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1. INTRODUCTION 
This deliverable describes the neurophysiological experiments performed in 
controlled environments. These include experiments that explore changes 
and characteristics of both central nervous system (CNS) as well as 
autonomic nervous system (ANS) activity as indicative of emotion or 
entrainment processes taking place a response to music listening. 
 
Brain imaging offers the critical advantage of being able to measure brain 
correlates of a given task. The downside of it consists in the impossibility of 
recording data in realistic and ecological scenarios (i.e. live orchestra playing 
or the audience of a concert). For this technical reason, a series of 
experiments have been designed and carried out in order to answer specific 
and selected scientific question regarding the general theoretical framework 
proposed in the SIEMPRE project. 
 
In more details ElectroEncephaloGraphy (EEG) studies have been designed 
for their efficacy in measuring millisecond scale global brain activities 
associated to the task of interest. Two such studies have been used to study 
the process of rhythmic entrainment and another to investigate the relation 
of melodic entrainment. In both cases analyses focused on frequency 
domain. Furthermore, intra cranial ElectroEncephaloGraphy (iEEG) has the 
additional advantage of being able to record the same kind of electrical signal 
as in EEG, but with a far better spatial accuracy. In fact, iEEG enable the 
recording of potentials from specific areas where the electrodes are located 
instead of requiring the solution of the inverse problem in locating source of 
activities. In two studies was investigated the phenomenon of automatic 
rhythms entrainment. On the other hand, an additional study was conducted 
by means of functional Magnetic Resonance Imaging (fMRI) which allows 
extremely accurate spatial description of metabolic activities in the brain. 
Here we exploited the specific peculiarities of the technique by testing the 
activities associated musicians listening to own musical performance as 
opposed to listening to the performance of others. Finally a series of 
Trancranial Magnetic Stimulation (TMS) have been employed for its ability to 
test causal contribution granted by specific areas of the brain for the 
execution of specific tasks. Here devised two studies to investigate the 
contribution of the motor system to the encoding of others actions. 
 
All studies derive from the same theoretical background based on the 
behavioural mirroring during interaction. Interaction is at the basis of any 
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social group, small or large. Interaction can be of two main types: implicit 
and explicit. Human language belongs to explicit communication, because its 
goal is to provide precise information about an internal state of the sender to 
a specific receiver. Although explicit communication is thought about as the 
prototypic form of interpersonal messaging, implicit, non-verbal 
communication provides the foundation of social communication. Implicit 
interaction is based on our capability of implicitly understanding the internal 
states of others, from simple motor behaviours to complex emotional 
reactions. 
 
These neurophysiological experiments aim at consolidating, reinforcing, and 
assessing the theoretical hypotheses emerging from the experimental 
scenarios of the SIEMPRE project. We investigated the neurophysiological 
foundations of creative group communication and interaction. We 
investigated, both in expert players and in naïve subjects, the cortical 
pattern of activation induced by watching at an action (see sections 5.1; 
5.2), listening to the sound of that action (see sections 2.1; 2.2; 3.1; 3.2), 
listening to music produced by ourselves or others (see section 4). The 
analysis of the cortical activations and temporal deployment of these 
different conditions would allow a better understanding of the cortical basis 
of what has been called ‘supramodal syntax’. 
 
The ‘supramodal syntax’ hypothesis is based on the observation that Music, 
language and action share interesting analogies. In fact, all these three 
domains have been shown to take advantage from the same neural 
substrates and to have similar structural/syntactical properties. The 
hierarchical structures present in both action and music indeed, resemble 
that of language syntax. This similarity is further prompted by the fact that 
the frontal centre for speech production (the so-called Broca’s area, from the 
name of the French neurologist Paul Broca who first described it) becomes 
functionally involved both in speech production/listening and in music 
playing/listening. Moreover, from a purely anatomical point of view, Broca’s 
area evolved from a monkey premotor cortex where actions are coded in 
terms of goals with different levels of generalisation (motor hierarchy), 
coded by different neuronal populations. Interestingly, mirror neurons, 
premotor neurons responding both when one executes an action and when 
observes another individual doing a similar action, have been originally 
discovered in this part of the monkey premotor cortex. It is important to 
note that the human Broca’s area becomes active also during action 
observation (Fadiga, Craighero, D’Ausilio, 2009). 
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It has been suggested that Broca’s area contains the so-called mirror 
neurons, originally discovered in monkey’s premotor cortex, become active 
when the monkey acts on an object and when it observes another monkey or 
the experimenter making a similar goal-directed action (e.g., Fadiga et al., 
1995). Typically, mirror neurons show a strict congruence between observed 
and executed action. Further studies showed that a mirror mechanism exists 
in the human brain as well and involves motor and premotor areas of the 
frontal lobe, including the frontal area for speech production (i.e., the Broca’s 
area). It has been suggested that the mirror-neuron response may reflect an 
implicit understanding of what other people do. In other words, actions of 
others are matched on our own action repertoire and this allows us to 
understand the actions done by others, their intentions, and emotions 
(Gallese and Goldman, 1998; Goldman and Spripada, 2005). Other’s 
behaviours evoke similar motor representation in our brain and, since we 
implicitly know their outcome, we have, through the mirror mechanism, an 
immediate, direct knowledge of what the others are doing and feeling. For 
this reason, K. Overy and I. Molnar-Szakacs (2006) proposed that mirror 
neurons enable listeners to recognize the emotional qualities of music. 
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2. ELECTROENCEPHALOGRAPHY (EEG) 
EXPERIMENTS 

2.1 Electroencephalographic (EEG) study on brainwave 
entrainment 

The goal of this experiment (finished) is to compare how different brain 
frequencies are entrained by percussion beats that vary in terms of tempo 
(fast/slow) and metrical structure (simple/complex) in normal subjects and 
the links between the strength of entrainment and self-reported feelings of 
entrainment and emotion.  
 
Stimuli consisted of 16 different MIDI beat tracks made up of chords played 
with a piano sound (13 bars each), 1 had a simple metric (4/4), 1 had a 
complex metric (5/4), one was a “metronome” control (1/1) and one had a 
random structure. We presented all tracks at both 96bpm (slow condition) 
and 128bpm (fast condition) in a major and minor mode. We also kept the 
sound level of the chords constant so that the metric was induced by a 
regularly placed silence instead of using a loud/soft setup: 
 

 
Figure 1. First bar of the simple metric stimulus. 
 
Participants passively listen to a rhythm track while their heart rate, 
respiration, right forearm EMG activity and EEG activity are recorded. After 
listening they were instructed to reproduce what they heard using their right 
index finger and are then asked to what extent they found the track pleasant 
and to what extent they felt: “their own body rhythms change”; “their own 
bodies resonate with the music”; “like dancing”; “like moving” (“Musical 
Entrainment Questionnaire”; Labbé & Grandjean, submitted); and the GEMS 
second-order level factors: “sublimity”, “vitality” and “unease” (Zentner, 
Grandjean, & Scherer, 2008) on 5 point Likert scales.  
 
Tempo tapping programmed with E-Prime 2 (Psychology Software Tools Inc., 
Pittsburgh, PA). 
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The behavioral data (including tapping data) of 25 participants in a similar 
prior experiment using the same stimuli at nearly identical speeds (slow = 
100bpm, fast = 130bpm) will be added to the behavioral results of this 
study. 
 
We have begun extracting the amplitudes of ERP components such as the 
P50, N100, P170 and N300 in order to test hypotheses concerning the 
distinction between beat-level and metrical-level entrainment as well as 
speed related entrainment (see Figure 2). 
 

 
Figure 2. Grand averaging of evoked responses to strong and weak beats in fast and slow conditions (N=20).  
Note. Slow strong beat (red), fast strong beat (black), slow weak beat (green), fast weak beat (blue). 
	  
The next steps will include time-frequency analyses where we will investigate 
whether entrainment between auditory and motor regions was modulated by 
the speed and metrical manipulations and whether self-reported explicit 
(subjective) entrainment was related to this synchrony. 
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N300 
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2.2 Electroencephalographic (EEG) study on 
consonance and entrainment (CONSENT) 

The goal of this experiment was to compare how different neural populations 
are more or less entrained by piano pieces that vary in terms of pleasantness 
(consonant/dissonant) and tempo (fast/slow) in normal subjects and the 
links between the strength of entrainment and self-reported feelings of 
entrainment and emotion. 
 
Stimuli consisted of 6 different pieces played by a professional pianist on a 
MIDI piano emulator (Clavinova) and recorded on a MacBook Pro using 
GarageBand. The pieces were later manipulated using LogicPro 9 with a 
piano sound. We presented all tracks at both 80bpm (slow condition) and 
96bpm (fast condition), in a consonant (unpleasant condition) and dissonant 
(unpleasant condition) version. The pieces varied in length between 1m30s 
for the shortest and 2m45s for the longest thus allowing enough time for 
autonomic physiological changes to occur. 
 
Participants passively listen to the pieces while their heart and respiration 
rate, EEG and EOG activity are recorded. After listening they are asked how 
pleasant they found the music and to what extent they felt: “their own body 
rhythms change”; “their own bodies resonate with the music”; “like 
dancing”; “like moving” (Labbé & Grandjean, submitted); as well as the 9 
GEMS factors: Wonder, Transcendence, Tenderness, Nostalgia, Peacefulness, 
Power, Joyful activation, Tension, and Sadness (Zentner et al., 2008) on 5 
point Likert scales. 
 
This paradigm was programmed using E-Prime 2 (Psychology Software Tools 
Inc., Pittsburgh, PA). 
 
We have begun extracting the amplitudes of ERP components such as the 
P50, N100, P170 and N300 in order to test hypotheses concerning the 
distinction between beat-level and metrical-level entrainment as well as 
speed related entrainment (see Figure 3). 
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Figure 3. Grand averaging of evoked responses to strong and weak beats in consonant and dissonant 
conditions (N=24). Note. Consonant strong beat (red), dissonant strong beat (black), consonant weak beat 
(green), dissonant weak beat (blue). 
	  
Just as in “electroencephalographic (EEG) study on brainwave entrainment” 
our goal is to continue with time-frequency analyses where we will 
investigate whether entrainment between auditory and motor regions was 
modulated by the speed, the  and metrical manipulations and whether self-
reported explicit (subjective) entrainment was related to this synchrony. 
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3. INTRACRANIAL 
ELECTROENCEPHALOGRAPHIC (IEEG) 
EXPERIMENTS 
These series of experiments describe local field recording paradigms that 
were not planned in the beginning of the project but that were the result of a 
fortuitous collaboration that UNIGE-CH has with the Department of 
Neurology of the University Hospital of Geneva. In both cases UNIGE-CH was 
informed that pharmacoresistant epileptic patients were being monitored for 
seizures prior to surgery and that they were willing to participate in a 
number of experiments while they waited. Since iEEG offers the unique 
opportunity to have both excellent spatial and temporal resolution, this was 
an opportunity not to be missed if we seriously wanted to study and test 
some of the hypotheses concerning entrainment between distal brain areas 
(see D1.1, p.22). In fact, it is impossible to study the entrainment between 
deep brain structures and other areas with another technique at the time of 
writing. 
 
3.1 Human Intracranial Local Field potential recordings 
during percussion listening paradigm (Intracranial I) 

 
There arose in March of 2011 the opportunity to record local field potentials 
from a young (1995) pharmacoresistant epileptic patient (S.C.) with 
intracranial electrodes in the left and right supplementary motor areas 
(SMA), amygdala, orbitofrontal cortices, anterior cingulate cortex, 
hippocampi and temporal cortex. She presented herself at the CMU for pre-
operatory monitoring of seizures and consented to participate in the study. 
Particularly interesting to us were the electrodes in the posterior left 
hippocampus and right hippocampus (left) and in bilateral supplementary 
motor areas (right): 
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The goal of the study was to investigate how different brain areas are 
entrained by percussion beats that vary in terms of tempo (fast/slow) and 
metrical structure (simple/complex) in an epileptic patient with intracranial 
electrodes. 
 
Stimuli consisted of 18 different MIDI beat tracks (25 bars each), 4 had a 
simple metric, 4 had a complex metric and one had a random structure. We 
presented all tracks at both 90bpm (slow condition) and 124bpm (fast 
condition). 
 
The patient had to listen passively to the tracks and then repeat what she 
had heard by tapping the “ctrl” key of the computer. The task was prepared 
with E-Prime 2 (Psychology Software Tools Inc., Pittsburgh, PA). 
We measured local field potentials, heart rate and tapping reaction times. 
 

 
 
The first results from this study were presented at the “iEEG and emotions” 
conference that took place in Geneva on the 19-20-21 September 2012 
(Labbé, Spinelli, Seeck, & Grandjean, 2012). 
Analyses are still ongoing. 

TAP  
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3.2 Human Intracranial Local Field potential recordings 
during percussion listening paradigm (Intracranial II) 

 
In May of 2012, another pharmacoresistant epileptic patient (M.M.) agreed to 
participate in studies at the University Hospital of Geneva while she was 
being monitored for seizures. 
 
M.M. had electrodes in the left amygdala, the left supplementary motor area 
(SMA) and the right cingulate. Of particular interest to us are the electrodes 
in the left SMA the results of which we hope to be able to compare to those 
of Intracranial I: 

 
 
The goal of this study was identical to Intracranial I described above, but we 
added questions from the Musical Entrainment Questionnaire (Labbé & 
Grandjean) and the GEMS (Zentner et al., 2008) which she had to answer 
after every beat track. 
 
Stimuli consisted of 16 different MIDI beat tracks made up of chords played 
with a piano sound (13 bars each), 1 had a simple metric (4/4), 1 had a 
complex metric (5/4), one was a “metronome” control (1/1) and one had a 
random structure. We presented all tracks at both 100bpm (slow condition) 
and 130bpm (fast condition) in a major and minor mode. We also kept the 
sound level of the chords constant so that the metric was induced by a 
regularly placed silence instead of using a loud/soft setup. 
 
We measured local field potentials, heart rate and tapping reaction times. 
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Unfortunately the experiment was not carried out to completion because the 
patient requested to end the study after half the stimuli had been presented 
due to fatigue. Nevertheless we were able to recover valuable data which we 
are currently analyzing. 
 

 TAP    ??  
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4. FUNCTIONAL MAGNETIC RESONANCE 
IMAGING (FMRI) STUDY:  
Biological motion is particularly salient information, which demonstrates our 
sensitivity to movement-related features. It has been proposed that the 
decoding biological motion indeed activate neural circuits necessary for 
movement production (Casile et al., 2010). This result is in line with the 
mirror neuron idea that others’ action classification requires a mirroring 
process based on the sub-threshold activation of the motor system. At the 
same time it has been behaviorally demonstrated that subjects are capable 
of distinguishing their own movement kinematics respect to that of others’ 
(Daprati et al., 2007). This ability does not require explicit awareness. 
 
Here we seek to investigate where in the brain such ability to recognize our 
own motor performance respect to that produced by others. In fact, the goal 
of this study was to investigate the brain responses of professional pianists 
listening to their own performances in comparison to performances of the 
same piece played by other pianists using functional magnetic resonance 
imaging (fMRI). We hypothesized that this task supposedly involves self-
referential processes including motor representation and the feeling of 
owner- or authorship.  
 
This project was conducted in collaboration with the international piano 
competition Concours the Genève. The participating pianists were recorded 
during the competition when they performed a compulsory piece, which was 
a commissioned contemporary oeuvre by the Swiss composer Stefan Wirth. 
During the experiment we recorded brain activity using fMRI while the 
pianists heard excerpts of 10 seconds of their own performance or 
performances of the other pianists. The task for the pianists was to listen to 
each excerpt and to attribute the performance to themselves or to another 
pianist on a 4-point-scale.  
 
Behavioral results show that the pianists were able to distinguish own and 
other pianists’ performances above chance level. Our fMRI results show that 
different distributed brain regions are involved for subjective self-other 
attributions (subjective perception) and actual performance discrimination 
(objective perception). During listening to subjectively self-attributed versus 
other-attributed performances increased BOLD signal was observed in medial 
frontal regions, SMA and ventral striatum. Comparing brain activity in 
response to the actual own versus other performances, brain activity was  
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increased in the left inferior frontal regions and ventral premotor 
cortex/precentral operculum (Figure 4). 
 

 
Fig. 4: Principal results for the BOLD signal.  
 
 
Results are in line with expectations regarding the fact that expert musicians 
should have been quite proficient in recognizing their own performance. At 
the same time it is extremely interesting that subjective perception of 
selfness as opposed to real self-other distinction give rise to a dissociable 
neural pattern. In fact, veridical self-other distinction elicited auditory, motor 
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and premotor activities inline with a simulative mechanism based on the 
mirror neuron system. On the other hand the biased perception of self-other 
distinction induced activities of the SMA often associated to musical motor 
imagery of piano pieces (Langheim et al., 2002) and Caudate activities 
associated to the pleasing reward experience of music listening and 
anticipation of an emotional peak in music (Montag et al., 2011; Solimpoor 
et al., 2011). In this sense, low-level technical own-others performance 
discrimination might be driven by the sensorimotor mirror circuit, which acts 
below conscious perception levels (Daprati et al., 2007). This information is 
subsequently exploited by higher order cognitive systems, which might also 
take into account other more subjective aspects of the performance such as 
emotional experience and esthetic appreciation. The integration of these two 
levels of representation might explain the observed biased detection of self-
other distinction even in expert musicians. 
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5. TRANSCRANIAL MAGNETIC STIMULATION 
(TMS) EXPERIMENTS 
TMS offers the unique possibility to selectively and transiently interfere with 
brain activities in one specific are and then test the effects on behavior. Such 
an approach thus offers a causal description of the functioning of that area. 
Other popular methods in neuroscience (i.e. EEG or fMRI) are based on 
correlational approaches and cannot grant the same level of description. 

 

5.1 The role of left BA44 in recognition of biological 
actions 

Recent studies have suggested that the left inferior frontal gyrus (IFG) plays 
a role in gesture recognition and, possibly, in action understanding; this view 
is corroborated by the finding that IFG lesions may yield deficits in gesture 
discrimination. 

Here we used repetitive transcranial magnetic stimulation (rTMS) in healthy 
volunteers while they had to reorder pictures extracted from a short video-
clip showing a movement that was either biological or non-biological and, 
within these two categories, either composed of a series of discrete events 
(“composite”) or made of a single continuous action (“non-composite”). rTMS 
was used to interfere selectively with the functioning of the left Brodmann 
area (BA) 44 or BA45, the two areas constituting Broca’s region, or of right 
BA44.  

We found that rTMS applied over left BA44 interfered with the movement 
discrimination task but only when subjects had to reorder biological 
composite movements, all other movement categories being unaffected. Left 
BA45 and right BA44 rTMS had no effect on task performance, whatever the 
type of movements to be processed. 

The present study shed new light on the role of Broca’s area in motor 
cognition by showing that left BA44 is causally involved in arranging the 
elements of composite biological movements, a process which can be 
regarded as a prerequisite to recognize and to understand them. It also 
corroborates the recent findings that that left BA44 lesions may be 
responsible for some deficits observed in patients with limb apraxia, 



 
  

SIEMPRE      D4.2 Neurophysiological experiments in controlled 
environment for evaluation and theoretical assessment 

 

 

May, 30th 2013 
18 / 28 

 
 

supporting the view that specific symptoms of limb apraxia result from 
distinct lesion sites. 

 

Figure 5: Time course of a trial. Each trial began with the display of a 
warning message (‘Ready?’) notifying the subject to place his/her right index 
finger on the green circle displayed at the bottom of the touch screen. This 
triggered the display of a video clip (see Table 1 for a list of all videos). At 
the end of the clip, a blank screen was displayed for 500 ms, followed by 
three still pictures extracted from the video clip. The participant had to point 
with his/her index finger onto the picture showing the middle of the 
sequence. When the answer was correct, the selected picture was 
surrounded by a green frame; in case of an incorrect response, the frame 
was red. The next trial started after a 1 second delay. The rTMS train (5 Hz, 
6 pulses, shown in red) was delivered 600 ms after the display of the three 
pictures. Biological and composite actions (BC), non biological and composite 
actions (NC), biological and non composite actions (BN), non biological and 
non composite actions (NN). 
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Figure 6: A. Mean location of the stimulation points normalized into the MNI 
system of coordinates over left BA44 (blue) and left BA45 (orange). The 
ellipse surface (centred on the mean coordinates of each stimulation site) 
indicates the 95% confidence interval. B. Effects of virtual lesions of left 
BA44 (blue) and left S1leg (gray) on reaction times. The histograms showed 
the mean reaction times (RT) and standard error (SE) for all the participants 
(n=8) and for the four different conditions. Significant results (p<0.05) are 
indicated by an asterisk. C. Effects of virtual lesions of left BA45 (orange) 
and left S1leg (gray) on reaction times. The histograms showed the mean 
reaction times (RT) and standard error (SE) for all the participants (n=8) and 
for the four different conditions. 
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Figure 7: Correlation analysis between the relative TMS effect induced by 
BA44 virtual lesions and the RTs in the control condition, for the different 
types of sequences. The RT was regarded as an index of trial difficulty. 
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Figure 8: A. Mean location of the stimulation points, normalized into the MNI 
system of coordinates over right BA44 (red). The ellipse surface (centred on 
the mean coordinates of each stimulation site) indicates the 95% confidence 
interval. B. Virtual lesions effects over right BA44 (red) and over right S1leg 
(gray) on reaction times. The histograms showed the mean reaction times 
(RT) and standard error (SE) for all the participants (n=8) and for the four 
different conditions. 

 

5.2 The role of the motor system in guiding 
anticipatory gaze behaviors 

When observing other people interacting with the environment, humans 
systematically fixate action goals ahead of time. Such predictive eye 
movements emerge early in human development and continue to play a 
crucial role for collaboration and competition throughout life (Flanagan & 
Johansson, 2003). To date, the mechanisms behind predictive goal-directed 
eye movements in action observation are unknown.  
According to a motor-cognitive view, goal-directed eye movements reflect 
the activation of effector-specific action plans in the observer. On a general 
level, we know that others’ action perception is dependent on motor system 
activation (D'Ausilio et al., 2009). More specifically, the idea that action plans 
generate predictions in real time receives support from behavioral data 
demonstrating similar patterns of eye movements during execution and 
observation (Flanagan & Johansson, 2003). Despite plenty of studies 
indicating that action prediction is driven by a recruitment of the observer’s 
own corresponding action plans, available data are not able to rule out 
alternative hypotheses, e.g. that predictive eye movements are driven by 
inferential processes, implemented by non-motor brain areas.  
The current study aimed to investigate the underlying mechanisms of 
predictive eye movements. We showed point-light displays of manual actions 
to human adults and applied TMS to either the hand or a control area (leg) of 
the motor cortex while measuring latencies of goal-directed gaze shifts. The 
motor-cognitive view makes two predictions: i) TMS over the motor cortex 
hand area should alter latencies of goal-directed gaze shifts and ii) effects of 
TMS should differ between hand area and control sites within the motor 
cortex. According to non-motor accounts, TMS over the motor cortex should 
not effect predictive gaze. 
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Here we used online trains of TMS pulses to disrupt activity in the hand 
primary motor cortex to test the effect in gaze prediction during the 
observation of hand actions. We demonstrate that TMS to this particular area 
of the primary motor cortex causes a delay in predictive gaze shifts relative 
to No-TMS trials. These findings support the motor-cognitive view and speak 
in favor of a functional connection between real-time goal prediction and 
activation of the observer’s own corresponding action plans. Thus, based on 
the findings in the current study, we argue that stimulation of the motor 
cortex directly impacts a direct-matching process providing the ability to 
predict other people’s action goals. 
 

Hand

Control (leg)

A

B

 
Figure 9: (A) Snapshot from first frame of the stimuli including the target, 
the barrier, the point-light hand (here colored red), and background dots 
(when presented to subjects all dots were black). The areas of interest 
(AOIs) used in the analysis are shown as blue rectangles: one AOI covered 
the initial position of the PL hand (plus one visual degree in each direction), 
the second AOI covered the target object (plus one visual to the right and 
left side). (B) Location of TMS in the TMS-Hand condition (TMS over hand 
area) and the TMS-Leg condition (TMS over leg area). 
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Figure 10: Mean difference scores between TMS and No-TMS trials in the 
TMS-Hand condition 1 (TMS over hand area, left panel) and in the TMS-Leg 
condition (TMS over leg area, right panel). Significant effects are represented 
by # for the between-group comparison and * for one sample t-tests (p < 
.05). Error bars equal 1 SE.  
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6. CONCLUSIONS 
All the studies presented in this deliverable tackle different facet of the same 
theoretical issue. As expressed in the introduction, the SIEMPRE project is 
indeed based on the idea that humans interact via the synchronization and 
coordination of their complex behaviour.  

Theoretically speaking, the very process of coordination/synchronization 
requires the ability to decode others’ movement starting from its visual or 
auditory description. The mechanism that characterizes a successful 
sensorimotor conversation requires that all participants are able to send and 
receive subtle messages in the form of visual motor gestures and auditory 
events. This encoding/decoding process might be conceived of as a complex 
and hierarchical input-output mapping ranging from rote sensorimotor 
mapping to the highest level of human action organization (Wolpert, Doya, 
Kawato, 2003). In this context, a mirror-like fronto-parietal circuit, due to its 
properties, might be particularly important in non-verbal communication 
between individuals (Hurley, 2008). Action mirroring, however, does not 
facilitate coordinated action per se, in fact, coordination may often require 
the execution of different/complementary actions between participants 
(Sebanz, Bekkering, Knoblich, 2006). Recently however, it has been 
demonstrated that human mirror neuron mechanisms might be tuned for 
action coordination rather than simple action mirroring (Newman-Norlund, et 
al., 2007). These results are in line with an interactive account of mirror-like 
activities forming the basis sensorimotor communication. 

However, sensorimotor communication cannot be the result of purely 
reactive mechanisms. A reactive mechanism uses sensory data to plan and 
execute the appropriate motor reaction. This is not feasible in motor control 
since delays in feedback are too long for an efficient and smooth motor 
execution (Wolpert, Doya, Kawato, 2003). Motor control theory introduced 
the idea of (internal) models that associate a given command to an expected 
(surrogate) sensory feedback (Wolpert, Kawato, 1998). In our view, 
sensorimotor communication relies on a model of the information sent by the 
other participant rather than on actual sensory data. Real data can only later 
be integrated for model correction/learning. In this context, a mirror-like 
mechanism is probably the best candidate to perform such modeling (Friston, 
Mattout, Kilner, 2011). Each musician may build a model of the conductor 
(and musicians) behavior to anticipate/simulate the conductor’s (or 
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musicians’) movements. This modeling ability might indeed be at the basis of 
musical expertise. In fact, beside technical skills, a successful orchestra 
might be the results of players and conductors that have built efficient and 
reliable models of others’ action. 

In this sense, the mirror neuron mechanism could be the most efficient 
candidate for such task. In fact, the role of the motor system could be that of 
coding, in a single motor representation, both the action to be executed and 
the action executed by others. The common representational medium 
suggested by this hypotheses grants the necessary automaticity and 
accuracy since it does not require any additional inferential process. 

This general idea cannot be tested, at the brain level in the Orchestra, 
Quartet and Audience scenarios. Therefore we had to devise separate 
experiments to answer specific questions and taking advantage of the 
peculiarities and strengths of each technique.  

For instance, in order to study rhythmic entrainment we used EEG and iEEG 
to exploit their temporal resolution. TMS was used to test specific anatomical 
hypothesis on the causal role played by the motor system and Broca’s area 
during other’s action processing and fMRI to verify system-level differences 
in the cortical processing of own versus others’ action. 



 
  

SIEMPRE      D4.2 Neurophysiological experiments in controlled 
environment for evaluation and theoretical assessment 

 

 

May, 30th 2013 
26 / 28 

 
 

REFERENCES 
 
 
Labbé, C., & Grandjean, D. (submitted). Self-reported motor and visceral 
entrainment predicts different feelings during music listening.  
 
Labbé, C., Spinelli, L., Seeck, M., & Grandjean, D. (2012). Entrainment, 
music and emotions. Poster presented at the iEEG and Emotions Conference, 
Geneva, Switzerland.  
 
Zentner, M., Grandjean, D., & Scherer, K. R. (2008). Emotions evoked by 
the sound of music: Characterization, classification, and measurement. 
Emotion, 8(4), 494-521. doi: 10.1037/1528-3542.8.4.494. 
 
Trost, W., Frühholz, S., Rappaz, M-A., Eliard, K., Glowinski, D., Fadiga, L. &  
Grandjean, D. When I heard myself: Pianists’ brain responses to own musical 
performance compared to other pianists’ performances. Poster presented at 
the Annual Research Forum 2013- Swiss Center for Affective Sciences, 
Geneva, Switzerland.  
 
Casile A, Dayan E, Caggiano V, Hendler T, Flash T, Giese MA. Neuronal 
encoding of human kinematic invariants during action observation. Cereb 
Cortex. 2010 Jul;20(7):1647-55. 
 
D'Ausilio A, Pulvermüller F, Salmas P, Bufalari I, Begliomini C, Fadiga L. The 
motor somatotopy of speech perception. Curr Biol. 2009 Mar 10;19(5):381-
5. 
  
Daprati E, Wriessnegger S, Lacquaniti F. Kinematic cues and recognition of 
self-generated actions. Exp Brain Res. 2007 Feb;177(1):31-44.  
 
Fadiga L, Craighero L, D'Ausilio A. Broca's area in language, action, and 
music. Ann N Y Acad Sci. 2009 Jul;1169:448-58. 
 
Fadiga L, Fogassi L, Pavesi G, Rizzolatti G. Motor facilitation during action  
observation: a magnetic stimulation study. J Neurophysiol. 1995 
Jun;73(6):2608-11.  
 



 
  

SIEMPRE      D4.2 Neurophysiological experiments in controlled 
environment for evaluation and theoretical assessment 

 

 

May, 30th 2013 
27 / 28 

 
 

Flanagan JR, Johansson RS. Action plans used in action observation. Nature. 
2003 Aug 14;424(6950):769-71. 
 
Friston K, Mattout J, Kilner J. Action understanding and active inference. Biol 
Cybern. 2011 Feb;104(1-2):137-60. 
 
Gallese V, Goldman A. Mirror neurons and the simulation theory of mind-
reading. Trends Cogn Sci. 1998 Dec 1;2(12):493-501. 
 
Goldman AI, Sripada CS. Simulationist models of face-based emotion 
recognition. Cognition. 2005 Jan;94(3):193-213. 
 
Hurley S. The shared circuits model (SCM): how control, mirroring, and 
simulation can enable imitation, deliberation, and mindreading. Behav Brain 
Sci. 2008 Feb;31(1):1-22. 
 
Langheim FJ, Callicott JH, Mattay VS, Duyn JH, Weinberger DR. Cortical 
systems associated with covert music rehearsal. Neuroimage. 2002 
Aug;16(4):901-8. 
 
Molnar-Szakacs I, Overy K. Music and mirror neurons: from motion to 
'e'motion. Soc Cogn Affect Neurosci. 2006 Dec;1(3):235-41. 
 
Montag C, Reuter M, Axmacher N. How one's favorite song activates the 
reward circuitry of the brain: personality matters! Behav Brain Res. 2011 Dec 
1;225(2):511-4. 
 
Newman-Norlund RD, Noordzij ML, Meulenbroek RG, Bekkering H. Exploring 
the brain basis of joint action: co-ordination of actions, goals and intentions. 
Soc Neurosci. 2007;2(1):48-65. 
 
Salimpoor VN, Benovoy M, Larcher K, Dagher A, Zatorre RJ. Anatomically 
distinct dopamine release during anticipation and experience of peak emotion 
to music. Nat Neurosci. 2011 Feb;14(2):257-62. 
 
Sebanz N, Bekkering H, Knoblich G. Joint action: bodies and minds moving 
together. Trends Cogn Sci. 2006 Feb;10(2):70-6.  
 



 
  

SIEMPRE      D4.2 Neurophysiological experiments in controlled 
environment for evaluation and theoretical assessment 

 

 

May, 30th 2013 
28 / 28 

 
 

Wolpert DM, Doya K, Kawato M. A unifying computational framework for 
motor control and social interaction. Philos Trans R Soc Lond B Biol Sci. 2003 
Mar 29;358(1431):593-602. 
 


