
 

UNIVERSAL AND CULTURE-SPECIFIC ASPECTS OF 

PSYCHOPHYSIOLOGICAL EMOTIONAL-RELATED RESPONSES TO MUSIC:                          

A CROSS-CULTURAL STUDY  

Anastasios Mavrolampados 

Master’s Thesis 

Music, Mind and Technology 

Department of Music 

30 May 2019 

University of Jyväskylä 



 

JYVÄSKYLÄN YLIOPISTO  

Tiedekunta – Faculty  

Humanities 

Laitos – Department  

Music Department 

Tekijä – Author  

Anastasios Mavrolampados 

Työnnimi – Title  

Universal and culture-specific aspects of psychophysiological emotional-related responses 

to music: a cross-cultural study 

Oppiaine – Subject  

Music, Mind & Technology 

Työnlaji – Level  

Thesis Draft 

Aika – Month and year  

May 2019 

Sivumäärä – Number of pages  

89 

Tiivistelmä – Abstract  

Previous cross-cultural studies in music and emotion have mostly focused on emotion 

recognition. As a result, the impact of enculturation on music-induced emotions remains 

largely unexplored. In the general literature beyond music, cross-cultural studies have 

suggested that cultural learning is affecting differently certain components of emotion. 

Physiological responses show similar patterns of activity across cultures, whereas self-

reports of experienced emotion have more variation. Collectivist cultures have been shown 

to report lower levels of experienced emotion compared to individualistic cultures, and this 

has often been investigated by comparing East Asian and Western groups. To test these 

findings in a music setting, a cross-cultural study was conducted using Finnish, Greek, and 

Chinese participants. Instrumental excerpts of Western, Greek, and Chinese music were 

selected from previous studies that rated them for the emotions they conveyed. Self-reports 

were used to collect ratings of valence, arousal, intensity, and familiarity, along with 

measures of physiological activity (heart rate, skin conductance, and respiratory rate). 

Results showed similar levels of familiarity with Western music across groups. Self-reports 

revealed substantial group differences for valence, arousal, and intensity, suggesting that 

subjective feeling is greatly influenced by familiarity and cultural factors. No significant 

differences in physiology were found, supporting the idea that autonomic nervous system 

responses to music are more universal. Excerpts conveying negative emotions showed more 

variation across groups and had lower overall consistency, indicating culture-specific 

associations with unpleasant emotions that not always transcend across cultures. Contrary to 

studies with other types of stimuli, collectivist cultures did not report lower levels of 

experienced emotion, suggesting that individualism-collectivism might not be as relevant in 

a music listening setting. 

Asiasanat – Keywords  

Induced emotion, music listening, cross-cultural, enculturation, physiology  

Säilytyspaikka – Depository  

Muitatietoja – Additional information 



 

 

 

ACKNOWLEDGEMENTS 

 

The completion of this thesis would not have been possible without the help of many others. I 

would like to thank Geoff Luck for being my supervisor and for his support and guidance 

throughout this process. Thank you to all the teachers and classmates of the MMT programme 

for creating such a collaborative environment for learning. To Petri Toiviainen for giving me 

the opportunity to work as a research assistant and to Martin Hartmann for being a motivational 

colleague and for his influence on my programming skills. Special thanks go to Iballa Burunat 

for helping with participant recruitment. To Oushu Lin and Johnathan Leong for their valuable 

knowledge and help with translations of material. Finally, thank you to my family for 

wholeheartedly supporting my decision of moving to Jyväskylä. To my Finnish family, Eero 

and Irja Tourunen for their constant generosity and for making Finland feel like home.    

 

  



 

 

CONTENTS 

1 INTRODUCTION ............................................................................................................1 

2 LITERATURE REVIEW .................................................................................................4 

2.1 Definition of key terms .............................................................................................4 
2.1.1 Definition of emotions .......................................................................................4 

2.1.2 Definition of culture-related terms .....................................................................5 
2.2 Components, models, and ways to measure emotion .................................................6 

2.2.1 Measuring subjective feeling .............................................................................6 
2.2.2 Measuring bodily responses...............................................................................8 

2.3 Universal and culture-specific aspects of emotion ................................................... 10 
2.3.1 Evidence from ethnographic studies ................................................................ 11 

2.3.2 Cross-cultural studies on emotion recognition ................................................. 12 
2.3.3 Cross-cultural studies using the dimensional model ......................................... 13 

2.3.4 Cross-cultural studies on subjective feeling and physiological responses ......... 14 
2.3.5 The role of enculturation on subjective feeling and physiology ........................ 15 

2.3.6 Summary ......................................................................................................... 17 
2.4 Music and emotion ................................................................................................. 17 

2.4.1 The ability of music to induce emotions .......................................................... 17 
2.4.2 Relevant findings on music and emotion ......................................................... 18 

2.5 Universal and culture-specific aspects of music and emotion .................................. 19 
2.5.1 The argument for music universals .................................................................. 19 

2.5.2 Universal and culture-specific cues.................................................................. 20 
2.5.3 The cue redundancy model .............................................................................. 21 

2.5.4 Universal recognition of basic emotions .......................................................... 22 
2.5.5 The Dock-in Model ......................................................................................... 23 

2.5.6 Recognition beyond basic emotions ................................................................. 23 
2.5.7 Music-induced emotions and the dimensional model ....................................... 24 

2.5.8 Summary ......................................................................................................... 25 

3 THE CURRENT STUDY ............................................................................................... 27 

3.1 Rationale for group and stimuli selection ................................................................ 29 
3.2 Hypotheses ............................................................................................................. 30 

4 METHODS .................................................................................................................... 32 
4.1 Participants ............................................................................................................. 32 

4.2 Stimuli ................................................................................................................... 32 
4.3 Measurements ........................................................................................................ 34 

4.4 Procedure ............................................................................................................... 35 
4.5 Preprocessing ......................................................................................................... 36 

4.5.1 Electrodermal Activity .................................................................................... 36 
4.5.2 Electrocardiography ........................................................................................ 37 

4.5.3 Respiration ...................................................................................................... 38 
4.5.4 Subtracting Baseline activity ........................................................................... 38 

4.5.5 Valence and Arousal ratings ............................................................................ 39 
4.6 Analysis ................................................................................................................. 39 

4.6.1 Detecting outliers ............................................................................................ 39 
4.6.2 Parametric assumptions and normality tests ..................................................... 39 

4.6.3 Validation of selected excerpts: within-subjects ............................................... 40 
4.6.4 Physiological responses: within-subjects ......................................................... 41 



 

 

4.6.5 Hypotheses testing: between-subjects .............................................................. 41 

5 RESULTS ...................................................................................................................... 44 
5.1 Excluding participants ............................................................................................ 44 

5.2 Consistency of ratings ............................................................................................ 44 
5.3 Stimuli Validation .................................................................................................. 45 

5.4 Physiological Responses on experienced emotions ................................................. 47 
5.5 Hypotheses testing .................................................................................................. 48 

5.5.1 Hypotheses 1 & 2: Familiarity ......................................................................... 48 
5.5.2 Hypotheses 3 & 4: Subjective Feeling and Physiological Responses ................ 49 

5.5.3 Hypothesis 5: Experienced emotion in Western music ..................................... 52 

6 DISCUSSION ................................................................................................................ 54 

6.1 Familiarity .............................................................................................................. 54 
6.2 Dimensional model and stimuli validation .............................................................. 57 

6.3 Subjective feeling ................................................................................................... 59 
6.3.1 Valence ........................................................................................................... 60 

6.3.2 Arousal............................................................................................................ 63 
6.3.3 Intensity .......................................................................................................... 64 

6.4 Physiology ............................................................................................................. 65 
6.5 Effect of enculturation in Western music ................................................................ 67 

7 CONCLUSIONS ............................................................................................................ 70 

8 REFERENCES ............................................................................................................... 72 

9 APPENDICES ................................................................................................................ 83 
9.1 Appendix A ............................................................................................................ 83 

9.2 Appendix B ............................................................................................................ 84 
9.3 Appendix C ............................................................................................................ 85 

9.4 Appendix D ............................................................................................................ 87 

10 ABBREVIATIONS ........................................................................................................ 89 

 

 

 



1 

 

1 INTRODUCTION 

The attempt of people to understand and describe their inner feelings goes back a long way. 

From what could have been a contemporary proponent of basic emotions, the Book of Rites (Li 

Chi, a Chinese encyclopedia of the first century B.C.) stated that there are seven feelings that 

exist in all humans and do not require any learning. These were thought to be joy, sadness, 

anger, fear, love, liking, and disliking (Chai & Chai 1967, as cited in Russell, 1991). At around 

the same time and in the other side of the world, Greek philosophers theorized the nature of 

emotions and the mechanisms by which an orator should induce them to their audience 

(Konstan, 2006), while providing similar (albeit not identical) labels to classify them.  

Throughout the last two centuries a number of theories around emotion have emerged, trying 

to explain it in a scientific manner. One of the first such theories came from Darwin (1998), 

who argued for few emotions that have evolved through their adaptive value. Two of the most 

influential models of emotion in the 20th century have been that of basic emotions and core 

affect dimensions. The former stems from Darwinian thinking and argues for a few basic 

emotions that are universal and have unique neurophysiological patterns (Ekman, 1992). The 

latter ascertains few core dimensions that mediate the emotional experience, with all the discrete 

emotion labels being coordinates in this dimensional space (Russell, 2003). Both approaches 

agree that emotions have an influence on multiple subsystems of the body. Several studies have 

demonstrated that emotions evoke distinct behaviors, facial expressions, and patterns of 

neurophysiological activity (e.g. Baumgartner, Esslen, & Jäncke, 2005; Ekman, Sorenson, & 

Friesen, 1969; Gomez, Stahel, & Danuber, 2004; Soto, Levenson, & Ebling, 2005).   

A common assumption in all theories outlined above is that emotions are universal human 

phenomena that are relatively undifferentiated across cultures. Of particular interest to research 

in the 20th century was to establish whether this was the case, as well as the extent to which 

culture might be influencing emotions. The systematic comparison of psychophysiological 

variables under different cultural conditions defines the field of cross-cultural psychology 

(Eckensberger, 1972) and a number of such studies have investigated emotions.  

Their results have revealed some commonalities across cultures that can be considered 

candidates for human universals. For example, there seems to be a universal recognition of 
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facial expressions mimicking basic emotions (Ekman et al., 1969), as well as consistent 

physiological responses to basic emotions (e.g. Levenson, Ekman, Heider, & Friesen 1992; 

Mauss, Butler, Roberts, & Chu, 2010; Tsai & Levenson, 1997). Valence and arousal have also 

emerged as consistent core affect dimensions across multiple cultures when dimensionality 

reduction methods such as multidimensional scaling is applied on discrete emotion labels 

(Russell, 1983; Russell, Lewicka, & Niit, 1989).  

At the same time, some notable differences across cultures have been observed. Enculturation 

seems to have a more prominent effect on certain components of emotion, particularly the 

subjective feeling. The cultural dimension of individualism-collectivism (Hofstede, 1980) has 

been implicated as a mediator of emotional expression. Collectivist cultures that value 

emotional moderation have reported less experienced emotion as measured through self-

reports. This finding has been consistent for different stages in development (Camras et al., 

2006) and across different tasks such as interpersonal discussions about relationship problems 

(Tsai & Levenson, 1997), anger provocation (Mauss et al., 2010), display of affective pictures 

(Camras et al., 2006), recollection of past emotional events (Tsai, Chentsova-Dutton, Freire-

Bebeau, & Przymus, 2002), and loud noise stimuli (Soto et al., 2005). On the other hand, 

physiology and facial expressions have shown similar levels of activity across cultures and are 

considered to be more universal (e.g. Mauss et al., 2010; Soto, et al., 2005; Tsai, Levenson, & 

McCoy, 2006).    

While the effect of enculturation has received a lot of attention in connection to the type of tasks 

and stimuli mentioned above, its effect on music-induced emotions remains largely unexplored. 

As in the general literature of emotion, the ability of music to induce emotions on a universal 

level is often assumed, but it is rarely being tested. Few cross-cultural have looked at the 

recognition of basic emotions in music (e.g. Balkwill & Thompson, 1999; Fritz et al., 2009), 

but there has only been one cross-cultural study investigating induced emotions (Egermann, 

Fernando, Chuen, & McAdams, 2015). Furthermore, this study focused on determining 

universals across cultures and therefore did not look at how and why cultural aspects might be 

affecting emotional responses to music listening.  

However, such studies would be important in the field in order to generalize existing findings. 

This becomes even more relevant considering the fact that the vast majority of studies on music 

and emotion have only used Western music (often classical) and Western participants, further 
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limiting the scope of research (Balkwill & Thompson, 1999; Eerola & Vuoskoski, 2013). 

Another methodological issue that needs to be mentioned is that many cross-cultural studies 

examine groups only in their own (familiar) and the other's (unfamiliar) music (e.g. Egermann 

et al., 2015; Fritz et al., 2009; Zacharopoulou  & Kyriakidou, 2009). A limitation of this method 

is that there is no music that is somehow familiar to all groups, so that it can be used as a 

baseline for comparison. This makes it harder to convincingly conclude that any observed 

differences between groups are due to cultural factors and not simply reflect differences in 

familiarity.    

With all of this taken into account, the current study investigates the role of enculturation in 

psychophysiological emotional-related responses to music. Emphasis is placed on determining 

universal and culture-specific aspects of music-induced emotions. This study addresses the 

concerns mentioned above and contributes to existing research in the following ways: 

1) It bridges findings between the general research of emotion and music research.  

2) It strictly controls confounding variables that are known to affect the emotional experience and 

have so far been ignored (familiarity). 

3) It validates stimuli from existing databases across different cultures, adding to the available 

material that can be used as stimuli in future studies. 

4) It uses the dimensional model of valence and arousal as well as physiological measures, all of 

which are widely used methods of measuring components of emotion in the general literature, 

but are rarely used in cross-cultural music studies.  

On a broader level, this study wants to make the case for cross-cultural studies as a necessary 

part of music and emotion research. In order to be able to generalize any model or theory, it is 

important that comparative studies are taken into account, especially since they try to address a 

(seemingly) universal human phenomenon. As Eerola and Vuoskoski (2013) mention, "The 

cross-cultural factor is an extremely powerful way of looking at the division between universal 

and cultural associations regarding music and emotion"(p. 315). 
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2 LITERATURE REVIEW 

This chapter provides a literature review of the state-of-the-art research on the role of 

enculturation on psychophysiological emotional-related responses to music. Topics are 

reviewed as follows: 

1. Definition of key terms. 

2. Components, models, and ways to measure emotion.  

3. Universal and culture-specific aspects of emotion. 

4. Music and emotion. 

5. Universal and culture-specific aspects of music and emotion. 

2.1 Definition of key terms  

The current section provides definitions on the key terms that will be discussed further on in 

this chapter. Understanding of these terms hereafter follows the definition provided in this 

section. 

2.1.1 Definition of emotions  

Emotions have received attention in research from early on, with the first attempts to describe 

them in a scientific manner going back to the 19th century (James, 1884). Existing studies have 

provided a wide range of models and ways of measurement. At the same time, terminology 

seems to lack precision and it has been noted that widely accepted definitions still remain 

elusive on the field, as there are often conflicting notions on the examined phenomena (Scherer, 

2005). Different kind of responses have often been considered as emotional, spanning from 

cognitive, physiological, and behavioral. As a result, what is an emotion as well as what 

separates it from other affective states has not always been clear in the literature. An influential 

model of emotion has been the component process model, originally proposed by Klaus R. 

Scherer in 1982, and developed further in later years. The model defines emotions as episodes 

of interrelated, synchronized changes in organismic subsystems (components), which occur as 

a response to the evaluation of a relevant external or internal stimulus (Scherer, 2005). Five 

distinct components underlying emotions are recognized: 
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1. Cognitive appraisal, which refers to the evaluations of the eliciting event and its 

consequences. 

2. Bodily symptoms, which include all neurophysiological responses to the eliciting event.  

3. Action tendencies, which motivate and prepare the organism for action. 

4. Motor expression, which mediate behavioral (facial and vocal) expressions and 

communicate the reactions to the stimulus. 

5. Subjective feeling, which describes the conscious emotion experienced by the organism, 

as a result of monitoring the interaction of their internal state and the environment.     

In addition, some further characteristics of emotions need to be mentioned. The presence of a 

stimulus is important and distinguishes emotions from other states, such as mood (Scherer, 

2005). Emotions often create behavioral responses, they are short in length, usually have a clear 

start, peak and ending point and prompt quick actions over environmental events (Larsen, 

2000). Finally, there is a distinction on the locus of emotion. Induced or felt emotions refer to 

experiential entities that are felt or sensed to some extent by the person that reports having them 

(Larsen, 2000). On the other hand, perceived emotions refer to situations where an emotion is 

recognized by an observer as existing on another person or conveyed by a medium (e.g. a work 

of art), regardless of whether it is experienced by that observer or not (Gabrielsson, 2001). 

2.1.2 Definition of culture-related terms 

Similarly to emotions, culture as a subject of research spans more than a century and involves 

multiple disciplines. In a systematic review, Kroeber and Kluckhohn (1952) famously provided 

a list of more than one hundred definitions of culture, reflecting the very wide range of ideas 

and practices around culture in fields such as psychology, sociology, and anthropology. The 

authors defined culture as the implicit or explicit patterns of behavior and ideas that are socially 

shared within human groups and include values, norms, symbols, practices, and actions (ibid).  

Another prominent definition from social psychology is that of Geert Hofstede, which uses the 

metaphor of culture as a software of the mind that shapes thinking, feeling, and acting through 

learning (Hofstede, Hofstede, & Minkov, 2010). According to it, culture is seen as a collective 

phenomenon that is learned rather than inherited in a biological sense, and requires a group of 

people that are living, or have lived within the same social environment. Hofstede et al. (2010) 

further defined culture in a hierarchical structure that stands in the middle ground between 
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human nature, which is innate and involves all universal psychophysiological properties of the 

human species as a result of evolution (the operating system within the computer analogy); and 

personality, which refers to characteristics of the individual that involve both innate (e.g. 

genetic) and learned traits. In connection to this, enculturation refers to the process of acquiring 

the “software” (ideas, values, norms, and practices) of a given social group through exposure 

to a given culture from infancy. Enculturation is a process that is largely unconscious and does 

not require any special training (Demorest, Morrison, Beken, & Jungbluth, 2008). 

Finally, it is important to distinguish between cultures and nations. Hofstede et al. (2010) have 

shown that the two terms are not always equivalent, as nations refer to political units that the 

world is divided, might include several cultural subgroups within them, and are a rather recent 

development in human history. At the same time, in many parts of the world centralized nations 

do exist and contain strong forces of integration within them (e.g. national education, media, 

language, arts, politics, etc.). The term national cultures has be applied in such cases (ibid) and 

it has often been used for quantitatively comparing different groups. 

2.2 Components, models, and ways to measure emotion 

2.2.1 Measuring subjective feeling 

As the subjective feeling revolves around the personal experience of the individual, self-reports 

have remained the dominant and perhaps only reliable way yet to measure this component of 

emotion (Scherer & Zentner, 2001). While data collection methods sometimes involve free 

verbal descriptions of experienced emotions, the vast majority of studies employ force-choice 

paradigms and/or preselected labels of emotion categories. This requires the projection of 

emotional experience to a finite number of discrete or continuous variables. Several 

classification systems have been proposed and two of the most widely used models, the discrete 

and dimensional model, are further discussed in this section.  

The discrete model categorizes the emotional experience into a set of possible distinct states 

(e.g. happiness, sadness, anger), typically assumed to be non-overlapping. Measurements 

involve separate ratings for each examined discrete emotion or multiple-choice paradigms. The 

discrete model has been used extensively by proponents of basic emotions, who argue for few 

universal emotions that have evolved through their adaptive value and have unique 
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physiological patterns and associated facial expressions (Ekman et al., 1969; Ekman & Friesen, 

1971; Ekman, 1992). The emotions considered basic typically include happiness, sadness, fear, 

anger, surprise, and disgust, while other terms that describe emotions (e.g. peacefulness, 

melancholy) are seen as deviations from them (sometimes referred to as secondary or non-basic 

emotions). To describe the relationship between basic and secondary emotions, a system of 

themes with variations has been proposed (Ekman, 1992). Themes are understood as the sets of 

features that are unique and universal for a basic emotion (e.g. for anger, muscular patterns 

include that the brows are lowered and drawn together). Variations in the theme characteristics 

are understood to occur due to individual or cultural differences, which explain the existence 

of seemingly contradicting emotion labels across languages and cultures.  

Evidence in favor of basic emotions comes from a number of cross-cultural studies that showed 

universal recognition and induction of basic emotions across different cultures (see Section 

2.2.3 for a review). At the same time, studies in neuroimaging have yet to provide concrete 

evidence for the existence of emotion specific brain areas (Barrett & Wager, 2006). For 

example, although the amygdala had been proposed as a brain region corresponding to fear, 

meta-analytic reviews have reported that the finding is not consistent (Murphy, Nimmo-Smith,  

& Lawrence, 2003; Phan, Wager, Taylor, & Liberzon, 2002), or that there is only a conditional 

relationship that is not only unique to fear, but also to anger (Adams, Gordon, & Baird, 2003). 

Perhaps more importantly, the same areas of the amygdala (e.g. basolateral amygdala) have 

shown increased activation for both pleasant and unpleasant stimuli (LeDoux, 2000; Mueller et 

al., 2011). Criticisms also focus on the fact that different cultures and languages do not always 

have identical words and concepts for all emotions. Wierzbicka (1986, 1992) provided an 

extensive review on this topic, showing that sometimes even basic emotions such as fear or 

disgust do not have direct translations in all languages. 

The dimensional model on the other hand describes emotions through few core independent 

dimensions that are acting simultaneously to shape the emotional experience. Most widely used 

versions of the model include the two bipolar dimensions of valence, referring to whether the 

subjective feeling is pleasant or unpleasant; and arousal, referring to the sense of energy 

involved, ranging from calmness/deactivation to excitement/activation (Russell, 2003). Other 

core dimensions have also been proposed, such as Thayer's (1989) distinction of energy and 

tension arousal. Core dimensions are thought to be hierarchically related to discrete emotions, 

which are seen as point coordinates in the dimensional space (Russell & Barrett, 1999). Studies 



 8 

 

using multidimensional scaling and other similar techniques have confirmed the collapse of 

discrete emotions into a two-dimensional space of valence and arousal (Kring, Barrett, & Gard, 

2003; Russell, 1980). There is also evidence that emotional ratings of similarly valenced states 

can be highly correlated, e.g. people who are feeling angry are also likely to report feeling sad, 

or report experiencing other negatively valenced emotions (Watson & Clark, 1992).  

Certain neural and physiological correlates of valence and arousal have also been identified. 

For example, the mesolimbic dopamine system has been implicated in processing pleasure and 

reward, while its inhibition has been associated with negatively valenced emotions (Posner, 

Russell, & Peterson, 2005). Arousal has also been shown to involve the limbic system, with the 

thalamus and amygdala showing enhanced activation for arousing stimuli (Anderson et al., 

2003; Posner et al., 2005). Physiological correlates are reviewed in more detail in the next 

section.  

2.2.2 Measuring bodily responses 

The component of bodily responses consists of all neurophysiological responses related to the 

emotional episode and involve the central, neuro-endocrine, and autonomic nervous system 

(Scherer, 2005). From these systems, the autonomic nervous system (ANS) is responsible for 

regulating involuntary bodily functions in vital organs and adjusting them to meet important 

external or internal events, such as stress responses and homeostasis (Lovallo & Sollers, 2000). 

The brainstem and hypothalamus are considered the main pathways from which higher brain 

areas reach the ANS and can cause bodily changes during moments of psychological stress. 

ANS consists of two main branches with antagonistic roles and opposite effects on the 

innervated organs (Iversen, Iversen, & Saper, 2000). These are the sympathetic and 

parasympathetic nervous system (SNS and PNS respectively). The former is associated with 

emergency reactions (fight-or-flight) and heightened arousal, where the body has to adapt to 

sudden changes in the environment. Physiological reactions include increases in heart rate, 

blood pressure, respiration, and sweat secretion, as well as inhibition in salivation and digestion. 

On the other hand, PNS is associated with rest and digest states of low arousal, maintaining the 

abovementioned physiological reactions and metabolism to baseline levels. 

From the above, it becomes clear that ANS has a central role on emotional-related physiological 

responses. Mapping emotions to ANS activity has for a long time attracted the interest of 
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researchers, with the earliest works on emotion already exploring the role of ANS (James, 

1884). To study ANS activity, both physiological and subjective measures have been used. The 

latter typically use self-reports where subjects describe experienced bodily symptoms such as 

chills or shivers, usually as a result of some stimulus (e.g. Nusbaum & Silvia, 2011).  Direct 

methods involve actual bio-physiological measurements on some bodily function that is known 

to reflect ANS activity. The large number of such studies have provided strong indications for 

the connection of emotional experience with particular physiological responses of the ANS, 

such as heart rate, respiration, skin conductance, temperature, muscle tension, respiratory rate, 

and blood volume pulse (Black, 1971).  

The physiological measures used in this study (heart rate, respiration rate, and skin 

conductance) are further discussed. Starting with heart rate (HR) and respiration rate (RR), 

neurobiological studies have shown that these measures are mediated by both sympathetic and 

parasympathetic pathways (Hagemann, Waldstein, & Thayer, 2003). Parasympathetic activity 

causes a deceleration in both HR and RR, while sympathetic activity has the opposite effect 

(HR and RR acceleration). More specifically, cardiac activity is controlled by the sinoatrial 

node, which acts as a pacemaker by generating action potentials aimed at the heart tissue at 

regular intervals, causing a heartbeat (Appelhans & Luecken, 2006). Sympathetic fibers have 

an excitatory influence on the sinoatrial node (increasing the firing rate), whereas 

parasympathetic vagal branches have an inhibitory influence (ibid). On the other hand, RR is 

controlled through respiratory centers in the brainstem and medulla, which constantly evaluate 

the ratio of oxygen and carbon dioxide in the blood (Gallego, Nsegbe, & Durand, 2001). Limbic 

structures related to physiological arousal, such as the amygdala also mediate these pathways. 

High states of arousal or energy demanding activities such as exercise change the balance of 

carbon dioxide and oxygen, leading to increases in RR (ibid).  

Finally, skin conductance (SC) refers to the ability of the skin to be a conductor of electricity. 

Changes on the level of skin conductance depend on the opening and closing of endocrine sweat 

glands located near the surface of the skin, which are in turn innervated by sympathetic 

sudomotor nerves (Boucsein, 1992). There are distinct components in the SC signal, as recorded 

through the surface of the skin. Tonic activity constitutes slowly varying signals that denote the 

baseline skin conductance level (SCL), whereas phasic activity is characterized by short 

duration event-related peaks (Alexander, Trengove, Johnston, Coopes, August, & Gordon, 

2005). In contrast to HR and RR, skin conductance level (SCL) is predominantly affected only 
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by the SNS and is considered a good predictor of sympathetic activity (Benedek & Kaernbach, 

2010). 

With regards to physiological measures described above and specific affective states, Schwartz, 

Weinberger, and Singer (1981) conducted a study measuring cardiovascular activity during 

exercise and during an affective imagery task intended to induce specific emotions. Results 

showed that there were distinct HR patterns for several discrete emotions (happiness, sadness, 

anger, fear and relaxation), with increases in heart rate occurring for anger and fear, while the 

opposite trend was observed for relaxation. In a study by Ekman, Levenson and Friesen (1983), 

actors and scientists were instructed to perform facial expressions associated with basic 

emotions while their physiology was measured. Distinct patterns of ANS activity for certain 

emotions were reported. HR increases were associated with facial expressions representing all 

emotions except disgust, while increases in temperature were associated with anger and 

happiness.   

However, later studies have challenged the idea of unique ANS patterns for each basic emotion 

and have suggested great physiological similarities between some of them (Cacioppo, Berntson, 

Larsen, Poehlmann, & Ito, 2000). In the dimensional domain, a parasympathetically driven 

deceleration of HR has been reported for emotional states of negative valence (Bradley & Lang, 

2000a). A positive correlation between valence and RR has also been observed in affective 

picture viewing (Gomez et al., 2004). In contrast, SCL seems to not be influenced by changes 

in valence, but is a good predictor of arousal (Gomez et al., 2004), with some studies suggesting 

a linear relationship (Bradley & Lang, 2000b). Arousal has also been associated with increases 

in HR and RR (Baumgartner et al., 2005), further implying that it is an important dimension in 

ANS activity.  

2.3 Universal and culture-specific aspects of emotion 

The findings presented up to now are of studies that have taken place in Western societies, using 

predominantly English-speaking participants. Replication studies in non-Western populations 

were necessary to reveal whether proposed theories and models could be generalized across 

cultures. However, for many decades research on emotion outside Western cultures came 

primarily from ethnographic studies. Some key points from these studies are discussed below. 
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2.3.1 Evidence from ethnographic studies 

A starting point on the universality of emotions should be whether emotion as a concept itself 

exists across all human cultures, as investigated on the field by ethnographers and 

anthropologists. Systematic reviews of such studies have been conducted by Mesquita and 

Frijda (1992), and Russell (1991), who examined a large volume of ethnographic reports of 

different groups, looking for universal patterns and equivalence of emotional-related words, 

concepts, and behaviors. These meta-analyses have concluded that the vast majority of 

examined cultures have a word and concept for emotion, although there are few exceptions (for 

a review on those see Russell, 1991). In such cases, researchers have often assumed implicit 

understanding of the phenomenon even if it is not expressed as a distinct word, due to 

commonalities in other components of emotions such as descriptions of bodily symptoms and 

actions. However, Russell (1991) points out that such assertions should be made with caution, 

as there can be a tendency to classify events and actions as emotional regardless of their 

meaning in the target group, simply because similar events and actions would be considered 

emotional in a Western culture.  

In addition, taxonomy and emotion categories can have considerable differences across groups 

that clearly identify emotion on a conceptual level. Several studies have argued that even basic 

emotions do not have direct translations in some languages (Mesquita & Frijda, 1992; Russell, 

1991; Wierzbicka, 1986, 1992), making it more difficult to determine whether the proposed 

basic emotions are pancultural, or simply reflect properties of the English language. Specificity 

of terms associated with an emotion can also vary. To name just a few examples, Levy (1984) 

proposed that Tahitian societies have many words and variations of what would be considered 

as anger in Western cultures, some of which do not have a direct translation in English. In 

contrast, Levy suggested that Tahitians do not have an equivalent term for sadness, although 

other emotions of negative valence exist (e.g. grief). Other examples from accounts on certain 

African societies have suggested that anger and sadness are not so clearly distinguished (Leff, 

1973; Orley, 1970). Finally, the existence of unique emotions that are only found within a 

particular group has been reported (Russell, 1991).  

From the above, ethnographic studies seem to provide evidence that emotions (or at least 

behaviors that would be considered as emotional in a Western context) are a human universal. 



 12 

 

At the same time, considerable differences in the taxonomy of discrete emotions can exist, as 

well as unique emotions that have no equivalent term outside a particular culture.   

2.3.2 Cross-cultural studies on emotion recognition 

Anthropology and cultural relativism are extremely valuable for determining unique 

understandings and expressions of emotion within cultures that would otherwise go unnoticed 

in comparative research. At the same time, they can also be rather limited in determining aspects 

of emotion that transcend across cultures. The aim of cross-cultural psychology is exactly to 

identify such similarities or differences between cultures. As such, it is in its core a comparative 

field that requires samples from more than one cultural group (Shiraev & Levy, 2014).  

Some of the first systematic cross-cultural studies on emotions were conducted by Ekman, 

Sorenson, and Friesen, in order to generalize findings on basic emotions. The method included 

presentation of facial expressions depicting basic emotions, with participants being asked to 

identify the emotion conveyed in the picture (Ekman et al., 1969). The original study used 

samples from the US, several South American countries, and Japan. The emotion categories 

were recognized above chance, concluding that facial expressions of basic emotions were 

recognized across cultures.  

As all the groups had some contact with Western culture and media, Ekman and Friesen (1971) 

conducted a separate study with an ethnic group from New Guinea, who had very limited 

contact with Western culture. Stimuli were the narration of emotive stories representing one of 

six basic emotions (happiness, sadness, anger, disgust, surprise, and fear) and participants were 

instructed to identify the correct emotion from pictures depicting facial expressions. Results 

showed that all emotions were recognized above chance with the exception of fear, which was 

often confused with surprise. From this, Ekman and Friesen (1971) concluded that facial 

expressions associated with basic emotions are largely irrespective of cultural learning. At the 

same time, they argued that enculturation had an effect on emotion recognition, as explained 

by the fact that groups more familiar with Western culture performed better at the task.  
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2.3.3 Cross-cultural studies using the dimensional model  

The first cross-cultural study using core affect dimensions took place shortly after Russell’s 

seminal work on the circumplex model. Russell (1983) conducted a cross-cultural study with 

participants of five countries, three of which spoke Indo-European languages (English, 

Croatian, and Gujarati) and two which spoke East Asian languages (Chinese and Japanese). 

Participants rated the similarity of 28 emotional-related adjectives by placing them in categories 

of 4, 7, 10, and 13 groups in successive trials. Multidimensional scaling and canonical 

correlation revealed that the first two latent dimensions had very high significant correlations 

across all groups and corresponded to the dimensions of pleasure-displeasure and arousal-

sleepiness. Beyond the first two dimensions, there were significant correlations only among 

some of the groups, suggesting that only the first two dimensions were consistent cross-

culturally. The results confirmed that the dimensionality reduction of discrete labels into a 

valence and arousal space was linguistically consistent for at least some Western and non - 

Western languages and cultures. 

Subsequent studies used similar methods and tested the model across more groups. Russell et 

al. (1989) used the 28 adjectives method described above with an Estonian, Greek, and Polish 

sample. Results again suggested a two-dimensional solution corresponding to valence and 

arousal. The same authors conducted a second study on facial expression (1989), using Chinese 

participants living in Vancouver, Chinese living in Hong Kong, and Greeks living in a small 

Greek island (Alonnisos). Ten pictures of facial expressions were used, six of which were from 

the Ekman and Friesen experiment described above and depicted basic emotions. Four more 

pictures were used, showing facial expressions of excitement, calmess, sleepiness, and 

boredom. Subjects were asked to sort the pictures based on their similarity in one, two, three, 

and five groups respectively. Results showed that a two-dimensional solution provided optimal 

results in the multidimensional scaling and canonical correlations. The first dimension 

contrasted pleasant and unpleasant states, while the second high and low arousal states.  

As Russell et al. mentioned (1989), results of these studies do not prove that valence and arousal 

are the only dimensions of affect. They rather indicate that they can be generalized across the 

examined cultures in at least a semantic level. In connection with the basic emotion studies 

described in the previous section, they provide some first evidence that emotion recognition is 

not simply a cultural construct limited within the norms of a society.  
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2.3.4 Cross-cultural studies on subjective feeling and physiological responses 

Following the findings on universal recognition of basic emotions and consistency of core affect 

dimensions, a number of studies investigated the degree to which components of induced 

emotion are influenced by developmental and cultural factors. Levenson, Ekman, and Friesen 

(1990) replicated their 1983 study in subjects without specialized training and concluded that 

the ANS activity had similar patterns as in the original study, which had used actors and 

scientists. Furthermore, Levenson, Carstensen, Friesen, and Ekman (1991) investigated 

whether age had a role in physiological responses by testing their findings in an elderly sample 

(71-83 years old). Results suggested that there were no differences in the overall physiology 

and facial expressions associated with specific basic emotions, although lower magnitudes of 

ANS changes were observed for the elderly sample.  

In an attempt to discover whether physiological responses to basic emotions are consistent 

cross-culturally, Levenson et al. (1992) conducted a study with the Minangkabau (an ethnic 

group living in West Sumatra) and subjects from the Unites States. Participants were asked to 

contract facial muscles that in previous studies were found to signal five basic emotions, while 

physiological responses were collected. Results showed that both groups evoked distinct 

patterns of ANS activity for every emotion and there was a general consistency between them. 

From the seven physiological variables that were used (HR, temperature, SCL, blood volume 

pulse, blood volume amplitude, respiration period, and respiration depth), only respiration 

depth revealed significant differences among the two groups.   

Another notable example is that of Scherer and Wallbott (1994) who used questionnaires in 37 

countries spanning five continents to collect information around three components (subjective 

feeling, physiological symptoms, and expressive behavior) that accompanied seven basic 

emotions. Participants were instructed to describe the last time they had each one of the seven 

emotions and the questionnaire included quantitative ratings and free verbal descriptions of 

their experience. When the influence of cultural and psychobiological factors was compared, it 

was revealed that nationality had a considerably smaller effect size on the emotional experience. 

From these results, Scherer and Wallbott (1994) concluded in favor of universal components 

and against a socially constructed interpretation of emotion, although it was not rejected that 

unique emotions could exist in particular cultures.  
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2.3.5  The role of enculturation on subjective feeling and physiology  

Following a different approach, a number of studies have investigated the ways in which 

enculturation shapes the emotional experience through learned means of emotion control and 

social behavior. Originating in Hofstede’s cultural dimensions theory (1980), these models 

propose few core dimensions on which cultures can be compared in a quantitative way, 

typically on the national level.  

From the proposed dimensions, individualism-collectivism refers to the relationship between 

the individual and the collective (sometimes also termed as independence-interdependence). 

Collectivist cultures are understood to emphasize group cohesion, social harmony, and the 

needs of the collective, while members of the group tend to conceive themselves relative to the 

group. More individualistic cultures are thought of giving more weight to the needs and desires 

of the individual, with group members conceiving themselves as entities independent of the 

group (Hofstede 1980; Markus & Kitayama, 1991; Mauss et al., 2010; Triandis, 1994).  

Individualism-collectivism has been implicated in the appraisal of events leading to an emotion. 

Mesquita (2001) reported that collectivist societies focus more in the assessment of social worth 

of a situation, as well as self-other relationships and objective reality (what the event means in 

the eyes of the community). In contrast, individualistic societies are more confined to the 

subjectivity of the self and what the event means for the individual (ibid).  

Individualism-collectivism has also been shown to influence emotion control (the extent to 

which individuals control their own emotional experiences and expressions). A number of 

cross-cultural studies have contrasted Western and East Asian cultures and showed that East 

Asian samples have higher levels of collectivism and emotion control compared to Western 

samples (e.g. Camras et al., 2006; Kitayama, Markus, & Kurokawa, 2000; Mauss et al., 2010; 

Soto et al., 2005; Tsai et al., 2002; Tsai & Levenson, 1997;Tsai et al., 2006). Ethnographic 

studies were the first to provide some evidence on this (for a review, see Tsai et al., 2002). 

These studies reported differences in the attitudes towards emotional expression and the 

individual’s social goals, with East Asians focusing more to fit in and adjust to the needs of the 

many, while Westerners being more concerned with distinguishing themselves from the group 

(Tsai et al., 2002).  
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Cross-cultural studies seem to concur with East Asian groups reporting less experienced 

emotions or expressive behavior than their Western counterparts. Tsai and Levenson (1997) 

conducted one of the first such studies with European and Chinese American couples engaging 

in conversations of conflict within their relationship. The Chinese group reported less positive 

emotions, but there were similar levels of reported negative emotions, as well as similar levels 

of physiological activity (blood volume pulse, SCL, temperature) and amount of movement. A 

subsequent study with similar design but larger sample sizes was conducted by Tsai and others 

in 2006. A notable difference with the previous study was that European American couples 

showed more positive and less negative behavior (measured through video and audio analysis 

of their movement/speech), while there were no significant differences in the reported levels of 

experienced emotion or physiological activity. Other examples include Mauss et al. (2010), 

who found less reported anger in Asian than European American groups during an anger 

provocation task. 

Finally, a study using acoustic stimuli and groups of Mexican Americans and Chinese 

Americans needs to be mentioned. Soto et al. (2005) used loud noise stimuli that were either 

expected or unexpected (participants were either warned a few seconds before the noise onset 

or not). The subjects reported their subjective feeling, while physiological activity and facial 

expressions were recorded. Significant differences were observed in self-reports across the two 

groups, with Mexican Americans reporting more experienced emotions. There were no 

differences in physiology and facial expression. This led to the conclusion that subjective 

feeling is mediated more by cultural upbringing, whereas bodily responses and behavioral 

responses are more autonomic and have universal tendencies (Soto et al., 2005).  

The presented literature shows that enculturation appears to have a different influence on 

different components of emotions. Levels of physiological activity seem to be similar across 

groups, regardless of the stimuli or task involved. Facial expressions also follow the same 

pattern, as seen by basic emotion experiments discussed before, as well as Soto et al. (2005). 

The most notable cross-cultural differences were systematically observed for subjective feeling. 

The magnitude of subjective feeling is connected to cultural norms and the attitudes of the 

culture towards emotional expression. Therefore, the literature supports that subjective feeling 

is more mediated by cultural upbringing, whereas bodily responses and facial expressions are 

more universal in nature.  
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2.3.6 Summary  

Conclusions on universal and culture-specific aspects of emotions: 

1. Emotions appear to be a universal concept, although not always made explicit in the 

form of a distinct word. 

2. Emotion labels and taxonomy vary across cultures and there can be discrete emotions 

that do not have a direct translation in different languages. 

3. Most basic emotions and the dimensional model of valence and arousal have been 

consistent across Western and non-Western cultures. 

4. Subjective feeling is influenced by enculturation, whereas physiology and facial 

expressions have more universal tendencies. 

5. Cultural norms and attitudes towards emotional expression can affect the magnitude of 

reported experienced emotions. 

2.4 Music and emotion 

2.4.1 The ability of music to induce emotions  

A first question when it comes to music is whether it can be considered a valid stimulus for 

inducing emotions. Cognitivist theories in previous decades asserted that music cannot induce 

real emotions. Instead, reported emotions by listeners were seen as aesthetic evaluations of the 

emotion conveyed by the music (Kivy 1989; Meyer 1956). Recent studies have challenged this 

view. Starting with studies using self-reports, music has been shown to generate emotions in 

more than half of listening instances (Juslin, Liljeström, Västfjäll, Barradas, & Silva, 2008) and 

strong emotional experiences are reported as a result of it (Gabrielsson, 2001). In everyday life, 

it is used extensively as a tool for mood regulation (Saarikallio & Erkkilä, 2007) and this has 

been considered as a main reason why people listen to music (Juslin & Laukka, 2004).  

More importantly, music has been shown to evoke neurophysiological responses similar to 

those observed in everyday emotions. Using classical music excerpts, Krumhansl (1997) 

conducted one of the first influential music listening studies involving physiology and found 
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decreased HR and SCL for sad excerpts, decreased respiration depth for happy, and increased 

temperature for fear excerpts. Subsequent studies confirmed decreased HR for unpleasant 

acoustic and music stimuli with the dimensional model (Bradley & Lang, 2000b; Sammler, 

Grigutsch, Fritz, & Koelsch, 2007). Acceleration in breathing has also been associated with 

increases in valence, although acoustic stimuli (noise) have shown a more complex relationship 

(Gomez & Danuser, 2004). Furthermore, neuroimaging studies have shown that neural 

correlates of induced emotions in music are similar to those in regular everyday emotions 

(Koelsch, 2014), and correlate with areas associated with reward and euphoric activities (Blood 

& Zatorre, 2001).  

There is also evidence that although emotions conveyed by the music (perceived) and emotions 

induced to the listener (felt) can be correlated, they refer to distinct processes. It is possible for 

perceived and induced emotions to even have a negative relationship, although music typically 

evokes emotions that are similar to the emotions it conveys (Evans & Schubert, 2008; 

Gabrielsson, 2002). This has been consistent with both the discrete and dimensional model 

(Song, Dixon, Pearce, & Halpern, 2016). Furthermore, induced emotions can have a lot of 

variability across listeners compared to perceived emotions (Eerola, Vuoskoski, and 

Kautiainen, 2016; Gabrielsson & Juslin, 1996; Song et al., 2016), suggesting more underlying 

factors at play.  

From all the above, it becomes clear that there is overwhelming evidence that music induces 

genuine emotions and therefore is a valid stimulus for emotion induction. 

2.4.2 Relevant findings on music and emotion 

Before reviewing cross-cultural music studies, it is important to mention some relevant results 

from the main research around music and emotion. The review of Eerola and Vuoskoski (2013) 

has provided some insights on the prevailing methods. The discrete and dimensional models 

have been the most frequently used models, while the most common way of collecting data is 

through self-reports, although there is a growing number of studies using biological measures 

(ibid). More importantly, there is a great amount of evidence that the discrete and dimensional 

model can accurately describe emotions induced by music. Eerola and Vuoskoski have 

conducted a number of studies to validate the two (and other) models for both perceived and 
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induced emotions, yielding ratings of high consistency (e.g. Eerola & Vuoskoski 2011; 

Vuoskoski & Eerola, 2011).  

Specifically for induced emotions, Vuoskoski & Eerola (2011) compared the discrete, 

dimensional (valence-arousal), and a music-specific model (Geneva Emotional Music Scale), 

concluding that the dimensional model had the highest consistency. Moreover, their findings 

suggested that the dimensions of valence and arousal are indeed bipolar and can be collapsed 

into a single rating (the original study used two unipolar scales for each dimension). As 

discussed in Section 2.4.1, physiological responses as a result of music listening have shown 

great similarities with the responses observed in the general literature of emotion. Thus, ANS 

activity is also a valid way to study music-induced bodily responses.  

2.5 Universal and culture-specific aspects of music and emotion  

As in the case of everyday emotions described before, research on the music of non-Western 

cultures started from ethnographic studies. Again similarly to the general emotion literature, 

ethnographic reports have showed that music itself appears to be a human universal, although 

there are cultures that do not have a distinct word for music. In such cases the concept of music 

is usually embedded in other activities such as dance and rituals (Nettl 2000).  

However, whether music induces emotions cross-culturally, as well as the extent to which 

enculturation affects emotion recognition and induction is far less clear. This section provides 

a review of cross-cultural studies on perceived and induced emotions in music.  

2.5.1 The argument for music universals 

Arguments in favor of universal emotional responses to music often start at the psychoacoustic 

level. The mechanism of hearing is identical across cultures in a neurobiological sense and is 

limited to a finite number of acoustic properties that can be used in music. Dowling and 

Hardwood (1986) listed psychophysical dimensions of sound that are typically found in the 

music of all cultures (pitch, tempo, timbre) and are processed at a low level in the brain (Alluri 

et al., 2012).  
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Α number of studies have employed sensory dissonance to argue for universal aversion to 

dissonant sounds. Zentner and Kagan (1998) showed a preference towards consonant over 

dissonant melodies in infants, measured by the amount of time they spent looking at the 

direction of sound. Dissonance was created by adding parallel minor second intervals over the 

consonant melodies. Similar experiments have been attempted across species with congruent 

results (for examples on newly-hatched chicks and infant chimpanzees, see Chiandetti & 

Vallortigara, 2011; Sugimoto et al., 2010).   

On the more abstract level of music syntax and structure, there are forms that exist across many 

cultures, such as the octave generalization, discrete scale pitches, melodic stream segregation, 

and melodic contour (Harwood, 1976). These forms have been implicated in music universals, 

as different cultures are bound to use similar structural patterns which might overlap in terms 

of meaning (Higgins, 2006).  

Furthermore, some of the proposed mechanisms for inducing emotions in music have a low 

influence from cultural development or learning. These are brainstem reflexes, emotional 

contagion, and rhythmic entrainment (Juslin, Liljeström, Västfjäll, & Lundqvist, 2010; Juslin 

& Västfjäll, 2008) and they have been considered as candidates in inducing similar emotions 

across groups that have different associations or familiarity with the music. Brainstem reflexes 

refer to early audio processing that occurs in the brainstem and is associated with sudden stimuli 

that could be signaling danger. Emotional contagion refers to the process where the listener 

assimilates the emotions conveyed by the music to their subjective feeling. Although some 

studies have hinted emotional contagion to be irrespective of culture (Egermann et al., 2015; 

Juslin & Västfjäll, 2008), in order for it to induce the same emotions to different listeners, they 

in turn must be able to perceive the same emotions in the music. Finally, rhythmic entrainment 

refers to the synchronization of neural and physiological components with aspects of the music 

(e.g. tempo).  

2.5.2 Universal and culture-specific cues 

One of the first systematic cross-cultural studies in music psychology was conducted by 

Balkwill and Thompson (1999) and investigated whether Western listeners could identify 

emotions in Indian ragas. The music excerpts were recorded by professional musicians that 

were instructed to play portions of a raga that they would normally choose to convey four 
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specific emotions (joy, sadness, anger, and peacefulness). Western listeners were asked to rate 

the expressiveness of the piece, identify the described emotion and provide perceptual ratings 

for four acoustic features (tempo, rhythmic complexity, melodic complexity, and pitch range).   

Results showed that joyful and sad ragas were easier to identify. All emotions were clearly 

recognized above chance, except for peacefulness which was often confused with sadness. 

Every emotion was correlated with specific features. Joy was strongly associated with tempo 

(positive correlation) and melodic complexity (negative correlation), while sadness had the 

opposite trend. Anger was only correlated with timbre (string instruments had higher ratings 

than flutes) and peacefulness with simple rhythms and the flute. A later study by Balkwill, 

Thompson, and Matsunaga (2004) using a Japanese group that listened to Japanese, Western 

and Indian music found similar results. A notable difference was that loudness was introduced 

as a feature and it strongly correlated with anger. The participants' scores were overall higher 

when they listened to their own music, although all emotions were recognized above chance.  

Subsequent studies found similar connections with basic emotions and features. Adachi, 

Trehub, and Abe (2004) examined whether a Canadian and Japanese group of children could 

predict sad and happy emotional variations in the performance of a Western children's choir. 

Both emotions were recognized above chance and happiness was associated with fast tempi and 

loudness. At the same time, the interpretation of some cues was different between groups, as 

the Japanese group associated singing with a breathy voice with sadness. Kwoun (2009) did a 

study with Korean and American groups listening to Korean music and similarly concluded 

that while basic emotions were recognized, the groups’ interpretation of meaning behind certain 

acoustic cues did not always match. 

2.5.3 The cue redundancy model 

The cue redundancy model (CRM) was proposed by Balkwill and Thompson (1999) as a result 

of their cross-cultural study and was further developed in later years (Thompson & Balkwill, 

2010). According to the model, a cue can be understood as a trigger point that conveys a specific 

emotional meaning within a culture and has specific sound features. Due to the similarities of 

the mechanism of hearing across cultures, the model assumes a number of psychophysical 

dimensions that are innate and do not depend on musical expertise, familiarity with the music, 

or enculturation. For example, the perception of a regular pulse (tempo) is considered a 
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psychophysical cue. CRM proposes that emotional recognition in music happens as a 

combination of psychophysical (universal) cues with culture-specific ones that depend on 

learning. Listeners tend to associate music with the latter category first, but if culture-specific 

cues are missing they draw more information from universal cues e.g. tempo, complexity, 

sensory dissonance. Thus, a redundancy of universal and culture-specific cues takes place and 

shapes emotion recognition.  

To provide an example, in the study of Adachi et al. (2004), Japanese participants could identify 

accurately the happy renditions of the choir based on universal cues (fast tempo, loudness). 

However, if singing with a breathy voice was a culturally learned cue in their own music, they 

would be misguided when listening to Western music. The CRM therefore suggests an in-group 

advantage in decoding the emotions conveyed by the music for audiences who are familiar with 

it (Thompson & Balkwill, 2010). 

2.5.4 Universal recognition of basic emotions 

Controlling the prior exposure of participants to the music stimuli can be a difficult task in 

cross-cultural studies. This is especially the case when the aim is to find subjects who are naive 

to Western music, as many non-Western cultures have a level of implicit knowledge of Western 

music as a result of mass media and globalization (Huron, 2008). To ensure that such biases are 

avoided, Fritz et al. (2009) conducted an experiment with the Mafa, a small isolated ethnic 

group in Cameroon. The study examined whether Mafas would recognize three basic emotions 

(happiness, sadness, fear) in short instrumental piano pieces of Western music, also rated by a 

control group of Western participants. 

Both groups clearly recognized all 3 emotions above chance, although Western listeners had 

higher recognition rates for every emotion. In addition, happiness was associated with fast 

tempi and the major scale, fear with slow tempi, and the minor scale with both fear and sadness. 

Another important aspect is that Mafa participants did not consider their music to convey a 

range of emotions, such as sadness or fear, as indicated through interviews (Fritz, 2013). This 

was related to the fact that Mafa music only existed as an integral part of other rituals (Fritz et 

al., 2009). However, Mafa participants were still able to recognize these emotions in Western 

music.  
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2.5.5 The Dock-in Model 

To explain this, the dock-in model was proposed by Thomas Fritz (2013), giving emphasis on 

aspects of development, enculturation, and emotional prosody. Studies on mother infant 

interaction have provided an account for universal prosodic features (Saint-Georges et al., 

2013), as well as expressive similarities between music and directed speech in infant 

development (Eckerdal & Merker, 2009). The dock-in model incorporates universal emotional 

prosodic features as an extra layer of cues that can influence emotion recognition in music. In 

the previous example with Mafas and Western music, Fritz considers that universal emotional 

prosodic cues present in speech, but not necessarily present in music, enable the Mafas to 

recognize the three basic emotions. This proposal also implies that there can be universal cues 

in music that are not part of a music culture, or in fact any music culture (Fritz, 2013).  

Furthermore, the model assumes that individuals start with equal predispositions towards music 

(universals cues only) and through enculturation they gradually develop a specific subset that 

includes some universal and culture-specific cues. The model also assumes that different 

cultures only use a subset of universal cues and not the entirety. Cultures that share more 

universal cues would have a decoding advantage and will be able to better recognize the 

conveyed emotions in each other's music (Fritz, 2013).  

2.5.6 Recognition beyond basic emotions 

The literature so far has focused on the recognition of few basic emotions. A question then 

remains if other emotions can be recognized across cultures. Recent cross-cultural studies have 

included secondary emotions, although only few labels have been tested so far.  

Zacharopoulou and Kyriakidou (2009) investigated the recognition of 10 discrete (happiness, 

sadness, anger, fear, tenderness, power, brightness, melancholy, relaxation, and grace) 

emotions in traditional Greek music, using Italian, British, and Greek listeners. Participants 

were asked to rate how much each of the 10 emotions existed in every excerpt. Results showed 

that there similar responses for five emotions (happiness, sadness, anger, melancholy and 

relaxation), while the rest varied considerably across the groups.  

Laukka, Eerola, Thingujam, and Yamasaki (2013) examined basic (happiness, sadness, anger, 

fear) and secondary emotions (affection, peacefulness, solemnity, humor, longing and 
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spirituality) in Western, Swedish, Hindustani, and Japanese music, using Swedish, Indian, and 

Japanese participants. It was assumed that all groups would be somewhat familiar with Western 

music and their own music, while being unfamiliar with the other musical styles. Familiarity 

with each musical style was assessed with an overall rating in the end of the experiment and 

revealed that the familiarity assumptions were met. Western music received higher overall 

accuracy compared to the other two musical styles and there was an in-group advantage in 

recognizing emotions in familiar music in general. Only basic emotions and humor were 

identified above chance across all groups. 

Finally, Argstatter (2015) tested six emotions (happiness, sadness, fear, disgust, anger, surprise) 

in Western music with two European (Germans, Norwegians) and two Asian groups (South 

Koreans, Indonesians). The responses were more similar in-between the European and Asian 

groups and only happiness and sadness were universally recognized. Disgust and surprise were 

the most difficult emotions to identify cross-culturally. The author pointed out challenges in 

studying non-basic emotions, as some cultures did not define all six variables in the same way 

verbally (surprise), or did not consider that music could express some of them (disgust).  

From the above, it is evident that there are limits to how accurately secondary emotions can be 

conveyed across cultures. The reasons seem to be connected to verbal mismatches, as labels do 

not always have direct translations (Mesquita & Frijda, 1992), but also to the fact that music 

might not be able to express some emotions so clearly. In Ekman’s terms (1992), secondary 

emotions constitute misclassifications of basic emotion families due to individual and cultural 

reasons, thus it is expected that they would not be generalizable across cultures. The CRM and 

dock-in model can also explain why basic emotions are better recognized, as they use universal 

music and prosodic cues to a greater extend (Fritz, 2013; Thomson & Balkwill, 2010). Both 

models are also consistent with the fact that some groups perform better in perceiving certain 

secondary emotions, as a result of more shared culture-specific cues between them. 

2.5.7 Music-induced emotions and the dimensional model 

To our knowledge, there has only been one recent attempt to investigate induced rather than 

perceived emotions in cross-cultural music studies. Egermann, et al. (2015) conducted a study 

with a group of Canadians and Mbenzélé Pygmies (an isolated ethnic group living in Congo). 

In that design, the groups were only familiar with their own music, while being completely 
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unfamiliar with the music of the other. Their method varied from previous studies as it 

employed a dimensional model of valence and arousal, rather than discrete labels of emotion. 

The study also focused on ANS activity by collecting physiological responses (HR, SC, RR, 

blood volume pulse) and measuring facial expressions (electromyography on the corrugator 

supercilii and zygomaticus muscles). Musical features were computationally extracted and used 

as predictors of the emotional responses. 

Self-reports of each group were very different and each rated their own music as more arousing 

and pleasant. There were no correlations between valence ratings and physiological responses, 

which indicated that every group experienced pleasantness in a very different way. Arousal had 

more common patterns and was correlated with physiological responses, as well as some 

musical features (tempo, pitch and spectral centroid). Egermann et al. (2015) concluded that 

arousal is a more universal response to low level acoustic features of music, whereas valence is 

more mediated by cultural learning. The authors also asserted that arousal might be more 

mediated by brainstem reflexes, emotional contagion, and rhythmic entrainment, all of which 

are mechanisms of low cultural dependency.    

2.5.8 Summary  

Conclusions on universal and culture-specific aspects of emotions in music: 

1. Music is a human universal, although it is not a distinct concept in all cultures. 

2. There are considerable differences on the emotions that cultures think their music can 

convey. 

3. Some basic emotions (happiness, sadness, fear) are recognized across cultures. 

4. Some basic (surprise, disgust) and most secondary emotions fail to be recognized cross-

culturally. 

5. Familiarity with the musical style and shared cues affect the degree that emotions in the 

music of other cultures can be recognized. 

6. Some underlying mechanisms have low cultural influence and perhaps could induce 

similar emotions across cultures.  
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7. Self-reports of subjective feeling can have substantial differences across groups. 

8. Induced valence seems to have more variation across cultures, whereas induced arousal 

has more universal tendencies and can be predicted from low level acoustic features and 

physiology.   
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3 THE CURRENT STUDY 

The review of Eerola and Vuoskoski (2013) has shown that cross-cultural studies in music and 

emotion have been very scarce as of 2009. While few more cross-cultural studies took place 

since then, they still remain the exception in the field. Combined with the fact that stimuli often 

rely on a small number of classical music excerpts (ibid), questions are raised on whether 

existing findings simply reflect qualities of Western music and/or Western participants.  

Another issue is that there is far less knowledge on the impact of enculturation on music-

induced emotions, as research has focused almost exclusively on emotion recognition rather 

than induction. Although the two are often correlated and one can influence the other (perceived 

emotions can induce emotions through emotional contagion), they are clearly distinct domains 

of study.   

This study aims to expand the understanding of music-induced emotions and examine whether 

findings in the general cross-cultural research would apply in a music context. As discussed 

before (Section 2.3.5), enculturation seems to affect components of emotion in a very distinct 

way, with some components being more susceptible to cultural influence than others. The 

attitudes of a culture towards emotional expression have an influence on the subjective feeling, 

a finding that has been consistent across different stages of development (Camras et al., 2006) 

and different tasks (see Section 2.3.5). In contrast, physiological responses seem to be less 

influenced by enculturation (e.g. Levenson et al., 1992; Mauss et al., 2010; Tsai et al., 2006). 

While this has shown to be true with noise stimuli (Soto et al., 2005), it is unclear whether it 

would generalize in a more complex auditory context, such as music listening. It also remains 

to be seen whether cultural predispositions towards emotional expression have an effect on self-

reports of induced emotions, making some cultures to report less emotion than others.   

Therefore, the current study proposes the following research question: 

What is the role of enculturation in psychophysiological emotional-related responses to music 

listening? 

This study also has three main methodological contributions. 
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The first has to do with the fact that cross-cultural studies up till now have mostly relied on the 

discrete model. The dimensional model has been used extensively to measure emotions in music 

(e.g. Eerola & Vuoskoski, 2011; Egermann, Pearce, Wiggins, & McAdams, 2013; Gomez & 

Danuser, 2007; Song et al., 2016; Vuoskoski & Eerola, 2011), yet it is almost absent in cross-

cultural studies. Comparisons of the two have even suggested that the dimensional model can 

explain more variance of both perceived (Eerola & Vuoskoski, 2011) and felt emotions 

(Vuoskoski & Eerola, 2011), especially for ambiguous music excerpts.  

As discussed in Section 2.3.1, linguistic discrepancies are a major problem in cross-cultural 

research and stem from a number of different factors, such as differences in meaning for certain 

labels, translation errors, or the existence of emotion labels that do not have equivalent terms 

across languages (Mesquita & Fridja, 1992; Russell, 1991; Wierzbicka, 1996). That is even 

more relevant in the case of music, as it has been shown that not all cultures agree on what kind 

of emotions music can express (Argstatter, 2015; Fritz et al., 2013). Thus, using many discrete 

emotion labels is bound to increase error and biases. The dimensional model could solve some 

of these issues, as it only employs a small number of dimensions that have been found to be 

consistent across different languages and cultures (e.g. Russell, 1983; Russell et al., 1989). For 

this reason, this study used a valence and arousal model to measure the subjective feeling. 

The second aspect is accounting the prior exposure to stimuli across participants, a common 

confound in music-related studies. Although familiarity can enhance emotional responses to 

music (Schellenberg, Peretz, & Vieillard, 2008), it is often not measured or taken into account. 

This becomes especially problematic in cross-cultural studies, as typically the tested cultures 

are familiar with their own music, but very unfamiliar with the music of the others (e.g. 

Egermann et al., 2015). This makes it hard to conclude whether any observed group differences 

are due to cultural or familiarity factors. To address this issue, this study aimed to use music 

that can act as a baseline, that is, music that would be roughly equally familiar to all groups. 

Western music was thought to fit this role, as there is some evidence that many cultures have a 

degree of familiarity with it (Huron, 2008; Laukka et al., 2013).   

Some studies have assessed overall familiarity with the musical style through a single rating, 

either in the beginning or the end of the experiment. As this does not provide a separate 

assessment for each excerpt, it can be problematic in two ways: a) it does not guarantee that the 
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listener perceives each excerpt as belonging to the musical style that the experimenter assumes 

it to belong, and b) it fails to distinguish intra-subject variations in familiarity across excerpts. 

For this reason, familiarity was assessed separately for each excerpt with the following two 

ratings: a) familiarity with the musical style (adopted from Laukka et al., 2013), and b) 

familiarity with the excerpt itself (adopted from Eerola & Vuoskoski, 2011). 

Thirdly, an intensity rating was used along the valence-arousal ratings, as an extra layer 

describing the emotional experience. The rating was adopted from Eerola and Vuoskoski (2011) 

and was described as the strength of experienced emotion. Intensity ratings have been employed 

as a way to collapse the whole emotional experience into a single unidimensional scale (Eerola 

& Vuoskoski, 2013). To our knowledge, intensity has never been employed before in a cross-

cultural study and therefore its use was exploratory.   

3.1 Rationale for group and stimuli selection 

A cross-cultural study with participants of three nationalities (Finns, Greeks, and Chinese) was 

conducted. It involved a music listening experiment, where each group listened excerpts of 

Western, Greek, and Chinese music. Induced emotions were measured through the set of self-

reports described above, as well as physiological measures (electrocardiography, electrodermal 

activity, and respiration). The three musical styles were chosen to represent music of varying 

familiarity. Greek and Chinese music were assumed to be familiar only by Greek and Chinese 

participants respectively, while Western music was assumed to be somehow familiar to all 

groups. Analysis on familiarity ratings tested these assumptions.    

Criteria for selecting these groups are outlined below:  

1. Group availability: data collection was to take place in the University of Jyväskylä, 

Finland. Therefore, a convenience sample of residents in the city of Jyväskylä needed to be 

used. To ensure ecological validity, Greek and Chinese participants needed to be nationals and 

to have spent most of their lives in the target country. Effects of enculturation have been 

observed in individuals living in other countries and even in second generation European and 

Chinese Americans (see Section 2.3.5). Therefore, it was expected that Greek and Chinese 
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participants who have spent most of their life in their home country would be valid participants 

to represent their nationalities, even if they were currently living in Finland. 

2. Pre-existing studies on emotion: previous studies on emotion needed to exist for the 

group to confirm that the dimensional model could be used. The consistency of valence and 

arousal for Greek and Chinese was validated by Russell et al. (1989). Finnish participants have 

been employed in multiple music studies using the dimensional model (e.g. Vuoskoski & 

Eerola, 2011). 

3. Availability of music stimuli rated by the group: Music excerpts that have been rated for 

their emotional content by that group needed to exist from previous studies. Zacharopoulou and 

Kyriakidou (2009) provided ratings for Greek music from Greek participants, while Hu and 

Lee (2016) did the same for Chinese music and Chinese participants. Finnish participants have 

provided rating for the excerpts of the film music database (Vuoskoski & Eerola, 2011). 

4. Cultural tendencies towards emotional expression as described in the literature: most 

studies investigating individualism-collectivism (see Section 2.3.5) have contrasted Western 

and East Asian (usually Chinese or Chinese American) groups, as the literature has suggested 

different attitudes towards emotional expression between them. The current study tried to 

replicate this setting by selecting Western and Chinese groups.     

3.2 Hypotheses 

The hypotheses were as follows: 

H1: There will be no significant group differences in the level of familiarity with Western music.  

H2: There will be significant group differences in the familiarity with Greek and Chinese music. 

It was hypothesized that Greek and Chinese participants will have significantly higher ratings 

for Greek and Chinese music respectively. 

H3: There will be significant group differences in the ratings of subjective feeling.  

It was hypothesized that Greek and Chinese participants will have significantly higher scores 

of subjective feeling for Greek and Chinese music respectively. 

H4: There will be no significant group differences in the level of physiological activity. 
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H5: For music of equal familiarity across the groups, Chinese participants will report lower 

levels of experienced emotions. 

It was hypothesized that for music that will be equally familiar to all groups (assumed pre-

experiment to be Western music), Chinese participants will report lower levels of experienced 

emotions.   
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4 METHODS 

4.1 Participants 

Sixty-five participants (mean age 27.4, SD = 6.98, 35 females) were recruited in three groups 

based on nationality (Finns = 22, Greeks = 22, Chinese = 21). Criteria for selection were that 

all participants should be nationals, should have grown up and spent most of their life in the 

target country. Most of the participants were students in the University of Jyväskylä. Three 

participants considered themselves to be musicians, and only one classified himself-herself as 

a professional musician, making the sample balanced in terms of musicianship. Recruitment 

took place through mailing lists, adverts in campus, and word of mouth. For Chinese and Greek 

participants, recruitment also happened through adverts in social media and websites of these 

communities in Jyväskylä.  

4.2 Stimuli 

Twenty instrumental recordings (8 Western, 6 Greek, 6 Chinese) were used as stimuli, with 

durations ranging from 50 to 67 seconds (M = 55.3 seconds, SD = 4.76). The approximately 

one-minute stimuli duration was chosen to ensure sufficient time for inducing emotions, in 

accordance with previous studies (Eerola & Vuoskoski, 2013). Instrumental music was used in 

order to avoid extra-musical associations that might be caused from the lyrical content. In 

addition, emphasis was placed on avoiding the most popular examples of each musical style, to 

minimize bias caused by excerpt familiarity (Eerola & Vuoskoski, 2011; Juslin & Västfjäll, 

2008). Instead, the aim was for stimuli that the participants had never heard before, although 

the musical style (e.g. genre, musical instruments, scales and rhythm) would be familiar to them.  

The decision to have preselected tracks also needs to be discussed. A number of studies have 

argued for participant-chosen music, as it has been shown to induce stronger 

psychophysiological responses from researcher-selected music (Blood & Zatorre, 2001; 

Rickard, 2004) and can be more ecologically valid in recreating the conditions required for 

inducing emotions in personal music listening situations. However, as Eerola & Vuoskoski 

(2013) point out, such studies are a small minority in the field, mainly due to the difficulty of 

controlling several intra and extra-musical variables in a factorial design. For the same reason, 
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the current study aimed to use stimuli that have been validated for their emotional character in 

previous studies, therefore balancing the target induced emotions across participants. In 

addition, for each of the three musical styles, excerpts were chosen to represent all quadrants 

of the valence-arousal space (high arousal - positive valence, low arousal - positive valence, 

high arousal - negative valence, and low arousal - negative valence). For a list of all selected 

excerpts, see Appendix D. 

Western stimuli were selected from a film music database, where the excerpts have been rated 

for the emotions they conveyed (Eerola & Vuoskoski, 2011), as well as the emotions they 

induced (Vuoskoski & Eerola, 2011). Excerpts had been rated with both discrete and 

dimensional models (with valence, arousal, and tension as core affect dimensions). Eight 

excerpts were selected, two from each quadrant of the valence-arousal space.  

A collection of Greek traditional music exists from the cross-cultural study of Zacharopoulou 

and Kyriakidou (2009). The perceived emotions of the excerpts were rated by Greek listeners 

with the discrete model and the excerpts included both instrumental pieces and songs. Similarly 

to the film music database, the authors avoided using popular pieces of the genre. As there have 

not been enough existing instrumental excerpts, 12 tracks were pre-selected on premises of 

similarity with Zacharopoulou & Kyriakidou’s stimuli in terms of musical style, rhythm, 

instruments, and orchestration. These tracks were then tested in a pilot study with Greek 

listeners (N = 15), in order to identify the six final stimuli that better represented the four 

quadrants of valence-arousal space.  

Finally, Chinese stimuli were based on the study of Hu and Lee (2016), which used excerpts of 

traditional and contemporary Chinese music. The stimuli were rated by Chinese and US 

participants in a cross-cultural study that investigated emotion recognition in Chinese music 

(Hu & Lee, 2016). Excerpts of traditional Chinese music were selected, corresponding to the 

four quadrants of valence-arousal space. 

All excerpts were edited in Protools (Avid, Version 11.03) and a two-second fade-out effect 

was added at the end of each track, while volume across tracks was equalized with a peak 

normalization filter.  
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4.3 Measurements 

The Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) 

inventory was used to measure participants’ positive and negative affect before the experiment 

on a 5-point Likert scale ranging from 1 (Very slightly or not at all) to 5 (Extremely). A 

questionnaire with demographic information was completed after the experiment.  

For the music listening part of the experiment, an interface was created in PsychoPy 1.85.2 

(Peirce, 2009), a Python-based software for stimuli presentation. All music excerpts and self-

report ratings were presented through PsychoPy. 

The locus of emotion was made clear and participants were instructed to rate the felt component 

of emotions (‘the emotions awakened to them by the music’). During stimulus presentation, 

continuous ratings of valence and arousal were collected on bipolar scales. At the onset of each 

stimulus, a marker appeared in the center of each scale and participants were instructed to adjust 

the ratings as their emotions evolved. Valence was described as the positive or negative 

character of the felt emotion (unpleasant – pleasant), and arousal as the energy of the felt 

emotion (low – high).  

After the end of each stimulus, a further set of intensity and familiarity scores were collected. 

Intensity was a unipolar scale described as the strength of the experienced emotion, ranging 

from 1 (No emotion experienced) to 7 (Very strong emotion experienced). Familiarity consisted 

of two distinct ratings. The first assessed familiarity with the excerpt on three levels from 1 

(Unfamiliar) to 3 (Very familiar), and the second the familiarity with the musical style from 1 

(Very unfamiliar) to 7 (Very familiar).  

Physiology was recorded using a MindMedia NeXus-10 MKII biofeedback system and 

visualized with BioTrace (MindMedia, Version 2017A). Electrocardiography (ECG) was 

measured with a 3-lead system where the electrodes were placed on the upper and lower chest. 

A respiration belt was used to record the respiration activity and was placed around the 

abdominal region. Electrodermal activity (EDA) was measured with two Velcro strap 

electrodes placed on the distal phalanges of the index and middle finger of the non-dominant 

hand. The sample rate was 256 Hz for ECG and 30 Hz for EDA and respiration. 
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4.4 Procedure 

The experiment was conducted in a sound-proof room, using a Samsung SyncMaster SA450 

monitor for stimulus presentation and Audiotechnica ATH-M50x headphones. Participants 

were given a form containing general information about the experiment at the beginning of the 

session. All instructions, forms, and text in the Psychopy interface were presented in English, 

to minimize linguistic discrepancies between the three languages during data collection. The 

cross-cultural aspect was not mentioned, participants were informed that the study was about 

how music affects the listener’s emotions. The PANAS questionnaire was completed and the 

physiological sensors were attached. Then, two minutes of relaxation state were recorded to 

obtain the baseline activity and ensure that all electrodes were properly attached. Participants 

were advised to sit in a comfortable position and try to empty their minds of any thoughts. They 

were also instructed to avoid excessive movements throughout the experiment. During the 

relaxation state, visual inspection of the physiological measures through Biotrace software 

ensured that all sensors were recording and functioning properly. 

After the relaxation period, a training session with further information began. The difference 

between perceived and felt emotions was explained and participants were instructed to rate how 

the music made them feel, not to rate the emotional character of the music. The emphasis on 

the felt component continued throughout the training session by rephrasing the task (e.g. rate 

how the music makes you feel, rate the emotions awakened by the music) and during the 

experiment by the visual descriptions of the ratings (e.g. rate how unpleasant/pleasant the music 

makes you feel, rate the strength of experienced emotion). It was also mentioned that music 

might not evoke any emotion, which they could report through the intensity rating.  

Participants were then presented with a training music example to acclimatize them with the 

listening setting and the ratings. None of the participants reported difficulty in any of the tasks, 

or confusion over the rating scales. Their responses for the training music example were not 

included in the analysis. During the training trial, the volume was set by the participant to a 

comfortable level and it remained at the same level for the whole experiment. The order of the 

stimuli was randomized and one-minute relaxation period occurred before the onset of each 

stimulus to eliminate carryover effects across trials. Participants were also instructed to take as 

much time as they needed to complete the ratings after the end of each excerpt. The duration of 
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the music listening session was approximately 40 minutes and participants could have a break 

half-way if they wished.  

After the end of music listening, sensors were detached and participants were asked to complete 

a questionnaire with demographic information and general feedback of the whole procedure. 

They were debriefed of the main purpose of the study and had the opportunity to ask questions.  

4.5 Preprocessing  

Self-reports and physiological data were exported and further preprocessed in Matlab 

(TheMathworks Inc., Version R2018b). Physiological data were visually inspected for errors 

due to sensor displacement or equipment failure, and the data of such instances were excluded.  

4.5.1 Electrodermal Activity 

A deconvolutional approach was implemented to separate the components of EDA, using the 

Matlab-based Ledalab toolbox, V3.4.9 (Benedek & Kaernbach, 2010). First, a 4th-order low-

pass Butterworth filter with a cutoff frequency of 0.3Hz was applied to the raw SC data, to 

correct for noise and movement artifacts. Ledalab’s method of Continuous Decomposition 

Analysis (CDA) was used to extract the continuous tonic and phasic components from the 

filtered signal. An example of such a decomposition can be seen in Figure 1. 

CDA employs an impulse response function (IRF), which simulates the rise, peak, and decay 

of a typical skin conductance response (SCR).  IRF has time parameters τ1 (rise time from onset 

to peak) and τ2 (recovery time from peak to decay). As τ1 and τ2 are known to have high inter-

subject variability (Breault & Ducharme, 1993; Edelberg & Muller, 1981), the IRF was 

optimized for each participant. A gradient descent algorithm was used to identify the optimal 

time parameters for each participant, with indistinctness and negativity of the phasic driver 

serving as the two criteria of the loss function (for a detailed review on the algorithm, see 

Benedek & Kaernbach, 2010).  

From the resulting components, three EDA variables were extracted for each excerpt, relaxation 

state, and for each participant: a) the continuous skin conductance tonic activity, b) the number 

of detected SCR’s (number of peaks in the phasic component) c) the mean amplitude of detected 

SCR’s. The first variable reflected tonic activity, while the other two described aspects of phasic 
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activity. The variables were chosen in accordance to previous studies that measured EDA 

responses in music listening (Eerola et al., 2016). 

 

 

 

FIGURE 1. Example of the decomposition of an original SC signal to its phasic and tonic component. 

4.5.2 Electrocardiography  

The ECG and respiration data were preprocessed in the Biotrace Software. ECG consists of 

multiple components with great variation in terms of frequency, ranging from 0.05-100Hz 

(Saritha, Sukanya, & Murthy, 2008). Therefore, filtering becomes important in order to detect 

and improve the signal to noise ratio in the relevant frequency bands (Figure 2). For heartbeat 

detection, band-pass filters of 8-20Hz have been reported to provide optimal results (Fedotov, 

2016; Elgendi, Jonkman, & DeBoer, 2010). A 4th-order band-pass Butterworth filter (high-pass: 

8Hz, low-pass: 20Hz) was applied to the ECG data. Subsequently, the peak detection algorithm 

of Biotrace Software was used to extract the inter-beat intervals from the filtered signal and 

convert them to HR scores.  
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FIGURE 2. Example of a noisy raw (above) and filtered (below) ECG signal.  

4.5.3 Respiration 

As with the ECG, the raw respiration data were preprocessed in Biotrace. A 4rd order low-pass 

Butterworth filter with cutoff frequency 1 Hz was used, to extract respiration-related 

components relevant to breathing, considering a typical range of RR of 12-30 breaths per 

minute (Kim, Kim, & Im, 2016; Egermann et al., 2015). RR scores were extracted using the 

respiration rate function of Biotrace and then exported to Matlab.   

4.5.4  Subtracting Baseline activity 

The preprocessing described above created five physiological variables (HR, RR, SC tonic, 

number of SCR’s, and mean amplitude of SCR’s), for each of the 20 baseline (relaxation period) 

and music listening epochs. The first three of them (HR, RR, SC tonic) were continuous 

responses over time, while the latter two (number of SCR’s, mean amplitude of SCR’s) were a 

single estimation for each epoch. The continuous physiological variables were first averaged to 

provide a single estimation of physiological activity for each baseline and music epoch. To 

account for individual differences in baseline physiology, the baseline responses of each 

participant were subtracted from the music listening epochs that succeeded them. This resulted 

in single scores per physiological variable and music excerpt, which were then z-standardized 

for each participant.  



 39 

 

4.5.5 Valence and Arousal ratings 

The continuous valence and arousal ratings were also averaged across excerpts and participants. 

As felt emotions are known to occur with a certain latency (Bachorik et al., 2009), the time 

onset for computing the mean valence and arousal score was identified as the first change that 

the participant registered in each excerpt. If the participant had not registered a response in the 

first 15 seconds, a default time onset was placed in that instant. 

4.6 Analysis 

4.6.1  Detecting outliers  

Composite PANAS scores for positive and negative affect were calculated by summing the 

items of each factor for each participant. The negative affect scores were then used to identify 

participants that reported extreme negative emotions prior to the experiment, as this might have 

influenced their judgements. In addition, inter-subject correlations on each nationality provided 

an estimation of the level of agreement between each participant and the rest of the group. As 

felt emotions are known to show high variability across individuals, a threshold of three 

standard deviations was selected. Participants with inter-subject correlation scores on valence 

or arousal of more than three standard deviations from their respective group were excluded. 

The consistency of rating scales was tested with Cronbach’s alpha.  

4.6.2 Parametric assumptions and normality tests 

This study aimed to use analysis of variance (ANOVA) as a principal method in hypotheses 

testing, and therefore parametric assumptions had to be investigated beforehand. The 

experimental design involved both within and between subject factors. As a result, some 

statistical tests looking at the within-subject factors across all nationalities had a sample size of 

approximately 60, whereas tests involving between-subject factors needed to check the 

distributions of each nationality separately (sample size ≈ 20). Differences in sample size are 

known to have drastic effects on the power and reliability of normality tests, and therefore an 

appropriate test had to be selected based on the literature. Shapiro – Wilk’s test has often been 

considered an optimal option for small sample sizes (< 50), as it had originally been validated 

only for that range of observations (Shapiro & Wilk, 1965). However, a number of recent 
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studies using Monte Carlo simulations have suggested that in terms of statistical power, Shapiro 

– Wilk outperforms other tests, such as the Kolmogorov – Smirnov, even for larger sample 

sizes (Öztuna, Elhan, & Tüccar, 2006; Patrício, Ferreira, Oliveiros, & Caramelo, 2017; Razali 

& Wah, 2011). At the same time, some limitations have to be mentioned; notably that for small 

sample sizes (< 30) normality tests suffer in terms of statistical power (Type II error), while for 

large sample sizes they are sensitive to even slight deviations from normality (Type I error). To 

account for these issues, it has often been suggested that normality tests should always be 

accompanied by distribution statistics and visual inspection of the data (Field, 2009; Ghasemi 

& Zahediasl, 2012; Razali & Wah, 2011). For the abovementioned reasons, Shapiro-Wilk’s test 

was selected and quantile to quantile (Q-Q) plots were used to provide a clearer picture of the 

distribution of the data.  

In the context of ANOVA, the effect of violations of normality also has to be mentioned. While 

it has often been suggested that ANOVA is a robust test, it has been shown that this only holds 

true in cases where there are equal sample sizes across groups and when the homogeneity of 

variance is not violated (Field, 2009; Harwell, Rubinstein, Hayes, & Olds, 1992). The current 

study did involve an equal number of participants in each group. Homogeneity of variance was 

further tested with Levene’s test, and sphericity with Mauchly’s test.  

4.6.3 Validation of selected excerpts: within-subjects  

As mentioned in Chapter 4.2, the music excerpts were selected to cover all four quadrants of 

the valence-arousal space, representing either low or high states or arousal and positive or 

negative valence. To validate whether the excerpts generated the intended emotions to the 

listeners, a similar method as in Eerola and Vuoskoski (2011) was followed. For each of the 

three musical styles, the ratings of excerpts representing low and high states of arousal and 

positive and negative valence were grouped together and averaged. This provided a single mean 

score for the two levels of each rating scale and musical style. To check for differences in the 

scores of the two levels, repeated measures ANOVA was used for each musical style, with scale 

level (Low, High) serving as a repeated measure. 
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FIGURE 3. Diagram of the analysis for validating music excerpts. The steps shown above were performed 

separately for each musical style. 

4.6.4 Physiological responses: within-subjects  

The aim of this analysis was to identify the physiological measures that best predicted the 

reported experienced emotions. Based on each participant’s ratings, valence, arousal, and 

intensity ratings of all excerpts were split into low and high, with the middle of the scale serving 

as the distinction between the two levels. Excerpts that were rated in the middle of the scale 

were excluded from this analysis. For each participant, physiological responses of the excerpts 

in the low and high level were averaged, leading to a mean score of physiological activity per 

level and rating scale. Repeated measures ANOVA was then used on each physiological 

variable, with scale level (Low, High) serving as a repeated measure.  

4.6.5 Hypotheses testing: between-subjects  

For each self-report and physiological measure, composite scores were created by averaging 

the ratings and physiological responses across excerpts of the same musical style (Figure 4). 

This resulted in three scores for each self-report and physiological measure, corresponding to 

the three musical styles (Western, Greek, and Chinese).  
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FIGURE 4. Obtaining scores of mean self-report ratings and physiological responses for each musical style. 

Hypotheses 1 and 2 were explored with a 3 × 3 (Nationality × Musical style) mixed ANOVA 

on the familiarity with the musical style scores, with musical style serving as a repeated measure 

(Figure 5). 

 

 

FIGURE 5. Diagram of the analysis steps for Hypotheses testing. 
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Hypotheses 3 was and 4 were tested with one-way ANOVA on the scores of self-reports of 

experienced emotion and physiological measures, with nationality being the independent 

variable. Finally, Hypothesis 5 was investigated for Western music responses with ANCOVA, 

with nationality being the independent variable and familiarity with the musical style being the 

covariate.  
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5 RESULTS 

5.1 Excluding participants  

PANAS scores where used to identify participants with high negative affect scores prior to the 

experiment. Two participants with negative affect scores of more than two standard deviations 

from the overall mean were excluded from subsequent analyses. Another participant was 

excluded for not completing the experiment. The physiological measurements of a further 

subject were excluded due to equipment failure. Inter-subject correlations for valence and 

arousal revealed three more participants with correlation coefficients of more than three 

standard deviations from their group’s scores, and they were subsequently removed. This left a 

total number of 58 participants (19 Finns, 19 Greeks, and 20 Chinese).  

5.2 Consistency of ratings 

Table 1 shows the mean inter-subject correlation of valence and arousal scores for each group, 

as well as the grand mean correlation across groups. Arousal showed higher mean inter-subject 

correlations across groups (r = .62), suggesting that there was overall more agreement among 

listeners for arousal compared to valence (r = .30). Chinese participants were the only 

exception, as they showed similar mean inter-subject correlations for both measures (r = .61). 

TABLE 1. Mean inter-subject correlation coefficients for valence and arousal.  

Groups Valence Arousal 

Finns  .34 .62 

Greeks  .30 .68 

Chinese .61 .61 

All groups .30 .62 

 

Cronbach’s alpha on valence and arousal ratings revealed higher overall consistency for arousal 

than valence for each group and scale level (Table 2). Interestingly, consistency was very low 

for negative valence, especially in the ratings of Greek and Chinese participants. This suggests 
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that there was more variability in the induced emotions of Chinese and Greek participants for 

excerpts of negative valence, or across different musical styles.   

TABLE 2. Cronbach’s alpha for valence and arousal across groups. 

Groups Positive Valence Negative Valence High Arousal Low Arousal 

Finns  .71 .65 .79 .81 

Greeks  .63 .30 .75 .73 

Chinese .66 .18 .81 .64 

All groups .60 .52 .75 .76 

5.3 Stimuli Validation 

To compare the extent to which the selected stimuli produced the intended emotions, excerpts 

representing low and high levels of valence and arousal were grouped together and averaged 

for each participant and each musical style (see Chapter 4.6.3). Repeated measures ANOVA 

with scale level (Low, High) as a within-subjects factor were used on valence and arousal 

scores, separately for each musical style. Results showed that for each rating scale and musical 

style, there were significant differences between low and high excerpts (Table 3). Furthermore, 

arousal scores showed high effect sizes for all musical styles (η2 > .70). While the effect of 

scale level on valence scores was still highly significant, effect sizes were considerably lower 

for Greek (η2 = .15) and Chinese music (η2 = .39), which could suggest that there was more 

ambiguity in these excerpts or more variability across the groups.  

TABLE 3: Results of the repeated measures ANOVA for valence and arousal 

Musical Style Rating 
ANOVA 

F η2 p 

Western Valence 120.21 .68 <.001*** 

Western Arousal 384.86 .87 .02* 

Greek Valence 10.01 .15(02) <.001*** 

Greek Arousal 149.99 .73 <.001*** 

Chinese Valence 36.44 .39 <.001*** 

Chinese Arousal 265.74 .82 <.001*** 

Note: *p < .05; **p < .01; ***p < .001; df  = 1,57.  
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To further inspect possible differences across the musical styles, estimated marginal means and 

confidence intervals are plotted in Figure 6. For both valence and arousal, excerpts in the 

positive/high category had significantly higher ratings than excerpts in the negative/low 

category, particularly for arousal and Western music. Therefore, it can be concluded that overall 

and even across the three groups, the selected excerpts generated the target emotions, with the 

clearest results observed for Western music excerpts.  

 

FIGURE 6. Estimated marginal means for excerpts of low and high level valence and arousal. Error bars denote 

confidence intervals at 95%, (* p < .05; *** p < .001). 

Finally, to better inspect the scores of each group separately and detect possible trends, the 

mean ratings of valence and arousal for each excerpt are plotted in Figure 7. 

 

FIGURE 7. Mean ratings of valence and arousal for each group and excerpt. 
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5.4 Physiological Responses on experienced emotions 

Mean scores of physiological activity for reported low and high levels of valence, arousal, and 

intensity were used in this analysis (See Chapter 4.6.4). Repeated measures ANOVA with scale 

level (Low, High) as a within-subjects factor was used on all the physiological measures.  

For valence, this yielded significant effects for HR F(1,56) = 9.60, p = .003, η2 = .15, and RR 

F(1,56) = 9.71, p = .003, η2 = .15. For arousal, there were significant effects for all physiological 

measures:  HR F(1,56) = 6.14, p = .016, η2 = .10, RR F(1,56) = 19.97, p < .001, η2 = .26, SC 

tonic F(1,49) = 68.49, p < .001, η2 = .58, SC amplitude  F(1,49) = 4.91, p = .03, η2 = .09, and SC 

peaks number F(1,49) = 13.85, p < .001, η2 = .22. Finally, there were significant effects on intensity 

scores for HR F(1,47) = 4.15, p = .05, η2 = .08, SC tonic F(1,41) = 29.69, p < .001, η2 = .42, SC 

amplitude  F(1,41) = 5.47, p = .02, η2 = .12, and SC peaks number F(1,41) = 7.94, p = .01, η2 = .16. 

 

FIGURE 8. Estimated marginal means for physiological responses corresponding to reported low and high level 

valence, arousal, and intensity. Error bars denote confidence intervals at 95%, (* p < .05; ** p < .01; *** p < .001). 

For all three rating scales, scores corresponding to highly-rated excerpts led to stronger 

physiological responses (Figure 8), however not all physiological measures reached statistical 

significance. In addition, arousal scores yielded larger effect sizes than valence and intensity 

for all physiological measures, with SC tonic showing the largest effect size. In contrast, SC 

measures were not significant for valence. Mean SC amplitude had only a marginally significant 
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effect on arousal and intensity, and was therefore excluded from the subsequent hypotheses 

testing. 

5.5 Hypotheses testing 

In the subsequent analyses, the averaged composite scores for each musical style for both self-

reports and physiological measures where used to investigate between subject differences 

across the three nationalities.  

5.5.1 Hypotheses 1 & 2: Familiarity  

H1: There will be no significant group differences in the level of familiarity with Western music. 

H2: There will be significant group differences in the familiarity with Greek and Chinese music. 

Shapiro-Wilk’s tests were run on the familiarity with the music style ratings for each group and 

each music style. The test was only significant for the familiarity scores of Chinese participants 

in Western music, W(20) = .89, p =.01. Levene’s test of equality of error variances were not 

significant. Since homogeneity of variance was not violated and as sample sizes are similar 

across the groups, it was assessed that ANOVA can be used and would be robust to violations 

of normality (Field, 2009).  

A 3 × 3 mixed ANOVA (Nationality × Music style), with music style serving as a within 

participants subjects factor was conducted on the familiarity ratings. Mauchly’s test showed 

that the assumption of sphericity was rejected, therefore degrees of freedom were corrected 

with Huynh–Feldt estimates of sphericity, ε = .95, p = .03. The main effect of Music Style on 

Familiarity was not significant F(1.90, 104.54) = 1.29, p = .28, suggesting that the overall 

familiarity level across the three music styles was similar across participants. There was a 

significant interaction effect of Music Style and Nationality F(3.67, 102.82) = 81.80, p < .001, 

η2 = .75. To further investigate these results, one-way ANOVAs were carried out to test the 

familiarity of each music style across the nationalities (Figure 9). There was a significant effect 

of Nationality on familiarity scores for Greek music, F(2, 55) = 44.67, p < .001, η2= .62; and 

Chinese music, F(2, 55) = 30.53, p < .001, η2 = .53. The effect of Nationality on familiarity 

scores for Western music was not statistically significant, F(2, 55) = 2.24, p = .12, η2= .08. 
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Pairwise comparisons with Bonferroni corrections were conducted on the Greek and Chinese 

music. Results revealed that Greek participants had significantly higher familiarity scores for 

Greek music (p < .001) compared to the other two groups. At the same time, Chinese 

participants had significantly higher familiarity scores for Chinese music (p < .001) compared 

to the other two groups. These findings support Hypothesis 1 and 2, as there were no significant 

differences in the familiarity with Western music across the groups, whereas there were 

different levels of familiarity with Greek and Chinese music.  

 

FIGURE 9. Estimated marginal means and pairwise comparisons for familiarity scores for each music style. Error 

bars denote confidence intervals at 95%, (*** p < .001). 

5.5.2 Hypotheses 3 & 4: Subjective Feeling and Physiological Responses  

H3: There will be significant group differences in the ratings of subjective feeling.  

H4: There will be no significant group differences in the level of physiological activity. 

Self-reports and physiological responses of Greek and Chinese music where used for this 

analysis. Shapiro-Wilk’s test on self-reports and physiological responses of each group for 

Greek and Chinese music were not significant at p < .05, suggesting that normality assumptions 

were not violated and parametric tests could be used. Levene’s tests of equality of error 

variances were also not significant, therefore the assumption of homogeneity of variance was 

not violated.   
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One-way ANOVAs were carried out to investigate the effect of nationality on self-reports and 

physiological measures (Figure 10). There was a significant effect of nationality on valence 

scores for both Greek music, F(2, 55) = 9.63, p < .001, η2= .26; and Chinese music, F(2, 55) = 

7.22, p < .001, η2 = .21. Similarly, there was a significant effect of nationality on intensity for 

Greek music, F(2, 55) = 10.46, p < .001, η2= .28; and Chinese music, F(2, 55) = 11.81, p < .001, 

η2 = .30. For arousal, there was a significant effect of nationality only for Chinese music, F(2, 

55) = 8.24, p < .001, η2= .23. For physiology, there were significant small effects of nationality 

on HR for Greek music, F(2, 53) = 3.37, p = .04, η2= .11; and SC peaks number  for Chinese music, 

F(2, 47) = 3.90, p = .03, η2 = .14.  

To explore more the observed results, pairwise comparisons with Bonferroni corrections were 

conducted for each rating scale and physiological measure. As with the familiarity scores, 

Greek and Chinese participants showed higher scores for Greek and Chinese music respectively. 

More specifically, Greek participants had significantly higher valence and intensity scores for 

Greek music (p < .01) compared to the other two groups. For Chinese music, Greek participants 

had significantly lower valence and arousal scores (p < .01) compared to the other two groups, 

while Chinese participants had higher intensity scores from both Finns (p < .01) and Greeks (p 

< .001).  
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FIGURE 10. Estimated marginal means and pairwise comparisons for valence, arousal, and intensity scores for 

Greek and Chinese music. Error bars denote confidence intervals at 95%, (* p < .05; ** p < .01; *** p < .001). 

On the other hand, physiological responses showed that although the main ANOVA for HR in 

Greek music and number of SCR’s in Chinese music were marginally significant, pairwise 

comparisons with Bonferroni corrections failed to reach significance for any group combination 

(Figure 11).  

From the abovementioned results, Hypotheses 3 was supported, as there were substantial 

differences for all self-report measures of subjective feeling, with the exception of arousal in 

Greek music. On the same note, Hypothesis 4 could not be rejected, as there were no significant 

differences in physiological activity across the groups.  
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FIGURE 11. Estimated marginal means and pairwise comparisons for physiological measures. Error bars denote 

confidence intervals at 95%. 

5.5.3 Hypothesis 5: Experienced emotion in Western music 

 H5: For music of equal familiarity across the groups, Chinese participants will report lower 

levels of experienced emotions.  

The goal of this analysis was to account for the effect of familiarity with the music, using an 

ANCOVA, with familiarity serving as a covariate of no interest. ANCOVA requires the 

independence of covariate and treatment effect (Field, 2009; Miller & Chapman, 2001), 

therefore the groups need to not differ with respect to the covariate. From Hypothesis 1 (See 

5.4.1), it was shown that this assumption only holds true for Western music, as for Greek and 

Chinese music there are substantial differences in the familiarity ratings among the groups. For 

this reason, self-reports and physiological responses of only Western excerpts where used in 

this analysis. 

Shapiro-Wilk’s tests on the composite self-reports and physiology scores for Western music 

showed that the alternative hypothesis could not be rejected at p<.05, therefore assumptions of 

normality were not violated and parametric tests could be used. 
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One-way ANCOVAs were conducted on the composite scores of self-reports and physiological 

measures, with familiarity serving as a covariate of no interest. There was a significant effect 

of nationality on valence, F(2, 54) = 6.08, p = .018, η2= .26, with the covariate (familiarity) 

having a significant effect on valence scores,  F(1, 54) = 6.26, p = .02, η2= .10. A significant 

effect of nationality on intensity was also observed, F(2, 54) = 6.55, p = .003, η2= .20, with the 

covariate (familiarity) not having a significant effect on intensity scores. Finally, there was a 

significant effect of nationality on arousal, F(2, 54) = 4.22, p < .02, η2= .14, with the covariate 

(familiarity) not having a significant effect on arousal scores. Further pairwise comparisons 

with Bonferroni corrections revealed that for valence, Finns had significantly higher scores 

from the other two groups (p < .05), while Chinese participants had significantly higher scores 

than the Greeks for arousal (p < .05) and intensity scores (p < .01). There was not a significant 

effect of nationality in any of the physiological measures. 

Hypothesis 5 stated that Chinese participants will consistently report lower levels of 

experienced emotions than the other groups. However, as can be seen in Table 4, there was not 

such pattern and therefore Hypothesis 5 is not supported. 

 TABLE 4. Estimated marginal means, standard deviations and results of ANCOVA for Western music. 

 Groups Main effect of nationality 

 Finns Greeks Chinese 

F df p η2 

M SD M SD M SD 

Valence .63 .09 .54 .13 .51 .08 6.26 2,54 .02* .18 

Arousal .53 .07 .48 .09 .56 .08 4.22 2,54 .02* .14 

Intensity 4.88 .66 4.25 .97 5.09 .65 6.55 2,54 .003** .20 

Note: Estimated marginal means have been adjusted for covariate (Familiarity). 
*p < .05; **p < .01. 
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6 DISCUSSION 

This study investigated the role of enculturation on emotional-related psychophysiological 

responses to music listening. A factorial design was used, involving participants of three 

nationalities (Finns, Greeks, and Chinese) listening to instrumental music pieces of Western, 

Greek, and Chinese music. The groups were chosen based on a number of criteria, notably the 

existence of previous research on these nationalities, availability of participants, and the 

existence of validated musical stimuli. To account for different components of emotion, a 

mixture of measures looking at the subjective feeling and body symptoms were employed in 

the form of rating scales of the experienced emotion and physiological responses. The 

dimensional model of valence and arousal was used to measure the emotional experience and 

the selected stimuli represented all of its quadrants. Ratings of the intensity of experienced 

emotion were also collected, along with ratings of familiarity with the music excerpt and 

familiarity with the musical style. Results revealed that there were no significant differences in 

the familiarity with Western music across the groups. Greek participants were significantly 

more familiar with Greek music and Chinese participants with Chinese music. In terms of the 

subjective feeling, there were substantial differences in the reported experienced emotion, with 

groups scoring higher for music that was more familiar to them. Greek participants scored 

higher in all rating scales in Greek music, with Chinese participants doing the same for Chinese 

music. In contrast, physiological responses were very similar across the groups and only 

showed marginal non-significant effects in few cases. Analysis of covariance showed that when 

familiarity with Western music was accounted for, no group consistently reported experiencing 

more emotions than the others. Results, as well as implications and limitations are further 

discussed in this section.  

6.1 Familiarity 

This study aimed to measure and account for the effect of familiarity with the music, a common 

confound in music listening studies. As mentioned in Chapter 4.2, popular excerpts were 

avoided.  Instead, the aim was to use stimuli that would be familiar in terms of musical style, 

but not with the pieces themselves. Ratings of familiarity with the music excerpt revealed that 

in 92% of music listening instances, participants had not listened or they were not sure if they 
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had listened the excerpt before. It can be then concluded that the condition of excerpt familiarity 

was met and overall participants did not have direct associations or explicit knowledge of the 

excerpts themselves. Some of the proposed mechanisms for inducing emotions in music are 

heavily influenced by such associations, especially visual imagery and evaluative conditioning 

(Juslin & Västfjäll, 2008). While it is possible that participants had been exposed to some of 

the excerpts and a recollection bias existed, it can be argued that imbalances in excerpt 

familiarity remained relatively low. At the same time, it is important to mention that controlling 

such inter-subject differences cannot be exhaustive through self-reports, as associations with 

musical stimuli can be unconscious (Tillmann, Bharucha, & Bigand, 2000). For example, 

evaluative conditioning can still be present even if the individual is unaware of the connection 

between conditioned and unconditioned stimulus (Field & Moore, 2005). This primarily reflects 

the difficulty of fully balancing the participants’ exposure to selected stimuli, a common issue 

in music-related studies (Eerola & Vuoskoski, 2013).  

Familiarity with the musical style was also assessed to account for the influence of familiarity 

with more general aspects of the music, such as the tonal system, musical instruments, rhythm, 

orchestration, etc. In addition to visual imagery and evaluative conditioning, prior exposure to 

the musical style influences musical expectations, and perhaps emotional contagion, as the 

perception of emotions conveyed by the music not always transcends cultures (Argstatter, 2015; 

Laukka et al., 2013; Balkwill & Thompson, 1999).   

The study hypothesized that familiarity with Western film music would be similar across the 

three groups, and that Western music would act as a baseline. Results confirmed this hypothesis, 

as the effect of nationality on familiarity with the musical style in Western music was not 

significant. In terms of range, the mean familiarity scores of each group (Figure 9) were in the 

middle of the scale or above, suggesting that there was a level of familiarity with Western 

excerpts. This result is consistent with ethnographic studies suggesting that there is global 

implicit knowledge of Western music and that many non-Western cultures have a level of 

familiarity with its norms as a result of globalization (Nettl, 2005; Huron, 2008). It also supports 

the idea that Western music can be a suitable candidate to minimize exposure differences in 

cross-cultural research, at least for certain groups. However, it is important to mention that the 

scope of the current study was primarily to find stimuli that could act as such baseline, rather 

than to generalize findings regarding familiarity in either of the three nationalities. All 

participants where residing in a Western country (Finland), which is likely to have influenced 
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their familiarity with Western music. Although it was a requirement for Chinese and Greek 

participants to be nationals and to have spent most of their lives in the target country, further 

studies with participants residing in these countries will be needed to generalize results for these 

populations.  

For Greek and Chinese music, it was hypothesized that there would be varying degrees of 

familiarity, with Greeks being more familiar with Greek music, while Chinese being more 

familiar with Chinese music. This was also confirmed, as there were substantial differences in 

the familiarity scores for these two musical styles. Furthermore, both Greeks and Chinese were 

more familiar with music from their own country rather than Western music (Figure 9), with 

the opposite trend observed for the other two groups (Greeks and Finns were less familiar with 

Chinese music than Western music; Chinese and Finns were less familiar with Greek music 

than Western music).  

From the above, it can be concluded that the familiarity assumptions of this study were met. 

Western music ranged in the middle level of the scale for all groups, while Greek and Chinese 

music was very familiar to the respective nationalities and unfamiliar to the rest.  

On the group level, Greek and Chinese participants reported stronger emotional outcomes for 

music of their own country, suggesting that familiarity had a positive relationship with 

experienced emotions. This is in agreement with a plethora of studies on the exposure-affect 

relationship, showing that liking over a stimulus increases as a function of exposure, even in 

cases where listeners could not explicitly recollect the stimulus or the context during exposure 

(Bornstein, 1989; Monahan, Murphy, & Zajonc, 2000; Zajonc, 2001). Similar results have been 

observed in a music context (Schellenberg et al., 2008), as well as in the cross-cultural study of 

Egermann et al. (2015), where each group rated their own music as more pleasant and arousing. 

These results could also be explained by the literature on mechanisms for inducing emotions in 

music, as many of them are influenced by familiarity. For example, musical expectations 

depend on syntactic knowledge and learned schemata, while evaluative conditioning and visual 

imagery require some pre-existing association with the music (Juslin & Västfjäll, 2008). In 

contrast, Juslin and Västfjäll (2008) list only brain stem reflexes and emotional contagion as 

mechanisms of low cultural dependency and learning.  
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6.2 Dimensional model and stimuli validation 

Excerpts used in this study were selected to cover all quadrants of the valence-arousal space. 

The current section discusses the extent to which the excerpts induced the intended emotions, 

as well as the consistency of the dimensional model across groups. This is in order to determine 

whether emotional responses to stimuli for each core affect dimension is generalizable across 

cultures. The assessment was twofold; firstly, by looking at the repeated measures ANOVA for 

valence and arousal, and secondly by looking at the inter-subject agreement and Cronbach’s 

alpha. Between-group differences are discussed in more detail in Section 6.3. 

Repeated measures ANOVA between low-high arousal and positively-negatively valenced 

excerpts showed that there were significant differences for each scale and each musical style. 

High arousal excerpts received higher ratings of arousal compared to the low arousal excerpts, 

while positively valenced excerpts received higher ratings of valence compared to negatively 

valenced excerpts. Therefore, it can be argued that even across all groups the distinction 

between the two categories was evident for both valence and arousal and the excerpts overall 

induced the intended emotions.  

The mean scores for high/positive excerpts were always above the middle of the rating scale, 

while the ratings for low/negative excerpts were below. The only exception to this was for 

negative valence and low arousal Greek music excerpts, where the mean ratings were around 

the middle of each scale (Figure 6). That could be due to either the excerpts themselves inducing 

higher arousal and less negative valence across all groups, or some groups having differentiated 

responses in Greek music. A closer look into Figure 7 reveals that Greek excerpts of low arousal 

were indeed rated around the middle of the scale across all groups. However, the distinction 

between low and high excerpts was still very clear. Interestingly, a similar inspection on Greek 

excerpts of negative valence shows a different picture. Finnish and Chinese participants rated 

the excerpts as unpleasant, whereas Greek participants had positive ratings for each excerpt of 

Greek music. Therefore, the small but still significant effect in valence for Greek excerpts is 

primarily due to group differences.  

Effect sizes of repeated measures ANOVA were considerably larger for Western music (for 

valence η2 = .68, for arousal η2 = .87), suggesting that there was more between-groups 

homogeneity in the participants’ responses, as well as a clearer distinction between positive-
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negative valence and low-high arousal excerpts. This is in line with the notion discussed in the 

previous chapter, that Western music can act as a baseline and induce similar emotions across 

different cultures. The results of this study also provide evidence that the emotions induced by 

at least some of the excerpts of Vuoskoski and Eerola (2011) are generalizable outside the 

Finnish samples they were originally tested with. To our knowledge, stimuli from the film 

music database have not been validated before in a cross-cultural study or with non -Western 

groups.   

Regarding the two rating scales, arousal showed large effect sizes for each musical style, and 

these were consistently larger compared to valence. This suggests that either the low-high 

differences in the excerpts were more evident for arousal, or that induced arousal had more 

similar patterns across the groups. The inter-subject correlations and Cronbach’s alpha also 

revealed more inter-subject agreement and consistency for arousal than valence. More 

specifically, Cronbach’s alpha values for arousal ratings were above the standard α = 0.7 

threshold for exploratory studies (Tavakol & Dennick, 2011). In addition, low and high arousal 

excerpts had very similar alpha values (low arousal α = 0.76, high arousal α = 0.75), indicating 

that both levels of arousal were equally consistent across groups and musical styles. Combined 

with the large effects observed between the low and high arousal excerpts for each musical style 

in the repeated measures ANOVA, it can be concluded that arousal ratings had less variability 

across participants compared to valence. This is in line with the findings of Egermann et al. 

(2015), who proposed that arousal has more universal tendencies.   

Valence ratings had lower consistency, especially for excerpts of negative valence (negative 

valence α = 0.52, positive valence α = 0.60). While Cronbach’s alpha is not a test of 

unidimensionality, this is a first indication that valence ratings had more variability and perhaps 

were mediated by more underlying factors. Interestingly, there were differences in the 

consistency of the two levels of the scale, with excerpts of negative valence being less consistent 

across, but also within groups. In addition, only few excerpts were rated as negative in valence 

for each musical style (Figure 7), suggesting that there were instances where music expressing 

negative emotions was rated as positive in valence. This is consistent with the study that 

originally tested the stimuli, as the hierarchical clustering used by Vuoskoski & Eerola (2011) 

did not group all the sad excerpts close together. That is, sad excerpts received ratings of both 

positive and negative valence. 
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Emotions evoked by stimuli of perceived negative valence have received attention in recent 

studies in music and other arts.  In naturalistic scenarios, listening to music expressing negative 

emotions has been connected with emotional self-regulation strategies (Saarikallio & Erkkilä, 

2007). In more similar cases involving experimental designs and researcher-selected music, it 

has been shown that music of perceived negative valence can generate positive emotions, a 

finding that holds for music of both low (Vuoskoski, Thompson, McIlwain, & Eerola, 2012) 

and high arousal (Thompson, Geeves, & Olsen, 2018). The former (sad music) has received 

more attention, with several demographic variables being implicated on influencing a positive 

or negative outcome in terms of valence. Eerola and Peltola (2016) have identified three types 

of experiences as a result of listening to sad music, only one of which induced genuine negative 

emotions. Furthermore, each type had distinct profiles in terms of underlying mechanisms, 

reasons for listening, and listener characteristics. Personality traits such as empathy have also 

been shown to determine the direction of induced valence (Eerola et al., 2016; Garrido & 

Schubert, 2011).  

From the above, it becomes clear that emotional responses to music conveying negative valence 

depend on more underlying factors and can be expected to show more variability within a 

sample. This explains why negative valence had the lowest consistency of all subscales of the 

dimensional model. It also explains why a number of negative valence excerpts actually 

received ratings corresponding to positive emotions. However, it is still interesting to explore 

whether cultural factors might also have influenced the induced emotions of these excerpts. 

Group differences in negative valence are discussed in the next section.   

6.3 Subjective feeling 

Hypothesis 3 stated that there will be differences in the ratings of subjective feeling across the 

groups. In addition, it was hypothesized that groups more familiar to the musical style will 

consistently have higher valence and arousal scores, and will also report stronger experienced 

emotions through the intensity rating. One-way ANOVAs on valence, arousal, and intensity 

scores revealed significant differences across the groups, with the only exception being the 

arousal scores for Greek music. For Greek and Chinese music, the group most familiar with the 

music (Greeks and Chinese respectively) consistently had the highest scores, although not every 

pairwise comparison was significant. Western music, in which the familiarity with the musical 
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style was controlled as a covariate, did not show such a clear group advantage, but there were 

still significant differences for each rating scale. Therefore, the results were in line with 

Hypothesis 3. Pairwise comparisons and implications are discussed in more detail and 

separately for each rating scale. 

6.3.1 Valence 

Valence scores had significant group differences for each musical style. Larger effect sizes were 

observed for Greek and Chinese music (p < .001) compared to Western music (p =.02), 

suggesting there was less group variation for Western music. Pairwise comparisons revealed 

that for Greek music, Greek participants had significantly higher valence scores than the other 

two groups (p < .001). The opposite trend was observed for Chinese and Western music, where 

Greeks had significantly lower scores than the other two groups. Chinese participants had the 

highest scores for Chinese music, although they only had significant differences with the Greeks 

(p < .01). Finns had significantly higher valence scores than the other two groups for Western 

music (p < .05). Results of the group comparisons are in line with the low consistency of valence 

ratings discussed in the previous chapter, as they reveal distinct profiles for each group and 

considerable group differences.  

Research on the universality of pleasantness in music has produced seemingly conflicting 

results. Studies in favor of universal responses have often employed sensory dissonance or 

spectrally manipulated sound to argue for universal preferences to consonant music. As 

mentioned before, Zentner and Kagan (1998) showed a preference towards consonant melodies 

in infants, while some other studies showed similar results for other species (Chiandetti & 

Vallortigara, 2011; Sugimoto et al., 2010). A limitation of such studies is the non-verbal nature 

of responses, making it difficult to establish exactly what is being studied e.g. distinguish 

between notions of preference and pleasantness. The cross-cultural studies of Fritz et al. (2009, 

2013) conducted on adult Westerners and Mafa listeners followed a similar approach by 

spectrally manipulating the music. Excerpts were reversed (played backwards) and two 

versions of the excerpt pitched a semitone higher and a tritone lower were played 

simultaneously with the original. Results of Fritz et al. (2009, 2013) showed that both groups 

preferred the non-manipulated excerpts and gave higher valence ratings, concluding that 

permanently sensory dissonance has a universal influence on pleasantness in music. On the 

other hand, the study of Egermann et al. (2015) found that music-induced valence between 



 61 

 

Canadians and Pygmies could not be predicted from acoustic features of the music and had 

substantial differences across the two groups. From this, the authors concluded that valence 

might be more mediated by enculturation and has less universal qualities. The results of this 

study concur with the findings of Egermann et al. (2015), as they show that there are significant 

differences in induced valence across cultures even when all groups are roughly equally familiar 

with the musical style, as was the case with Western music.  

It is likely that the different results reflect the fact that the former studies used experimentally 

manipulated sound aiming to produce extreme amounts of sensory dissonance, whereas 

Egermann et al. (2015) and the present study used naturalistic music. While universal 

mechanisms seem to underlie the aversion to such dissonant sounds, real-world music would 

typically involve less amount of sensory dissonance. In such cases of naturalistic music, 

emotional responses might not be dominated by sensory dissonance, making it possible for 

culture-specific induction mechanisms to have more influence on the induced emotions. This 

would be in line with the cue redundancy model (Thompson & Balkwill, 2010) and would 

explain why dissonant intervals such as parallel semitones are universal cues.  

Another notable difference is that the studies of Fritz et al. (2009, 2013) focused on perceived, 

rather than induced valence. Although emotions conveyed by the music often evoke emotions 

of similar nature, several studies have showed that this is not always the case, even when 

participants are familiar with the musical style (Evans & Schubert, 2008; Gabrielsson, 2002). 

Induced emotions often show more variability (Eerola & Vuoskoski, 2013), and it is possible 

that especially for unfamiliar musical styles there are larger differences between perceived and 

felt emotions. This aspect could be further tested in future cross-cultural studies by employing 

self-reports of both perceived and induced emotions.  

Group differences in excerpts of negative valence also warrant further discussion. As mentioned 

in the previous section, consistency of negative valence was the lowest among the subscales of 

the dimensional model. Musical style seems to have affected the ratings, as can be seen from 

the mean ratings for each group (Figure 7). For Greek music, Greek participants rated every 

excerpt as pleasant, whereas Finns and Chinese rated the excerpts of negative valence as 

unpleasant. In Western music, Finns rated the two sad (low valence low arousal) excerpts as 

positive in valence, while for Chinese music, Chinese participants only rated one excerpt as 

unpleasant. These results seem to indicate that the direction of ratings was affected by the 
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familiarity with the musical style. Groups more familiar to the music tended to report positive, 

rather than negative emotions. On the other hand, a similar inspection on excerpts representing 

positive valence shows that the excerpts overall induced positive valence. The only exception 

was for Greek participants, who reported feelings of unpleasantness for two Chinese excerpts 

of positive valence. This further implies that group differences for negative valence excerpts 

were larger than positive valence excerpts.  

To our knowledge, no cross-cultural study to date has specifically investigated negative music-

induced emotions, and therefore interpretations have to remain speculative. As discussed in the 

previous section, a number of studies have established that music conveying negative valence 

can have very distinct emotional responses across listeners. The results of the current study 

seem to suggest that enculturation also has a role in determining the direction of induced 

valence, and that role might be more prominent in music conveying negative emotions. 

Proposed reasons for the enjoyment of sad music include the aesthetic appreciation of the piece 

and several personality traits, such as trait empathy and emotional contagion (Vuoskoski et al., 

2012; Eerola et al., 2016). On a cross-cultural context, aesthetic appreciation and emotional 

contagion can depend on the familiarity with the musical style, as there are acoustic cues 

associated with certain emotions that do not transcend across cultures. For example, Balkwill 

and Thompson (1999) found that Western listeners could not distinguish between Indian 

excerpts conveying sadness and peacefulness. Adachi et al. (2004) also showed that cues 

associated with sadness in Japanese music (singing with a breathy voice) where not shared by 

Canadian listeners and led to different interpretations of the conveyed emotions. This could 

explain why it was primarily listeners familiar with the musical style that experienced positive 

emotions in excerpts of negative valence.  

At the same time, it is important to highlight that sad music has been shown to induce complex 

emotional experiences, with elements of both enjoyment and sadness (Eerola et al., 2016; 

Hunter, Schellenberg, & Schimmack, 2010). As the current study used bipolar scales, it is 

possible that a range of mixed emotions were not accounted for. Future studies using separate 

unipolar scales for positive and negative valence can shed more light on the effect of 

enculturation on negative valence.  
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6.3.2 Arousal   

There were significant group differences on arousal scores only for Chinese and Western music. 

For Chinese music, Greeks had significantly lower arousal scores than the other two groups (p 

< .01). For Western music, Greeks had significantly lower scores compared to the Chinese (p 

< .05). The effect of nationality on arousal scores for Greek music was not significant, although 

Greek participants had a higher mean score than the other two groups (Figure 10). Interestingly, 

the results reveal that Chinese and Finnish participants had very similar levels of arousal and 

there were no significant differences between them in any of the three musical styles. 

Significant differences were only observed between Greek participants and other nationalities. 

A similar trend was observed for valence and arousal ratings, as the most notable differences 

were between Greek participants and either or both other groups. However, valence and 

intensity also had significant differences between Chinese and Finns, which was not the case 

here. In addition, effect sizes of one-way ANOVA’s on arousal scores were smaller compared 

to valence and intensity. These findings corroborate with the Cronbach’s alpha and stimuli 

validation repeated measures ANOVA, indicating that arousal scores had less variation across 

groups.  

The results are in line with Egermann et al. (2015), who argued that arousal has more universal 

tendencies. Their study found that arousal ratings of Canadians and Pygmies could be predicted 

from low level rhythmic and spectral features of the music. Proposed explanations by Egermann 

et al. (2015) were that arousal is influenced by mechanisms related to acoustic features that are 

irrespective of cultural learning, such as brainstem reflexes, emotional contagion, and rhythmic 

entrainment. Previous studies have also found that induced arousal positively correlates with 

low level rhythmic features such as tempo, accentuation, and rhythmic articulation (Gomez & 

Danuser, 2007). Brainstem reflexes and rhythmic entrainment mechanisms would be consistent 

with this interpretation, as the former are affected by sudden rhythmic and spectral features of 

the music (Juslin & Västfjäll, 2008), while the latter depends on the synchronization of body 

rhythms and can be influenced by rhythmic aspects of the music, such as tempo (Juslin et al., 

2010). On the other hand, emotional contagion depends on recognition of emotions conveyed 

by the music and might not always induce universal responses if culture-specific acoustic cues 

are involved. In line with these mechanisms is also the fact that subjective arousal is greatly 

influenced by ANS, as shown by the fact that all physiological measures had significant 

differences for low and high levels of reported arousal (see Section 5.4). Since ANS activity 
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remained similar across the groups, it is only expected that arousal would follow more closely 

the physiological patterns and would have less group variation compared to the other two rating 

scales.   

At the same time, it seems that there are some aspects of induced arousal that are culture 

specific, since there were differences between Greek participants and other groups. Egermann 

et al. (2015) also reported significant differences between Canadian and Pygmy ratings for 

Western and Pygmy music, with each group rating their own music as more arousing. However, 

this cannot fully explain the group differences observed in this study. Instead, it seems that 

Greek participants had lower levels of arousal for music outside their own. Especially for 

Western music, the lower scores cannot be explained by acoustic features or familiarity with 

the musical style. Since similar patterns were observed for valence and intensity, these results 

are reviewed in more detail in Section 6.5.  

6.3.3 Intensity 

To our knowledge, intensity has not been employed before in a cross-cultural study and 

therefore its use was exploratory. Results showed that similarly to valence, intensity scores had 

significant group differences for each musical style and larger effect sizes were observed for 

Greek and Chinese music. Pairwise comparisons revealed that for Greek music, Greek 

participants had significantly higher intensity scores than the other two groups (p < .001). 

Chinese participants had significantly higher ratings than the other groups for Chinese music 

(p < .001) and significantly higher ratings than the Greek participants for Western music (p < 

.05). From the above, it becomes clear that intensity reflected the valence group differences to 

a great extent. At the same time, intensity level also reflected arousal-related physiological 

responses. Repeated measures ANOVA’s revealed that the low and high intensity ratings had 

a significant effect on all SC measures, which were associated with induced arousal, but not 

with valence (see Section 5.4). This is in line with previous studies that have reported a positive 

relationship between intensity and physiological arousal (Dibben, 2004), as well as reported 

induced arousal (Vuoskoski & Eerola, 2011; Luck et al., 2008). From the above, intensity seems 

to combine aspects of both valence and arousal and can be thought of as a generalized rating of 

emotional activity. The assessment of Eerola and Vuoskoski (2013) that intensity collapses 

emotional reactions to a single uniform dimension is in agreement with the results of this study. 
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Interestingly, intensity also appears to have had the most variation across groups compared to 

valence and arousal. Effect sizes in one-way ANOVAs were consistently higher for intensity 

than the other two rating scales. There were also instances where pairwise comparisons where 

significant for intensity scores, but not for valence and arousal. For example, significant 

differences between Chinese and Finns were only observed in intensity scores for Chinese and 

Western music. These results cannot be explained by either valence or arousal alone and would 

suggest that intensity also reflects emotional qualities outside the two-dimensional core affect 

space. It is possible that intensity is mediated by emotional concepts that cannot be collapsed 

into the two-dimensional model of valence and arousal, e.g. intensity has been shown to 

correlate highly with preference (Schubert, 2007). While preference in turn has been shown to 

highly correlate with valence, the two are not identical constructs (Ritossa & Rickard, 2004).  

Another explanation would be that intensity is not affected by the polarity ambiguity that can 

be associated with bipolar scales, especially when it comes to negative valence or mixed 

emotions. Hunter, Schellenberg, & Schimmack (2008) showed that when cues associated with 

both positive and negative valence are present in the music, it is possible for mixed emotions 

to be evoked. As discussed before, results of consistency and mean group ratings for excerpts 

of negative valence suggested some ambivalence in the direction of induced valence. In such 

cases, a bipolar scale might not be able to fully account for all aspects of experienced emotions. 

In contrast, the strength of emotions involving both positive and negative valence can still be 

collapsed into a unipolar rating of intensity, avoiding polarity ambiguity across participants and 

excerpts.  

Both explanations remain plausible and clarify the observed significant group comparisons only 

for intensity, but not for valence and arousal. Furthermore, these results give credit to intensity 

as a useful additional rating in measuring induced emotions, suggesting that its qualities cannot 

always be reduced or cannot be easily interpreted by the valence-arousal space.    

6.4 Physiology 

Hypothesis 4 stated that there will be similar levels of physiological activity across the groups. 

Before discussing group differences, it is important to identify whether the experienced 

emotions as described through self-reports were indicators of the physiological measures. Self-
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reports are often used as a ground truth when comparing two distinct components of emotions, 

as they are currently the only way to accurately access the subjective emotional experience 

(Scherer & Zentner, 2001). 

Repeated measures ANOVA on low and high levels of reported valence and arousal revealed 

that there were significant differences in a number of physiological measures. For valence, HR 

and RR were significantly higher for excerpts of positive valence, compared to excerpts of 

negative valence. As reviewed in Section 2.5.1, a number of studies using music and other 

stimuli have reported acceleration in HR and RR for increased self-reported valence (e.g. 

Sammler et al., 2007; Gomez & Danuser, 2004; Krumhansl, 1997). For arousal, there were 

significant differences in every physiological measure, with high arousal excerpts showing 

stronger physiological responses. There was a considerably larger effect for SC tonic than any 

other measure, suggesting that it was the best indicator of arousal ratings.  

The results are in line with the close connection reported induced arousal has with physiological 

arousal (ANS activity). Several studies with music or other stimuli have shown a positive 

relationship between HR, RR, and SC on one hand, and self-reports of induced arousal on the 

other (e.g. Appelhans & Luecken, 2006; Baumgartner et al., 2005; Gomez et al., 2004; 

Hagemann, Waldstein, & Thayer, 2003). SC has been proposed as a particularly good predictor 

of reported arousal, as the eccrine sweat glands responsible for sweat secretion are only 

triggered by sympathetic sudomotor nerves (Benedek & Kaernbach, 2010; Alexander et al., 

2005). On the other hand, HR and RR are mediated by both SNS and PNS and can reflect other 

emotional dimensions, such as valence (Appelhans & Luecken, 2006; Hagemann et al., 2003). 

This explains why SC tonic had a larger effect size for arousal. The fact that SC amplitude only had 

a marginally significant effect for arousal (p = .03) and was therefore excluded might be related 

to the relatively short duration of the stimuli. Finally, the relationship of physiological activity 

and intensity was similar to that of arousal, as all SC measures were significant and SC tonic had 

the largest effect size. This further supports that intensity shares some variance with arousal, as 

discussed in the previous section.  

On a more general note, bodily responses recorded in this study are consistent with the literature 

and were indicators of self-reports of subjective feeling. In line with a large volume of studies 

in recent decades, results of this study are in favor of the emotivist view that music evokes 

genuine emotions and causes changes in ANS activity. Therefore, it is justified to use the four 
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physiological variables (HR, RR, SC tonic, SC peaks number) in the analysis outlined in Hypothesis 

4.  

Results of this analysis showed that even for musical styles of unequal familiarity, nationality 

only had marginally significant effects for HR in Greek music (p = .04) and SC peaks number for 

Chinese music (p = .03). When Bonferroni adjustments for multiple comparisons were applied, 

none of the post hoc comparisons were significant. For Western music, one-way ANOVA’s 

were not significant for all the physiological measures. Although a null hypothesis cannot be 

proven through deductive reasoning, Hypothesis 4 cannot be rejected as it becomes clear that 

physiological responses to music listening were not significantly different across the groups. 

The results concur with previous cross-cultural studies in other fields of affective science who 

have found similar physiological responses across different cultures. Levenson et al. (1992) 

first proposed that facial expressions of distinct emotions had similar patterns of ANS activity 

for European Americans and the Minangkabau of West Sumatra, whereas self-reports of 

experienced emotion had substantial variations. The finding was later confirmed for many 

different culture groups and for an array of different stimuli, such as film clips (Tsai, Levenson, 

& Carstensen, 2000), noise (Soto et al., 2005), anger provocation (Mauss et al., 2010), as well 

as interpersonal tasks (Tsai et al., 2006). The current study shows that ANS activity in a music 

context has the same pattern, further supporting that bodily responses are less susceptible to 

cultural influences compared to the subjective feeling.  

6.5 Effect of enculturation in Western music  

Hypothesis 5 stated that for musical styles that have similar levels of familiarity across the 

groups, Chinese participants will consistently report lower levels of experienced emotions. 

Analysis on the familiarity scores revealed that only Western music had similar levels of 

familiarity across groups, in line with pre-experiment assumptions. Therefore, the criterion of 

Hypothesis 5 only applied to Western music stimuli. One-way ANCOVAs, with familiarity 

with the musical style used as a covariate, showed that Finns had significantly higher valence 

scores than the other two groups (p < .05). Chinese participants had significantly higher scores 

than the Greeks for arousal (p < .05) and intensity (p < .01).  
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Hypothesis 5 was based on previous cross-cultural studies that found lower levels of self-reports 

of experienced emotion for East Asians compared to Westerners. This result was attributed to 

the effect of individualism-collectivism in the subjective feeling. Hypothesis 5 tested this in a 

music setting. Results show that Hypothesis 5 was only supported for valence, where Chinese 

participants had the lowest scores across groups. A closer inspection to the mean valence ratings 

(Figure 7) shows that the Chinese group was the only one to rate all four excerpts of negative 

valence as unpleasant. Their ratings on positive excerpts were similar to the other groups. Thus, 

the lower overall valence scores of Chinese participants reflect different emotional outcomes to 

music conveying negative emotions, rather than a general reduced amount of experienced 

emotions. 

From the above, it becomes clear that Hypothesis 5 is not supported. This could be due to either 

of the following: 1) type II error due to low sample size, 2) effect observed with other types of 

stimuli does not generalize in a music setting. 

 A type II error is unlikely to be the case, as similar sample sizes have been used in previous 

studies reporting significant differences (e.g. Tsai & Levenson, 1997). Furthermore, there was 

not a consistent trend of lower scores for Chinese participants in the first place. It is more likely 

that the effect of individualism-collectivism observed in other types of stimuli does not 

generalize in a music setting. Interestingly, in the multiple cross-cultural studies conducted by 

Tsai and others, the only case where no group differences between Western and East Asian 

cultures were observed was for emotional film stimuli (Tsai et al., 2000). Film and music have 

some commonalities as forms of art and unlike some of other used stimuli they can exist as solo 

activities. This is especially the case for music listening, as in recent years it is increasingly 

being transported from public spaces to personalized digital devices. Variables that mediate 

social behavior (such as individualism-collectivism) might have a lesser influence on induced 

emotions from stimuli occurring in a private setting, thus being devoid of an immediate social 

context. This could explain the discrepancies in the literature and is also in agreement with the 

assertion of Mauss et al. (2010) that enhanced group effects have been observed for stimuli that 

depend on personally relevant, intense, or interpersonal situations. Since the stimuli were 

preselected by the experimenter, they would typically lack the intensity and personal relevance 

that self-selected music has (Rickard, 2004; Blood & Zatorre, 2001). Future studies using self-

selected music can further investigate whether the results observed here would hold true during 

more intense music experiences. 
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The different profile of Chinese participants in negatively valenced excerpts also needs to be 

discussed. The Chinese group was the only one to rate all Western stimuli with the intended 

emotions. Instead, Finns and Greeks rated the majority of stimuli as pleasant. Differences in the 

attitude towards positive and negative affect in Western and East Asian cultures have been 

suggested. Kitayama et al. (2000) showed that European American college students focus more 

on seeking pleasurable experiences and report considerably higher frequencies of positive than 

negative experienced emotions. In contrast, Japanese students showed similar frequencies of 

positive and negative experienced emotions (ibid). A recall bias for positive emotional events 

in Western, but not in East Asian cultures has also been found (Wirtz, Chiu, Diener, & Oishi, 

2009). In a music context, this could be an indication for greater association of music and 

positive emotions in Western cultures. Recalling is connected to underlying mechanisms such 

as visual imagery and episodic memory. On the other hand, the induced emotions of Chinese 

participants followed closely the ones conveyed by the music, which could be an indication for 

more reliance in emotional contagion. Future studies could employ paradigms suggested by 

Juslin & Västfjäll (2008) to manipulate or isolate mechanisms and investigate their differences 

across cultures.  

A final point needs to be made regarding Greek participants, as they had significantly lower 

scores from either or both groups in almost every scale and for every musical style except Greek 

music. These results were not expected by the original hypotheses and would suggest that 

familiarity had a stronger influence in their responses, so that less familiar music did not induce 

strong emotions. Roberts and Levenson (2006) have shown that ethnically matched stimuli 

(stimuli from one’s culture) enhance emotional responses compared to ethnically mismatched 

stimuli. This effect was shown to vary across different groups depending on the overall 

attachment that individuals had with their own culture (e.g. in the original study African 

Americans showed the larger differences between matched and mismatched stimuli compared 

to European, Chinese, and Mexican Americans). It is likely that such variables have affected 

emotional responses in the current study. While there was an attempt to control some important 

covariates (mood prior to the experiment, musicianship, and familiarity), others such as cultural 

openness or the attachment to one’s culture might have introduced some bias as they went 

unnoticed. However, as a validated instrument is still lacking in the field (to our knowledge), it 

was not possible to account for these confounds in a convincing manner.  
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7 CONCLUSIONS 

To summarize, the current study investigated the role of enculturation on different components 

of music-induced emotions. Emphasis was placed on determining the aspects of music-induced 

emotion that are universal and culture-specific. As in previous studies investigating everyday 

emotions, subjective feeling was found to have substantial variations across the cultures 

examined in this study, strongly suggesting that it is greatly shaped by enculturation. This was 

shown to be the case even for music of relatively equal familiarity. In agreement with our 

hypotheses, groups reported stronger emotional experiences for music of their own culture. 

ANS activity was found to have similar responses across groups, confirming that physiological 

responses to music follow the same trend as other emotional stimuli and are more universal. 

This was observed even for music of unequal familiarity, suggesting that physiology can be a 

very useful additional layer to study emotions, minimizing the effect of cultural differences. 

Thus, the study makes the case for measurements involving multiple components of emotion, 

especially since cross-cultural studies up to now have relied only on a limited set of tools.  

Hypothesis 5 was not supported by the results, as Chinese participants did not report less 

experienced emotions than the Western groups. Proposed explanation for this was the nature of 

the experimental setting and the fact that it was devoid of interpersonal context. Future studies 

could further expand on this and investigate individualism-collectivism by contrasting music 

and other interpersonal tasks, or look into other aspects of music that occur in a group setting.    

The results of this study have a number of implications for future studies on music and emotion. 

Firstly, in line with the proposed hypothesis, Western music was found to have similar levels 

of familiarity across the groups. This demonstrates that Western music is a good candidate to 

eliminate familiarity confounds that are common in cross-cultural research. Secondly, excerpts 

from a widely used stimuli bank for Western music, the film music database, induced relatively 

similar emotions across different cultures. This is an important finding as it reveals that the 

emotional character of at least some of the original stimuli chosen by Eerola and Vuoskoki 

(2011) can be generalized beyond Finnish and Western participants. 

Thirdly, it shows that a dimensional model of valence and arousal can be used in a cross-cultural 

music study to avoid linguistic errors or extensive translations of emotion labels. While a 
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comparison of the discrete and dimensional models was not in the scope of this study, it is still 

highlighted that a valence and arousal space is a valid alternative to multiple discrete labels.  

From the two dimensions, arousal was more consistent, in agreement with the proposal of 

Egermann et al. (2015) that it is more universal. Valence had less overall consistency and more 

variation across groups, particularly for unpleasant emotions. There were also clear differences 

in the way some groups experienced pleasant and unpleasant emotions, suggesting that the 

emotional outcome of music conveying negative emotions is more culture-specific. Therefore, 

the use of separate unipolar scales, at least for valence, might be advantageous to better 

investigate the cultural influences of positive and negative affect. Finally, intensity was a 

suitable scale for collapsing the polarity ambiguity associated with valence in one dimension. 

For this reason, it can be a useful extra layer of information, especially if the design of the study 

involves bipolar scales.   
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9 APPENDICES 

9.1 Appendix A 

Information given to participants prior to the experiment. 

INSTRUCTIONS  

During the experiment, you will be listening to 20 short music examples and you will be asked 

to report how the music makes you feel. There will also be physiological sensors measuring 

bodily responses, all in the form of easily wearable equipment. Before each music example 

starts, there is a 60-second relaxation period. The duration of this test is approximately 45 

minutes, while the duration of the whole experiment is approximately 1 hour. There will be a 

break in the middle, during which you can relax. You will also get to practice with some 

examples, in order to get familiar with the environment and the tasks in hand.   

 

During the listening task, you will be asked to give two sets of ratings, one when the music is 

playing and the other when the music has stopped: 

 
- Ratings during the music example: While the music is playing, you will be asked how 

pleasant the experience is and how energetic the music makes you feel. These ratings are 
continuous, so please adjust them as quickly as possible if your feeling changes. 
 

- Ratings after the end of the music example: When the music is over, there will be some 
further questions relating to how strong your emotional experience was, and how 
familiar the music was to you. 
 

You have the right to stop the experiment any time you want. Experimental data will only be 

used anonymously and for research purposes. All your personal information will be confidential 

and kept for at least 5 years to be able to reanalyze the data. However, you have the right to 

have your personal data deleted at any time. 

 

The experiment is conducted with the supervision of Dr. Geoff Luck at the Department of 

Music, Art and Culture Studies, University of Jyväskylä. 

 

Correspondence concerning this experiment should be addressed to Anastasios 

Mavrolampados; Department of Music, Art and Culture Studies, University of Jyväskylä, 

Finland. E-mail: anmavrol@student.jyu.fi 

 

 

 

  

mailto:denizduman92@gmail.com
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9.2 Appendix B 

Questionnaire given after the experiment. 

Age:  

Gender: 

Nationality (if more than one, please name all): 

Country you have spent most of your life living:  

Do you consider yourself a musician? 

a) Yes 

b) No 

If yes, how would you best describe yourself? 

a) Amateur musician 

b) Semi-professional musician 

c) Professional musician 

During the experiment, you listened to musical styles from different geographical regions of 

the world. Could you name some of these geographical regions in broad terms? 

Were some of the musical styles more familiar than others? If yes, please describe which: 

Did you like some of the musical styles more than others? If yes, please describe which: 

Further comments and feedback: 
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9.3 Appendix C 

Ratings of each excerpt across participants. 

TABLE 5. Means and standard deviations of valence and arousal ratings of each excerpt across participants. 

Excerpt Code Musical Style Valence Arousal 

M SD M SD 

WF1 Western .44 .24 .79 .13 

WF2 Western .24 .20 .60 .22 

WS1 Western .50 .24 .33 .17 

WS2 Western .49 .25 .27 .16 

WH1 Western .72 .17 .74 .13 

WH2 Western .76 .16 .78 .11 

WT1 Western .70 .17 .34 .18 

WT2 Western .63 .19 .31 .17 

GF1 Greek .56 .26 .76 .13 

GS1 Greek .56 .20 .49 .16 

GH1 Greek .72 .20 .73 .15 

GH2 Greek .71 .20 .71 .14 

GT1 Greek . 49 .22 .57 .18 

GT2 Greek .51 .22 .56 .17 
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CF1 Chinese .44 .21 .66 .17 

CS1 Chinese .50 .24 .41 .17 

CH1 Chinese .68 .20 .79 .14 

CH2 Chinese .62 .19 .64 .13 

CT1 Chinese .60 .18 .44 .16 

CT2 Chinese .59 .20 .36 .20 
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9.4 Appendix D 

Stimuli Information. 

TABLE 6. List of Western stimuli used from film music database. 

Excerpt code Excerpt name Duration (in secs.) Track number in the 110 

set * 

W1 The Alien Trilogy 51 091 

W2 Batman returns 51 011 

W3 The English Patient 61 031 

W4 Pride and Prejudice 50 109 

W5 The Untouchables 67 071 

W6 Pride and Prejudice 56 105 

W7 Grizzly Man 50 028 

W8 Portrait of a Lady 55 029 

*Excerpt number as denoted in the set of 110 excerpts (Eerola & Vuoskoski, 2011) 

 

Table 7. List of Greek and Chinese stimuli. 

Excerpt code Excerpt name (English) Excerpt name in the original 

language (Greek or Chinese) 

Duration 

(in secs.) 

G1 Zonaradikos Tsestos Ζωναράδικος Τσέστος 52 

G2 Kopeloudaki Κοπελουδάκι 51 

G3 Roditikos Ροδίτικος 61 
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G4 Ta Ksyla Τα ξύλα 51 

G5 Pergamos Πέργαμος 51 

G6 Berati Μπεράτι 54 

C1 A Moonlit Night on the Spring River 春江花月夜 50 

C2 Saying Goodbye After Getting Married 新婚别 55 

C3 Horse Racing 賽馬 50 

C4 Thunderstorm and Drought 旱天雷 54 

C5 The Evening Song in the Fishing Boats 漁舟唱晚 52 

C6 Spring Arrives at the Qing River 春到清江 63 
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10 ABBREVIATIONS 

ANS: Autonomic nervous system 

ECG: Electrocardiography 

EDA: Electrodermal activity 

CRM: Cue redundancy model 

HR: Heart rate 

PNS: Parasympathetic nervous system 

RR: Respiration rate 

SC: Skin conductance 

SCL: Skin conductance level 

SNS: Sympathetic nervous system 

 

 


