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During the last years, a number of studies demonstrated that music listening (and even

more so music production) activates a multitude of brain structures involved in cog-

nitive, sensorimotor, and emotional processing. For example, music engages sensory

processes, attention, memory-related processes, perception-action mediation (“mirror

neuron system” activity), multisensory integration, activity changes in core areas of

emotional processing, processing of musical syntax and musical meaning, and social

cognition. It is likely that the engagement of these processes by music can have bene-

ficial effects on the psychological and physiological health of individuals, although the

mechanisms underlying such effects are currently not well understood. This article

gives a brief overview of factors contributing to the effects of music-therapeutic work.

Then, neuroscientific studies using music to investigate emotion, perception-action me-

diation (“mirror function”), and social cognition are reviewed, including illustrations of

the relevance of these domains for music therapy.
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Introduction

Music therapy can have effects that improve

the psychological and physiological health of

individuals. In the conference volume origi-

nating from the “Neurosciences and Music II”

conference, Thomas Hillecke and colleagues1

presented a “heuristic working factor model for

music therapy” (p. 271) that assumes five factors

which contribute to the effects of music therapy.

These modulating factors are attention, emo-

tion, cognition, behavior, and communication.

In the following, I will briefly describe, discuss,

and elaborate on these factors.

(1) Attention modulation: Music can automati-

cally capture attention2,3 and thus distract

attention from stimuli prone to evoke neg-

ative experiences (such as pain, anxiety,

worry, sadness, etc.). This factor appears

to account, at least partly, for anxiety-,
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and pain-reducing effects of music listen-

ing during medical procedures,4,5 as well

as for beneficial effects of music therapy

in the treatment of tinnitus or attention-

deficit disorders.1

(2) Emotion modulation: As will be reviewed in

the second section of this article, stud-

ies using functional neuroimaging have

shown that music can modulate activ-

ity of all major limbic- and paralim-

bic brain structures, that is, of structures

crucially involved in the initiation, gen-

eration, maintenance, termination, and

modulation of emotions. These findings

have implications for music-therapeutic

approaches for the treatment of affec-

tive disorders, such as depression, patho-

logic anxiety, and post-traumatic stress

disorder (PTSD) because these disor-

ders are partly related to dysfunction

of limbic structures, such as the amyg-

dala, and paralimbic structures, such

as the orbitofrontal cortex. This fac-

tor is also closely linked to peripheral

physiological effects: Emotions always have
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effects on the vegetative (or autonomic)

nervous system, the hormonal (endocrine)

system, and the immune system. System-

atic knowledge of the effects that music

listening and music making have on these

systems is still lacking, but because of the

power of music to evoke and modulate

emotions, it is conceivable that music ther-

apy can be used for the treatment of dis-

orders related to dysfunctions and dysbal-

ances within these systems (see also the

article by Michael H. Thaut et al.5a in this

volume).

(3) Cognition modulation: This factor includes

memory processes related to music (such

as encoding, storage, and decoding of mu-

sical information, and of events associated

with musical experiences), as well as pro-

cesses related to the analysis of musical

syntax and musical meaning. This factor

might contribute to the effects of music

therapy on the facilitation of Alzheimer’s

patients’ adaptation to residing in a long-

term care facility.6

(4) Behavior modulation: This factors accounts

for the evocation and conditioning of be-

havior (such as movement patterns in-

volved in walking, speaking, grasping, etc.)

with music. Detailed descriptions of the

music-therapeutic effects of this factor

are provided in the articles by Gottfried

Schlaug et al.6a and Eckart Altenmüller

et al.6b in this volume. Note that the dis-

tinction between cognition (factor 3) and

action (factor 4) should be understood

conceptually, rather than physiologically,

or even functionally: Mounting evidence

indicates that cognition and action consid-

erably overlap in the sense that they often

share a common neural code. For exam-

ple, mirror neurons are active during both

perception and action (see the Perception-

Action Mediation section of this article

for details), auditory working memory

(WM) relies on sensorimotor codes that

encode and maintain information,7,8 syn-

tactic processing of music involves brain

structures also involved in speech pro-

duction,9,10 and the premotor cortex also

serves a variety of cognitive tasks, such as

WM, sequencing, and serial prediction.

Thus, because modulation of behaviors

and actions is likely to affect cognitive pro-

cesses, cognitive processes can be modu-

lated by the learning of different or new

behavioral and action patterns. A simi-

lar relation presumably exists between ac-

tions and emotions.

(5) Communication modulation: Because music is

a means of communication, particularly

active music therapy (in which patients

make music) can be used to train skills of

(nonverbal) communication. Music ther-

apy has been applied for the treatment of

communication disorders, such as selec-

tive mutism,11 and for the training of inter-

personal competencies.1 Notably, this fac-

tor is also related to social cognition: As will

be described in detail in the Social Cog-

nition section of this article, listening to

music produced by other humans engages

cognitive processes attempting to under-

stand the intentions, desires, and perhaps

even beliefs of those who produced the

music. This effect could be used by mu-

sic therapy for the treatment, for exam-

ple, of individuals with autism or conduct

disorders.

Another factor that contributes to the effects

of music therapy is perception modulation: Musi-

cal training shapes the decoding of acoustic

features, such as pitch height, and frequency

modulations already at the level of the brain

stem,12 as well as on the level of the auditory

cortex.13 A study by Wong et al.12 showed that

adults with musical training have a more accu-

rate tracking of the pitch contour of Chinese

tones (that is, of pitch variations that distin-

guish words and inflections in Chinese). This

suggests that musical training has effects on ba-

sic perceptual processes during language com-

prehension. This is relevant because children

with language impairment often suffer not only
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from productive, but also from perceptual diffi-

culties,14,15 and it is therefore conceivable that

music-therapeutic treatment of such perceptual

difficulties can also help in the treatment of lan-

guage impairment. An early treatment of lan-

guage impairment is important to decrease the

risk for the development of learning and read-

ing disorders after entering school.

The numerous effects of music (as summa-

rized in the different factors) on activity in a

large variety of brain structures accounts for

what has previously referred to as cognitization:

At the conference “Neuroscience and Music

III,” Teppö Särkämö presented evidence for

the notion that such “cognitization” induced by

music listening could be responsible for the ef-

fects of music on the recovery of stroke patients

(see the article by A. Forsblom et al.15a in this

volume). In the following, I will review some

effects that are usually evoked when listening

to music, and which play important roles in the

emergence of beneficial effects during music

therapy. These effects originate from three do-

mains: emotion, perception-action mediation,

and social cognition.

Emotion

With regards to emotional processing, pre-

vious functional neuroimaging studies have

shown that listening to music can have ef-

fects on the activity of all limbic and paral-

imbic structures (that is, of core structures of

emotional processing) in both musicians and

in so-called nonmusicians. Using PET, Anne

Blood and colleagues16 investigated brain re-

sponses related to the valence of musical stim-

uli. The stimuli varied in their degree of (per-

manent) dissonance, and were perceived as less

or more unpleasant (stimuli with the highest

degree of permanent dissonance were rated

as the most unpleasant). Variations in pleas-

antness/unpleasantness affected activity in the

posterior subcallosal cingulate cortex, as well

as in a number of paralimbic structures: in-

creasing unpleasantness correlated with acti-

vations of the (right) parahippocampal gyrus,

while decreasing unpleasantness of the stimuli

correlated with activations of frontopolar and

orbitofrontal cortex.

No activations of central limbic structures,

such as the amygdala, were observed in that

study, presumably because the stimuli were

presented under computerized control with-

out musical expression. However, in another

PET experiment, Blood and Zatorre17 used

naturalistic music to induce extremely pleasur-

able experiences during music listening, such

as “chills” or “shivers down the spine.” Partici-

pants were presented with a piece of their own

favorite music (using normal CD recordings;

as a control condition, participants listened to

the favorite piece of another subject). Increas-

ing chills intensity correlated with increases in

regional cerebral blood flow (rCBF) in brain

regions thought to be involved in reward and

emotion, including the insula, orbitofrontal

cortex, the ventral medial prefrontal cortex,

and the ventral striatum. Also correlated with

increasing chills intensity were decreases in

rCBF in the amygdala and the hippocampus.

Thus, activity changes were observed in central

structures of the limbic system (amygdala and

hippocampus). This was the first study show-

ing modulation of amygdala activity with mu-

sic, which was important for two reasons: First,

it provided evidence for the assumption that

music can induce “real” emotions (because the

activity of core structures of emotion processing

was modulated by music). Second, it strength-

ened the empirical basis for music-therapeutic

approaches for the treatment of affective disor-

ders, such as depression and pathologic anxi-

ety, because these disorders are partly related

to dysfunction of the amygdala.18,19

Activity changes in limbic and paralim-

bic structures in response to music were

also shown with fMRI: A study by Koelsch

et al.20 investigated brain responses to joy-

ful instrumental dance tunes (played by pro-

fessional musicians), and to permanently dis-

sonant counterparts of these dance tunes

(for other studies using consonant and
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dissonant music, see Sammler et al.21 and Ball

et al.22). Unpleasant music elicited increases in

blood-oxygen-level-dependent (BOLD) signals

in the amygdala, the hippocampus, the

parahippocampal gyrus, and the temporal

poles (and decreases of BOLD signals were ob-

served in these structures in response to the

pleasant music). During the presentation of the

pleasant music, increases of BOLD signals were

observed in the ventral striatum (presumably

nucleus accumbens [NAc]) and the insula (in

addition to some cortical structures not belong-

ing to limbic- or paralimbic circuits, which will

not be further reported here). The results of

this study thus showed that listening to joyful,

pleasant music can lead to activity changes in

the amygdala, the ventral striatum, and the hip-

pocampus (that is, in core areas of the limbic

system), even if individuals do not have intense

“chill” experiences.

Activity changes in the amygdala in response

to music were also reported in another recent

fMRI study22 which used original (mainly con-

sonant) piano pieces as pleasant stimuli, and

electronically manipulated, permanently dis-

sonant versions of these stimuli as unpleas-

ant stimuli. Interestingly, signal changes in the

amygdala in response to both consonant and

dissonant music were positive in a central as-

pect of the amygdala (also referred to as later-

obasal group by the authors), and negative in

a dorsal aspect of the amygdala (also referred

to as centromedial group by the authors). This

shows that different subregions of the amyg-

dala show different response properties to au-

ditory stimulation. No signal difference was

found in the amygdala between the consonant

and the dissonant music conditions (although

participants clearly rated the consonant pieces

as more pleasant), perhaps because the con-

sonant pieces were not all happy dance tunes

(as in the study by Koelsch et al.20), or per-

haps due to the selection of subjects.23 Eldar

et al.24 reported results of an fMRI study that

showed activity changes within the amygdala

and the hippocampus in response to the simul-

taneous presentation of (positive and negative)

music and film clips (film clips were neutral

scenes from commercials, positive music was

also taken from commercials, and negative mu-

sic mainly from soundtracks of horror movies).

Interestingly, the combined conditions (positive

music with neutral film, as well as negative mu-

sic with neutral film) were rated as more posi-

tive or negative than when music was presented

alone (note that film clips played without music

were rated as neutral). Correspondingly, activ-

ity changes in the amygdala were considerably

larger during the combined (film and music)

presentation than for the presentation of film

clips alone, or music alone (analogue response

properties were observed in the areas of the ven-

trolateral frontal cortex for both positive and

negative, and in the hippocampus for negative,

music combined with the film clips).

Notably, the activity changes evoked by mu-

sic alone (without film clips) were too weak to

become statistically significant. The combina-

tion of emotional music with neutral film clips

possibly stimulated fantasies about positive or

negative things that might happen next, in-

creasing the overall emotional activity. How-

ever, if merely neutral film clips have such a

strong influence on limbic brain activity, one

can imagine how much stronger this influence

would be if the visual information had strong

positive or negative emotional content. Simi-

larly, an fMRI study reported by Baumgart-

ner et al.25 showed that emotional responses to

negative (fearful and sad) pictures were consid-

erably stronger when pictures were presented

together with fearful or sad music. Correspond-

ingly, brain activations were stronger during

the combined presentation of pictures and mu-

sic compared with the presentation of pictures

alone: For example, activation of the amyg-

dala was only observed in the combined con-

dition, but not in the condition where only

pictures were presented. The combined pre-

sentation also elicited stronger activation in

the hippocampus, the parahippocampal gyrus,

and the temporal poles. The network compris-

ing amygdala, hippocampus, parahippocam-

pal gyrus, and temporal poles has also been
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observed in other studies investigating emo-

tions induced by music.20,26 This suggests that

these structures play a consistent role in the

emotional processing of music, perhaps along

with the pregenual cingulate cortex (which is,

like the hippocampus, parahippocampal gyrus,

and temporal pole, also monosynaptically con-

nected with the amygdala).

A recent fMRI study also showed that

the amygdala can even be activated by un-

expected (music-syntactically irregular) chord

functions,27 indicating that activity of the amyg-

dala can be modulated even by fairly ab-

stract musical features. Notably, involvement

of the amygdala in the emotional processing

of music has been reported not only in func-

tional neuroimaging studies, but also in a lesion

study from Gosselin et al.,28 in which patients

with medial temporal lobe resections (including

the amygdala) showed impaired recognition of

fearful music. With regard to the generation of

emotion, Griffiths et al.29 reported that a pa-

tient with a lesion of the left amygdala and the

left insula showed a selective loss of intensely

pleasurable experiences, and of vegetative re-

sponses, during music listening (the patient had

lost the capability to experience chills in re-

sponse to musical pieces that had elicited chills

in him before the brain lesion).

The activity changes in the (anterior) hip-

pocampal formation evoked by listening to mu-

sic are relevant for music therapy because pa-

tients with depression or PTSD show a volume

reduction of the hippocampal formation (asso-

ciated with a loss of hippocampal neurons, and

blockage of neurogenesis in the hippocampus),

and individuals with reduced tender, positive

emotionality show reduced activity changes in

the hippocampus in response to music.23 It is

plausible that music therapy can help to re-

animate activity in the hippocampus, prevent

the death of hippocampal neurons, and lift the

blockage of hippocampal neurogenesis. How-

ever, there is a lack of methodologically sound

studies on beneficial effects of music therapy

on individuals suffering from depression (de-

tails have been reviewed elsewhere30), and stud-

ies fulfilling the standards of evidence-based

medicine (controlled, randomized, blinded tri-

als with experimental and control groups) are

required to provide convincing evidence for

beneficial effects of music therapy on depres-

sion. The same holds for the effects of music

therapy on individuals with PTSD, or anxiety

disorders.

We31 have previously argued that the hip-

pocampus (perhaps particularly the anterior

hippocampal formation) plays an important

role for the generation of tender, positive emo-

tions and happiness, and, in our view, one of the

great powers of music is to evoke hippocampal

activity related to happiness.

Another limbic structure that a number of

functional neuroimaging studies reported to be

activated during listening to pleasant, or pos-

itive, music is the NAc, which is part of the

ventral striatum: NAc activity was reported in

the study from Blood and Zatorre17 during in-

tensely pleasurable episodes of music listening,

in studies from Koelsch et al.20 and Brown et al.32

during listening to pleasant music, and in a

study from Menon and Levitin33 in response

to normal musical pieces contrasted with un-

pleasant (scrambled) counterparts of those

pieces.

The NAc is innervated by dopaminergic

brain stem neurons (located mainly in the ven-

tral tegmental area of the midbrain) and ap-

pears to play a role in invigorating, and per-

haps even selecting and directing, behavior in

response to incentive stimuli, as well as in mo-

tivating and rewarding such behavior.34 Activ-

ity in the NAc correlates with experiences of

pleasure,35 for example, during the process of

obtaining a goal, or when an unexpected reach-

able incentive is encountered, during sexual

activity, ingestion of chocolate, or consump-

tion of drugs. Moreover, activity in the NAc

has been shown to correlate with self-reported

positive emotion elicited by a reward cue.36

It has previously been suggested that, in hu-

mans, NAc activity corresponds to experiences

of “fun” (which should be differentiated from

experiences of “happiness”31). Music therapy
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can make use of such experiences, for example

to elevate the mood in individuals with mood

disorders.

It is important to add that emotional pro-

cesses always have effects on the vegetative ner-

vous system, as well as on the hormonal system,

which, in turn, modulates immune system ac-

tivity. All these effects are potentially relevant

for music-therapeutic applications because they

open the possibility for using music to achieve

beneficial effect in patients with autonomic, en-

docrine, or (auto)immune disorders. However,

systematic research on such possibilities is lack-

ing thus far.

Perception-Action Mediation

Musical activity, even simply listening to

music, always automatically engages action-

related processes (see the articles by Jessica A.

Grahn36a and Joyce L. Chen36b and their col-

leagues in this volume). The neuroscientific in-

vestigation of perception-action mediation (or

the “mirror neuron system”) has two major

benefits: First, it provides us with information

about the neural correlates of action-related

mechanisms as effects of auditory perception,

which are an important aspect human cog-

nition (for example, on account of its rele-

vance for the understanding and learning of

the production of both vocal and nonvocal

sounds). Second, it might help to understand

the neural correlates of a number of music-

therapeutic effects (see also below, and the arti-

cles by Schlaug,6a Altenmüller,6b and Thaut5a

and their co-workers in this volume), thus open-

ing perspectives for the further development of

these therapeutic applications.

In his common coding approach to perception

and action, Wolfgang Prinz37 described that

the late stages of perception overlap with the

early stages of action in the sense that they

share a common representational format. Such

a common format can, for example, be a

common neuronal code. Similarly, Liberman

and Mattingly38 proposed in their motor the-

ory of speech perception that, during speech per-

ception, speech is decoded by the same pro-

cesses that are involved in speech produc-

tion. Several years later, Giacomo Rizzolatti

and his colleagues found neurons located in

the area F5 of the monkey premotor cor-

tex, which were not only active when the

monkey performed a movement, but also when

the monkey simply observed that movement.39

For example, when the monkey observed an

experimenter grasping a piece of food with his

hand, neural responses in neurons located in

area F5 are evoked. These neurons cease to

fire when the experimenter moves the food to-

ward the monkey, and they fire again when the

monkey grasps the food. That is, these neurons

discharge during observation of the grip, cease

to fire when the food is given to the monkey,

and discharge again when the monkey grasps

it (see also the article by Luciano Fadiga et al.39a

in this volume).

In the following, I will review studies on

mirror activity, or perception-action mediation,

during listening to auditory information (see

Haslinger et al.40 for an fMRI study on pi-

anists and nonmusicians observing piano play-

ing finger/hand movements). To my knowl-

edge, the first published study on music-related

perception-action mediation (or “mirror func-

tion”) was published in an MEG study by Jens

Haueisen and Thomas Knösche in 2001.41 In

that study, both nonmusicians and pianists were

presented with piano melodies, and compared

to nonmusicians, musicians showed neuronal

activity in premotor areas that was induced

simply by listening to music (the task was to

detect wrong notes, and those trials were ex-

cluded from the data evaluation). Interestingly,

the center of neuronal activity for notes that

would usually be played with the little finger

was located more superiorly than activity for

notes that would usually be played with the

thumb, supporting the notion that the observed

neural activity was actually (pre)motor-related

activity.

One year later, Evelyne Kohler reported

neurons (again in the area F5 of the monkey
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premotor cortex) that discharge not only when

a monkey performs a hand action (such as

tearing a piece of paper), but also when the

monkey saw and simultaneously heard the

sound of this tearing action.42 Importantly,

simply hearing the sound of the same ac-

tion (performed out of the monkey’s sight)

was equally effective in evoking a neuronal re-

sponse. Control sounds that were nonaction-

related (such as white noise or monkey calls)

did not evoke any excitatory response in that

neuron.

As mentioned above, the study by Haueisen

and Knösche41 showed perception-action me-

diation in musicians (pianists). Music-related

perception-action mediation in nonmusicians

was shown by a study from Dan Callan and

colleagues.43 In that study, activation of pre-

motor cortex was observed not only when sub-

jects were singing covertly, but also when they

were simply listening to singing. Interestingly,

premotor activity in the same area was also ob-

served during both covert speech production

and listening to speech. This showed that mir-

ror mechanisms cannot only be observed in

musicians, but also in nonmusicians.

In a study on the effects of musical training

on mirror mechanisms (or perception-action

mediation) in nonmusicians,44 nonmusicians

were trained over the course of 5 days to play a

piano melody with their right hand. After this

training period, simply listening to the trained

melody activated premotor activity. Listening

to an untrained melody did not activate premo-

tor cortex, suggesting that in the early stages of

learning, perception-action mediation relies on

fairly specific learned patterns. Bangert et al.45

measured BOLD responses during both listen-

ing to melodies and producing simple melodies

with the right hand on a keyboard (without

auditory feedback) For pianists, they reported

activation during both perception and produc-

tion of melodies in the premotor cortex, the

pars opercularis (corresponding to BA 44 in

the inferior frontal gyrus), the planum tempo-

rale, and the supramarginal gyrus. Activations

in the premotor cortex (and BA 44) during both

perception and production of melodies were

clearly left lateralized.

Interestingly, perception-action mediation

appears to be modulated by emotional pro-

cesses: In our fMRI experiment on music and

emotion (in which pleasant and unpleasant mu-

sic was presented to the participants),20 the

contrast of listening to pleasant versus listen-

ing to unpleasant music showed an increase in

BOLD signal in premotor areas (as well as in

the rolandic, or central, operculum) during lis-

tening to pleasant music. During listening to

unpleasant music, a decrease in BOLD signal in

these areas was found. That is, premotor activ-

ity during listening to music was clearly mod-

ulated by the emotional valence of the music,

suggesting that perception-action mediation is

modulated by emotional processes. We have

previously suggested that the rolandic opercu-

lum contains, at least partly, the representa-

tion of the larynx, and therefore it seems that

participants were quasi-automatically (that is,

without being aware of this, and without inten-

tional effort) “singing” subvocally along with

the pleasant, but not with the unpleasant music.

The activation of the rolandic operculum dur-

ing singing is different from the one reported

by Dan Callan in his study, perhaps because

he used songs, whereas instrumental music was

used in our study.20 The notion that mirror

mechanisms can be modulated by emotional

factors is consistent with findings showing that

auditory mirror mechanisms as elicited by emo-

tional vocalizations can be modulated by emo-

tional valence.46

This section has illustrated that music per-

ception evokes a number of action-related

processes (the details of the neural pathways

underlying this phenomenon have been re-

viewed elsewhere47). Perception-action (“mir-

ror”) mechanisms are relevant for music

therapy, because these mechanisms serve the

learning of actions, the understanding of ac-

tions, and the prediction of actions of others

(for details, see the article by Fadiga et al.39a in

this volume). Moreover, several articles in this

volume show how activation and training of
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perception-action mechanisms can be used in

patients with neurologic disorders: For exam-

ple, in this volume Gottfried Schlaug et al.6a

describe how melodic intonation therapy can

help patients with Broca’s aphasia to regain

language production, and Eckart Altenmüller

and colleagues6b illustrate how music can be

used for the recovery of fine and gross motor

skills in stroke patients.

It should also be mentioned here that the pre-

motor cortex (which is a critical structure for

perception-action mediation) is also involved

in a number of other cognitive functions. For

example: premotor codes also serve WM. In

experiments on WM for phonemes and for

tones,7,8 it was observed that the rehearsal

of verbal information relies in part on pre-

motor activity. Interestingly, it was also found

that neural activity in practically identical areas

also serves the rehearsal of tonal information

(in nonmusicians; different results are presum-

ably obtained with musicians). In both stud-

ies, activation was also observed in the planum

temporale, presumably related to the trans-

formation of auditory information into motor

representations.7,8,48

Other cognitive functions in which the pre-

motor cortex is involved comprise the analysis,

recognition, and prediction of sequential au-

ditory information,49,50 and—perhaps related

to this—the processing of musical structure

(or musical syntax).9,51 The automatic engage-

ment of neural mechanisms mediating the pro-

cessing of musical syntax has been reviewed

elsewhere.3

Social Cognition

The last part of this article deals with a differ-

ent topic, namely, social cognition and music.

So far, I have listed a number of perceptual,

cognitive, and affective processes that are auto-

matically and effortlessly engaged as soon as we

listen to music. However, there is another pro-

cess that gets automatically engaged, of which

many of us might not be aware, and that is

the processes of mental state attribution (“men-

talizing,” or “adopting an intentional stance”),

which is the attempt to figure out the inten-

tions, desires, and beliefs of the individuals who

actually created the music (also often referred

to as establishing a “theory of mind” [TOM]).

One of the questions of the following study was

whether listening to music would automatically

engage a TOM-network (typically comprising

anterior frontomedian cortex, temporal poles,

and the superior temporal sulcus).

In a recent study,52 we wanted to make

use of the listener‘s tendencies to believe that

composers write intentionally and wish to com-

municate something through their music. We

specifically wanted to test here whether at-

tempts to figure out the composer‘s inten-

tions activates the typical TOM network in

the brain. Therefore, we conducted an fMRI

study in which we presented nontonal mu-

sic (from Arnold Schönberg and Anton We-

bern) to nonmusicians. The same pieces of

music were played—counterbalanced across

subjects—either with the cue that they were ei-

ther written by a composer or with the cue that

they were generated by a computer (a sound

example can be found at http://www.stefan-

koelsch.de/Social_Cognition).

We chose 12-tone music because for most

nonmusicians (who are not very familiar with

this kind of music) this music has a kind of

random quality, thus making it plausible that

the music was generated by a computer. Par-

ticipants were told that this experiment was

about emotion and music (that is, they were

not informed about the real purpose of the

study), and the task was to rate after each ex-

cerpt how pleasant or unpleasant they found

each piece to be. Data of this behavioral task

showed that valence ratings of participants did

not differ between the two conditions (that is,

whether participants were informed that the

piece was from a composer or from a computer

did not influence their perceived pleasantness

of the piece). Interestingly, pieces were rated

slightly above neutral, that is, the nontonal mu-

sic was not rated as unpleasant, which is perhaps
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contrary to what one would expect, given that

many people think that nontonal music is not

pleasant music.

After the experiment, participants were pre-

sented with a postimaging questionnaire, in

which they answered items, such as “imagining

an agent” during the two conditions, “visual im-

agery,” “daydreaming,” and the like. However,

the only item in which a difference between

conditions was found was the item about how

strongly participants felt that intentions were

expressed by the music.

The fMRI data showed that when contrast-

ing the brain activity of the Composer con-

dition against the Computer condition there

was an increase in precisely the neuroanatomic

network dedicated to mental state attribu-

tion, namely, the anterior medial frontal cor-

tex (aMFC), the left and right superior tem-

poral sulcus, as well as left and right temporal

poles. Notably, the brain activity in the aMFC

correlated with the degree to which partici-

pants thought that an intention was expressed

in the composed pieces of music. Thus, the

data showed that listening to music automat-

ically engages areas dedicated to mental state

attribution (in the attempt to understand the

composer’s intentions). Moreover, they showed

that the meaning of music may be derived in

part from the understanding that every note re-

flects an intentional act, which signals personal

relevance to the artist representing a commu-

nication between the creator and the perceiver

of the music. The TOM network can thus also

be engaged by a fairly abstract, and not directly

social, stimulus.

Future studies are needed to investigate how

this effect of music listening can be utilized for

music therapy. It is conceivable that this effect

could be used for the treatment of, for exam-

ple, persons with autism, or conduct disorder.

We have recently commenced a study on the

therapeutic effects of music making for indi-

viduals with impulsive aggression or moderate

intermittent explosive disorder.53 In summary,

from the perspective of neuroscience and biol-

ogy, there are numerous reasons to assume that

music and music therapy has beneficial effects

on the psychological and physiological health

of individuals. However, so far only few studies

have actually tested, and systematically investi-

gated, such effects, and it is our challenge for

the next decade to change this.
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