (dotted lines), and 

the difference wave (dashed lines; deviant - standard) at Oz electrode for each condition of each 

group. 

      The following three-way repeated measures ANOVA on vMMN revealed a significant main 

effect of Condition (F(2, 66) =32.718, p < .01, r = 0.576). Overall, a larger vMMN was observed 

in the face-voice condition than the other two conditions. More importantly, the interaction of 

Condition and Group was significant (F(2, 66) = 5.263, p < .05, r = 0.272). Simple effects 

analysis specified that the effect of Condition was significant in the Chinese group (F(2, 32) = 

5.530, p < .05, r = 0.384), which showed a larger vMMN in the face-voice condition than the 

face-only and face-tone conditions. No such effect was observed in the English group (p = .32). 

The effect of Group was significant in face-voice condition, where the Chinese showed a larger 

vMMN than the English group (F(2, 32) = 6.297, p < .01, r = 0.405; see Figure 8). No effect 
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involving Gender was found (ps > .27)
 2

. See Table 4 for a summary of the means and standard 

deviations for the amplitude values of the vMMN component.  

 

 

                                                             
2
 We reanalyzed the MMN data with equal number of standards (those preceding the deviants) and deviants and 

consistent results were found. In the first ANOVA, the main effect of deviance was significant for the mean 

amplitude in the 100-200ms time window across the selected electrodes for each condition of each group (Chinese 

face-only condition, F(1, 19) = 6.717, p < .01, r = 0.511; Chinese face-voice condition, F(1, 19) = 13.046, p < .01, r 

= 0.638; Chinese face-tone condition, F(1, 19) = 6.352, p < .01, r = 0.501; English face-only condition, F(1, 18) = 

5.513, p < .05, r = 0.484; English face-voice condition, F(1, 18) = 7.106, p < .01, r = 0.532; English face-tone 

condition, F(1, 18) = 6.141, p < .01, r = 0.504). No significant effects involving facial expression of deviants, 

congruence of deviants, or tone frequency were found (ps > .20). The second ANOVA on vMMN revealed a 

significant main effect of Condition (F(2, 66) =28.441, p < .01, r = 0.549) and a significant interaction of Condition 

and Group (F(2, 66) = 6.017, p < .05, r = 0.289). Simple effects analysis specified that the effect of condition was 

significant in the Chinese group (F(2, 32) = 5.976, p < .01, r = 0.397), which showed a larger vMMN in the face-

voice condition than the face-only and face-tone conditions. No such effect was observed in the English group (p 

= .17). No effect involving Gender was found (ps > .10). 
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Figure 8. (a) Grand averages at Oz electrode and topographic maps of vMMN for each condition 

of each group; (b) Mean amplitude values of vMMN averaged across selected electrodes for each 

condition of each group.  

Table 4. Means and standard deviations (in parentheses; μV) of the mean amplitude of vMMN in 

Experiment 2 for each experimental condition (Std: standard trials; Dvt: deviant trials)      

   Chinese English 

Face-only 
Std: sad face; Dvt: fear face -0.37(0.81) -0.30(0.94) 

Std: fear face; Dvt: sad face -0.38(0.90) -0.29(0.88) 

Face-voice 

Std: sad face & sad voice; 

Dvt: fear face& sad voice 
-0.53(0.97) -0.29(0.62) 

Std: sad face & fear voice; 

Dvt: fear face& fear voice 
-0.54(1.00) -0.28(0.64) 

Std: fear face & sad voice; 

Dvt: sad face & sad voice 
-0.53(0.87) -0.28(0.70) 

Std: fear face & fear voice; 

Dvt: sad face & fear voice 
-0.55(1.02) -0.28(0.60) 

Face-tone 

Std: sad face & tone1; 

Dvt: fear face & tone1 
-0.31(0.79) -0.34(0.78) 

Std: sad face & tone2; 

Dvt: fear face & tone2 
-0.32(0.83) -0.35(0.91) 

Std: fear face & tone1; 

Dvt: sad face & tone1 
-0.32(0.67) -0.33(0.86) 

Std: fear face & tone2; 

Dvt: sad face & tone2 
-0.31(0.75) -0.34(0.81) 
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      Finally, correlation analyses conducted on the ERP data between the two experiments 

showed that for the Chinese group, vMMN in the face-voice condition was not significantly 

correlated with the N400 difference wave in either condition of the Stroop task (ps > .09). On the 

other hand, the English group exhibited a trend towards a negative correlation between vMMN 

in the face-voice condition and the N400 difference in the voice judgement condition of the 

Stroop task (r(17) = -.21, p = .07), but not in the face judgement condition (p = .17). This result 

suggests that the English participants who showed larger N400 differences in judging the voice 

of the Stroop task tended to yield smaller vMMN in the face-voice condition in the Oddball task. 

3.8. Discussion 

      Our ERP results of Experiment 2 provide solid evidence of the effect of culture on an earlier 

perceptual processing stage of emotion processing for combined facial and vocal expressions. In 

particular, the Chinese group exhibited a larger vMMN component in the face-voice condition 

relative to the other two conditions, while no such pattern was witnessed in the English group. 

This suggests that Chinese participants were more attentive/susceptible than English participants 

to the influence of concurrent vocal cues during early stages of face processing, consistent with 

the idea that individuals from East Asian cultures are more sensitive to vocal cues in 

communication, as early as 100ms after stimulus onset.  

      As expected, a visual MMN component was observed in each experimental condition for 

each participant group, indicated by a difference wave between the more negative going 
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potentials in deviant versus standard trials. Given the fact that auditory stimuli in the face-voice 

and face-tone conditions were identical across standard and deviant trials, which evoked 

identical auditory potentials, the MMN in these conditions is considered as a pure visual 

component (vMMN), where the auditory potentials have been eliminated. The observation of 

vMMN in all three conditions suggests that participants of both groups detected the changes in 

facial expressions at an early perceptual stage, even though they were actively looking for the 

target circles rather than the facial expressions. In addition, this component was not altered by 

exchanging the standard and deviant trials (i.e., no significant effects involving emotion, 

congruence, or tone type in the three conditions), suggesting that the MMN effect was not 

influenced by the specific emotional meanings of the facial and vocal stimuli, or the acoustic 

properties of the tones (Maekawa et al., 2005; Schirmer, Striano, et al., 2005; Stagg et al., 2004). 

      Of greater theoretical import, our experiment supplies initial evidence that the cultural 

background of participants modulates the processing of emotional cues even at early stages of 

(pre-semantic) stimulus processing. Specifically, individuals in the Chinese group showed larger 

vMMN amplitudes in the face-voice condition than the face-only and face-tone conditions, 

whereas no difference was observed between conditions for English participants. The amplitude 

of the MMN component is thought to reflect the magnitude of discrepancy of the deviant 

stimulus, inducing a larger MMN when participants detect greater discrepancy (Campbell, 

Winkler, & Kujala, 2007). Therefore, the larger vMMN of the Chinese group in the face-voice 

condition suggests that Chinese participants detected larger deviancy in this condition than in the 
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other two conditions. Given the fact that the facial expressions in all conditions were identical, it 

is inferred that the larger MMN effect in the face-voice condition is due to the presence of 

concurrent vocal information; in other words, the accompanying voices enhanced the MMN 

effect for the Chinese group, but not for the English group. These findings support our 

hypothesis that Chinese participants are more attentive to vocal cues than English participants 

even at the very early perceptual processing stage indexed by the MMN component. While this 

expected bias was not observed in the Chinese group in the Stroop task due to limitations of the 

stimuli, results of Experiment 2 clearly demonstrated the predicted higher sensitivity to vocal 

cues of the Chinese. 

      Interestingly, no difference was found in the face-tone condition compared with the face-only 

condition. This might suggest that this effect is unique to human vocal expressions that bear 

special significance to human communication (Belin, Zatorre, Lafaille, Ahad, & Pike, 2000). 

This is compatible with the species-specific effect on cross-channel cue integration observed in 

previous literature which, for example, reported that the recognition of emotional body posture 

was influenced by human vocalizations to a larger extent than by animal sounds (van den Stock 

et al., 2008). Another possible reason that the face-only and face-tone conditions yielded similar 

results is that compared to the face-voice condition, the other two conditions are more similar to 

each other. While the vocal stimuli in the face-voice condition consisted of a variety of different 

utterances, auditory stimuli in the face-tone condition (i.e., a single pure tone) were identical 

across trials, which may have allowed participants to easily habituate to these unchanging stimuli 
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in the face-tone condition similar to the face-only condition. Future studies using non-vocal 

auditory stimuli with similar degrees of variety and complexity to the vocal stimuli (e.g. 

environmental sound) would help to clarify this question. 

      In the English group, no difference in vMMN was found between the face-voice condition 

and the other two conditions, implying that these participants were not influenced by 

simultaneous vocal cues when they were processing the faces, at least not to the extent that the 

visual MMN effect was significantly enhanced. In contrast, a previous study reported that an 

auditory MMN component was induced by discrepant information in concurrent facial cues for 

Dutch participants (de Gelder et al., 1999). This finding, coupled with our results, implies an 

asymmetric pattern in Western participants, whereby vocal cues do not automatically influence 

early facial expression processing indexed by the vMMN in the same way that facial displays 

automatically modulate the aMMN (i.e., early processing of vocal cues). A similar asymmetry 

was documented in letter-speech sound processing in Dutch participants, where the aMMN in 

response to speech sounds was modulated by concurrent visual letters, whereas the vMMN in 

response to letters was not influenced by concurrent speech sounds (Froyen, van Atteveldt, & 

Blomert, 2010; Froyen, van Atteveldt, Bonte, & Blomert, 2008). Given the fact that these 

findings were all observed in participants from the Western culture (English North Americans, 

Dutch), this asymmetric pattern in the MMN effect, showing that English participants were 

influenced by faces but not voices, is in keeping with findings of Experiment 1 where the same 

participants were influenced more by the to-be-ignored faces in the voice task than by the to-be-
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ignored voices in the face task. Taken together, findings from Experiment 2 underline important 

distinctions in how individuals from Western and East Asian cultures respond to different 

elements of human emotional expressions as they are processed in real time, establishing 

differences in on-line brain responses to these stimuli at both semantic and pre-semantic 

processing stages for the first time.          

3. General discussion 

      The present study investigated cultural differences between a Western group, English-

speaking North Americans, and an East Asian group, Mandarin-speaking Chinese, in how they 

perceive emotions across faces and voices. Our data demonstrate robust differences between the 

two groups in multi-sensory emotion perception: while processing emotional face-voice pairs, 

the English group experienced greater interference from facial expressions, whereas Chinese 

participants were influenced to a relatively greater extent by emotional voices. Importantly, this 

distinction was observed at both behavioural and neural levels, reflected by behavioural accuracy 

and ERP components at different processing stages, e.g., the later N400 and early vMMN.  

      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 multimodal emotional stimuli, where they showed higher sensitivity to vocal cues than 

both semantic information (Ishii et al., 2003; Kitayama & Ishii, 2002) and facial displays 



 

104 
 

(Tanaka et al., 2010) in comparison to 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 & Tohkura, 1991). The 

consistency between the present study and the relevant literature suggests that the cultural 

characteristics previously found in 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 for the 

first time demonstrates 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 ERP components during both late and earlier processing 

stages (e.g., N400 and vMMN). In the literature on visual perception, a cultural effect has been 

reported on the N400 component in visual emotion/object perception (Goto et al., 2010; Goto et 

al., 2013), and on the MMN component in colour perception (Thierry et al., 2009). The present 

study provides the first electrophysiological evidence that these two ERP components are also 

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.  

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, a pertinent question is how to explain these differences and how they shape 
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underlying neurocognitive mechanisms. In the case of emotion communication, as has been 

mentioned earlier in the introduction section, it has been argued that culture-specific display 

rules, which play a critical role in regulating how emotions are expressed in socially appropriate 

ways, also play a role in emotion perception (Engelmann & Pogosyan, 2013; Ishii et al., 2003; 

Park & 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 & Pogosyan, 2013; Matsumoto, 1990; Matsumoto et al., 2002; 

Matsumoto et al., 2008). 

      In contrast to Western individualist cultures, East Asian collectivist cultures consider the 

social harmony within a group as more valuable and important than the needs of individuals 

(Hall & Hall, 1990; Scollon & Scollon, 1995), meaning that culture-specific display rules are 

adopted to avoid social conflicts and to maintain harmony (Gudykunst et al., 1996; Matsumoto et 

al., 1998). For instance, research shows that in East Asian cultures, indirectness in 

communication is more common and socially-acceptable than direct references when compared 

to Western cultures (Bilbow, 1997). Indirectness is typically expressed by unfinished sentences 

or vague linguistic expressions (e.g., a little, about, possibly, etc.) to prevent potential conflicts or 

embarrassment that might threaten the face of an interlocutor, to such an extent that the listener 

has to make a reasonable inference as to what is intended (McGloin, 1984). It has been reported 

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 
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irrespective of the presence of another person; this suggests that Western cultures encourage 

explicit emotional expressions by faces, whereas East Asian cultures endorse the control of facial 

expressions, especially negative ones, to maintain harmonious relations within a group (Ekman, 

1971; Markus & Kitayama, 1991; Matsumoto et al., 1998; Matsumoto et al., 2008; Matsumoto et 

al., 2005). Moreover, East Asians are more inclined to avoid eye contact during face-to-face 

interactions than individuals from Western cultures. They perceive faces with direct eye gaze as 

unapproachable and unpleasant (Akechi et al., 2013; Sue & Sue, 1977) and consider the 

avoidance of eye contact as a sign of respect and politeness to others, which is beneficial to 

social harmony (Hawrysh & Zaichkowsky, 1991; McCarthy et al., 2006; McCarthy et al., 2008).  

      These culture-specific display rules and related procedures for regulating emotion expression 

in daily life (e.g., amplification/deamplification of emotions, masking, etc.) are learned during 

critical developmental stages and maintained throughout the lifespan (Ekman et al., 1969; 

Engelmann & Pogosyan, 2013; Matsumoto, 1990; Matsumoto et al., 2002; Matsumoto et al., 

2008). This results in sustained culture-specific learning experiences about emotional 

expressions, including routine participation in behavioural practices and exposure to particular 

patterns of emotional expressions of others, which in turn shapes perceptual and attentional 

biases for extracting and processing emotional information (Nisbett et al., 2001). In East Asian 

cultures, the more frequent use of incomplete sentences and vague expressions in speech, the 

constrained facial expressions, and reduced eye contact in comparison with Western cultures, 

may lead to the fact that East Asians need to rely more on cues from other sources to convey 
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their feelings effectively. Indeed, it has been found that in East Asian communication, the 

proportion of information conveyed by semantic content is relatively smaller than that in Western 

cultures, and contextual and nonverbal cues are likely to play a relatively larger role (Ambady, 

Koo, Lee., & Rosenthal, 1996; Hall, 1976; Markus & Kitayama, 1991). This pattern results in 

sustained social communication experiences in which both semantic and facial information is 

relatively less available for East Asians, and the efficiency of sampling emotional information 

from semantic content or faces is reduced. In order to infer the feelings of the others, East Asian 

individuals may develop cognitive biases that allow prioritized sampling of relevant information 

from other available information sources, e.g., the vocal cues, as a strategy for efficient 

communication.  

      In contrast, Americans are known to show a bias to infer others’ intentions from what is 

literally being said, while tending to neglect other social constraints on the speaker (Gilbert & 

Malone, 1995). Thus, cultural specificities in the availability of emotional information from 

different sources, which to a large extent are determined by display rules, may contribute to 

people’s habitual patterns of perceptual and attentional biases in 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 different levels of brain activity, indexed 

by N400 and MMN components, that are implicated in the full semantic elaboration of multi-

sensory emotion expressions in both the present study and in previous literature (de Gelder et al., 

1999; Ishii et al., 2010; Schirmer & Kotz, 2003). 
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      While acquired knowledge about display rules may underlie cultural differences in the 

electrophysiological and behavioural responses of Chinese and English participants tested in this 

study, an alternative interpretation centres on the linguistic characteristics of the language spoken 

by each group. 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, 

whereas no such lexical tones exist in the English language. It is therefore possible that Mandarin 

speakers, who unlike English speakers constantly attend to variations in pitch cues to ascertain 

word meanings, have developed a higher sensitivity to subtle changes in voice/pitch cues as early 

as the MMN effect, not only in lexical processing but when vocal cues are encountered in other 

speech contexts, such as when they convey emotions. In this study, this may be partly 

responsible for the observed sensitivity to emotional vocal cues when Mandarin speakers 

processed emotional pseudo-speech. Interestingly, the two other East Asian languages that have 

been studied previously in this literature, Japanese (Ishii et al., 2003; Kitayama & Ishii, 2002; 

Tanaka et al., 2010) and Tagalog (Ishii et al., 2003), are not complex tone languages; rather, they 

both use “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 or ‘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.  
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      While both cultural display rules and the tonal structure of a language could each contribute 

to culture-specific biases in how emotional expressions are processed, our current data cannot 

disambiguate the contribution of these two factors within the current experimental design. 

Further data will be needed to disentangle the role of display rules and linguistic competence in 

the processing of tonal contrasts in a language as possible determinants of the cultural 

differences we observed. For example, a study employing the same tasks but adopting emotional 

vocalizations, instead of pseudo-utterances, as vocal stimuli would help determine whether 

similar cultural differences would be observed when no linguistic information is involved in 

emotion processing. Another option is to administer our current protocol to a group of 

participants who come 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 

(e.g., standard Korean); or to a group who come from a Western individualist culture but speak a 

language with certain features of lexical tones (e.g., Swedish or Norwegian). The extent to which 

such a group would show a similar culture-specific bias in processing cross-channel emotions in 

comparison to the Chinese and English North American groups would shed important light on 

these outstanding issues.  

Future directions 

      The present study supplies significant new evidence of how culture modulates human 

behaviour and real-time brain responses during emotional communication; in addition, it points 

to several new directions for future studies. First, due to the strict selection and matching of the 
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facial and vocal stimuli and the limited number of items from the available databases, only two 

negative emotions, sadness and fear, were included in this study. Future studies adopting other 

emotional categories would clarify whether the observed cultural differences in this study may be 

generalized to other discrete emotions, especially positive emotions. Given the different socio-

cultural meanings that are often attributed to positive expressions and events (Lu & Gilmour, 

2004; Oishi, Graham, Kesebir, & Galinha, 2013; Uchida, Norasakkunkit, & Kitayama, 2004), it 

would be interesting to explore whether there would be any different culture-specific pattern in 

processing positive multi-sensory emotions relative to negative ones.  

      The Chinese participants tested in the present study 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, future studies that clarify how 

different types of cultural experiences (e.g., short- vs. long-term cultural immersion, different 

degrees of acculturation, etc.) shape brain functioning during communication will be greatly 

beneficial. For instance, it would be valuable to investigate how Chinese individuals who 

immigrated to North America as young adults, and have been living in the new host culture for 

an extended time period, perceive multimodal emotional stimuli in comparison to both their 

native Chinese culture and the host North American culture. A follow-up study involving such a 

group of Chinese immigrants is currently underway.       

      In addition to the between-group differences observed in emotion perception, individual 
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differences in certain cultural values (e.g., independence vs. interdependence) have also been 

associated with cognitive biases in the processing of emotions. For instance, using similar 

emotional Stroop tasks, participants with higher social orientation scores (i.e., an individual’s 

preparedness to participate in social interactions) displayed a larger N400 effect when identifying 

the emotion of word meaning while ignoring the spoken tone (Ishii et al., 2010); also, 

participants with higher interdependent self-construal scores exhibited larger N400 effects when 

processing focal versus background visual information of an emotional nature (Goto et al., 2010). 

Future studies examining the relations between individual differences in cultural/social values 

and the neuro-cognitive patterns in processing facial-vocal emotions would further demonstrate 

the way the neuro-cognitive system works in accordance with various cultural, social, and 

individual factors. 

      Last, while the present study focuses on cultural effects on the time course of emotion 

perception as elucidated by high temporal-resolution ERP measurements, future studies are 

needed to localize the neural generators involved in these cultural effects with fine spatial 

resolution. Previous functional neuroimaging evidence suggests that culture affects temporal and 

parietal lobe functions based on the fact that American participants showed larger activation in 

these brain areas relative to East Asians when they were viewing focal as opposed to background 

visual objects (Gutchess, Welsh, Boduroglu, & Park, 2006). Neuroimaging evidence also 

indicates that culture shapes fronto-parietal functions involved in top-down executive control: 

compared to culturally-favoured cognitive tasks, culturally-unfavoured tasks, which require 
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greater attentional resources, induced greater activity in this region (Hedden, Ketay, Aron, 

Markus, & Gabrieli, 2008). It is possible that changes in these brain areas, which are also 

implicated in multi-sensory emotion processing (Ethofer, Pourtois, & Wildgruber, 2006), 

contribute to the observed cultural effects on the N400 which possibly involve both semantic 

processing and conflict control processes. In addition, cultural differences during emotional face 

processing appear to modulate activation of the amygdala (Adams et al., 2010; Chiao et al., 2008; 

Derntl et al., 2009; Derntl et al., 2012; Moriguchi et al., 2005), a structure associated with rapid, 

selective processing of emotion-related information independent of attention and consciousness 

(Morris et al., 1996; Pessoa, 2010). This suggests that culture-specific patterns affecting early 

stages of emotional information processing, such as the MMN effects we observed in 

Experiment 2, can also be elucidated by future work that focuses on how functional brain 

networks are modulated by cultural experiences and related social factors. In particular, a 

combined EEG/fMRI technique would provide a more comprehensive picture integrating both 

the temporal and spatial characteristics of neural mechanism underlying cultural differences in 

emotion perception, and contribute greater insights into the relations between culture, emotion, 

and the brain.  
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Preface to Study 2 

      Study 1 was designed to elaborate on the differences between two cultural groups, Chinese 

and English North Americans, with respect to how they perceive multi-sensory emotions 

encoded by faces and voices. To this aim, we investigated how these two groups process 

emotional face-voice pairs in two ERP experiments. The findings of the first study provided 

novel insights about cultural differences in multi-sensory emotional communication: while the 

English North Americans showed higher sensitivity to facial information, the Chinese group was 

found to be more sensitive to vocal cues. Importantly, these differences were observed at both 

early and later temporal processing stages as indicated by behavioural accuracy, N400 and 

vMMN components. Therefore, our results underscore the notion that culture shapes not only 

how individuals assign significance to emotional stimuli through explicit behavioral judgements, 

but also the underlying neural responses to multi-sensory emotional stimuli as they are processed 

and cognitively elaborated in real time.  

      The observed differences between cultural groups in Study 1 provides further motivation to 

address the research question posed in Study 2: in addition to cultural origins, does cultural 

immersion have an impact on how emotional expressions are processed when individuals adopt a 

new host culture? To investigate this question, a third group, Chinese immigrants to Canada, was 

tested using identical ERP methods as those in Study 1. The two groups tested in the first study, 

Chinese and English North Americans, were adopted as control groups in Study 2 to understand 

the effects of cultural immersion and adaptation on patterns in the data. 
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Abstract: To explore how cultural immersion and adaptation modulate human responses to 

emotional cues, this study tested how a group of Chinese immigrants to Canada process multi-

sensory emotional expressions and then compared their performance to existing data from two 

groups, Chinese and English North Americans. Experiment 1 (Stroop task) presented face-voice 

pairs expressing congruent or incongruent emotions and participants judged the emotion of one 

modality while ignoring the other. The behavioural response pattern of Chinese immigrants was 

similar to that of the English group, with more interference from irrelevant faces than voices, 

although their neural (N400) response was more similar to the Chinese group. In Experiment 2 

(Oddball task), Chinese immigrants passively viewed facial expressions with or without 

simultaneous vocal emotions; here, they exhibited a larger visual MMN potential for faces 

accompanied by voices, mirroring patterns observed for Chinese as opposed to English 

participants. Correlation analyses indicated that the duration of cultural immersion in Canada 

was associated with neural (N400 and vMMN) response patterns resembling those of English 

participants within the Chinese immigrant group. Our data suggest that in the context of multi-

sensory emotion processing, adopting a new host culture first leads to accommodation at the 

behavioural level followed by alterations in the brain activities of immigrants, supplying new 

evidence on human’s neurocognitive plasticity in (emotional) communication.    

Key words: Cultural adaptation, emotion, ERP, facial expression, vocal tone 

 

 



 

116 
 

1. Introduction 

      As immigration proliferates worldwide and the mobility of migrants increases, the experience 

of immersing oneself in a new, often distant environment with distinct cultural conventions is 

increasingly commonplace. In many regions of the world, immigrants constitute a large part of 

the population in their host culture; for these individuals, there are growing signs that cultural 

immersion has a significant impact on their psychological and neurocognitive functioning over 

time, including changes in how socio-emotional cues are processed.  

      For instance, in a cross-cultural study that used a visual search task composed of facial 

expressions, Damjanovic et al. (2013) found that Caucasian British participants displayed a 

search advantage for happy faces, whereas Japanese participants in Japan showed comparable 

performance for happy versus angry faces. Interestingly, a group of Japanese participants living 

in the U.K. showed an advantage for happy faces resembling the British participants, implying 

that their behavior had accommodated to the host culture (Damjanovic et al., 2013). In the 

neuroimaging literature, related studies report that Asian participants show stronger amygdala 

responses to Caucasian facial expressions than European participants, although these activation 

patterns seem malleable to the effects of prolonged cultural immersion: Asians who had lived in 

Europe for a longer period of time showed reduced amygdala responses, a tendency resembling 

the pattern of the host (European) culture (Derntl et al., 2009; Derntl et al., 2012). Further 

evidence that individuals who live longer in a foreign culture show more similar 

cognitive/neurocognitive patterns to their host culture is taken from studies of colour perception 
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(Athanasopoulos, 2009; Athanasopoulos et al., 2010), object classification (Athanasopoulos, 

2007), and length perception (Kitayama et al., 2003). These findings suggest that immersion in a 

new culture, and the amount of cultural exposure, shape and modify certain cognitive processes 

on both behavioural and neural levels. 

      While our impressions of the world and other people typically depend on cues from multiple 

sensory modalities—such as when individuals encounter emotional cues encoded in both a 

speaker’s face and voice—few have investigated the effects of cultural immersion on multi-

sensory emotion processing, a task critical for effective interpersonal communication in society. 

Recently, we used event-related potentials (ERPs) to examine neural responses to multi-sensory 

emotional stimuli at two distinct processing stages, in order to compare these data between two 

groups of adults with distant cultural origins, Chinese and English North Americans (Liu, 

Rigoulot, & Pell, under review). Using an emotional Stroop task composed of face-voice pairs, 

in which participants had to identify the emotional meaning of one modality and ignore the other, 

we found that English participants showed large interference effects from unattended faces but 

little interference from unattended vocal cues at the presumed stage of accessing emotional 

meanings; this pattern characterized both their behavioral judgments and N400 response to the 

stimuli. In sharp contrast, Chinese participants performed in a relatively comparable manner in 

the two attention conditions for both measures. To examine whether cultural differences would 

also emerge at an earlier stage of emotional perceptual processing, participants then performed 

an Oddball task consisting of the same facial-vocal stimuli; here, we found that the Chinese 
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group, but not the English group, exhibited a larger visual mismatch negativity (vMMN) 

component when processing facial expressions accompanied by emotional voices than when 

processing faces alone or accompanied by auditory pure-tone stimuli. Together, these results 

argue that while the English group showed an attentional bias to facial expressions over voices, 

the Chinese were generally more attuned to vocal information; importantly, these cultural biases 

were observed not only on the behavioural level (Ishii et al., 2003; Kitayama & Ishii, 2002; 

Tanaka et al., 2010) but also in neural activities gauged by N400 and vMMN.  

      Cross-cultural differences in processing multi-sensory emotions are arguably due to culture-

specific display rules (Engelmann & Pogosyan, 2013; Ishii et al., 2003; Liu et al., under review; 

Park & Huang, 2010) but could also be influenced by tonal features of the languages spoken by 

particular groups of interest (Liu et al., under review). In East Asian/Chinese collectivist cultures, 

specific display rules are adopted to avoid conflicts and maintain social harmony, including: 

indirect speech acts (Bilbow, 1997; McGloin, 1984), less eye contact (Hawrysh & Zaichkowsky, 

1991; McCarthy et al., 2006; McCarthy et al., 2008), and restrained facial expressions (Ekman, 

1971; Markus & Kitayama, 1991; Matsumoto et al., 1998). These conventions may reduce the 

availability of linguistic/semantic and visual/facial cues during social perception, yielding a 

higher reliance on tonal/vocal cues to infer others’ intentions in many East Asian cultures such as 

Chinese (Liu et al., under review) or Japanese (Ishii et al., 2003; Kitayama & Ishii, 2002; Tanaka 

et al., 2010). In contrast, in North America, facial and semantic information tends to be more 

accessible because many Western individualist cultures favour direct speech, more eye contact, 
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and more expressive/less constrained facial expressions, which could promote higher sensitivity 

to faces than vocal information in Western cultures. The possibility that speakers of a tone 

language such as Chinese, who constantly attend to fine tonal variations during speech 

processing, become more sensitive to vocal information in general, must also be considered 

when explaining these results.  

      But how does cultural immersion affect the way that immigrants respond to emotional 

stimuli, and does the neurocognitive apparatus adapt to the host culture in the domain of social 

communication? Given evidence that English North Americans and Chinese differ in both 

behavioral and ERP responses to multi-sensory emotional displays, this study tested a group of 

Chinese immigrants to Canada using the same experimental protocols described by Liu et al. 

(under review), treating data from the Chinese and English groups as anchors for evaluating the 

effects of cultural immersion on emotion processing. To our knowledge, this is the first study to 

test how cultural immersion shapes operation of the neurocognitive system for perceiving and 

assigning meaning to complex emotional events that ubiquitously occur in face-to-face social 

interactions. Based on the literature, we hypothesized that increased exposure to Western display 

rules and language features (e.g., lack of phonemic tone contrasts in English) would modulate 

Chinese immigrants’ responses to combined face-voice emotional expressions to accommodate 

conventions of the host culture over time. Specifically, Chinese immigrants should exhibit 

response patterns that increasingly resemble the English group tested by Liu et al. (under review) 

when compared to their native culture (Chinese): analyses of behavioral judgements and N400 
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response in the emotional Stroop task (Experiment 1) should demonstrate an increasing bias for 

facial information in the immigrant group; and analysis of vMMN in the Oddball task 

(Experiment 2) should point to reduced interference of vocal cues across conditions when 

passively viewing emotional faces in the Oddball task. We predicted that patterns reflecting a 

shift in response from the native (Chinese) to host (English) culture would be associated with the 

duration of exposure to Western culture, although the exact time course of these effects and their 

relative impact on behavior versus on-line neural activities could not be predicted with any 

certainty from the literature.  

2. Experiment 1: Emotional Stroop task 

2.1. Participants 

      Eighteen Chinese immigrants to Canada (10 female, 8 male) were tested. They were native 

Mandarin speakers born and raised in China who immigrated to Canada between 10 to 18 years 

old; they had lived in Canada for a minimum of five years by the time of testing and used English 

and/or French as their second language(s) for at least 20 hours per week. All participants gave 

informed consent before entering the study and were financially compensated. In addition, the 

Chinese (n = 20) and English North American (n = 19) participants tested in our previous study 

were adopted as control groups for cross-cultural comparisons, with Chinese as the group of 

native culture and English as the group of host culture. The immigrants were younger than the 

other two groups on average (F(2, 54) = 3.525, p < .05), while the three did not differ in years of 
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education (F(2, 54) = 0.093, p = .911; Table 1).  

Table 1. Background information of the three cultural groups 

 Chinese immigrants Chinese English 

Years of age (standard deviation) 21.82(2.04) 24.55(2.75) 25(3.91) 

Years of Education (standard deviation) 15.29(1.13) 16.45(2.68) 14.18(2.19) 

Years of age of arrival in Canada (range) 12.55 (11-18) N/A N/A 

Years of stay in Canada (range) 9.35 (6-12) 0.82 25 

Hours of second language use per week (range) 71 (68-81) N/A N/A 

2.2. Stimuli  

      This study employed the same Chinese pseudo-utterances and Chinese facial expressions 

used by Liu et al. (under review). Eight (2 items × 4 speakers) Chinese pseudo-utterances spoken 

in sadness or fear were adopted as vocal stimuli (Liu & Pell, 2012), which were cut into 800ms 

segments from the onset to ensure consistent length across items. Pseudo-utterances were 

composed of pseudo content words conjoined by real function words, rendering the utterances 

meaningless but possessing natural segmental/supra-segmental properties of the target language 

(Banse & Scherer, 1996; Pell, Paulmann, et al., 2009; Rigoulot et al., 2013). Facial stimuli 

consisted of 6 black-white Chinese faces (1 item × 6 actors) expressing sadness or fear (Beaupré 

& Hess, 2005). Both vocal and facial stimuli had been validated in our previous study (for details 

see Liu et al., under review); they all have medium to high recognition rates and emotional 

intensities, which were matched between modalities (vocal and facial) and emotions (fear and 

sadness) to control for emotional salience. Faces were synchronized with voices to construct 

face-voice pairs of 800ms, including both congruent (fearful face & fearful voice, sad face & sad 

voice) and incongruent (fearful face & sad voice, sad face & fearful voice) trials.  
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2.3. Task, EEG recording and preprocessing  

      An emotional Stroop task composed of two conditions was administered: face task and voice 

task conditions. Each condition consisted of 1 block of 192 trials, with 96 congruent trials (48 

fearful face-voice pairs, 48 sad face-voice pairs) and 96 incongruent trials (48 fearful face-sad 

voice pairs, 48 sad face-fearful voice pairs). Each trial started with a 1000ms fixation cross at the 

center of the monitor followed by a 500 ms blank screen, then immediately followed the 

presentation of the face-voice pair. The face was displayed at the center of the monitor (18 × 

12.5 cm) and the voice was presented binaurally via headphones. The participants had to respond 

as quickly and as accurately as possible to identify the emotion of the face (face task condition) 

or the voice (voice task condition) as conveying fear or sadness while ignoring the other 

modality. Participants responded by pressing one of two buttons on a response box. The 

assignment of the labels of response options, fearful (“害怕” in Chinese) and sad (“伤心” in 

Chinese), to the right and left buttons was counterbalanced. Following a response (or after 

3500ms post-offset of the face-voice stimulus without a response), a variable inter-trial interval 

of 500-1000ms occurred before the next trial (Figure 1). All trials were presented randomly 

within each block. The order of the two conditions was counter-balanced among participants, and 

a 5-10min break was inserted between blocks.  
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Figure 1. (a) Examples of facial expression and pseudo-sentence in Chinese. (b) Trial procedure 

of the Stroop task. 

      EEG signals were recorded during the task from 64 cap-mounted active electrodes (10/10 

System) relative to FCz reference (Brain products, ActiCap, Munich) with a sampling rate of 

1000 Hz. Bipolar horizontal and vertical electrooculograms (EOG) were recorded for artifact 

rejection. All electrode impedance was kept below 5 kOhm. The EEG data were off-line 

resampled to 250 Hz, re-referenced to grand average, and 0.1-30 Hz bandpass filtered. They 

were then epoched from -200 to 800 ms relative to the facial-vocal stimulus onset with 200ms 

pre-stimulus baseline, and inspected visually to reject bad channels and trials containing large 

artifacts. EOG artifacts were rejected by means of ICA decomposition. For further analysis, only 

trials with correct responses were included. After all, an average of 81% of the data were 

retained for statistical analysis (face task condition: 79.2%; voice task condition: 82.3%).  

2.4. Statistical analyses 
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      Statistical analyses followed an identical protocol to Liu et al. (under review), focusing on 

both behavioural (accuracy and response time, i.e., RT) and N400 data. Based on our predictions 

of the Stroop effect and previous N400 literature, we expected to observe N400 differences in the 

middle fronto-centro-parietal region falling within the 200-600ms time span (see reviews Ganis 

et al., 1996; Kutas & Federmeier, 2011; Kutas & Van Petten, 1994) and restricted our analyses as 

such (for a discussion of ERP data quantification, see Handy, 2004). Visual inspection of the 

averaged ERPs conformed to these expectations. Accordingly, 15 electrodes from this region 

(FC1, FC2, Cz, C1, C2, C3, C4, CPz, CP1, CP2, CP3, CP4, Pz, P1, P2) were selected, for which 

an averaged peak latency of the negativities within 200-600ms time window was observed as 

335ms across conditions. Based on this observation, which conformed to both previous literature 

and visual inspection, the 250-450ms time window was selected, from which mean amplitude 

values were extracted of 15 electrodes for statistical analyses.  

      Two-way repeated-measures ANOVAs were first conducted on accuracy, RT, and the mean 

amplitude of 250-450ms across selected electrodes in each condition, with congruence of the 

trials (incongruent and congruent) and emotion of the attended channel (fear and sadness) as 2 

within-subject factors. Second, behavioural and neural indices of the Stroop/congruence effect 

were calculated as difference accuracy, difference RT, and difference wave of N400 (always 

incongruent – congruent for each measure). Higher difference accuracy, higher difference RT, 

and larger difference wave indicate a larger congruence effect.  

      To specify the impact of cultural immersion on the Stroop effect, the data of the Chinese and 
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English groups from our previous study were included with data for the immigrants and entered 

into separate two-way repeated measures ANCOVAs conducted on difference accuracy, 

difference RT, and mean amplitude of difference N400. Task (face task and voice task) served as 

the within-subject factor while Group (Chinese immigrants, Chinese, English) served as the 

between-subject factor, with Age as the covariate.  

      Last, to clarify the relations between the immigrants’ cultural immersion experiences and 

their responses to multi-sensory emotions, correlation analyses were conducted in each condition 

between each of the two background factors, length of stay in Canada and age of arrival in 

Canada, and difference accuracy, difference RT, and the opposite number of the amplitude value 

of difference N400
3
, respectively.     

2.7. Results 

Behavioural results 

      The first ANOVAs focusing on Chinese immigrants showed a significant main effect of 

congruence in each task condition for both accuracy (face task, F(1,17) = 8.796, p < .01, r
4
 = 

0.584; voice task, F(1,17) = 6.831, p < .01, r = 0.535) and RTs (face task, F(1,17) = 5.014, p 

< .05, r = 0.477; voice task, F(1,17) = 6.478, p < .01, r = 0.525). Overall, lower accuracy and 

                                                             
3
 The opposite number of the negative amplitude values of difference N400 in Experiment 1(and vMMN in 

Experiment 2), instead of the original values, was used in the correlation analyses as a more direct indication of the 

size of the amplitude of the component (i.e., the larger the opposite number, the larger the size of the component). 

4
 Effect size, calculated as r =√F/(F + dferror). (Rosnow & Rosenthal, 2003) 
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longer RTs were observed in response to emotionally incongruent face-voice pairs than to 

congruent ones. No significant effect involving the emotion of the attended channel was found 

(ps >.075).  

      The following ANCOVA on data for the three groups revealed a significant interaction 

between Task and Group on difference accuracy (F(2, 53)=5.204, p < .05, r = 0.304), but not on 

difference RT (p = .24). Simple effect analysis of difference accuracy indicated that the Chinese 

group showed no difference between the two task conditions (p = .11); however, both the English 

group and the Chinese immigrants exhibited a significant Task effect (F(2, 53) = 10.218, p < .01, 

r = 0.402; F(2, 53) = 6.776, p < .01, r = 0.337) indicating that they had a larger difference 

accuracy in the voice task than in the face task.  

 

Figure 2. Difference accuracy in the voice and face task for each cultural group. 

ERP results 

      A significant main effect of congruence on the mean amplitude of 250-450ms (i.e., N400) 
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across selected electrodes was found in each condition for the Chinese immigrants (face task, 

F(1,17) = 7.474, p < .01, r = 0.553; voice task, F(1,17) = 8.913, p < .01, r = 0.586). More 

negative going amplitudes were observed in response to emotionally incongruent face-voice 

pairs relative to congruent pairs, demonstrating a typical Stroop/congruence effect on the neural 

level. Again, no significant effect involving the emotion of the attended channel was found 

(ps >.20; Figure 3).  

 

Figure 3. Grand averages elicited by congruent trials (solid lines), incongruent trials (dotted 

lines), and the difference wave (dashed lines; incongruent - congruent) at Cz electrode for each 

condition of each group. 

      The following analysis on difference N400 including the two control groups revealed a 

significant interaction between Task and Group (F(2, 53) = 8.340, p < .01, r = 0.369). Step-down 
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analysis indicated that while no effect of Task was observed in the Chinese (p = .13) and Chinese 

immigrants (p = .20), significant between-task difference was revealed in the English group 

(F(2,53) = 9.779, p < .01, r = 0.395) who showed a larger difference N400 in the voice task than 

in the face task (Figure 4). See Table 2 for a summary of the means and standard deviations for 

the behavioural and N400 data for each of the three groups. 
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Figure 4. (a) Grand averages at Cz electrode and topographic maps of difference N400 for each 

condition of each group. (b) Mean amplitude values of difference N400 averaged across selected 

electrodes. 

Table 2. Means and standard deviations (in parentheses) of behavioural accuracy, response time 

(RT), and mean amplitude of N400 for each experimental condition of each group 

Group Task Condition Emotion(face-voice) Accuracy RT (ms) N400 (μV) 

Immigrants  

Face task 

Congruent 
Sad-sad 0.93(0.06)  725(180)  -1.68(0.88)  

Fear-fear 0.93(0.05)  728(195)  -1.67(1.01)  

Incongruent 
Sad-fear 0.89(0.06)  745(175)  -1.90(1.19)  

Fear-sad 0.90(0.05)  750(189)  -1.88(1.09)  

Voice task 

Congruent 
Sad-sad 0.89(0.09)  780(285)  -1.67(1.50)  

Fear-fear 0.91(0.10)  777(272)  -1.69(1.71)  

Incongruent 
Sad-fear 0.79(0.09)  803(291)  -1.91(1.83)  

Fear-sad 0.79(0.08)  797(289)  -1.89(1.79)  

Chinese  

Face task 

Congruent 
Sad-sad 0.92(0.05) 745(263) -1.65(1.50)  

Fear-fear 0.91(0.04) 755(273) -1.64(1.23) 

Incongruent 
Sad-fear 0.89(0.09) 776(313) -1.86(1.61) 

Fear-sad 0.88(0.06) 770(256) -1.84(1.89) 

Voice task 

Congruent 
Sad-sad 0.87(0.08) 784(354) -1.71(1.72) 

Fear-fear 0.87(0.05) 780(332) -1.69(1.56) 

Incongruent 
Sad-fear 0.84(0.08) 810(183) -1.87(1.92) 

Fear-sad 0.83(0.07) 802(347) -1.89(1.58) 

English 

Face task 

Congruent 
Sad-sad 0.94(0.05) 699(184) -1.68(0.98) 

Fear-fear 0.93(0.07) 700(215) -1.68(1.21) 

Incongruent 
Sad-fear 0.91(0.05) 718(165) -1.88(1.30) 

Fear-sad 0.90(0.06) 715(268) -1.87(1.29) 

Voice task 

Congruent 
Sad-sad 0.91(0.08) 760(305) -1.66(1.47) 

Fear-fear 0.90(0.07) 757(271) -1.64(1.61) 

Incongruent 
Sad-fear 0.80(0.13) 781(318) -2.15(2.00) 

Fear-sad 0.79(0.09) 782(298) -2.09(1.97) 

Correlation results 

      Correlation analyses on data for the immigrants revealed a positive correlation between 
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length of stay in Canada and difference accuracy (r(16) = .356, p < .05) and a positive trend 

between length of stay in Canada and the size of the amplitude of difference N400 (r(16) = .277, 

p = .06) in the voice task only (Figure 5), not the face task (ps > .21). No significant correlation 

involved difference RT (ps > .10) or age of arrival in Canada (ps > .13) was found.  

         

Figure 5. Scatter plots of the difference accuracy (left) and the size of difference N400 (right) of 

the immigrants in the voice task condition in relation to their years of stay in Canada  

3. Experiment 2: Oddball task 

3.1. Participants  

      The same group of Chinese immigrants tested in Experiment 1 participated in Experiment 2. 

3.2. Stimuli  

      The same vocal and facial stimuli as those in Experiment 1 were employed in the Oddball 

task. Additionally, 2 pure tones lasting 800ms were included as non-vocal stimuli, the 
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frequencies of which were determined by the mean f0 of the fearful (267 Hz) and sad (249 Hz) 

vocal stimuli. 

3.3. Task, EEG recording and preprocessing 

      An Oddball task was employed to investigate the early perceptual processing of multi-

sensory emotions. Three conditions were included: Condition 1 was the face-only condition 

without any auditory stimuli where fearful and sad faces served as standard or deviant trials; 

Condition 2 was the face-voice condition, in which the same standard and deviant faces as in 

Condition 1 were paired with fearful or sad voices; Condition 3 is the face-tone condition, where 

the same faces were paired with one of the two pure tones. Each condition consisted of 4 blocks 

with 600 trials each, including 480 standard trials (80%), 60 deviant trials (10%), and 60 

randomly-inserted circle targets (10%; Table 3). Overall, the visual stimuli, the number and 

proportion of each type of trials were identical across all three conditions, while the differences 

lied only in the accompanying auditory stimuli.  

Table 3. Details of standard and deviant trials in each bock of each condition in Oddball task 

 
Condition 1 

Face-only 

Condition 2 

Face-voice 

Condition 3 

Face-tone 

Block 1 
Standard: sad face  

Deviant: fearful face 

Standard: sad face & sad voice 

Deviant: fearful face& sad voice 

Standard: sad face & tone1 

Deviant: fearful face & tone1 

Block 2 
Standard: sad face 

Deviant: fearful face 

Standard: sad face & fearful voice 

Deviant: fearful face& fearful voice 

Standard: sad face & tone2 

Deviant: fearful face & tone2 

Block 3 
Standard: fearful face 

Deviant: sad face 

Standard: fearful face & sad voice 

Deviant: sad face & sad voice 

Standard: fearful face & tone1 

Deviant: sad face & tone1 

Block 4 
Standard: fearful face 

Deviant: sad face 

Standard: fearful face & fearful voice 

Deviant: sad face & fearful voice 

Standard: fearful face & tone2 

Deviant: sad face & tone2 

      In all three conditions, each block started with a 1000ms fixation cross at the center of the 
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monitor, followed by the trials which were presented pseudo-randomly so that two deviants 

never appeared in succession, and at least three standards appeared in a row between two 

deviants. Each trial was presented for 800ms, and the variable inter-trial interval was 500-

1000ms. The visual stimuli were presented at the center of the monitor and the auditory stimuli 

were presented binaurally via headphones. In all conditions, the participants were instructed to 

detect the circle targets among the faces by pressing the spacebar (to ensure that they were 

viewing the faces passively); in Condition 2 and 3, it was further emphasized that they ignored 

the concurrent auditory stimuli (Figure 6). Both the order of the four blocks within each 

condition and the order of the three conditions were counter-balanced among participants, and a 

5-10min break was inserted between blocks. As explained by Liu et al. (under review), the 

Oddball task was always completed by each participant in a single session preceding the 

administration of the Stroop task (which occurred at least one day later); this was to avoid any 

potential biasing effects of focusing on emotional meanings of the stimuli, or conscious attention 

to the match/mismatch of emotions, in the Stroop task on responses in the Oddball task where 

participants were instructed to ignore the vocal/auditory channel completely and focus only on 

the facial channel. 
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Figure 6. Task procedures for each of the three conditions in the Oddball task. From top to 

bottom: face-only, face-voice, face-tone. 

      EEG data were collected during the task. The same procedures of EEG recording and 

preprocessing were followed as those in Experiment 1. For further analyses, all target trials and 

standard trials that immediately followed deviants were excluded. After artifact rejection, an 

average of 79% of the data were retained for statistical analyses (face-only condition: 81.0%; 

face-voice condition: 77.7%; face-tone condition: 79.6%).  

3.4. Statistical analyses 

      Based on our hypothesis of visual MMN, our analyses focused on this component which was 

expected to be maximal in the occipital-parietal area across 100-300ms time span post-stimulus 

according to previous literature (Athanasopoulos et al., 2010; Schröger, 1998; Thierry et al., 

2009; Wei et al., 2002; Zhao & Li, 2006). Visual inspection of the averaged ERPs revealed more 

negative-going deflections elicited by deviant trials relative to standard ones during the 100-

200ms time window in the parieto-occipital region in each condition, confirming expectations. 
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Accordingly, 14 electrodes were selected from this region (POz, PO3, PO4, PO7, PO8, PO9, 

PO10, Oz, O1, O2, P5, P6, P7, P8), for which an averaged peak latency of the difference wave 

between the deviant and standard trials (deviant - standard) was observed at 152ms across 

conditions. Therefore, the 100-200ms time window was selected for analysis from which mean 

amplitude values were extracted for the 14 electrodes. 

      Repeated-measures ANOVAs were first conducted on the mean amplitude of 100-200ms 

across selected electrodes in each condition. In the face-only condition, deviance (standard and 

deviant) and facial expression of deviants (fear and sadness) served as within-subject factors; in 

the face-voice condition, deviance (standard and deviant), facial expression of deviants (fear and 

sadness), and congruence of deviants (congruent and incongruent) served as within-subject 

factors; in the face-tone condition, deviance (standard and deviant), facial expression of deviants 

(fear and sadness), and tone (frequency 1 and frequency 2) served as within-subject factors.  

      Next, difference waves were obtained by subtracting the mean amplitude of 100-200ms in the 

standard trials from that in the deviant trials in each condition. In the face-only condition, the 

difference wave was considered as a visual MMN elicited by deviant relative to standard faces. 

In the face-voice and face-tone conditions, while faces varied as deviants and standards, the 

auditory stimuli were identical across all trials that evoked the same auditory potentials. 

Therefore, by subtracting the amplitude of the standards from the deviants, the auditory 

potentials were eliminated and the obtained difference wave can be considered a visually-evoked 

MMN component.  
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      To examine how MMN was modulated by cultural immersion, the data of Chinese and 

English groups from the previous study were compared to the immigrants. A two-way repeated-

measures ANCOVA was conducted on the mean amplitude of vMMN across selected electrodes, 

with Condition (face-only, face-voice, and face-tone) as the within-subject factor, Group 

(Chinese immigrants, Chinese, and English) as the between-subject factor, and Age as the 

covariate. 

      Finally, correlation analysis was conducted on the immigrants with factors of length of stay 

in Canada and age of arrival in Canada, and the opposite number of the amplitude value of 

vMMN in each condition, to demonstrate potential relations between extent of cultural 

experiences and early brain responses to multi-sensory emotions.  

3.7. Results 

      The main effect of deviance was significant for the mean amplitude in the 100-200ms time 

window across selected electrodes for each condition in the immigrant group (face-only 

condition, F(1, 17)= 6.866, p < .01, r = 0.536; face-voice condition, F(1, 17)= 6.269, p < .01, r = 

0.519; face-tone condition, F(1, 17)= 5.975, p < .01, r = 0.510). The deviant trials elicited more 

negative going amplitudes than the standards, suggesting a visual MMN effect evoked in each 

condition in Chinese immigrants, consistent with our previous observations in the two control 

groups. No significant effect involving facial expression of deviants, congruence of deviants, and 

tone was found (ps > .27; Figure 7).  



 

136 
 

 

Figure 7. Grand averages elicited by standard trials (solid lines), deviant trials (dotted lines), and 

the difference wave (dashed lines; deviant - standard) at Oz electrode for each condition of each 

group. 

      The following ANCOVA on vMMN for the three groups revealed a significant effect of 

Condition (F(2, 106) = 14.869, p < .01, r = 0.351): overall, a larger vMMN was observed in the 

face-voice condition than the face-only and face-tone conditions. Importantly, a significant 

interaction of Condition and Group (F(4, 106)= 7.226, p < .01, r = 0.253) was found. Simple 

effect analysis specified that the effect of Condition was significant in the Chinese (F(2, 52) = 

7.939, p < .01, r = 0.364) and Chinese immigrants (F(2, 52) = 8.017, p < .01, r = 0.365), who 

showed larger vMMNs in the face-voice condition than the other two conditions; however, no 

such effect was noted in the English group (p = .17; Figure 8). See Table 4 for a summary of the 

means and standard deviations for the amplitude values of the vMMN component for the three 
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groups. 

 

 

Figure 8. (a) Grand averages at Oz electrode and topographic maps of vMMN for each condition 

of each group; (b) Mean amplitude values of vMMN averaged across selected electrodes for each 

condition of each group. 

Table 4. Means and standard deviations (in parentheses; μV) of the mean amplitude of vMMN for 
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each experimental condition of each group (Std: standard trials; Dvt: deviant trials)      

   Immigrants Chinese English 

Face-only 
Std: sad face; Dvt: fear face -0.39(0.74) -0.37(0.81) -0.30(0.94) 

Std: fear face; Dvt: sad face -0.37(0.80)  -0.38(0.90) -0.29(0.88) 

Face-voice 

Std: sad face & sad voice; 

Dvt: fear face& sad voice 
-0.55(0.79)  -0.53(0.97) -0.29(0.62) 

Std: sad face & fear voice; 

Dvt: fear face& fear voice 
-0.52(0.68)  -0.54(1.00) -0.28(0.64) 

Std: fear face & sad voice; 

Dvt: sad face & sad voice 
-0.55(0.71)  -0.53(0.87) -0.28(0.70) 

Std: fear face & fear voice; 

Dvt: sad face & fear voice 
-0.54(0.70)  -0.55(1.02) -0.28(0.60) 

Face-tone 

Std: sad face & tone1; 

Dvt: fear face & tone1 
-0.36(0.79)  -0.31(0.79) -0.34(0.78) 

Std: sad face & tone2; 

Dvt: fear face & tone2 
-0.37(0.89)  -0.32(0.83) -0.35(0.91) 

Std: fear face & tone1; 

Dvt: sad face & tone1 
-0.38(0.76)  -0.32(0.67) -0.33(0.86) 

Std: fear face & tone2; 

Dvt: sad face & tone2 
-0.37(0.75)  -0.31(0.75) -0.34(0.81) 

Correlation results 

      Correlation analysis on the immigrants revealed a significant negative correlation between 

the length of stay in Canada and the size of the amplitude of vMMN in the face-voice condition 

(r(16) = -.321, p = .05; Figure 9). No significant correlations were observed in the face-only and 

face-tone conditions (ps >.17). No significant correlation involved age of arrival in Canada was 

found (ps >.15). 
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Figure 9. Scatter plot of the size of vMMN of the immigrants in the face-voice condition in 

relation to their years of stay in Canada  

1.8. Dis                              4. Discussion 

      This study investigated the effect of cultural immersion on multi-sensory emotion processing 

by testing a group of Chinese immigrants to Canada, in comparison with their native and host 

cultural groups. Overall, the Chinese immigrants exhibited a behavioural pattern resembling the 

English group, whereas their neural responses in N400 and vMMN appeared to be more 

analogous to the Chinese group.  

      Consistent with our previous observations in the two control groups (Liu et al., under review) 

the immigrants showed a significant Stroop/congruence effect in both voice judging and face 

judging conditions of the Stroop task, indicated by worse behavioural performance with 

increased N400 amplitude in incongruent relative to congruent trials. Moreover, a 

deviance/MMN effect was found in each condition of the Oddball task, indexed by more 
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negative going early potentials in response to deviant relative to standard faces. These results 

suggest that multi-sensory emotion integration can be detected at different neural processing 

stages in addition to behavioural performance; moreover, this integration seems independent of 

the emotional meanings of the stimuli as no effect of emotion was found in each task.  

      Importantly, when comparing Chinese immigrants to the two control groups, our accuracy 

results for the Stroop task reveal a significant impact of cultural immersion, whereby the 

immigrants showed a similar behavioural pattern to the English (host) culture but not the Chinese 

(native) culture. A larger congruence effect in the voice versus face condition was observed in 

both the immigrants and English participants: their behavioural performance was interfered with 

more by to-be-ignored faces when identifying vocal emotions than by to-be-ignored voices when 

judging facial expressions, indicating a higher susceptibility to facial cues during information 

processing by both groups. In contrast, the Chinese group showed no bias between conditions. 

These results indicate that the immigrants’ behaviour in perceiving multi-sensory emotions was 

modulated by living in North America and acquired characteristics resembling their host culture, 

consistent with our expectations based on previous behavioural literature (Athanasopoulos, 2007, 

2009; Damjanovic et al., 2013; Kitayama et al., 2003). 

      However, this effect was not observed in the ERP data as predicted: the immigrants exhibited 

analogous patterns in N400 and vMMN to the native Chinese group rather than the English. In 

the Stroop task, whereas a larger difference N400 was observed in the English group in 

recognizing the voices than the faces, the immigrants and the Chinese did not exhibit distinct 
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N400 patterns between conditions. In the Oddball task, both immigrants and Chinese participants 

showed facilitated vMMN by accompanying voices in the face-voice condition than the face-

only and face-tone conditions, which was not witnessed for the English group. This suggests that 

while the immigrants showed similar behavioral tendencies to their host culture, they retained 

characteristics of their native culture, i.e., higher sensitivity to vocal emotions, during on-line 

neural processing of emotions at stages of early perceptual processing and retrieval of emotional 

meanings (vMMN and N400). 

      It is noteworthy that there was considerable variability among the 18 Chinese immigrants 

tested in their cultural experiences (e.g., their length of stay in Canada varies from 6 to 12 years), 

which might be related to the absence of the expected shifting effect in the ERP data. Correlation 

analyses conducted between the participants’ background information and their responses in the 

two tasks showed that a longer stay in Canada was significantly associated with a larger 

difference accuracy and difference N400 in the voice judgment of the Stroop task, and smaller 

vMMN in the face-voice condition of the Oddball task. A larger difference accuracy and 

difference N400 when judging vocal emotions reflects greater interference by to-be-ignored 

facial expressions in the Stroop task, while a smaller vMMN in the face-voice condition of the 

Oddball paradigm implies less sensitivity and enhancement of an accompanying voice on face 

processing; both of these patterns are characteristic of the English group tested by (Liu et al., 

under review). Given our evidence that these patterns were associated with the degree of cultural 

immersion (duration of stay), it can be inferred here that: (1) while the immigrants displayed 
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similar behaviours to the English group for accuracy in Experiment 1, those who had been in 

Canada longer showed an even stronger tendency to resemble their host culture; and (2) while 

immigrants as a group demonstrated similar neural responses to members of their native culture, 

those who had been in Canada longer might have begun to acquire certain neural response 

characteristics similar to their host culture (Athanasopoulos et al., 2010; Derntl et al., 2009; 

Derntl et al., 2012). In other words, while an overall cultural immersion effect was not observed 

at the neural level in our study, our results allow speculation that this occurs over time as the 

amount of experience with the host culture increases. Interestingly, no correlation with age of 

arrival in Canada was found, suggesting that for these immigrants who moved to Canada as 

teenagers, it is the amount of exposure to the new culture that plays a role in their adaptation 

process, not the precise time when this began. When put together, our results imply that the effect 

of cultural immersion is a dynamic process of transition that occurs over time: behavioural 

adjustment takes place first, followed by adaptation at the neural level.  

      As mentioned earlier, culture-specific display rules and/or tonal characteristics of a target 

language may play important roles in determining the observed differences between Chinese and 

English groups in processing multi-sensory emotions (Liu et al., under review). For the Chinese 

group, East Asian display rules which aim to avoid conflicts and maintain harmony (e.g., indirect 

speech acts, less eye contact, and restrained facial expressions), and possibly linguistic features 

of the Chinese language which has a complex tone structure, may be responsible for promoting 

cognitive biases to vocal cues versus facial (and semantic) cues. As native Mandarin speakers, 
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the Chinese immigrants in this study had been exposed since birth to Chinese display rules that 

seem to favour vocal cues in communication and reduced attention to facial cues (at least when 

compared to Western participants). After immigrating to Canada as teenagers, however, these 

immigrants would be exposed to distinct culture-specific forms of emotion expression (Elfenbein 

& Ambady, 2003) and different attitudes about the implicit value of particular social cues, as 

encoded in speech or through facial expressions, that often conflict with their early experiences 

in China and lead to miscommunications in the new host culture (Elfenbein, 2013; Ward, 

Bochner, & Furnham, 2001; Ward & Kennedy, 1993). To avoid misunderstandings and foster 

positive social impressions, it would therefore be necessary to adapt to patterns of 

communication and information processing of the host environment, for example by allocating 

more attention to the significance of facial versus vocal cues during multi-sensory emotion 

processing. Since the immigrants tested here all used English and/or French as their dominant 

language(s) in school, work and social interactions (an average of 71 hours/week), and only used 

Chinese as a secondary language with family members (Xie, 2011), it is reasonable to assume 

that levels of exposure to the host culture and relative patterns of usage of the native versus host 

language each play a role in predicting the extent to which individuals adopt behavioural and 

neural response patterns characteristic of the host culture, pending new data to test these claims. 

      Our suggestion that the cultural adaptation process begins at the behavioural level, followed 

by neural reorganization as experience with the host culture increases, begs new studies to test 

this idea with different cultural groups and in different cognitive domains. Here, in the context of 
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cultural differences in the perceived importance of communicative cues to emotion, it might be 

easier for immigrants to first accommodate their behaviours by adopting acculturation strategies 

(Berry, 1990) that mimic the host culture (e.g., intentionally allocating more attention to faces); 

however, with increased exposure this may lead to a “re-wiring” of underlying neural circuitry to 

interact effectively with the host environment. Elucidating the time course of cultural adaptation 

processes on behavioural and neural reorganization awaits further study, with close attention to 

not only the amount of exposure that drives these processes but the types of cultural experiences 

of different immigrant groups and their relationship to the host culture. Longitudinal studies with 

several time points would also be useful to determine whether there is a discernible threshold 

where immigrants begin to shift to the pattern of their host culture, on both behavioural and 

neural levels.                                                
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4. General discussion 

      The investigation of cultural differences that mark social behavior, cognition, and 

communication has become an appealing research question in psychology and relevant 

disciplines over the past decades. Although the number of cross-cultural studies in this area is 

increasing, the exact role of culture in emotion perception is still not fully understood, especially 

with respect to how cultural factors affect the neurocognitive system dedicated to emotion 

processing. The purpose of this thesis was to provide insights into this question; in particular, 

experiments were designed to shed light on how two different kinds of cultural experiences, 

cultural origin and cultural immersion, affect the neural temporal mechanisms underlying 

emotion perception for multimodal stimuli composed of facial expressions and emotional 

prosody. The first study explored the effect of cultural origin on emotion processing by 

comparing Chinese and English Canadians, establishing that there are important differences in 

both behavioural and electrophysiological responses to multimodal emotions in these two groups. 

The second study used identical methods to investigate the effect of cultural immersion on 

emotion processing by testing a group of Chinese immigrants to Canada, comparing these data to 

those gathered for Chinese and Canadian participants in Study 1; in this study, there were new 

indications that cultural exposure leads to progressive changes in how Chinese immigrants 

process emotional stimuli, yielding changes that more closely resemble the host (English North 

American) culture, affecting behaviorial, and over time, neural response tendencies. The broader 

implications of these findings are considered below. 
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Effect of cultural origin: Study 1 

      By examining two cultural groups, Chinese and English North American, Study 1 

demonstrated the effects of cultural origin on different temporal stages of multi-sensory emotion 

processing in the event-related brain potential. Cultural differences at the behavioural level have 

been previously reported between Japanese and Western cultural groups in perceiving emotions 

from multiple information channels; these data indicated that while Japanese participants were 

more sensitive to emotional prosodic cues, Western participants appeared to be more attuned to 

semantic and facial information (Ishii et al., 2003; Kitayama & Ishii, 2002; Tanaka et al., 2010). 

Building constructively on this literature, the first study of this thesis tested whether the previous 

findings on the Japanese population could be replicated in another major East Asian culture, the 

Chinese group. More importantly, this study also aimed to investigate whether cultural 

differences exist at different on-line neural processing stages beyond the behavioural level by 

employing EEG measurements.  

      The results of the English group in Study 1 first demonstrated a larger Stroop (congruence) 

effect in the voice task than the face task in Experiment 1, in both behavioural judgements and 

N400 responses evoked by the stimuli. This suggests that the English participants were distracted 

to a larger extent by the to-be-ignored faces in the voice task, than by the to-be-ignored voices in 

the face task. Meanwhile, in the Oddball task of Experiment 2, data suggest that the English 

participants were not influenced by accompanying vocal cues while they were passively 

processing facial expressions. This pattern is consistent with the hypothesis that Westerners, who 
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represent an individualistic culture that encourages direct, explicit emotional expressivity, are 

likely more attuned to visual/facial cues in communicating emotions than paralinguistic prosodic 

cues. In contrast, the Chinese group responded in comparable ways in the face and voice 

conditions of the Stroop task. This is somewhat inconsistent with our expectation that the 

Chinese participants are expected to show higher susceptibility to paralinguistic vocal cues than 

facial information as the Japanese population reported in the literature (Tanaka et al., 2010), 

which might be due to the lower familiarity of the pseudo-utterances as vocal materials than 

facial expressions. Nonetheless, when compared with the English group, the Chinese exhibited 

lower sensitivity to facial information in the voice task than the English in both behavioural and 

N400 data, suggesting that they are less sensitive to facial cues than Westerners. In addition, the 

results of the Oddball task in Experiment 2 are more in keeping with the idea that Chinese 

participants are more sensitive to vocal cues: they were influenced to a significantly greater 

extent than Westerners by simultaneous to-be-ignored vocal information when they were 

passively processing facial expressions.  

      These results support our hypothesis of cultural differences characterize emotion processing: 

Western cultures favour facial displays as a source for communicating emotions to a larger 

extent than East Asian cultures, while East Asians favour emotional prosodic cues more. More 

importantly, these differences were not only observed in the behavioural data but also in 

participants’ neurophysiological responses: the behavioural results serve to replicate and extend 

previous data on Japanese in the literature, suggesting that some cultural/social characteristics 
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are shared by these two groups which may be attributed to a general East Asian/collectivist 

cultural bias in emotion processing; moreover, the ERP data further demonstrated some of the 

direct effects of cultural origin on distinct neural processing stages during multi-sensory emotion 

processing, indexed by N400 and MMN components.  

      The observed cross-cultural differences between the East Asian and Western groups support 

the display rules theory in emotional communication. The differential sensitivity of the Chinese 

group to emotional vocal/prosodic cues when compared to facial information is compatible with 

the assumed culture-specific display rules of the East Asian/collectivist culture: to maintain 

social harmony, people from this culture are more constrained in their facial expressions, use 

more indirect/non-literal speech, and tend to avoid direct eye contact with others. Such display 

rules possibly render facial cues less salient and lead to the fact that they have to rely more on 

prosody/vocal cues as a compensatory mechanism for effective communication. On the other 

hand, the higher sensitivity of the English group to facial information is consistent with the 

Western display rules that the Western/individualistic culture encourages eye contacts and 

expressive displays of emotions via facial expressions or direct literal/semantic information in 

speech. An alternative interpretation of the observed cultural differences involves the tonal 

features of the spoken language of each cultural group: the Chinese participants as native 

speakers of Mandarin, a strongly tonal language, might have developed a perceptual or 

attentional bias towards tonal variations in general, including emotional prosody. In contrast, the 

English North Americans as native English speakers did not develop such a bias to tonal 
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variations, resulting in their lower sensitivity to prosodic cues in the context of multi-sensory 

emotional cues. While both display rules and the tonal structure of the spoken language could be 

potential determinants of the observed cultural differences, the current data cannot disentangle 

the roles of the two factors.  

      While the findings of Study 1 significantly advance our knowledge of the effects of cultural 

origin on the neuro-cognitive processes underlying multi-sensory emotion processing by 

comparing two groups, Study 2 provided some insights on the effect of another type of cultural 

experiences, cultural immersion, on emotion processing by examining a third group, Chinese 

immigrants to Canada, in comparison with the two groups tested in Study 1. 

Effect of cultural immersion: Study 2 

      Based on the findings of Study 1 on the effects of cultural origin on emotion perception, 

Study 2 of this thesis sought to understand how a different kind of cultural experience, 

immersion in a new host culture, affects multi-sensory emotion processing. A third group, 

Chinese immigrants to Canada, was tested; the data of this group were directly compared to 

those of Chinese and English North American groups of Study 1. The results of the Stroop task 

first indicated that the Chinese immigrants showed a larger behavioural Stroop effect in the voice 

task than in the face task; however, in the N400 data, no difference was observed between the 

two task conditions. In the Oddball task, the immigrants were significantly influenced by 

concurrent emotional voices while processing facial expressions. These results suggest that the 
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Chinese immigrants showed a higher sensitivity to faces on the behavioural level, but a higher 

susceptibility to vocal cues in the ERP data (i.e., the vMMN component). When compared to the 

two control groups from Study 1, it appears that the immigrants showed a behavioural pattern 

that resembled their host culture, the English Canadian group; nonetheless, such a pattern was 

not observed in their ERP data, i.e., N400 and vMMN components, where the immigrants 

exhibited similar neural response patterns to the Chinese group, their native culture. In other 

words, a significant effect of cultural immersion in the immigrants was observed only at a 

relatively late stage of rendering off-line decisions about the meaning of the stimuli, but not in 

their on-line neural responses while processing the stimuli in real time.  

      Interestingly, in spite of the fact that Chinese immigrants did not resemble members of their 

host culture when ERP results were analyzed, the immigrants’ length of stay in Canada was 

found to be significantly correlated with their neural (and behavioural) responses: those 

immigrants who stayed longer in Canada tended to exhibit behavioural and neural patterns 

(including both N400 and vMMN components) that were more similar to the English group. 

These findings strongly suggest that the effect of cultural immersion on multi-sensory emotion 

processing, and possibly other aspects of communication and cognition, occurs first with 

adaptation on the behavioural level, which is followed at a later time by actual modulation of 

brain functions. The amount of exposure to the new cultural environment plays a role in 

modulating the extent to which neural responses to multi-sensory emotional displays resemble 

those of the host cultural group. In particular, it is inferred that the reduced exposure to East 
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Asian display rules and the increased exposure to Western/individualist display rules contribute 

to the modulation of the way the immigrants process multi-sensory emotional expressions. 

Alternatively, the changed language environment—reduced exposure to the lexical tonal features 

of the Chinese language and increased exposure to English without lexical tones—might be 

another potential factor motivating the observed changes of the immigrants in processing multi-

sensory emotions. 

      Study 2 provides the first evidence on how cultural immersion experiences shape the 

cognitive/neuro-cognitive mechanisms underlying multi-sensory emotional processing. It was 

found that the immigrants’ behavioural adaptation to the host culture occurred earlier than the 

modulation on the neural level. This implies that it might be important for them to first adjust 

their behaviours to fit into the new cultural/social environment for effective social interactions 

and positive social impressions. Meanwhile, it might also be easier for them to change their 

behaviours, which are possibly under greater conscious control, by intentionally adopting certain 

strategies to imitate the host culture. In the clinical literature, training and modifying behaviours 

has proved a valid approach to improve social interactions in populations with social 

impairments. For instance, behavioural intervention for population with Autism Spectrum 

Disorder commonly include teaching of eye contacts with other people (Carbone, O'Brien, 

Sweeney-Kerwin, & Albert, 2013), training of responding to pointing and gaze shifting of others,  

and training of pointing with the purpose of sharing, etc. (Dallaire & Schreibman, 2003). 

Likewise, behavioural treatment employed for patients with Parkinson’s Disease involve 
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practices of various social skills, e.g., ordering and paying in a restaurant, asking for a seat on a 

bus, etc., which could help them to better adapt to social life (Ellgring et al., 1990; Keus, 

Munneke, Nijkrake, Kwakkel, & Bloem, 2009; Mohr et al., 1996). In addition, behaviourally 

oriented psychotherapies, which focus on re-shaping the patients’ routine behaviours, have been 

commonly and effectively used to treat clinical populations with a variety of psychological/social 

disorders (Butler, Chapman, Forman, & Beck, 2006; Lynch, Laws, & McKenna, 2010; Morley, 

Eccleston, & Williams, 1999). In both the clinical and healthy population, consciously modifying 

behaviours might be an effective way to improve social communication, including the case of the 

immigrants who are exposed to a new and unfamiliar cultural/social environment. 

      Furthermore, with increased exposure to the new cultural and linguistic environment, these 

behavioural changes may lead to changes on the neural level, i.e., a reorganization of the neural 

circuitry underlying these communication behaviours. Indeed, immigrants who had been living 

in Canada for a longer period of time and had experienced more social input from the foreign 

environment exhibited neural response patterns more similar to their host culture, the English 

group. Our suggestion that the cultural adaptation process begins at the behavioural level 

followed by neural modification echoes previous findings in other domains which imply that 

behavioural alterations could lead to neural reorganization. For instance, it has been found that 

following five consecutive sessions of 45-minute behavioural training of recognizing other-race 

faces at the subordinate level of the individual (i.e., Joe, Bob), Caucasian participants showed 

improved performance in recognizing individual African-American and Hispanic faces; 



 

153 
 

interestingly, they also exhibited an increased expert N250 component in the posterior area. Here, 

N250 is considered as a biological marker of category specificity, which always yields increased 

amplitude in response to faces (or objects) that are successfully differentiated at the 

subordinate/individual level. This finding provides an example of behavioural training-induced 

neuroplasticity of the adult human brain in processing social information (Tanaka & Pierce, 

2009). Another example was reported in which adults who had been trained to juggle for three 

months showed a transient and selective structural change in brain areas that are associated with 

the processing and storage of complex visual motion (Draganski et al., 2004). Similar evidence is 

also documented in the clinical literature: following a certain period of behavioural interventions, 

individuals with Autism Spectral Disorder showed improved socially-adaptive behaviours; more 

critically, their neural activities in processing social cues (e.g., faces) appeared to be 

“normalized”, i.e., became more similar to those of typically developing controls in both EEG 

(Dawson et al., 2012) and fMRI data (Voos et al., 2013). In another clinical study, individuals 

with Chronic Fatigue Syndrome, whose grey matter volume was significantly lower than healthy 

controls, were treated with Cognitive Behavioral Therapy. It was observed that following the 

treatment, their grey matter volume was significantly increased in the prefrontal cortex in 

addition to improvement in physical activity and health status (de Lange et al., 2008).  

      Therefore, consistent with the previous evidence in the literature, the results of Study 2 

strengthened the idea that there is a dynamic relation exists between behaviours and neural 

function and anatomy: behavioural changes could potentially lead to “rewiring” of the human 
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brain. More importantly, this study for the first time demonstrated this notion in the domain of 

multisensory emotion processing in the context of cultural immersion and adaptation. Still, new 

studies are awaited which would further elaborate the time course of cultural adaptation that 

occurs on both behavioural and neural levels by examining different cultural groups in different 

cognitive domains.  

Culture as a multi-faceted concept: cultural origin and cultural immersion      

      This thesis is one of the first to investigate the multi-faceted concept of culture in emotional 

communication by examining two different types of cultural learning experiences, cultural origin 

and cultural immersion. When results of Study 1 and Study 2 are combined, they suggest that the 

way people process emotions from different cues in multimodal stimuli is determined in part by 

their cultural origin and cultural learning; it can be argued that the learning of culture-specific 

values and corresponding display rules, and possibly differential exposure to different linguistic 

features (e.g., complex tones) during development, contribute to the observed differences 

between the two groups studied here, Chinese and English North American. However, the 

present findings demonstrate that such culture-specific biases are not unalterable over the 

lifespan; when people leave their native culture and live in a foreign culture for a certain duration 

of time, their responses to multi-sensory emotions progressively adapt or accommodate to their 

host culture to a certain degree. This provides evidence of psychological plasticity at both the 

behavioural and neural processing levels, at least for immigrants who leave their native culture 

as adolescents or young adults (as was true for participants in Study 2). Indeed, it appears that a 
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dynamic adaptation process occurred to the immigrants during which their cognitive/ neuro-

cognitive patterns in processing multi-sensory emotions transitioned from their native culture to 

the host culture; the transition happens earlier on the behavioural level than on the neural level, 

and the extent of the transition is modulated by their amount of exposure to the new 

cultural/linguistic environment.  

      Such a dynamic transition process that occurs on the neural level reflects the so-called 

“experience-dependent neuroplasticity”, which refers to the neural re-organization that transpires 

due to various aspects of environment input, cognitive demand, or behavioural experiences 

(Holtmaat & Svoboda, 2009; Kleim & Jones, 2008; May, 2011). In the literature, ample evidence 

has been reported on this phenomenon and its potential mechanisms in a variety of domains. For 

instance, both functional and structural changes in the brain have been found as a result of one's 

experiences of learning a second language, including increased gray matter density and white 

matter integrity. These changes can occur with both long-term and short-term language 

learning/exposure experiences, have been observed in different age groups including adults and 

the elderly, and are sensitive to age of acquisition, proficiency level, language-specific 

characteristics, and individual differences (Li, Legault, & Litcofsky, 2014). Consistent 

observations of similar neuroplasticity have been documented in other domains as a function of 

non-linguistic experiences as well, including attention, memory, musical expertise, mathematical 

learning, and visuo-motor learning (Lövdén, Wenger, Mårtensson, Lindenberger, & Bäckman, 

2013; May, 2011; Thomas & Baker, 2013; Zatorre, Fields, & Johansen-Berg, 2012). Here, this 
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literature is further extended and enriched by the current thesis which provides insights into the 

experience-dependent neuroplasticity of human brain in the domain of multisensory emotion 

processing, which occurs as a function of the immigrants’ immersion experiences in a new 

cultural/linguistic environment.  

      In sum, by exploring three cultural groups with different types of cultural experiences, this 

thesis provides a more comprehensive illustration of the role of culture in emotional processing. 

Future studies examining more refined immigrant groups with distinct cultural experiences will 

be helpful to further elaborate the dynamic transition between their native and host cultures that 

occurs during cultural immersion. In particular, given the evidence from the domain of second 

language acquisition that neuroplasticity in language processing varies as a function of a wide 

range of factors, including the learners’ age, age of acquisition, the amount of language learning 

experiences, individual differences, etc. (Li et al., 2014), it could be inferred that these factors, 

too, could possibly influence the neuroplasticity in multisensory emotion processing in the 

context of different cultural experiences. Future studies that take these factors into consideration, 

e.g., examining immigrants who moved to a new culture as mid-age adults, will further 

complement and refine the picture of the relations between culture, brain, and emotion. 

Cultural effects on an overall process of emotion perception 

      By employing EEG measurements with high temporal resolution in two different tasks, this 

thesis was able to explore various processing stages during multi-sensory emotion perception. 
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Instead of focusing on one single stage as in previous cross-cultural literature, it for the first time 

examined key time points during the process of emotion perception, including stages of both 

online neural processing (early perceptual processing indexed by vMMN and later semantic 

processing indexed by N400) and off-line behavioural decisions about emotional stimuli. In 

Study 1, the effects of cultural origin on emotion perception (i.e., the differences between the 

Chinese and English North American groups) are significant at all three stages, demonstrating 

the robust influence of the origin of culture on the processes for appraising and interpreting 

emotional expressions during communication. In particular, this cultural effect appears at a very 

early stage shortly after the onset of the emotional stimuli (100-200ms), continues to the 

semantic processing stage (around 400ms), and finally affects the explicit behavioural 

performance in perceiving emotions.  

      It is especially worth mentioning that the findings of Study 1 demonstrate that the effect of 

cultural origin on emotion processing occurs particularly early. This is consistent with previous 

findings that some other social/cultural factors also exert their impact on emotion processing at a 

very early stage: for instance, racial effect on facial expression processing has been observed as 

early as the N170 component: compared to inverted other-race faces, inverted same-race faces 

lead to greater recognition impairment and elicited larger and later N170 amplitudes (Gajewski, 

Schlegel, & Stoerig, 2008; Vizioli, Foreman, Rousselet, & Caldara, 2010). It was also reported 

that social/emotional background influenced early processing of facial expressions indicated by 

N170: facial expressions embedded in backgrounds of fearful social scenes (e.g., a car accident) 
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elicited larger N170 than faces in happy and neutral scenes, suggesting that the early structural 

processing of emotional faces is influenced by the social/emotional contextual information 

(Righart & de Gelder, 2008). Together with the results of Study 1, these findings imply that 

various cultural and social factors, which have been learned by individuals during development 

and socialization, play an important and prompt role in processing emotional stimuli.  

      On the other hand, for the effect of cultural immersion in Study 2, an interesting dissociation 

has been observed between the behavioural and neural levels, suggesting that a dynamic process 

of cultural adaptation occurs during immersion, which begins in the behaviours and is probably 

followed by neural modulation at later stages of cultural immersion. By testing different 

processing stages at the same time, this thesis illustrates an overall picture along the temporal 

dimension of multi-sensory emotion processing, and, more importantly, of how this integral 

process is influenced by the factors of culture.  

Concluding remarks and future directions 

      Investigating the characteristics of cultural differences in emotion communication is critical 

to facilitate understanding and relations between different cultural groups. This thesis addresses 

this important problem by demonstrating the degree to which emotion processing was modulated 

by various cultural experiences. Specifically, it investigates the effects of cultural origin and 

cultural immersion on the behavioural and neural temporal mechanisms underlying emotion 

perception across facial expressions and prosody. It significantly advances our knowledge about 
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the behavioural and neural plasticity of emotion processing in the context of culture. Meanwhile, 

it also points to several new directions for future research. First, due to the limitation of the 

available experimental materials, only two negative emotions, sadness and fear, were involved in 

this thesis. Following the framework of discrete emotions, future studies adopting other 

emotional categories would clarify whether the observed cultural differences here could be 

generalized to other basic emotions, especially positive ones, which arguably bear different 

meanings from both evolutionary and socio-cultural perspectives as opposed to negative 

emotions (Lu & Gilmour, 2004; Oishi et al., 2013; Uchida et al., 2004). 

      While this thesis examined the effects of two kinds of cultural experiences, cultural origin 

and cultural immersion, on emotion perception, it is true that there exist various other types of 

cultural experiences that await examination in the future. Given our findings of Study 2 that the 

length of stay in the new cultural environment correlates with the observed degree of 

acculturation in emotion processing on both behavioural and neural levels, testing more refined 

cultural groups with different amount of exposure to the new culture and different types of 

immigration experiences will be helpful to further disentangle how different cultural experiences 

shape behavioural and brain functions during emotion communication. Similarly, longitudinal 

studies with several time points on a certain immigrants group would also be greatly benefical to 

determine whether there is a temporal threshold when the immigrants begin to adjust their neuro-

cognitive patterns in processing multi-sensory emotions to adapt to their host culture. 

      As discussed in Study 1, while both cultural display rules and the tonal features of a language 
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are potential factors contributing to the observed cultural differences in processing emotional 

expressions, it is true that this thesis cannot disentangle these two factors by its current data. 

Further studies are needed to disambiguate these two possible contributors to the reported 

cultural differences. One promising option is to conduct the same experimental protocol to a 

group of participants who are from an East Asian culture that shares the collectivist display rules, 

but speak a language without strong tonal features at the lexical level, such as standard Korean. 

The extent to which such a group would show analogous culture-specific biases in processing 

multi-sensory emotions relative to the Chinese group would provide insights to this important 

issue regarding what motivates the observed cross-cultural differences in emotion 

communication. 

      While this thesis focuses on the effects of culture on the temporal course of emotion 

processing as illuminated by ERP measurements with high temporal-resolution, future studies 

are needed to localize the neural generators involved in these cultural effects with fine spatial 

resolution, e.g., the fMRI technique. In particular, a combined EEG/fMRI approach would 

provide a more comprehensive picture integrating both the temporal and spatial characteristics of 

the brain mechanisms underlying the cross-cultural differences in emotion perception. In 

addition, while this thesis with ERP data (and future studies employing fMRI technique) 

contributes important evidence on neuroplasticity in emotion processing on the functional level, 

another future direction is to explore whether the cultural experiences-induced neuroplasticity 

also occurs on the structural/anatomical level, by employing structural imaging approaches (e.g., 
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structural MRI). Given previous findings that structural neuroplasticity has been observed in 

language acquisition and various other cognitive domains (Draganski et al., 2004; Li et al., 2014; 

Lövdén et al., 2013; May et al., 2007), it would be interesting to examine whether anatomical 

changes in human brain would be induced by cultural experiences in emotion processing as well. 

With both functional and structural neural data, it would then be possible to compare the 

functional neural changes to the potential structural neural modifications to examine the 

consistencies (and inconsistencies) between the two levels. Moreover, investigating how the 

neural data, functional or structural, are correlated with relevant behavioural performance, would 

be significant to systematically demonstrate the complex behaviour-function-structure relations 

in processing multisensory emotions in the context of culture and cultural immersion.  

      Finally, a more biological approach for future research involves identifying the cellular and 

molecular mechanisms underlying the cultural experiences-induced neuroplasticity in social 

cognition. In particular, such efforts could potentially help clarify the relations between culture 

and genes in this domain. For instance, a robust cross-national correlation has been found 

between the relative frequency of variants in social sensitivity genes (e.g., serotonin and opioid, 

the frequency of which is found to be positively associated with the degree of emotional 

responsivity to social events and experiences) and the relative degree of individualism–

collectivism in different cultural groups, suggesting that collectivism may have developed in 

groups with a high frequency of putative social sensitivity alleles (Way & Lieberman, 2010). 

While the studies of psychological genetics are still developing, future research in this direction 
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would undoubtedly help disentangle the intricate culture-gene relationship and provide 

significant insights into the long-lasting debate of “nature versus nurture” on the human mind.  

      In conclusion, this thesis contributes significant findings to the understanding of the role of 

culture in multisensory emotion processing, which lead to several new research directions that 

could be usefully addressed in future studies. Specifically, future research on the brain networks 

in emotion processing in the context of culture (and different cultural experiences) will provide 

important avenues to a better knowledge of the neuroplasticity as a function of culture. Such 

studies will have significant implications for our globalized, multicultural world, and providing a 

window into the adaptive nature of the human behaviour, mind and brain. 
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