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Vienna, Austria.

ABSTRACT

The potential of music to communicate emotions is part of our everyday experience.
Music psychologists have distinguished between emotion perception, which refers to the
perception of emotions expressed by music without evoking affective responses in the
listeners, and emotion induction, which refers to listeners’ affective response to music.
Here, we focus on emotion induction. The first part briefly discusses recent empirical
evidence and theoretical reflections on i) the nature of musical emotions, ii) emotion
models in relation to music, iii) the influence of factors like familiarity, culture, gender,
personality, expertise and contextual features on listeners’ emotional experience, and iv)
the link between emotion and aesthetics. The second part concerns itself with musical
emotions and the central nervous system and discusses recent findings of brain areas
involved in emotional processing of music, issues related to cerebral asymmetry, and the
link between emotion and cognition in these processes. In this context, the question of
whether emotions evoked by music are similar or different compared to emotions evoked
by other sensory modalities has been of substantial interest to music researchers.
Therefore, we extensively address this issue and report on current cross-modal affective
priming studies. Automatic affective responses to stimuli are essentially relevant for
subsequent cognitive, emotional and behavioural reactions: emotions induced by music
crucially influence the (emotional) processing of pictures, facial expressions, films, and
words. We propose that cross-modal priming studies provide a promising alternative to
conventional approaches in order to better understand the nature of musical emotions.

“Music produces a kind of pleasure which human nature cannot do without.”
Confucius (551-479 BC)

*Corresponding author: E-mail: j.bhattacharya@gold.ac.uk
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1. INTRODUCTION

Music is as fundamentally part of a culture as painting and drawing, and a culture that
lacks music has yet to be discovered (Juslin and Sloboda 2001). In an evolutionary context,
research and theories about the origins of music have recently received widespread attention
(Wallin, Merker et al. 1999; Mithen 2005; Cross and Morely 2009), but how do our daily life
experiences with music relate to possible explanations of the origins, characteristics and
functions of music? In other words, what are the underlying psychological human needs that
may explain the universal relevance of music? In Politics (Book VII1), Aristotle attributed a
natural ‘sweetness’ to music, and proposed that men listen to music to get pleasure and relax
from exhausting work (Saunders 1992). This reference to the close relationship between
music and emotional experience was later echoed in Thomas More’s Utopia (1516), a classic
literature describing an ideal society. The Utopians are described as having pleasures that
either relate to the mind or the body. Music is regarded as a pleasure that belongs to the body:

There is another kind of pleasure that arises neither from our receiving what the body
requires, nor its being relieved when overcharged, and yet, by a secret unseen virtue, affects
the senses, raises the passions, and strikes the mind with generous impressions — this is, the
pleasure that arises from music. (More, Logan et al. 2002, p.72)

These classical philosophical ideas are still valid, and considerable evidence based on
empirical research has been accumulated suggesting an important relationship between
subjectively experienced pleasure and music; this evidence has come from diverse fields
including cognitive and aesthetic neuroscience (Blood and Zatorre 2001; Wallenstein 2008),
consumer behaviour (Wicke 1990; Frith 2004; Longhurst 2007), popular music research and
music sociology (Hargreaves and North 1999; DeNora 2000; Rentfrow and Gosling 2003;
North, Hargreaves et al. 2004; Juslin, Liljestrom et al. 2008). There is no doubt that music
plays an essential part in our daily lives (Juslin and Laukka 2004). Music elicits a wide
spectrum of emotional experience (Hays and Minichiello 2005; Laukka 2007; Saarikallio and
Erkkila 2007), and is routinely used for mood and emotion regulation (Rickard 2004). Taken
together, all these findings either explicitly or implicitly point to music’s powerful influence
on bodily states. If this was not the case, people would not spend billions annually on music
(IFP12006).

In this chapter, we will first address several current issues in emotion research on music
by focusing on induced emotions. In the second part, we will discuss the brain responses
related to music induced emotions. We will further report on the possible link between
cognition and emotion in processing music. Finally, we will present the latest evidence of
cross-modal processing of music-induced emotions.

2. CURRENT ISSUES IN RESEARCH ON Music AND EMOTION

Empirical research on music and emotion has gained an increasing interest over the last
two decades, which is reflected in the first dedicated volume on music and emotion edited by
Juslin and Sloboda (2001) and its forthcoming sequel (Juslin and Sloboda 2009), which
comprises around 1000 pages and is the longest book ever published in the field of music
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psychology. This growing interest in musical emotions is partly due to the general boost in
emotion research in fields outside music and to the rapid advancement in neuroimaging
techniques. Considering the fact that the field of music psychology is relatively young
compared to other fields of psychology, the current interest in musical emotions may also be
explained by the natural progress to move towards questions related to music and emotions
after the initial predominance of research on music cognition in the 1980-90s. Thus, it is not
surprising that in the field of music and emotion many issues still need to be resolved. Some
of these issues result primarily from comparisons to emotional processing in other domains,
while others may be more related to music-specific characteristics.

2.1. Music-Induced Mood and Emotion — Same or Different?

Researchers generally distinguish between several types of measures of emotions (Abeles
and Chung 1996), but there is currently no general agreement on the basic terminology of
emotional states. For example, Abeles and Chung (1996) differentiate between preferences,
affective and mood/emotional responses. McMullen (1996) interprets aesthetic behaviour by
distinguishing between preference/hedonic tone, mood/feeling tone, and aesthetic response.
Further, Scherer (2004) describes a set of types of affective states, including preferences,
mood, utilitarian emotions, aesthetic emotions, interpersonal stances, attitudes and personality
traits. More recently, Juslin and Vastfjall (2008) propose to differentiate between affect,
emotions, mood, feelings and preferences.

Music is a powerful means of inducing specific mood states (Pignatiello, Camp et al.
1986; Storbeck and Clore 2005). But is music-induced mood same or different from emotions
induced by music? Despite the lack of general agreement on the different terms and
definitions used in music and emotion research as discussed earlier, most of the researchers
do agree that moods refer to “affective states that feature a lower felt intensity than emotions,
that do not have a clear object, and that last much longer than emotions (several hours to
days)”, and that emotions refer to “relatively intense affective responses that usually involve a
number of sub-components — subjective feeling, physiological arousal, expression, action
tendency, and regulation — which last minutes to a few hours” (Juslin and Véstfjall 2008, p.
561). Although there could be some overlap between music-induced mood and emotion, the
time scale of operation is important while making a relative distinction between the two:
music-induced mood lasts longer, whereas music-induced emotion is rather short-lived.

The length of the musical stimulus under investigation and its relation to the mood-
emotion differentiation constitutes another related issue. For example, Khalfa and colleagues
(2002) argue that only short musical excerpts of several seconds are suitable for the study of
musical emotions, whereas studies using longer stimuli investigate mood rather than emotion
(Pignatiello, Camp et al. 1986; Storbeck and Clore 2005). Music is a continuous stream of
musical events and can thus be considered as a sequence of auditory events that people
perceive and respond to (Steinbeis, Koelsch et al. 2006). Music is dynamic and changes over
time, and physiological responses, such as changes in skin conductance, heart rate, are
elicited by both short (Guhn, Hamm et al. 2007) and long (Kivy 1989; Juslin and Laukka
2004; Scherer 2004; Konecni, Brown et al. 2008; Zentner, Grandjean et al. 2008) musical
excerpts. Therefore, the argument that only short musical excerpts elicit real emotions is not
entirely convincing. We suggest that an operational differentiation between emotion and
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mood can be better made at the level of the duration of the evoked state, which does not
necessarily depend on the length of the stimulus.

2.2. Are Musical Emotions ‘Real’?

In spite of the ubiquitous fact that many people report to experience emotions as response
to music in their daily lives, the question of whether music can induce ‘real’ emotions, that is,
emotions elicited by auditory and visual objects/events/situations that constitute an essential
part of our daily lives, has been debated for ages and so far lacked consensus (Kivy 1989;
Juslin and Laukka 2004; Scherer 2004; Juslin and Véstfjall 2008; Konecni 2008; Konecni,
Brown et al. 2008; Zentner, Grandjean et al. 2008). For instance, some argue that music,
being iconic or representative of emotion, cannot induce real emotions but only express them
(Kivy 1990). This position has been coined as ‘cognitivist’ by Kivy. Others state that the
combined empirical evidence for emotion induction by music is substantial (Gabrielsson
2002; Juslin and Laukka 2004; Kallinen and Ravaja 2006; Schubert 2007; Evans and
Schubert 2008; Zentner, Grandjean et al. 2008; Roy, Mailhot et al. 2009), suggesting that
musical emotions are similar to real emotions elicited by other sensory stimuli. The latter
position has been coined as ‘emotivist’.

2.3. Perceived and Felt Emotion — Same or Different?

There is increasing evidence pointing towards a difference between emotion perception
or perceived emotion (the emotion that listeners perceive in the music) and emotion induction
or felt emotion (the emotion that listeners feel in themselves when listening to the music)
(Kallinen and Ravaja 2006; Kreutz and Lotze 2007; Evans and Schubert 2008; Peretz in
press). This differentiation can be introduced in the discussion of experiential and
physiological responses to music, based on the task the researchers asked the participants to
accomplish. Therefore, one is advised to critically distinguish between studies that focus on
either emotion perception or induction. Unfortunately, current research efforts on music and
emotions do not strictly make that distinction (Gabrielsson and Juslin 1996; Juslin 2000;
Sloboda 2000; Sloboda and Lehmann 2001; Juslin and Laukka 2003; Peretz in press). In
addition, research in music psychology has primarily concentrated on emotion perception
instead of emotion induction in the last decade, often in the context of music performance
research and emotion expression (Peretz 2001).

However, emotion induction by music is currently receiving more attention in the field.
For example, induced musical emotions may be conceptualized to depend on a multiplicatory
fashion on structural features (referring to the music), performance features, listener features
and contextual features (Scherer and Zentner 2001). The relative weigthing of these features
and their interaction in producing an emotional state is still unclear. Additionally, it can be
hypothesized that the relative importance of these features may vary across musical styles
(e.g., classical versus contemporary music, instrumental versus vocal music) and change over
the course of a single piece because emotion induction in music is a temporal phenomenon.
Many of the issues addressed in this section refer directly or indirectly to this model of
induction rules.
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The question of how music evokes emotions has recently been addressed by Juslin and
Vastfjall (2008) who propose six mechanisms through which listening to music can induce
emotions: (i) brain stem reflexes, (ii) evaluative conditioning, (iii) emotional contagion, (iv)
visual imagery, (v) episodic memory, and (vi) musical expectancy. The authors argue that
these mechanisms differ in terms of “information focus, ontogenetic development, key brain
regions, cultural impact, induction speed, degree of volitional influence, modularity, and
dependence on musical structure” (Juslin and Vastfjall 2008, p. 559). Thus, researchers are
advised to control for the underlying mechanisms of emotion induction when designing
experiments. Their hypotheses gained widespread attention, partly because they oppose the
assumption that musical emotions are mostly based on a cognitive appraisal mechanism. They
also stand in contrast to the emotion-inducing mechanisms suggested by Scherer (2004), who
differentiates between central route production (appraisal, memory and empathy) and
peripheral route production (proprioceptive feedback, facilitating the expression of pre-
existing emotions). Clearly, the question of how musical emotions are induced is still open
and needs further investigation. Additionally, it is still unclear how experimenters can control
for the mechanisms of emotion induction in an experimental setting.

2.4. Are Musical Emotions Similar to Other Emotions?

An important issue is whether emotions elicited by music are same or different from
emotions elicited in other domains (Scherer and Zentner 2008). What type of emotions can
music elicit in listeners? For example, Juslin and Vastfjall (2008) suggest that music induces
emotions that are qualitatively very similar to emotions evoked by other types of stimuli.
Moreover, they also draw our attention to one very specific feature of musical emotions that
sets them apart from everyday emotions:

What is unique about musical emotions is not the underlying mechanisms or the emotions
they evoke, but rather the fact that music — unlike most other stimuli for our emotions in
everyday life — is often intentionally designed to induce emotions, using whatever means
available. (p. 572)

Conversely, Scherer (2004) clearly differentiates between ‘utilitarian’ and ‘aesthetic’
emotions that are part of our daily lives, arguing that utilitarian emotions comprise a range of
basic emotions, such as fear and sadness that have “major functions in the adaptation and
adjustment of individuals to events that have important consequences for their well being” (p.
241), while aesthetic emotions are largely defined by the absence of cognitive, goal-oriented
appraisal but based on other appraisal mechanisms:

[A]n aesthetic experience is one that is not triggered by concerns with the relevance of a
perception to my bodily needs, my social values, or my current goals or plans, nor with how
well | can cope with the situation, but one where the appreciation of the instrinsic qualities of
a piece of visual art or a piece of music is of paramount importance. (Scherer, 2004, p. 242)

Specifically, Scherer and Zentner (2008) suggest that music can evoke both types of emotion,
but more frequently aesthetic emotions than utilitarian ones.
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In a similar vein, Frijda and Sundararajan (2007) propose to differentiate between
‘coarse’ and ‘refined’ emotions. Inspired by Confucian philosophy and Chinese poetry, they
argue that coarse and refined emotions represent two specific modes of all possible emotions
rather than two emotion categories comprising a subset of emotions:

Coarse emotions differ from emotions that are more felt than acted upon [i.e. refined
emotions], and thus do not obviously manisfest themselves in overt behaviours like attack,
embrace, or flight, may not show very pronounced physiological upset, are often about
complex events or subtle event aspects; and are easily done justice by common emotion
labels. (p. 227)

They extensively elaborate the idea of refined emotions by discussing detachment, restraint,
second-order experience and self-reflexive awareness as characteristics of this type of
emotional state.

The theoretical approaches presented above may fail to address the important issue of the
role of the ‘producer’ of a work of art or music in the emotional experience of it, even in
cases in which s/he is not physically present. In other words, to what degree is the physical
presence of the producer (artist, writer, musician) relevant to the emotional experience of a
recipient in response to a work of art (painting, poem, piece of music)? We argue that it is
crucial to point out that the dissociation between the producer of a work of art and the work of
art itself at the time of its experience may be wider in the visual arts, printed poetry and
literature than in music. From an evolutionary and socio-historical perspective, music is a
social phenomenon (Merriam 1964) experienced in real-time, since before the invention of
recording systems music could only be experienced by being in presence of the people
making music. Therefore, one can argue that there could be an intrinsic coupling between the
musician and the music itself in vocal and instrumental music experience, even in the
physical absence of the singers and musicians when listening to music. In live performances
of vocal music, the presence of the singer is presumably even more relevant to the emotional
experience of listeners than in the experience of instrumental music. Such a strong coupling
between the musician and the produced music is probably also part of the experience of
theatre, opera and popular music, but less so in the visual arts and literature, except for public
readings. This crucial difference, which is directly related to the temporal experience of art,
could lead to a differentiation of emotions evoked by ‘temporal arts’ and ‘static arts’. Thus, it
can be assumed that emotions induced by temporal arts may be different from those induced
by static arts because the producer is physically more ‘present’ in these art forms (and still
nowadays physically real in live-concert settings) and as such has an effect on the emotional
experience evoked by the work of art. Admittedly, nowadays music recordings are a very
common way of transmitting music and evoking emotional responses, but the musician and
the music were not originally dissociated. Consequently, our biological system may process
emotions related to temporal arts and static arts differently. Musical emotions may thus be
more similar to utilitarian or coarse emotions because musicians could usually also evoke
utilitarian or coarse emotions in other everyday contexts without making music. In addition,
the currently perceived difference between music as art experienced for its own sake and
music as part of everyday social activities was probably less clear many thousand years ago
(Cross and Woodruff 2009).
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However, we consider these categorizations as premature and question whether this
differentiation between utilitarian and aesthetic emotions or coarse and refined emotions will
lead to a better understanding of the issue to what degree musical emotions are differently or
similarly processed and experienced compared to emotions outside the domain of music.
Consequently, we argue that these questions can be better resolved by comparing various
physiological and subjective emotional responses across domains in a first step. The current
state of research on music and emotion is clearly not advanced enough in order to make an a
priori definition of different types of emotions, especially because at present the general
scientific community does not even agree on a definition of the term ‘emotion’ (Izard 2007)
or the question of whether a discrete or dimensional approach to emotion is more appropriate
(Mauss and Robinson 2009). However, most researchers would agree on a componential
approach to emotion, which implies that coordinated changes in different components
(physiological arousal, motor expression, behaviour preparation, subjective feeling) define an
emotion episode (Scherer 2004). To test whether musical emotions are indeed ‘special’, one
could follow a systematic approach and empirically investigate each of these components
separately by using a wide range of measures and making comparisons across domains.

As stated above, behaviour is also an essential component of an emotional response to a
stimulus (Frijda 1988; Gross 2007). Activation of the action or motor network has recently
been found in response to beautiful and ugly paintings (Kawabata and Zeki 2004); according
to the componentional approach to emotion, this could reflect behaviour preparation and
approach/withdrawal tendencies. In consequence, one could argue that aesthetic experience is
characterized by behavioural responses which are typical features of utilitarian emotions,
which makes differences between the two potential emotion categories less apparent.
Importantly, motor areas have also be found to be activated in neuroimaging studies on music
and emotion (Blood and Zatorre 2001). Additionally, studies using facial electromyography
have shown that emotions induced by music (Witvliet and Vrana 2007; Khalfa, Roy et al.
2008; Roy, Mailhot et al. 2009) lead to specific activities of the facial muscles including
corrugator supercilii (active while frowning) and zygomaticus major (active while smiling),
indicating valence-related behavioural responses commonly induced in other domains than
music (Larsen, Norris et al. 2003).

2.5. Models of Musical Emotion

Traditionally, psychologists and neuroscientists interested in musical emotions use and
adapt approaches that are common in the general field of emotion research (Juslin and
Sloboda 2001; Kreutz, Ott et al. 2008), including basic emotion models (Ekman 1999; Izard
2007), dimensional models (Russell 1980; Posner, Russell et al. 2005) and the prototype
approach (Shaver, Schwartz et al. 1987). Basic emotion models, i.e. discrete emotion theory,
assume that a specific emotion, such as fear, is characterized by a specific neural network,
whereas dimensional models argue that every specific emotion is based on two or more
common overlapping neurophysiological systems. The prototype approach is based on the
assumption that language shapes how people conceptualize and categorize information. The
membership in a particular category is determined by the resemblance to prototypical
exemplars. These contrasting models have gained wide acceptance in general, although some
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researchers suggest that these models need to be refined (Schimmack and Grob 2000; Frijda
and Sundararajan 2007).

In music research, the use of the basic emotion model and the dimensional model has
been widespread, although some researchers have provided arguments for the development of
music-specific emotion models (Scherer 2004; Collier 2007; Konecni 2008). Recently,
Zentner and colleagues (2008) developed a 9-dimensional model of musical emotions by
collecting intensity ratings for emotion descriptors from participants that liked to listen to a
specific musical style, either in a private or in a concert setting. By using factor analysis, they
found categories of predominantly positive emotion terms that can be used to describe one’s
subjective feeling in response to music, going beyond emotions terms that are generally used
in basic emotion models or dimensional models. Most importantly, the researchers argue that
these feelings may not be unique to music, but that aesthetic experiences in everyday life are
common: “It is possible that emotions felt in response to music are just one example of a
much larger category of emotions relating to aesthetically appraised day-to-day objects,
situations, and experiences, which, as a whole, occupy much space in human lives” (Zentner,
Grandjean et al. 2008, p. 515). We support the view that many day-to-day objects, situations
and experiences can elicit emotions that are related to aesthetic experience, but is this
experienced pleasure of a different quality than the one experienced in other reward situations
(food, sex, monetary rewards, and drugs)? Or may the difference be rather a quantitative one,
that is, different degrees of emotional intensity varying along a continuum between utilitarian
and aesthetic emotions? The answer to these questions is likely to be crucial, particularly
when discussing the differentiation between utilitarian and aesthetic emotions in the context
of music research (Scherer 2004).

2.6. Aesthetic Experience and Emotion

Neuroaesthetics, primarily focusing on the cognition of visual arts, is a young promising
interdisciplinary field that may offer some answers to the intriguing questions on emotion and
music mentioned in the previous sections (Skov and Vartanian 2009). As already stated in the
introduction to this chapter, music experience is clearly related to some kind of pleasure, thus
the link between aesthetics and emotions elicted by art and music is clear-cut. Many
acknowledged philosophers have been pondering on issues referring to aesthetic experience
in the past. For example, the British philosopher Anthony Earl of Shaftesbury (Earl of
Shaftesbury 1964/1711) differentiated between ‘disinterested’ and ‘interested’ enjoyment.
The former refers to enjoyment for its own sake, the latter to enjoyment of anticipated
benefits. Francis Hutcheson, a student of Shaftesbury, further developed these ideas and
suggested a sharp division between everyday and aesthetic experience (Hutcheson 1725).
Proposing a more psychological theory of aesthetic experience, he argued for a special ‘taste
faculty’ and disinterested pleasure based on a specific criterion for beauty. However, this idea
was later rejected by Immanuel Kant (Kant 1914/1790) who argued that there is only one
underlying cognitive faculty which is involved in both the experience of ordinary objects and
the searching for satisfying structures in objects that lead to the experience of pleasure. Like
Shaftesbury, Kant defended the notion of ‘disinterested pleasure’ (‘interesseloses
Wohlgefallen”). Arthur Schopenhauer (Schopenhauer 1969/1818) further developed Kant’s
ideas and gradually a theory of aesthetic experience emerged:
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According to Schopenhauer, everyday consciousness is in the service of the will, but if
the intellect can temporarily subdue the will, a state of disinterested detachment can be
achieved in which aesthetic qualities can be suitably contemplated.” (Cupchik, Vartanian et al.
2009, p. 84)

In the 20" century, Beardsley (1958; 1966) developed a theory of aesthetic experience as
a specific psychological process that is characterized by a slight detachment of affect and a
certain degree of freedom from concerns referring to past and future events. As such this
theory is in the tradition of ‘disinterest’; however, it does not entail a faculty that produces
disinterest, which instead is rather seen as an emergent property of the aesthetic experience.

Neuroscientists interested in the visual arts have developed paradigms that may be useful
to research on music and emotion, thus shedding light on the question of whether musical
emotions are similar or different compared to emotions elicited in other domains. Some recent
findings suggest that the underlying brain networks involved in the perception of art overlap
with those involved in the perception of other reward-based stimuli (Vartanian and Goel
2004) or social and moral cues (Jacobsen, Schubotz et al. 2006). Other findings, however,
show that the perception of beauty in art may be based on a neural network specific to
aesthetic appreciation (Cela-Conde, Marty et al. 2004).

More recently, researchers investigated the effect of context on aesthetic experience
(Kirk, Skov et al. 2009). It can be assumed that an object or image is differently perceived in
a daily-life context than in an art gallery, and that context and intentional perception may
provide the underlying basis for the difference between aesthetic and utilitarian emotions.
Indeed, the researchers found that the responses of the prefrontal and orbitofrontal cortices
that are involved in the processing of aesthetic judgement are biased by people’s expectations
about the hedonic value of a stimulus according to the context. Further support for the
influence of context on the neural processing of aesthetic experience in the visual domain has
been recently provided (Di Dio, Macaluso et al. 2007; Hdofel and Jacobsen 2007; Cupchik,
Vartanian et al. 2009). Therefore, it can be reasonably concluded that aesthetic appreciation in
the context of visual arts clearly requires intention. But is this also the case for music? Music
is also often appreciated while being engaged in other activities (Juslin and Laukka 2004).
Apparently, the issue of how the appreciation of music differs from the appreciation of other
art forms is still unresolved and currently rarely addressed among music psychologists and
cognitive neuroscientists. We argue that emotions induced by music should not only be
compared to emotions elicited in other domains in general, but also specifically to emotions
elicited by other arts forms.

2.7. Role of Social Context in Experiencing Music

Music is experienced in many different ways in our daily lives (DeNora 2000), and the
level of consciousness or intentional listening may vary to a large extent in these settings. For
example, music can be experienced as background music in shops or films, while working or
driving in a car, or in a church or live-concert setting. It would be a challenge to develop real-
life paradigms that create these different contextual settings in a restricted laboratory
environment and to compare the emotional responses between different contexts. Distraction
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tasks (incidental versus focused listening) provide one possibility to investigate the effect of
context/intention/consciousness on the aesthetic appreciation of music. Indeed, behavioural
evidence suggests that the relationship between familiarity and liking ratings is influenced by
incidental versus focused listening to music (Szpunar, Schellenberg et al. 2004; Tan,
Spackman et al. 2006; Schellenberg, Peretz et al. 2008). In a similar fashion, the importance
of social context on emotion perception has been discussed in a recent ethnomusicological
study (Baraldi 2009). In a Gypsy community in Transylvania, the very same melodies are
played at weddings and funerals. It was found that the aesthetic meaning depends on the
social context. Furthermore, music is often experienced in groups and the emotional
responses of group members may have an impact on people’s emotional response (Egermann,
Grewe et al. 2009). In summary, empirical evidence suggests that music and its social context
may significantly modulate emotions induced by music.

2.8. Role of Expertise

Another current issue is the question of whether aesthetic and emotional experience may
be affected by expertise. For example, expertise with architecture has been found to modulate
cognitive processing of architectural stimuli, and most importantly, also the response in
reward-related brain areas (Kirk, Skov et al. 2009). It remains to be seen whether musicians’
responses in reward-related areas also differ from those of non-musicians. Studies comparing
musicians and non-musicians’ physiological responses to music are rare, but the sparse
evidence (Bhattacharya and Petsche 2001; Kreutz, Bongard et al. 2002; Steinbeis, Koelsch et
al. 2006) suggests that expertise may affect physiological processing of emotions in subtle
ways. Empirical evidence for the effect of musical training on subjective experience of
musical emotions points to different directions. For example, musical expertise has been
found to resolve the inverted U-relationship between liking and complexity (Orr and Ohlsson
2005), often regarded as one of the core elements of experimental aesthetics (Berlyne 1971).
Conversely, Rawlings and Leow (2008) investigated the effect of personality traits on the
experience of musical emotions, and their results indicate that musicians rated relaxing music
as more cheerful and pleasant than non-musicians, but they were also more familiar with the
musical excerpts, which makes it difficult to differentiate between the effects of familiarity
and musical training. Overall, musical training seems to have a minimal effect on emotional
experience, which is in line with the argument that non-musicians can generally be considered
as experienced listeners (Bigand and Poulin-Charronnat 2006), which particularly holds true
for affective responses to music:

Musical activities would probably have disappeared from all human societes if listeners
were unable to confer (or perceive) an affective value to musical stimuli. Being able to
apprehend the emotional quality of musical stimuli is so important that it might be at the heart
of all musical abilities. (Bigand & Poulin-Charronnat, 2006, p. 117)

While investigating implicit responses to music, Bigand and colleagues (2005) showed
that there is a high consistency between musicians and non-musicians when grouping musical
excerpts of similar emotional quality based on their felt emotion. Furthermore, the length of
the excerpts (30s versus 1s) did not largely affect the number of groups or their content. To
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conclude, the current empirical evidence suggests that musicians and non-musicians may
differ in their physiologial responses to music, but the effects of musical training on
subjective experience are less than conclusive. In addition, the current studies vary widely in
terms of methodology and the range of stimuli used, which makes comparisons between them
rather difficult. Thus, it remains an open issue which aspects of emotional response to music
are modulated by expertise.

2.9. Role of Familiarity

The issue of musical expertise is closely linked to the issue of familiarity and its role in
emotion induction as well as to related issues of individual differences. Researchers usually
control for familiarity with the musical stimuli by questionnaires on the participants’ musical
background and/or ratings of familiarity for each individual excerpt used in an experiment.
For instance, Zentner, Grandjean and Scherer (2008) controlled for familiarity with the
musical styles in their study on the development of a music-specific model of emotion. It is a
well-established fact that in general there is a positive association between familiarity and
liking (Zajonc 1968; Kunst-Wilson and Zajonc 1980; Hargreaves 1984; Peretz, Gaudreau et
al. 1998; Zajonc 2001), although this relationship can be modulated by context and expertise
as already mentioned earlier (Orr and Ohlsson 2005). Moreover, it has been previously
suggested that familiarity should be considered in models of musical emotions (Ritossa and
Rickard 2004), and others suggested that preference (liking) needs to be considered as well
(Kreutz, Ott et al. 2008). In a study combining qualitative and quantitative methods, Parncutt
and Marin (2006) collected emotion terms in response to unfamiliar music and found that
20th-century art music is especially associated with negative feelings and emotion categories.
Listeners disliked unfamiliar music, and subjective verbal responses were grouped by other
participants into categories such as anger, chaos, madness, aggression and fear. Therefore,
music is clearly able to elicit negative emotions, especially in listeners that are unfamiliar
with a musical style. Consequently, it can be argued that by controlling for preference only
one part of the wide spectrum of emotion terms is covered in the musical emotion model
proposed by Zentner and colleagues (2008). A ‘complete’ model of feelings induced by music
should thus include emotion terms that refer to negative emotions (negative valence, high-
and low-arousing) that can be elicited under certain circumstances and thus address the issue
of familiarity. In other words, one can argue that deliberate exposure to a familiar musical
style may explain the large amount of positive emotion terms reported by Zentner and
colleagues (2008). Surely, people mostly gain pleasure and positive emotions from their
interaction with music, arts, or aesthetic experiences linked to natural scenes, but at the same
time people cannot always choose to expose themselves to music that they are familiar with
and/or like to listen to, even in a context that is primarily meant to elicit pleasure. For
example, in an art gallery, there are paintings or sculptures that do not necessarily provide
pleasure to the visitors though they have chosen to go there in order to experience some kind
of pleasure. Similarly, people are often exposed to music in diverse contexts or situations, and
not every one of them is under direct control of the listeners. Thus, it can be assumed that
negative emotions are induced in listeners who do not appreciate a musical piece, a specific
performance of a piece, or a piece of art in general although they deliberately expose
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themselves to it. All these examples point again to the intrinsic qualities of the visual or
auditory events that are the focus of interest in aesthetic experience.

We propose that the effect of familiarity on emotion induction can be discussed on
different levels within and across cultures, ranging from issues related to familiarity with a
musical style in general to repeated listening of the same piece and to the effect of repetition
of musical material within a piece on emotional experience. An example of a study on the
latter aspect of familiarity was conducted by McAdams and colleagues (2004), who used an
unfamiliar contemporary piece, specifically composed for research purposes, to investigate
induced emotions and the effect of repetition of musical material. During the performance in
a live-concert setting, listeners rated continuously their experienced familiarity and the
emotional force of the musical material. Emotional force ratings were found to decrease in
repeated musical material, suggesting that it is important to consider effects of familiarity at
different levels of the musical material (within a piece, at the level of a piece, specific
performance of a piece, musical style, and musical system).

2.10. Role of Culture

In light of the above evidence, it could be argued that issues related to (un)familiarity and
evoked emotions by music can broadly be addressed from two perspectives: i) (un)familiarity
with musical pieces or styles within one’s familiar culture, and ii) (un)familiarity with music
coming from different cultures. In other words, listeners may be unfamiliar with music
coming from their own culture but familiar with music from a different culture. This
differentiation is important because through enculturation to a musical tonal system culture-
specific brain structures are created (Hannon and Trainor 2007; Wong, Perrachione et al.
2009), which can be compared to the learning of a first language. For example, the implicit
knowledge of harmony is specific to Western cultures and has been found to be important in
emotional experience (Steinbeis, Koelsch et al. 2006), and the same holds true for the role of
mode in emotion perception (Juslin and Laukka 2004; Khalfa, Roy et al. 2008). Findings of a
cross-cultural study on Arab music extend the importance of tonality in emotional experience
to musical cultures outside the Western world (Ayari and McAdams 2003).

Balkwill and Thompson (1999) proposed a theory of cross-cultural emotion recognition:
culture-specific and universal cues interact in the process of musical emotion recognition.
Listeners unfamiliar with a musical system primarily base their judgements on musical cues
such as tempo, melodic/rhythmic complexity and pitch range, whereas members of a specific
culture additionally rely on the conventions of a tonal system (Balkwill, Thompson et al.
2004). This theory has gained some attention by other researchers (Krumhansl, Toivanen et
al. 2000; Morrison, Demorest et al. 2003; Eerola, Himberg et al. 2006; Nan, Knésche et al.
2006). Very recently, further evidence for the universal recognition of happy, sad and
scary/fearful music and the positive relationship between perceived consonance and
pleasantness has been found in both African and Western listeners (Fritz, Jentschke et al.
2009). However, these studies focused on emotion perception and cross-cultural studies on
emotion induction are rather rare. Marin and colleagues (2007) found that Western and
Persian listeners’ experience of induced emotions by Western tonal, atonal, and Persian music
is largely influenced by familiarity with a musical system. Nevertheless, findings of current
cross-cultural studies on physiological responses to music do not offer converging evidence
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(Kemal Arikan, Devrim et al. 1999; Morrison, Demorest et al. 2003; Nan, Kndsche et al.
2006; Han and Northoff 2008; Wong, Perrachione et al. 2009). Intensive collaborations
between ethnomusicologists and music psychologists may help to resolve these conflicting
reports.

2.11. Role of Gender

In the Western world, females are often portrayed as being more emotional than males
(Fischer and Manstead 2000), but do these stereotypes also hold true for emotions induced by
music? If yes, how can these differences be explained? Research outside the domain of music
has shown that gender affects emotional responses in many subtle ways, which has been
partly attributed to biological and sociocultural factors (Baron-Cohen, Knickmeyer et al.
2005). Females are more likely to develop affective disorders (Sachs-Ericsson and Ciarlo
2000), but they also report more happiness and joy (Brody 1996). In addition, females are
more emotionally expressive than males (Brody and Hall 2000); however, this is not
necessarily linked to stronger emotional experiences (Kring and Gordon 1998). Specifically,
Bradley and colleagues (2001) showed that females are more reactive to unpleasant pictures,
both in physiological measures and in self-reports. Likewise, Wager and colleagues (2003)
reported in a meta-analysis of neuroimaging studies on emotion that males showed more
lateralization of emotional activity, whereas females were characterized by more brain stem
activation. More recently, other studies reported gender-related differences in diverse
emotional paradigms including both auditory and visual domains (Besson, Magne et al. 2002;
Canli, Desmond et al. 2002; Pietrzak, Laird et al. 2002; Wildgruber, Pihan et al. 2002; Royet,
Plailly et al. 2003; Cahill, Uncapher et al. 2004; Bourne 2005; Schienle, Schéfer et al. 2005;
Scholten, Aleman et al. 2005).

Studies have reported gender effects of emotional processing in music research as well.
For example, Altenmdiller and colleagues (2002) detected in their EEG study on the valence-
lateralisation hypothesis that the emotion-specific asymmetry was characterized by larger
areas in females than in males. Moreover, females reported more often dislike for the negative
musical stimuli. Koelsch and colleagues (2003) conducted a meta-analysis of previous EEG
studies on the processing of musical syntax, which is related to musical expectancy and thus
possibly to emotional experience as well. Their results indicated that an electrophysiological
correlate (early right anterior negativity, ERAN) of music-syntactic processing is generated
bilaterally in females, and it has a right hemispheric predominance in males (Koelsch, Maess
et al. 2003). Similar to adults, gender effects in music-syntactic processing were also revealed
in children. Boys showed a lateralization of the ERAN to the left, which could not be found in
girls (Koelsch, Grossmann et al. 2003). Nater and colleagues (2006) invited participants to
listen to Renaissance and Heavy Metal music while measuring psychophysiological responses
(heart rate, finger temperature and skin conductance level). They also collected self-reports
and endocrine measures. Results demonstrated that females showed a stronger physiological
response to the unpleasant Heavy Metal music than males, which is in line with research in
domains outside music (Kring and Gordon 1998; Bradley, Codispoti et al. 2001). Females
differed from males in their emotional response regarding skin conductance level and finger
temperature, but not in their heart rate patterns and endocrine measures. Interestingly, gender
did not affect self-reports, suggesting a dissociation between psychological and physiological
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response patterns. Recently, Flores-Gutiérrez and colleagues (2009) were interested in gender
effects in responses to pleasant and unpleasant music by Bach, Mahler and Prodromides.
They analysed EEG coherence, a measure of functional connectivity, and also recorded self-
reports of emotional experience. Results indicated that gender differences occur in the
patterns of functional coupling between brain regions within the alpha frequency range.
Gender did not affect subjective reports of emotions, which is in line with the findings by
Nater and colleagues (2006).

Researchers have recently also made efforts to explain gender differences in relation to
music. Kreutz and colleagues (2008) applied Baron-Cohen’s empathizer-systemizer (E-S)
theory to music. ‘Empathizing’ is characterised as the ability to respond to other’s feeling
states, whereas ‘systemizing’ is characterised as the ability to respond to regularities of
objects and events. Neurobiological differences between females and males may explain these
different cognitive styles that are typical of females (empathizing) and males (systemizing).
For example, males’ brains are generally larger, but their corpora collosa are smaller. In
males, these anatomical differences could lead to an increase of local connectivity and a
decrease of inter-hemispheric connectivity. Although there are some novel aspects in E-S
theory, it has not remained uncriticised (Nettle 2007). In order to test their idea of applying E-
S theory to music, Kreutz and colleagues (2008) collected online responses to questionnaires
from a large sample and found significant effects of gender for music empathizing and
systemizing. In summary, gender effects have been described by a wide range of studies on
musical emotions. Explanations for gender differences will also have to account for a possible
dissociation between psychological and neuro(physiological) responses to music (Johnsen,
Tranel et al. 2009), which makes the discussion of gender effects more complex. Therefore,
future research designs need to include a wider range of background measures, to incorporate
social factors, and to focus on specific musical styles.

2.12. Role of Personality

Research on individual differences in emotion processing is quite scarce because
researchers prefer to compare groups rather than individuals in their analyses by either
balancing or ignoring effects of individual differences (Hamann and Canli 2004). However,
individual differences may play a large role in emotional experiences and several studies have
indicated that research on induced musical emotions should control for personality traits,
dispositional affect, and genotype. Unfortunately this has rarely been the case so far. Gerra
and colleagues (1998) investigated the relationship between personality traits, temperament
and emotional responses to 30 minutes of techno-music or classical music using a wide range
of neuroendocrine measures, physiological measures and self-reports. The findings suggest
that certain neuroendocrine measures correlate with personality traits and temperament.
Moreover, musical preferences have been found to be associated with personality traits
(Rentfrow and Gosling 2003; Schwartz and Fouts 2003). These results may help to explain
why people like the music they do, which goes beyond the analysis of the musical stimuli
under investigation. A recent study assessed whether neuroticism is related to perceived
similarity of another person and whether the familiarity of a context (background music)
influences this relationship (Moss, Garivaldis et al. 2007). Participants with higher levels of
neuroticism were more likely to perceive another person as dissimilar to themselves on the
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scales of openness and extraversion. This perceived dissimilarity in extraversion was
particularly pronounced when the participants rated music as familiar. Studies like this
highlight the complexity involved in the subtle effects that music may have on individual’s
experiences in multi-modal settings of daily lives.

3. EMOTIONS INDUCED BY MuUSIC AND
THE CENTRAL NERVOUS SYSTEM

In the last decade, research on the neural correlates of musical emotions has gained
increasing interest in the field. Lesion and neuroimaging studies have primarily focused on
emotion recognition in music (Peretz in press), mainly following approaches related to
theories of categorical (Gosselin, Peretz et al. 2007) or dimensional models of emotion
(Khalfa, Schon et al. 2005). Only recently, several studies investigated the neural pathways of
emotion induction using various neuroimaging techniques and paradigms. Reseachers have
generally been interested in issues related to valence and brain lateralization (Altenmiiller,
Schurmann et al. 2002; Flores-Gutierrez, Diaz et al. 2007), the processing of emotional peak
experiences or chill sensations (Blood and Zatorre 2001), specific musical features and their
relation to emotion induction (Steinbeis, Koelsch et al. 2006) as well as general brain
activation while listening to music (Brown, Martinez et al. 2004; Mitterschiffthaler, Fu et al.
2007). Empirical evidence for effects of long-term musical training on emotional neural
processing is sparse (Koelsch 2005; Pallesen, Brattico et al. 2005).

Since the number of studies is rather limited, and the results are not always pointing in
the same direction, the discussion of a neurobiological account of emotions induced by music
is currently complex, challenging and also controversial. Furthermore, a direct comparison
and generalization of the limited findings is problematic for various reasons as follows. First,
the musical stimuli used in the current studies vary along several dimensions. For example,
they range from highly controlled and artificial music (Blood, Zatorre et al. 1999) to
ecologically valid and natural (Flores-Gutierrez, Diaz et al. 2007). In addition, they often vary
in duration, from relatively short (Altenmiller, Schurmann et al. 2002) to long (Sammler,
Grigutsch et al. 2007). The length of a musical stimulus plays an important role in the
differentiation between emotion and mood induction (Juslin and Sloboda 2001). Moreover,
some researchers equalize for loudness across musical stimuli of different emotional quality
(Altenmuiller, Schurmann et al. 2002), whereas others make the participants adjust the volume
(Flores-Gutiérrez, Diaz et al. 2009). Loudness and tempo are related to arousal (Schubert
2004), and an equalization of loudness may thus tremendously decrease external validity of
the findings. In some studies, stylistic variation is kept to a minimum (Baumgartner, Lutz et
al. 2006), whereas others include a wide range of styles (Altenmuller, Schurmann et al. 2002),
potentially introducing confounds related to timbre and the number of instruments involved.
Second, researchers either ignore the effect of familiarity on emotional response to music
(Schmidt and Trainor 2001) or try to control for it (Koelsch, Fritz et al. 2006). Third,
definitions of common terms used in musical emotion research may vary across studies. For
instance, the term ‘valence’, which is related to dimensional models of emotions (Russell
1980), is defined as approach vs. withdrawal (Field, Martinez et al. 1998), positive vs.
negative (Field, Martinez et al. 1998), pleasant vs. unpleasant (Koelsch, Fritz et al. 2006)
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consonance vs. dissonance (Blood, Zatorre et al. 1999; Koelsch, Fritz et al. 2006), happy vs.
sad (Schmidt and Trainor 2001) and even as liking vs. dislike (Altenmdiller, Schurmann et al.
2002). Although positive correlations between these numerous definitions are possible, these
definitions of valence are not necessarily identical. For instance, dissonant and negative music
can be liked by some individuals and therefore considered as pleasant (Schubert 1996).
Therefore, sad music is probably rather related to approach than to withdrawal. Finally,
gender affects the neural processing of emotions induced by music (see Sect. 2.11), which is
often not sufficiently controlled for. While it is true that some of the issues mentioned above
are due to the different research questions asked, the specific designs of the study and the
types of measurement employed, others can be resolved, for example, by not treating music
as a uni-dimensional stimulus and by better controlling for listeners’ features. Equally
important, the diversity of methods, musical stimuli and listeners’ features has led to a
diversity of reliability, making comparisons difficult, if not invalid. Consequently,
interdisciplinary collaboration between music theorists, musicologists and neuroscientists
may provide a fruitful basis for research that seeks to link specific musical features to
emotion induction. The limited present findings should be regarded as a starting point for
more refined, hypothesis-driven research that also aims at replicating previous results in this
young field.

3.1. Brain Areas Associated with Emotions Induced by Music

What brain areas have been associated with emotions induced by music so far? In order
to answer this question effectively, we have to rely on those neuroimaging techniques like
functional magnetic resonance imaging (fMRI) or positron emission topography (PET) which
offer superior spatial resolution than other commonly available techniques like EEG. One of
the pioneering neuroimaging studies on emotion induction by music was conducted by Blood
and Zatorre (2001), who investigated the neural substrates of intensely pleasurable emotional
experiences known as chills or shivers down the spine. Musicians were listening to self-
selected classical music that reliably elicited chills in them. PET was used in order to measure
regional cerebral blood flow (rCBF); chill intensity ratings were positively correlated with
activations of reward circuitry (left dorsomedial midbrain, insula, orbitofrontal cortex) and
negatively correlated with activations of fear circuitry (amygdala, left hippocampus, ventral
medial prefrontal ratings). This study clearly showed that music recruits neural systems of
both positive (reward) and negative (fear) emotions similar to those recruited by biologically
relevant stimuli. Further, these results led to the intriguing suggestion that pleasant emotion is
not just due to an activation of positive emotional circuitry but also due to an inhibition of
negative emotional circuitry. Moreover, activation of the hippocampus in music processing
may be explained by emotion induction mechanisms such as episodic memory and visual
imagery as well as by nostalgia, an emotion which is commonly induced by music (Zentner,
Grandjean et al. 2008).

Similarly, Brown and colleagues (2004), also using PET, had non-musicians listening to
unfamiliar but pleasant music. Increased rCBF was found in the temporal lobe and several
limbic and paralimbic areas, specifically in the cingulate gyrus, the affective division of the
anterior cingulate cortex, retrosplenial cortex, hippocampus, anterior insula, and nucleus
accumbens. Activation was overall stronger in the left hemisphere, supporting the frontal



Music Induced Emotions: Some Current Issues... 17

activation/valence emotion model (Davidson, Schwartz et al. 1979; Davidson 1993). It needs
to be stated that increase of rCBF in the temporal pole, the orbitofrontal cortex, and the
superior frontal gyrus in response to positively valenced stimuli was also observed in the
visual, general auditory and olfactory domains (Royet, Zald et al. 2000).

Another study by Koelsch and colleagues (2006) examined the neural correlates of the
processing of pleasant and unpleasant music by using fMRI. They used original and
acoustically manipulated (pitch-shifted) musical excerpts. The manipulation of the stimuli
was meant to induce unpleasantness while controlling for melodic contour, dynamics and
rhythmical structure. Although this manipulation of musical excerpts may guarantee strict
control over musical features, its ecological validity could be limited. Compared to pleasant
music, unpleasant stimuli activated the amygdala, the hippocampus, the parahippocampal gyri
and the temporal lobes, and compared to unpleasant music, pleasant music activated the
Heschl gyrus, anterior superior insula, and Rolandic operculum. The amygdala has been
found to be activated during the recognition of emotional vocalizations (Morris, Scott et al.
1999; Sander and Scheich 2001), and patients with resections of the amygdala have impaired
recognition of scary music in films (Gosselin, Peretz et al. 2005; Gosselin, Peretz et al. 2007)
or tend to perceive unpleasant music as more pleasant (Gottselig 2000). Interestingly, Koelsch
and colleagues (2006) also reported that amygdala activations were higher in the second half
of the musical excerpts as compared to the first half, thus providing a first account on the
neural correlates of temporal dynamics of emotion. The activation observed in the Rolandic
operculum is worth mentioning as this region has been found to be active in overt and covert
singing (Jeffries, Fritz et al. 2003), in processing of intonation contour of spoken sentences
(Meyer, Steinhauer et al. 2004), and during mere listening to sentences that are related to
actions. Therefore, the Rolandic operculum is an important node in the mirror-neuron
network (Tettamanti, Buccino et al. 2005), which led Molnar-Szakacs and Overy (2006) to
suggest that

[M]usic, like language, involves an intimate coupling between the perception and
production of hierarchically organized sequential information, the structure of which has the
ability to communicate meaning and emotion. We propose that these aspects of musical
experience may be mediated by the human mirror neuron system. (p. 235)

More recently, Mitterschiffthaler and colleagues (2007) used fMRI to investigate the
neural response to happy, sad and neutral music. At this point it needs to be mentioned how
the researchers defined the term ‘neutral’ valence of music because others argue that music
cannot be emotionally neutral. In their pre-study, the researchers asked participants to rate
their emotional responses on a continuous scale ranging from happy through neutral to sad.
Detailed information on the musical excerpts were not provided, which makes it difficult to
interpret the results. What the researchers and the participants considered as a neutral
emotional response to music could perhaps be referred to as peaceful, or neither happy nor
sad. Music-induced happiness was associated with increased activations in the ventral and
dorsal striatum, anterior cingulate, parahippocampal gyrus, and auditory association areas.
The music-inducing sadness was related with increased activations in the
hippocampus/amygdala and auditory association areas, and the neutral music condition with
the insula and auditory association areas. The ventral striatum, a dopaminergic region, has
previously been associated with positive emotional states and reward processing (Schultz
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2000; Blood and Zatorre 2001; Brown, Martinez et al. 2004; Menon and Levitin 2005;
Koelsch, Fritz et al. 2006). Activation of the anterior cingulate cortex (ACC) in response to
happy music has also been reported by others (Blood and Zatorre 2001; Menon and Levitin
2005). In general, the ACC is important for the control of autonomic arousal, error
monitoring, nociception, conflict processing and appetitive behaviour (Vogt 2005). Happy
music was also associated with activation of the left parahippocampal gyrus, a brain region
previously found to be activated by the processing of spatial scenes and navigation (Epstein
and Kanwisher 1998; Rosenbaum, McKinnon et al. 2004), as well as highly context
dependent information (Bar and Aminoff 2003). On the other hand, the involvement of the
parahippocampal gyrus is often reported during listening to unpleasant music (Koelsch, Fritz
et al. 2006). Sadness induced by music was associated with activation of the right
hippocampus/amygdala region, whereas activation of the left amygdala was found by
Koelsch and colleagues (2006) in the processing of unpleasant music. However, Brown and
colleagues (2004) reported amygdala activation for pleasant music, and Blood and Zatorre
(2001) showed a negative relationship between chill intensity and hippocampus/amygdala
activation. Therefore, the role of the amygdala in the processing of emotions inducted by
music is still not fully resolved. An increase in amygdala activity can also be caused by the
appraisal and evaluation of salient emotional stimuli, particularly in the processing of sad
stimuli (Richardson, Strange et al. 2004). Importantly, this appraisal can happen without
conscious awareness (Phelps 2004), which adds important information to the debate on the
role of appraisal in the induction of emotions by music (Scherer 2004; Juslin and Vastfjall
2008). A possible asymmetry of amygdala functions for valence and arousal processing was
recently examined in patients with drug resistant partial-epilepsis. Intra-cerebral electrodes
were implanted (Lanteaume, Khalfa et al. 2007) while skin conductance responses and
electromyographic responses of the corrugator supercillii (EMGc) were measured. The
researchers stimulated either the right or the left amygdala and asked the patients to verbally
report their experienced emotions. Stimulation of the right amygdala led to negative emotion
induction, especially to fear and sadness. In contrast, the stimulation of the left amygdala
resulted in induced happiness, fear, sadness or anxiety, indicating a left lateralization of
positive valence. An increase of EMGc activity was observed for unpleasant emotions,
whereas skin conductance responses were larger for pleasant emotions. Future studies will
have to examine if these patterns also hold true for music processing.

3.2. Cerebral Asymmetry

The hemispheric specialization hypothesis for emotional valence (Davidson, Schwartz et
al. 1979; Heilman 1997) has been extensively investigated in several domains outside music.
This hypothesis implies that emotions are organised around approach and avoidance
tendencies, and that they are processed dominantly by the left and right hemisphere,
respectively. Therefore, asymmetry in frontal activity would reflect emotional valence. In
music research, several studies supported this hypothesis. For example, Schmidt and Trainor
(2001) conducted an EEG study where participants listened to four orchestral pieces by Bach,
Vivaldi, Barber and Prokofiev that varied in valence and intensity. Larger left frontal activity
(i.e. lower EEG power in alpha frequency band) was found for pieces that induced happiness
and joy, and larger right frontal activity for those inducing fear and sadness, supporting
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previous findings from other modalities (Fox 1991; Heller 1993). Similarly, Altenmuller and
colleagues (2002) presented jazz, rock-pop music, classical music and environmental sounds
to adolescents and recorded direct-current EEG. Further support for a significant lateralization
effect was found: left temporal activation was increased by positively valenced emotions,
whereas a bilateral pattern with preponderance of the right fronto-temporal cortex was related
to negatively valenced emotions. Moreover, the results did not differ between the four genres,
and the valence-related differences were larger in females. In a more recent study (Tsang,
Trainor et al. 2005), tempo and mode, two musical features that are essentially involved in the
induction of emotion, were manipulated in musical excerpts by Albinoni, Grieg, Handel,
Mozart, Saint-Saéns and Verdi. Changes of both tempo and mode in the happier direction
were associated with greater relative left activation, while changes of both tempo and mode in
the sadder direction led to greater relative right activation. The valence lateralization model
was also investigated by fMRI and by manipulating the tempo and mode of Western classical
stimuli (Khalfa, Schon et al. 2005). Contrasting minor versus major mode revealed a larger
activation in the posterior cingulate cortex, and in the left orbito- and mid-dorsolateral frontal
cortex. Since the minor mode generally conveys sadness, these results do not support the
valence lateralization model previously found using EEG. One explanation for this result
could be the different brain imaging techniques (EEG vs. fMRI) used in the respective
studies, another could be related to the variation in tasks (induction vs. recognition).
Interestingly, the investigation of picture processing by fMRI supported the valence
lateralization model (Canli, Desmond et al. 1998). The processing of valenced written words
was also found to be lateralized (Herrington, Mohanty et al. 2005), whereas emotional
prosody processing does not seem to be lateralized in speech (Kotz, Meyer et al. 2003).

3.3. Emotion, Cognition and Event-Related Potentials (ERPS)

While discussing the neural correlates of emotions induced by music, one should
consider the close link between cognition and emotion during processing music (Krumhansl
2002; Krumhansl and Agres 2008). Leonhard Meyer (1956), in his seminal contribution,
convincingly argued that “listeners have implicit expectations of what will happen in the
music and depending on whether these expectations are fulfilled or not, experience relaxation,
or tension and suspense” (p. 43).

Musical meaning generated by musical tension-resolution patterns is based on the
hierarchical relationship between elements in music, such as chords in Western music
(Krumhansl and Kessler 1982). The perceived distance between chords on the circle of fifths
mediates stability (Bharucha and Krumhansl 1983): chords that are closer to the established
harmonic context are perceived as more stable or final. Harmonic priming paradigms have
shown that a single chord can lead to expectation about the subsequent chord (Bharucha and
Stoeckig 1986). This type of expectation is related to musical tension and has been
extensively studied (Bigand, Parncutt et al. 1996; Krumhansl 1996; Bigand, Madurell et al.
1999). A recent study has investigated the role of harmonic expectancy violations in Bach
chorales on the induction of emotion by combining electrophysiological, psychophysiological
and subjective measures (Steinbeis, Koelsch et al. 2006). Harmonic unexpectedness led to an
increase in tension, subjective emotionality and electrodermal activity. Ratings of tension and
emotionality correlated positively with each other. ERP data revealed an early negativity
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(EN), which is similar to the early right anterior negativity (ERAN) previously identified in
responses to harmonic violations in chord-progression (Koelsch, Gunter et al. 2000; Koelsch
and Friederici 2003). The amplitude of the EN was modulated by the degree of
unexpectedness. Additionally, a positive ERP component (P3) was found in response to very
unexpected harmonies and was interpreted as reflecting stylistic violations of Western music.
In contrast to non-musicians, the EN peaked earlier in musicians, who also showed larger
amplitudes of the P3 component. In a similar vein, Koelsch and colleagues (2008) re-
evaluated fMRI data on unexpected chords in chord sequences and found that irregular chords
activated amygdalae bilaterally. One should note that the irregular chords were subjectively
perceived as less pleasant than the expected ones. Taken together, these results equivocally
support Meyer’s theory on the close relationship between syntactic violations of musical
expectancy and emotional processing (Koelsch, Fritz et al. 2008).

But syntactic processes and related hierarchies are not necessarily specific to music, and a
case in point is the common comparison of syntactic processing in music and language
(Koelsch, Gunter et al. 2002). Syntax can generally be defined as a set of rules governing the
combination of discrete elements into sequences at multiple hierarchical levels (Jackendoff
2002). However, interdisciplinary research can only succeed if formal similarities and
differences between musical and linguistic syntax are carefully considered (Patel 2008).
Neuropsychological and neuroimaging studies of the last decade suggest either a dissociation
(Peretz 1996) or an overlap of syntactic processing of music and language (Patel, Gibson et
al. 1998; Maess, Koelsch et al. 2001; Brown, Martinez et al. 2006). In order to reconcile these
conflicting results, Patel (Patel 2003; Patel 2008; Patel 2009) proposed a sharing of neural
resources in the processing of linguistic and musical syntax. The ‘shared syntactic integration
resource hypothesis’ implies that there is an overlap in the resource network (activates
representations during syntactic processing) but not in the respective representation networks
(store long-time syntactic representations). Recent studies have provided behavioural
(Fedorenko, Patel et al. 2009; Slevc, Rosenberg et al. 2009) and electrophysiological
(Koelsch, Gunter et al. 2005) evidence for this hypothesis. Further evidence was found in 5-
year-old children with a specific language impairment, who were also impaired in their
music-syntactic processing (Jentschke, Koelsch et al. 2008). Therefore, it can be stated that
current neuroscientific findings on syntax processing also suggest that emotions induced by
music, specifically those related to (un)expectedness, are only partly based on brain areas that
are unigue to music processing.

Jackendoff (2009) made the convincing point that “the parallels between language and
music can be explored only in the context of a) the differences between them and b) those
parallels that are also shared with other cognitive domains” (p. 195). The first part of the
statement clearly refers to the nature of music and the question of how music can be defined,
the second part refers to aspects that are domain-general, such as recursion, the use of
memory, learning processes and social context. Equally important, the need to consider sub-
components of music processing in the current discussion on modularity and the brain has
been recently highlighted (Peretz 2009). Domain-specificity does not necessarily imply
music-, or language-specificity, but it can refer to specific sub-components of processing that
are also involved in emotional processing. For example, Kuperberg (2007) reviewed the latest
findings on semantic and syntactic processing of language, focusing specifically on the N400
and P600 components. The N400 component was originally found to be sensitive to semantic
congruity in sentence processing (Kutas and Hillyard 1980). Importantly, empirical evidence
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suggests that the N400 and P600 components do not only occur in the processing of auditory
stimuli, such as in the processing of environmental sounds (Cummings, Ceponieni et al.
2006), but also in visual processing, like in the processing of faces, pictures or videos
(Holcomb and McPherson 1994; West and Holcomb 2002; Sitnikova, Kuperberg et al. 2003).
However, the distribution of the verbal and visual N400 differs, suggesting a functional
similiarity but anatomical dissociation. Similarly, the P600 component could be dissociated
from the N400 in cases of impossible event violations of the visual real-world (Sitnikova,
Holcomb et al. 2008). The N400 has also been observed in the domain of music (Frey, Marie
et al. 2009), where incongruous endings that do not indicate a tonal change can elicit N40O0.
Steinbeis and Koelsch (2008) also described an N400-like component in the processing of
tension-resolution patterns in music, namely the N500, which was found to be modulated by
semantically unexpected sentences. The N500 can thus be interpreted as being indicative of
the processing of semantic aspects of tension-resolution patterns. These findings not only
provide further evidence for a possible overlap between language and music processing, but
also for the close link between syntax, meaning and emotion in the domain of music.
Certainly, these examples on the processing of meaning in the auditory and visual modalities
illustrate that the brain seems to favour abstractions in order to generalize processes across
domains, and further, that emotion and meaning cannot be strictly separated in music as it is
the case in language.

3.4. Neural Correlates of Cross-Modal Emotional Transfer with Music

In the last decade, several studies applying affective and emotional priming paradigms
have shed new light on the question of whether musical emotions are similarly or dissimilarly
processed by the brain compared to emotions elicited by other domains [for general reviews,
see (Calvert 2001; Carlesimo, Turriziani et al. 2004; Small 2004; Amedi, Kriegstein et al.
2005)]. Many of these studies used the paradigm of affective priming, which originated in
social psychology and research on attitudes, stereotypes and preferences (Kunst-Wilson and
Zajonc 1980). The attitude accessibility hypothesis states that the mere presentation of highly
valenced objects or words increases the accessibility of the corresponding affective evaluation
(Fazio, Sanbonmatsu et al. 1986). Typically, participants need to respond as quickly as
possible to affectively positive or negative target words which are preceded by either positive
or negative prime stimuli. Primes and targets can either be affectively congruent (e.g., love-
holiday) or incongruent (e.g., love-war). Response latencies are mediated by the affective
relationship between primes and targets: participants respond faster to a target when the prime
is of the same valence as the target (Fazio, Sanbonmatsu et al. 1986; Bargh, Chaiken et al.
1992; Klauer 1998). Different types of tasks have been used in affective priming paradigms,
such as to evaluate (Hermans, Baeyens et al. 1998) or pronounce (Bargh, Chaiken et al. 1996)
the target, or to decide if the target is a word or non-word (Wentura 2000). Affective priming
effects do not rely on conscious evaluations of the targets and are considered to be automatic
(Fazio 2001), which has been shown by subliminal presentation of primes (Greenwald,
Klinger et al. 1995; Draine and Greenwald 1998). Evidence for the generality of the affective
priming effect has been provided by studies using different types of stimulus materials. For
example, researchers mostly used visual stimuli such as words (Fazio, Sanbonmatsu et al.
1986; Bargh, Chaiken et al. 1992; Hermans, De Houwer et al. 1994), simple line drawings
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(Giner-Sorolla, Garcia et al. 1999), complex real-life pictures (Hermans, De Houwer et al.
1994) and facial expressions (Murphy and Zajonc 1993). More recently, auditory verbal
stimuli (Duckworth, Bargh et al. 2002) and odors (Hermans, Baeyens et al. 1998) were used
as primes, indicating that affective priming effects occur across sensory modalities.

A number of recent studies on emotion have provided evidence for behavioural and
neural cross-modal priming effects, investigating whether and how the emotional content of
one sensory modality influences the interpretation of emotional information arising through
other sensory modalities. In the case of music, this paradigm provides fruitful insights into the
important question of whether emotions elicited by music are processed and interpreted in a
similar or different way compared to emotion eliciting stimuli of other domains. A pioneering
behavioural study was conducted by Bouhuys and colleagues (1995) who observed that
listening to either depressing or elating music affected the perception of facial expressions.
Participants who reported to be deeply negatively affected by the music rated ambiguous
facial expressions (displaying less intense emotions) as more sad and clear facial expressions
as less happy, which suggests a depression-related negative bias in the perception of
emotional facial expressions. In another study, affective priming was observed using
consonant and dissonant chords as priming stimuli and words as targets (Sollberger, Reber et
al. 2003). In affectively congruent prime-target pairs, the targets were evaluated faster and
with greater accuracy than in incongruent pairs. In the context of semantic priming, music
was used as primes and shown to have an effect on the evaluation of simultaneously
presented verbal stimuli (Poulin-Charronnat, Bigand et al. 2005). The harmonic expectedness
of the final chord in a sequence modulated the performance in a lexical decision task.
Moreover, induction of happiness and sadness by classical music affected word-naming and
lexical decision tasks (Niedenthaland, Halberstadt et al. 1997). More recently, behavioral
evidence for an affective priming effect was shown by film music in combination with film
excerpts in which a single neutral character was shown and evaluated by the participants
(Tan, Spackman et al. 2007). The film music excerpts, taken from the classical repertoire, did
not vary along a single bipolar scale such as positive or negative, but were meant to induce
happiness, sadness, fear or anger. The judgement of character’s emotions was found to be
influenced by the specific emotion expressed by the music. Another study investigated the
influence of visual and musical emotion induction on alcohol consumption (Stein, Goldman
et al. 2000). Emotionally neutral and positive words or musical excerpts were presented
before the alcohol consumption task. Participants consumed more alcohol after the
presentation of positive words and music excerpts, indicating that auditory and visual
information has an effect on other sensory channels such as taste. Interestingly, people
suffering from alcoholism did not show a cross-modal facilitation effect in the processing of
congruent emotional stimuli (Maurage, Campanella et al. 2007). Recently, Escoffier and
Tillmann (2008) found that the speed of visual processing of syllables and geometric forms
can be modulated by the tonal function of a task-irrelevant chord. Visual target identification
was faster for contexts in which the musical context fulfilled listeners’ expectations,
suggesting that attentional mechanisms can be influenced by musical structure. Music-
induced emotion can also interfere with verbal recall performance. For example, prior
listening to positive music was found to influence the encoding processes leading to an
enhancement of false memory productions, whereas listening to negative excerpts reduced
such effects, thereby increasing accuracy in memory performance (Storbeck and Clore 2005).
Konecni and colleagues (2007) were interested in questions related to a more abstract
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transfer, and investigated whether the experience of music-induced chills could enhance the
participants’ degree of altruism, mood and prosocial self-concept after the presentation of
stimuli in different modalities and aesthetic domains that also elicited chills. Chills elicited
before listening to music were found to have no effect on the chills induced by the music. In
addition, the experience of chills did not affect measures of altruism, mood and self-concept.

Before discussing the neural correlates of crossmodal affective priming, we first present a
few studies which investigated the neural correlates of simultaneous processing of music and
other sensory stimuli. Spreckelmeyer and colleagues (2006) conducted ERP recordings on
audio-visual interactions while simultaneously presenting either congruent or incongruent
pairs of sung notes and affective complex pictures taken from the International Affective
Picture System (IAPS) (Lang, Bradley et al. 1995). Although the simultaneously presented
sung notes were irrelevant for participants’ picture affect ratings or vice versa, their affective
contents showed interaction on both the behavioural and neural level (N1, P2 components)
even when participants only paid attention to one of the modalities. Similarly, Sugimoto and
colleagues (2007) made participants look at IAPS pictures of different valence while ERPs of
unattended nonstartle probe tones were recorded. Participants were instructed to ignore the
tones, which were either large/low deviant or standard tones. Negative pictures combined
with high-deviant tones yielded a larger N1 component, whereas a smaller P2 was observed
in the combination of positive pictures and standard tones. The amplitude of the mismatch
negativity tended to decrease in the positive picture condition, probably due to the reduction
of the P2 in the same condition. These results suggest that visually induced emotions have a
sequential effect on the processing of auditory information: negative emotions influence the
process at an earlier stage than positive emotions.

Baumgartner and colleagues (2006) investigated psychophysiological and neural
responses to high-arousing IAPS pictures and excerpts of classical music inducing happiness,
sadness or fear in three conditions: pictures alone, music alone or congruent picture-music
pairs. Perceived emotions were most pronounced for the combined music-picture condition.
Similarly, brain activation, as measured by the EEG power in the alpha band, was also
observed to be largest for the combined condition. Interestingly, both perceived emotions and
brain activations were larger for the picture only than for the music only condition. Using a
similar set of stimuli in an fMRI study, the same group of authors found increased activation
for combined conditions in most areas of the automatic ventral system of emotion perception,
such as in the bilateral amygdala, ventral frontal cortex, left striatum, left insula, brainstem
nuclei, and in the in the medial temporal lobe memory system (including the hippocampus
and parahippocampus), which is generally regarded to be part of the cognitive dorsal system
of emotion perception (Baumgartner, Lutz et al. 2006). More recently, the finding that strong
emotional experiences can be elicited by combining visual and musical stimuli was applied in
a transcranial magnetic stimulation study to examine whether emotional valence can
modulate the hand-motor system and the associated corticospinal tract (Baumgartner, Willi et
al. 2007). Irrespective of emotional valence, enhanced motor-evoked potentials were found in
the combined condition compared to the unimodal presentation of the stimuli. Skin
conductance responses were enhanced in both combined and music conditions but not in the
picture condition, indicating that arousal is a necessary, but not sufficient, prerequisite for
activation of the motor system of the brain. Baumgartner’s approach clearly demonstrates the
importance of combining multiple measures of emotional response in order to fully
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understand the underlying relationship between various psychological, psychophysiological
and neurophysiological mechanisms in multisensory perception.

In a similar fashion, Eldar and colleagues (2007) combined visual and musical stimuli in
an fMRI study. They combined neutral film clips and positive (happy), negative (scary) and
neutral (simple and monotonic) musical clips in three conditions, music only, film only and
combined. In a subsequent behavioural experiment, participants rated valence and arousal of
the clips in order to ensure that the film clips provided concrete information and the musical
clips emotional information. The combination of music and film was rated similarly to the
music-only condition. The fMRI data indicated that the amygdala, the anterior hippocampus,
and the lateral prefrontal cortex exhibited enhanced activation in the negative music-film
condition compared to the unimodal presentation of the same stimuli. In addition, these
regions were not activated in the music condition without films, suggesting that the emotional
processing in the amygdala may be linked to its associated content, thus providing evidence
for the cognitive approach in affective science (Lazarus 1991).

Chen and colleagues (2008) presented the first neuroscientific study of an affective
priming paradigm with musical excerpts being used as affective primes. They were
particularly interested in the negativity bias of emotional processing (Cacioppo and Gardner
1999) in the context of affective priming with Chinese music and complex pictures. The ERP
data confirmed a clear negativity bias in either priming condition. Negative pictures elicited
smaller P2 components than positive ones, and the difference of the amplitudes between
positive and negative pictures was larger in the sad musical prime condition than in the happy
musical prime condition. Moreover, negative pictures were characterized by more negative
deflections during the 500-700ms interval across all prime types compared to positive
pictures. Taken together, this study provides evidence that the brain is particularly sensitive to
negative emotions and that this bias is enhanced in negative emotional states.

In a similar vein, Logeswaran and Bhattacharya (2009) further investigated whether
musical emotions are similar or dissimilar compared to emotions induced by the visual
domain by conducting two experiments and collecting behavioural and EEG data. Employing
a priming paradigm, they used positive and negative musical excerpts in different styles with
a duration of 15s as primes (Altenmdller, Schurmann et al. 2002), and visual stimuli showing
happy, sad and neutral faces as targets. In the behavioural study, participants were asked to
evaluate the valence of the faces and results confirmed a cross-modal priming effect: the
happy faces were rated as more happy when presented after positive music, and the same was
true for sad faces following negative music. Interestingly, the music-related priming effect
was maximal for neutral targets. Their ERP results showed that for neutral face targets,
positive music as compared to negative music elicited an enhanced N1 component, which is
in line with the results by Pourtois and colleagues (2000), who found an enhanced N1 effect
over auditory cortex in the case of the simultaneous presentation of emotionally congruent
face-voice pairs. The N1 effect was spread over frontal regions, suggesting an involvement of
brain regions responsible for top-down projections. ERP results also showed a priming related
enhancement of the P2 component for happy and neutral target faces but not for sad targets,
corroborating the finding by Spreckelmeyer and colleagues (2006). The functional role of the
P2 component in such priming paradigms is still unclear, but current results suggest that the
component is valence sensitive.

Future cross-modal priming studies may combine different types of emotional stimuli
than the ones recently used in order to further investigate the effects of stimuli length,
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attention and explicit versus implicit measures of subjective experience on priming effects.
Additionally, we propose that some of the current issues in research on induced musical
emotions (see Sect. 2) should be incorporated in these experimental designs, leading to more
refined research questions. Cross-modal emotional priming studies may also contribute to our
understanding of the interaction between cognition and emotion in aesthetic experience, and
crucially, help to answer the question whether musical emotions are same or different from
emotions induced in other domains.

4, CONCLUSIONS

Our extensive discussion of the latest findings in research on emotions induced by music
has aimed at addressing several current issues that primarily relate to comparisons between
emotional processing and experience in different sensory domains. At the present stage, the
unresolved questions clearly outnumbers the satisfying answers, as such providing an
attractive young field for interdisciplinary research. We hope to have convincingly made the
point that our understanding of musical emotions, and some of their special characteristics,
can only be enhanced by critical cross-modal comparisons and by applying a wide range of
different neuroscientific and behavioural techniques and paradigms in the future. We further
suggest that cross-modal priming paradigms in particular may yield new answers to old
questions referring to music. This is in line with Peretz (2001), who first argued in favour of
studying musical emotions indirectly by the way they influence other tasks or behaviours
without explicit awareness. In fact, this kind of indirect approach of studying music-induced
emotions may also potentially increase our knowledge about emotions induced in other
domains than music.
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