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Fact	
  Sheet	
  	
  
Music	
  Therapy	
  in	
  Austria	
  

•  Austrian	
  Music	
  Therapy	
  Law	
  	
  
(since	
  July	
  1,	
  2009)	
  

•  305	
  registered	
  music	
  therapists	
  	
  
(May	
  12,	
  2014)	
  

•  3	
  music	
  therapy	
  training	
  courses	
  	
  
(Graz,	
  Krems,	
  and	
  Vienna)	
  

•  NEW:	
  Doctoral	
  programme	
  (PhD)	
  at	
  the	
  
University	
  of	
  Music	
  and	
  Performing	
  Arts	
  
Vienna,	
  since	
  October	
  2013	
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[11C]raclopride
[11C]raclopride is a 
radiolabelled D2 dopamine 
receptor antagonist that is 
used in positron emission 
tomography studies.

hedonic value, and motivates, initiates and invigorates 
behaviours aimed at obtaining and consuming rewards 
(for example, by virtue of projections via the ventral palli-
dum to the tegmentum and to the mediodorsal thalamus; 
see BOX 1)31. In addition to the cluster in the right ven-
tral striatum, FIG. 2b also shows a cluster in the left dorsal 
striatum (caudate nucleus). The pattern of co-activation 
in the right ventral and left dorsal striatum corresponds 
exactly to activations in response to food, money and 
erotic rewards reported in a recent meta-analysis on the 
processing of primary and secondary rewards51. In addi-
tion to these striatal activations, food, monetary and erotic 
rewards engage the ventromedial orbitofrontal cortex, 

pre-genual cingulate cortex, amygdala, anterior insula and 
mediodorsal thalamus51. Strikingly, all of these structures 
were also identified in the present meta-analysis of music-
evoked emotions, showing that music-evoked pleasure is 
associated with the activation of a phylogenetically old 
reward network that functions to ensure the survival 
of the individual and the species31,51. During rewarding 
experiences of music, this network seems to be function-
ally connected with the auditory cortex: while listening to 
music, the functional connectivity between the nucleus 
accumbens and the auditory cortex (as well as between 
the nucleus accumbens and orbitofrontal cortex) predicts 
whether individuals will decide to buy a song27.

A positron emission tomography investigation on 
musical frissons (using [11C]raclopride to measure dopa-
mine availability) indicated that neural activity in both 
the ventral and dorsal striatum involves increased dopa-
mine availability (probably released by mesencephalic 
dopaminergic neurons mainly located in the ventral 
tegmental area (VTA)). Together with evidence showing 
activity changes in the VTA during musical frissons10, this 
indicates that music-evoked pleasure is associated with 
activation of the mesolimbic dopaminergic reward path-
way. Moreover, dopamine availability has been shown to 
increase in the dorsal striatum during the anticipation of 
a musical frisson and in the ventral striatum during the 
experience of the frisson22. Thus, different striatal regions 
are involved in anticipation and experience of reward.

Hippocampus. In striking contrast to monetary, food-
related and erotic rewards, which do not activate the 
hippocampus (as evident from the meta-analysis on 
reward processing reported in REF. 51), an overwhelm-
ing number of studies on music-evoked emotions have 
reported activity changes within the hippocampal forma-
tion10,13–16,23,26 (FIG. 2a). This indicates that music-evoked 
emotions are not related to reward alone. Most research 
on the hippocampal formation has been carried out 
with regard to learning, memory and spatial orientation. 
However, in some music studies, hippocampal activity 
was not simply due to processes related to memory or 
learning because, for example, only responses to highly 
familiar pieces were analysed10.

Hippocampal activity was associated in some stud-
ies with music-evoked tenderness26, peacefulness26, joy23, 
music-evoked frissons10 or sadness15. In other studies14,16, 
hippocampal activity changes were associated with 
both positive (joy) and negative (unpleasantness and 
fear) emotions. Emotion-related activity changes in the 
hippocampal formation are consistent with mounting 
evidence indicating that the hippocampal formation is 
substantially involved in emotion, owing to its role in 
the regulation of the hypothalamus–pituitary–adrenal 
(HPA) axis-mediated stress response52,53. Functional 
connectivity between the hypothalamus and the hip-
pocampal formation has been shown in response to 
music-evoked joy41, which supports the notion that the 
hippocampus is involved in music-evoked positive emo-
tions that have endocrine effects associated with a reduc-
tion of emotional stress, such as lower cortisol levels54,55. 
Moreover, the hippocampus is vulnerable to severe, 

Figure 2 | Neural correlates of music-evoked emotions. A meta-analysis of functional 
neuroimaging studies that shows several neural correlates of music-evoked emotions9–29. 
The analysis indicates clusters of activity changes reported across studies in the amygdala 
(local maxima were located in the left superficial amygdala (SF), in the right laterobasal 
amygdala (LB)) and hippocampal formation (panel a), the left caudate nucleus and right 
ventral striatum (with a local maximum in the nucleus accumbens (NAc)) (panel b), 
pre-supplementary motor area (SMA), rostral cingulate zone (RCZ), orbitofrontal cortex 
(OFC) and mediodorsal thalamus (MD) (panel c), as well as in auditory regions (Heschl’s 
gyrus (HG) and anterior superior temporal gyrus (aSTG)) (panel d). Note that, owing to the 
different experimental paradigms used in these studies, limbic and paralimbic brain areas 
that have not been indicated in this meta-analysis may nevertheless contribute to 
music-evoked emotions. Outlines of anatomical structures in panel a are adapted from 
probability maps according to REF. 143 (the SF is shown in green, the LB is shown in red, 
the CA is shown in blue and the subiculum is shown in yellow). Clusters were computed 
using activation likelihood estimation (ALE) as implemented in GingerALE144,145 (false 
discovery rate-corrected p < 0.01, 339 foci of 44 contrasts obtained from 21 studies with 
319 participants). None of the contrasts included music with lyrics, and none of the 
contrasts included a comparison of music against a non-stimulus rest condition (for 
details, see 5WRRNGOGPVCT[�KPHQTOCVKQP|5� (box)). Images are shown according to 
neurological convention, and coordinates refer to Talairach space. Coordinates of local 
maxima of clusters are provided in 5WRRNGOGPVCT[�KPHQTOCVKQP|5� (box).

REVIEWS

NATURE REVIEWS | NEUROSCIENCE  VOLUME 15 | MARCH 2014 | 173

© 2014 Macmillan Publishers Limited. All rights reserved

Meta-­‐Analysis	
  
Koelsch,	
  2014	
  
In:	
  Nature	
  Reviews	
  
Neuroscience	
  
www.nature.com/
review/neuro	
  

8	
  



9	
  he
p:
//
ed

iss
.s
ub

.u
ni
-­‐h
am

bu
rg
.d
e/
fr
on

td
oo

r.p
hp

?s
ou

rc
e_
op

us
=6
46

5&
la
=d

e	
  
	
  

Stegemann,
2013	
  



10	
  

IllustraHon:	
  Markus	
  Voll	
  
©	
  Stegemann,	
  2013	
  	
  

„High	
  
Route“	
  

„Low	
  
Route“	
  



How	
  does	
  music	
  therapy	
  work?	
  

Kid	
  unhappy	
   Kid	
  happy	
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Mechanism	
  1:	
  
NeuroplasHcity	
  und	
  Learning	
  

	
  “At	
  the	
  end	
  of	
  the	
  day	
  all	
  changes	
  in	
  therapy	
  
rely	
  on	
  changes	
  in	
  the	
  readiness	
  of	
  synapHc	
  
transmission.	
  These	
  processes	
  can	
  be	
  
strengthened	
  by	
  facilitaHon;	
  if	
  not	
  used,	
  these	
  
connecHons	
  can	
  be	
  weakened	
  or	
  even	
  
inhibited	
  acHvely.	
  “	
  	
  	
   	
  	
  

	
  
	
  „Alle	
  therapeuHschen	
  Veränderungen	
  beruhen	
  letztlich	
  auf	
  Veränderungen	
  synapHscher	
  
Übertragungsbereitscharen.	
  Die	
  Übertragungsbereitscharen	
  können	
  durch	
  Bahnung	
  
verstärkt,	
  durch	
  Nichtbenutzung	
  geschwächt,	
  aber	
  auch	
  akHv	
  gehemmt	
  werden.“	
  	
  

	
   	
   	
  	
   	
   	
  (Grawe,	
  2004)	
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Figure 1.
(A) Subdivisions of the midsagittal CC (see location of area 3 on the midsagittal slice). AC
= anterior commissure; PC = posterior commissure. (B) Diffusion tensor imaging showing
fibers traversing through area 3 of the midsaggital CC to connect bilateral prefrontal,
premotor, and supplementary motor regions. (In color in Annals online.)

Schlaug et al. Page 4

Ann N Y Acad Sci. Author manuscript; available in PMC 2010 December 21.
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In the animal kingdom, the phylogenetically ancient meso-
limbic reward system serves to reinforce biologically significant
behaviors, such as eating (69), sex (70), or caring for offspring
(71). In humans, dopamine release and hemodynamic activity in
the mesolimbic areas has also been demonstrated to reinforce
biologically adaptive behaviors, such as eating (72) and behaviors
related to love and sex (73, 74). However, as animals become
more complex, additional factors become important for suc-
cessful survival. For example, among human societies, having
a certain amount of money can predict successful survival. Not
surprisingly, obtaining money is highly reinforcing, and has also
been demonstrated to involve the mesolimbic striatal areas (75).
The reinforcing qualities of such secondary rewards suggest that
humans are able to understand the conceptual value of an ab-
stract item that does not contain inherent reward value. In line
with this, many people obtain pleasure from other stimuli that
are conceptually meaningful, with little direct relevance for
survival, and listening to music is one example. As Darwin ob-
served, music has no readily apparent functional consequence
and no clear-cut adaptive function (4). However, listening to
music is ubiquitous throughout human societies since at least
Paleolithic times. How does a seemingly abstract sequence of
sounds produce such potent and reinforcing effects?

How Does Music Cause Pleasure?
It is widely believed that the pleasure people experience in music
is related to emotions induced by the music, as individuals often
report that they listen to music to change or enhance their
emotions (7). To examine this link, we performed an experiment
in which we asked listeners to select highly pleasurable music
and, while listening to it, rate their experience of pleasure con-
tinuously as we assessed any changes in emotional arousal (76).
Increased sympathetic nervous system activity is implicated in
“fight or flight” responses (77) and thought to be automated;
therefore it serves as a reliable measure of emotional arousal. We
measured heart rate, respiration rate, skin conductance, body
temperature, and blood volume pulse amplitude to track changes
that correspond to increasing levels of self-reported pleasure.
The results revealed a robust positive correlation between online
ratings of pleasure and simultaneously measured increases in
sympathetic nervous system activity, thus showing a link between
objective indices of arousal and subjective feelings of pleasure.
Next we turn to the mechanisms through which emotional

arousal can become rewarding. If emotional responses to music
target dopaminergic activity in the reinforcement circuits of the
brain, there should be amechanism throughwhich these responses
could be considered rewarding. To examine this question, our
laboratory has performed two studies in which participants se-
lected music that they find highly emotional and pleasurable (78,
79). To have an objective measure of peak emotional arousal,
people brought in music that gives them “chills,” which are be-
lieved to be physical manifestations of peak emotional responses
(78, 80, 81), and related to increased sympathetic nervous
system arousal (76). In the first study, we demonstrated that the
ventral striatum and other brain regions associated with emotion
were recruited as a function of increasing intensity of the chills
response (78). This finding thus importantly identified that the
mesolimbic reward system could be recruited by an abstract aes-
thetic stimulus. Several other studies have shown consistent findings
(82, 83); however, because all these studiesmeasured hemodynamic
responses, they did not address whether the dopaminergic system
was involved. Therefore, we performed another study (Fig. 3A)
with ligand-based positron emission tomography (PET) (79), us-
ing raclopride, a radioligand that binds competitively with dopa-
mine receptors. We compared dopamine release in response to
pleasurable vs. neutral music and confirmed that strong emotional
responses to music lead to dopamine release in the mesolimbic
striatum, which can help explain why music is considered

rewarding, and links music directly to the other, biologically re-
warding stimuli outlined above.
If the pleasures associated with music are at least in part related

to the dopaminergic systems that we share with numerous other
vertebrates, why do they seem to be uniquely a part of human
behavior? Can animals tell the difference between ancient flutes,
Mahler, and Britney Spears? And if so, do they care? The closest
phenomena to music in the animal kingdom are biologically sig-
nificant vocalizations. However, these musical sounds are thought
to be limited to an adaptive role toward territory defense and
mate attraction, rather than for abstract enjoyment (84, 85).
When given a choice between listening to music versus silence,
our close evolutionary relatives (tamarins and marmosets) gen-
erally prefer silence (86). Some animals may be capable of pro-
cessing basic aspects of sound with relevance for music. For
example, rhesus monkeys do demonstrate an ability to judge that
two melodies are the same when they are transposed by one or
two octaves (87). However, this ability is limited: the monkeys
failed to perform this task if melodies were transposed by 0.5 or
1.5 octaves. There is also some evidence (88, 89) that monkeys
can distinguish between consonance and dissonance. However,
they do not seem to consider consonant sounds more pleasurable,
based on the finding (90) that cotton-top tamarins showed a clear
preference for species-specific feeding chirps over distress calls,
but no preference for consonant versus dissonant intervals. Al-
though certain individuals of some species do demonstrate motor
entrainment to externally generated rhythmic stimuli (91, 92),
there is no evidence that primates do so; moreover, such

Fig. 3. Neural correlates of processing highly rewarding music. (A) Spatial
conjunction analysis between [11C]raclopride positron emission tomography
and fMRI while listeners heard their selected pleasurable music revealed
increased hemodynamic activity in the ventral striatum (VS) during peak
emotional moments (marked by “chills”), and the dorsal striatum (DS) pre-
ceding chills, in the same regions that showed dopamine release. Adapted
from ref. 74. (B) fMRI scanning showing that the best predictor of reward
value of new music (as marked by monetary bids in an auction paradigm)
was activity in the striatum, particularly the NAcc; the NAcc also showed
increased functional connectivity with the superior temporal gyri (STG) and
the right inferior frontal gyrus (IFG) as musical stimuli gained reward value.
Adapted from ref. 94.

Zatorre and Salimpoor PNAS | June 18, 2013 | vol. 110 | suppl. 2 | 10433
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Being and Feeling in Sync with an Adaptive Virtual Partner: Brain Mechanisms Underlying
Dynamic Cooperativity

Merle T. Fairhurst1, Petr Janata2,3 and Peter E. Keller1,4

1Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany, 2Department of Psychology, 3Center for Mind
and Brain, University of California, Davis, CA, and USA 4MARCS Institute, University of Western Sydney, Sydney, Australia
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Cooperation is intrinsic to the human ability to work together
toward common goals, and depends on sensing and reacting to dy-
namically changing relationships between coacting partners. Using
functional magnetic resonance imaging (fMRI) and a paradigm in
which an adaptive pacing signal simulates a virtual partner, we
examined the neural substrates underlying dynamic joint action.
A single parameter controlled the degree to which the virtual partner
adapted its behavior in relation to participant taps, thus simulating
varying degrees of cooperativity. Analyses of fMRI data using objec-
tive and subjective measures of synchronization quality found the
relative balance of activity in two distinct neural networks to
depend on the degree of the virtual partner’s adaptivity. At lower
degrees of adaptivity, when the virtual partner was easier to syn-
chronize with, cortical midline structures were activated in con-
junction with premotor areas, suggesting a link between the action
and socio-affective components of cooperation. By contrast, right
lateral prefrontal areas associated with central executive control
processes were recruited during more cognitively challenging inter-
actions while synchronizing with an overly adaptive virtual partner.
Together, the reduced adaptive sensorimotor synchronization para-
digm and pattern of results illuminate neural mechanisms that may
underlie the socio-emotional consequences of different degrees of
entrainment success.

Keywords: cognitive control, cooperation, entrainment, fMRI, virtual
partner

Introduction
Successful interactions among individuals require a certain
degree of adaptivity. From everyday experience we know that
interacting with an adaptive partner is generally easier than
with a rigid one. However, one individual might be overly adap-
tive, overcompensating for variability in the other’s behavior,
and therefore unhelpful also. Ideally, a partner modifies his or
her performance by a certain optimal degree in order to facili-
tate fluid interaction. Imagine two individuals carrying a sofa. If
one adjusts to the other’s slowing and speeding up either too
little or too much it makes for difficult carrying and increases
the chances of dropping the sofa or running over the person in
front. Thus, successful cooperative joint action depends on flex-
ible and reliable give-and-take (adaptation) between coacting
individuals (Schmidt and Richardson 2008).

An integrated understanding of the links between the levels
of social interactions, behavioral contexts and mechanisms,
and the supporting neural mechanisms has not yet been
achieved. In this paper we link the three levels (Fig. 1).
Specifically, we utilize a simple novel sensorimotor synchroni-
zation (SMS) paradigm, which has emerged as a powerful
reduced model system for studying entrainment, to show that

objective and subjective performance parameters predict the
degree to which brain activity will be biased toward com-
ponents of a large-scale network involved in automatic and
socio-emotional processing instead of components of a
network associated with cognitive control (Fig. 1).

Paradigms for Studying Interagent Dynamics at Various
Timescales
Methods for examining cooperative behavior have focused on
different timescales and interaction partners. Most common
have been various interpersonal turn-taking games that tran-
spire on a relatively slow timescale (Rilling et al. 2002; Decety
et al. 2004). However, many dynamic interactions, such as
those employed by cooperating musicians and dancers, occur
at faster timescales and require a high degree of temporal pre-
cision. Studies of such interactions have involved SMS para-
digms in which a person synchronizes movements, for
example finger taps, with a stable isochronous pacing signal
(see Repp 2005 for review) or, more recently, with human
partners (Tognoli et al. 2007; Kelso et al. 2009; Konvalinka
et al. 2010). More generally, SMS refers to the coordination of
a physical action in time with a rhythmic sequence, a function
intrinsically linked to group music making (Repp 2005).

Sensorimotor Synchronization with a Virtual Partner
Here we implement a virtual partner (VP) using an adaptive
auditory signal (Repp and Keller 2008) with which a person
is asked to tap a finger in synchrony while attempting to
maintain the given tempo (see also Vorberg 2005). One
crucial element of this paradigm is that a computer-
programed auditory pacing signal simulates the potential be-
havior of a human partner by dynamically adapting its timing
based on the individual’s performance. The VP is adaptive in
that it varies the onset of its tones by a given proportion (α)
of the amount of asynchrony between its tones and the taps
of the participant (Fig. 2A). Variation across a range of α (α =
0, 0.25, 0.5, 0.75, or 1) simulates a range of flexible adaptivity
and corresponds to differing degrees of coupling between the
VP and the human participant (Fig. 2B). Measures of individ-
ual synchronization performance, such as the standard devi-
ation of asynchronies between taps and tones (SD asynchrony),
provide an objective measure of the success of dynamic
cooperation. Lower SD asynchrony indicates more stable per-
formance, and varying the level of VP adaptivity results in a
systematic pattern of synchronization variability (Repp and
Keller 2008). This pattern is captured by a parabolic function
and highlights that VP adaptivity varies on a continuum render-
ing synchronization more or less difficult (Fig. 2C).

A second important aspect of the paradigm is the instruc-
tion to synchronize while also maintaining the initial tempo.

© The Author 2012. Published by Oxford University Press. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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Friston et al. 1994). Contrasts performed explored activation during
the five conditions of adaptive synchronization compared with base-
line. Paired t-tests of the various levels of VP adaptivity were also
compared (the results of which are reported in the Supplementary
Materials). Each task trial was modeled as two defined events:
initiation (perception of initiation tones where participants were
instructed to listen to the desired tempo but not to tap) and synchro-
nized tapping. Regression analyses were conducted to explore covari-
ance of blood oxygen level-dependent signal change during tapping
with acquired behavioral measures. Specifically, additional explana-
tory variables of objective task performance (SD of asynchrony) and
subjective ratings of experienced difficulty were incorporated into the
model. This was done by inputting individual means per condition
and entering these as separate regressors. In one model we included
both of these regressors, so as to explore the effect of the objective
measure of task performance (being in or out of sync) while account-
ing for and removing the effect of the subjective assessment of syn-
chronization difficulty. In two other separate analyses we explored
the effect of each of these variables individually.

Results

Tapping with Differentially Helpful Partners:
Manipulations of VP Adaptivity
On the basis of the dynamic interchange between the human
participant and VP, we can extract information pertaining
both to how and to what degree the human adapts to the VP
and also how VP adaptivity affects human tapping behavior.
Measures of mean asynchrony demonstrate that participants
were able to maintain synchrony across conditions of VP
adaptivity (VP adaptivity F(4.60) = 2.882, P = 0.094, repeated
measures analysis of variance [ANOVA]—see Supplementary
Table 1). Moreover, the behavioral variability data replicated
the findings of Repp and Keller (2008)—a parabolic function
of performance instability (SD asynchronies) across levels of
α (Fig. 2C, Supplementary Table 1)—tracing the effect of
varying VP adaptivity on human tapping performance. Using
SD asynchrony as a measure of task performance, we ob-
served that task performance is “optimal” (i.e. instability is
lowest) around α = 0.25–0.5 with poorer performance on
either side of this range (VP adaptivity main effect F(4.60) =
7.708, repeated measures ANOVA, P = 0.005; polynomial
trend contrasts in the ANOVA detected a significant quadratic
trend F(1.15) = 40.655, P < 0.0001). From this we see that syn-
chronization performance was facilitated by a small amount
of VP adaptivity. By contrast an overly adaptive and therefore
unreliable partner impeded task performance. Therefore,
from this point onwards, data will be described in terms of
“helpful” or optimally adaptive conditions (α = 0.25 and 0.50)
and “unhelpful” or overly adaptive conditions (α = 0.75 and 1).
Additionally, from the tapping data we were able to explore
the nature of human adaptivity in response to the VP by esti-
mating the amount of error correction employed by the
human tapper (human α: mean and SE = 0.54 ± 0.09; range:
0.24–0.63). It is interesting to note that the range of human
error correction within our cohort matches the range of VP
adaptivity where performance was optimized (i.e. SD asyn-
chrony was lowest).

To explore the more subjective appraisal of the human–VP
interaction, we collected and analyzed VAS ratings of per-
ceived task difficulty. Trial-by-trial subjective ratings of task
difficulty (perceived difficulty of synchronizing) were grouped

by condition of VP adaptivity and averaged across participants.
Group mean perceived task difficulty differed significantly
across conditions (see Supplementary Table 1). As expected,
the subjective ratings mirrored objective measures of task per-
formance and a quasi parabolic function across conditions of
VP adaptivity was observed (VP adaptivity main effect F(4.60)
= 20.181, P < 0.0001; repeated measures ANOVA, quadratic
trend F(1.15) = 23.581, P < 0.0001). Furthermore, synchroniz-
ing with an overly adaptive partner was perceived to be more
difficult than synchronizing with an optimally adaptive
partner (α: 1 > 0.25, t(15) = 5.372 P < 0.001).

Being and Feeling in Sync: Objective and Subjective
Measures of Task Performance and Task Difficulty
An advantage of the present design was that the effect of a
variably adaptive partner on entrainment success was re-
flected in both objective and subjective measures. Therefore
to identify the neural correlates of being and feeling in sync,
we incorporated both objective and subjective measures of
task performance (averaged SD asynchronies per condition
and subjective VAS ratings of task difficulty, respectively) into
analyses of the fMRI data. The first analysis identified areas
activated as a function of the objective measure of being in
sync with the VP. Specifically, this regression analysis ident-
ified brain areas in which activity varied as a function of SD
asynchrony at each level of VP adaptivity, that is each partici-
pant’s parabolic function. Positive correlations were indicative
of regions that increased in activity when the participant and
VP were “out of sync” (higher SD). This contrast revealed an
extensive network, including the anterior insula, inferior
and superior frontal gyri (IFG and SFG, respectively), the

Figure 3. In or out of sync with an adaptive virtual partner. Group mean contrast
(mixed effects, Z = 2.3; P=0.05, corrected) of covariance with objective task
performance measure (SD asynchrony): (A) “out of sync” or high SD asynchrony,
(B) “in sync” or low high SD asynchrony, (C) “out of sync” while controlling for task
difficulty and (D) “in sync” controlling for task difficulty.
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Understanding the Intentions Behind
Man-Made Products Elicits Neural
Activity in Areas Dedicated to Mental
State Attribution

Nikolaus Steinbeis1 and Stefan Koelsch2

1Max-Planck Institute for Human Cognitive and Brain Research,
Stephanstr 1a, 04103 Leipzig, Germany and 2Department of
Psychology, Pevensey Building, University of Sussex, Falmer,
Brighton BN1 9QH, UK

Trying to understand others is the most pervasive aspect of
successful social interaction. To date there is no evidence on
whether human products, which signal the workings of a mind in
the absence of an explicit agent, also reliably engage neural
structures typically associated with mental state attribution. By
means of functional magnetic resonance imaging the present study
shows that when subjects believe they are listening to a piece of
music that was written by a composer (i.e., human product) as
opposed to generated by a computer (i.e., nonhuman product),
activations in the cortical network typically reported for mental
state attribution (anterior medial frontal cortex [aMFC]), superior
temporal sulcus, and temporal poles) were observed. The activation
in the aMFC correlated highly with the extent to which subjects had
engaged in attributing the expression of intentions to the composed
pieces, as indicated in a postimaging questionnaire. We interpret
these findings as indicative of automatic mechanisms, which
reflect mental state attribution in the face of any stimulus that
potentially signals the working of another mind and conclude that
even in the absence of a socially salient stimulus, our environment
is still populated by the indirect social signals inherent to human
artifacts.

Keywords: fMRI, music, social cognition, theory of mind

Introduction

Being in possession of a theory of mind (also known as the
ability to mentalize or adopting an intentional stance) refers to
the cognitive capacity to explain and predict other people’s
behavior by attributing a set of independent mental states
(i.e., intentions, beliefs, desires; Frith and Frith 2003). The
neural correlates underlying the attribution of mental states
have been extensively investigated uncovering an underlying
network comprising the anterior medial frontal cortex (aMFC),
the superior temporal sulcus (STS)/temporo-parietal junction,
as well as the temporal poles (TPs) (Frith and Frith 2003).
Paradigms typically entailed the explicit attribution of mental
states in narratives (Fletcher et al. 1995; Goel et al. 1995;
Gallagher et al. 2000; Vogeley et al. 2001; Ferstl and von
Cramon 2003), cartoon stories (Gallagher et al. 2000), and
animated shapes (Castelli et al. 2000) or subjects were made to
believe they were interacting with a human agent as opposed
to a computer (McCabe et al. 2001; Gallagher et al. 2002;
Ramnani and Miall 2004), in the latter case reliably activating
a core structure of the neural network, namely the aMFC.
However, there is a high prevalence of instances in everyday
life, where we are confronted with the products of human
agents (such as works of art), signaling previously held
intentions and performed actions in the explicit absence of

the agent him/herself. It is thus unclear whether inanimate
objects signal social meaning, such as their creator’s intentions
and whether we thus implicitly attempt to fathom these.

To address this question, we measured brain responses
when subjects listened to what they thought were composi-
tions as opposed to computer-generated pieces of music. Using
musical pieces, which were equally plausible to have been
composed or generated by a computer, participants were
effectively presented with the same stimulus. However in one
condition (Composer) were made to believe that the piece had
been composed and thus implicitly reflected the expression of
a rational agent’s intentions, and in another condition
(Computer) were made to believe that the pieces had been
generated by a computer program and thus, whereas following
certain rules, did not reflect the expression of a rational agent’s
intention. To avoid any memory effects, half the stimuli (N = 30)
were presented in one condition and the other half were
presented in the other condition, which was counterbalanced
across subjects. Thus the basic acoustic information was kept
identical over all subjects and contrasting the Composer
condition against the Computer condition therefore only
yielded brain activity specifically related to the participants’
attitude taken toward the stimulus. We predicted that should
human products, of which music is a most pervasive instance,
be processed with regards to the mental states and particularly
intentions of those responsible for their inception, then we
ought to see a significant increase of activity in brain areas
typically associated with attributing mental states, namely the
aFMC, the STS and the TP.

Participants were instructed to rate the perceived pleasant-
ness of each piece of music to ensure that sufficient attention
was paid to the music. Thus, their task did not focus on the
experimental manipulation. In addition, a questionnaire was
filled out after the functional imaging session requiring
participants to indicate their thoughts during and on the
experiment.

Materials and Methods

Subjects
In total 16 subjects (8 males) were investigated, of which only 12 were
included in the analysis. The remaining 4 subjects were excluded on
the basis of indications given on the postimaging questionnaire, in that
they considered it implausible that either the composed pieces had
been composed or that the computer pieces had been generated by
a computer. The remaining subjects included 7 males and 5 females
with a mean age of 24.6 years (age range: 21--31). None of them were
professional musicians and some of them had either played an
instrument before or were still playing at the time of the experiment.
None of them were familiar with the style of music presented in the
experiment.

! The Author 2008. Published by Oxford University Press. All rights reserved.
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To correlate some of the ratings given in the questionnaire with
activation strength in predicted brain regions, mean beta-values were
extracted from the most activated voxel of our hypothesized brain
region (in this case aMFC) and determined the 6 adjacent voxels from
the mean contrast across participants.

Results

As shown in Figure 1, there were no differences in the
perceived emotional valence between pieces played in the
Composer condition and the ones played in the Computer
condition. However, scores on the questionnaire indicate that
participants thought more strongly about the expression of
intentions during the Composer condition compared with the
Computer condition (P < 0.05). There were no further
differences between scores for the pieces presented in either
condition for any of the other items on the questionnaire.

The fMRI data show that when contrasting the brain activity
of the Composer condition against the Computer condition

(see Fig. 2 and Table 1), there is an increase in precisely the
neuroanatomical network dedicated to mental state attribution,
namely the aMFC (–11, 48, 18; P < 0.05 corrected), the left STS
(mid-portion: –62, –23, 0; P < 0.05 corrected and posterior
portion: –65, –51, 18; P = 0.001 uncorrected) and the right
STS (58, –6, –6; P = 0.001 uncorrected) as well as the left
TP (–50, 7, –21; P < 0.05 corrected) and the right TP (37, 15, –30;
P = 0.001 uncorrected). Notably, the brain activity in the aMFC
was correlated highly with the degree to which participants
thought that an intention was expressed in the composed
pieces of music (r = 0.76; P < 0.01). There was no increased
brain activity when contrasting the Computer condition against
the Composer condition.

Discussion

The present study reports the recruitment of a neural network
when people engage in the processing of what they believed to

Figure 2. Activations when listening to musical pieces cued as compositions as opposed to computer-generated. (a) Increased activation in the aMFC [!11, 48, 18], which
(b) correlated positively with the extent to which participants thought an intention was being expressed in the compositions (r 5 0.76; P\ 0.01). (c) Increased activation in the
left TP [!50, 7, !21] as well as (d) the left STS [!62, !23, 0].

Figure 1. Behavioral ratings. (a) Given during the scan on the perceived valence of composed (black) and computer-generated (white) pieces (P 5 0.98) and (b) after the scan
on the extent to which participants thought an intention was being expressed, which was higher for composed (black) than computer-generated pieces (white; P\ 0.05).
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