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1. INTRODUCTION 

This deliverable concerns the conceptual and theoretical models used and developed in the course of 

the project amongst partners. For the sake of brevity we will frequently refer to deliverable D1.1 which 

already summarized many of the frameworks and models that were used to guide our hypotheses and 

define our variables in the past 21 months. 

 

1.1 Music as a testbed for social interaction 

Social interaction can be seen as a form of communication which, from the beginning of the project, 

SIEMPRE has strived to study in its coverts and overt forms considering music as a testbed. 

Interacting with music is one of the fundamental examples of non-verbal human activities that is 

above all interactive, creative and social. Music is widely regarded as the medium of emotional 

expression “par excellence”. In addition, ensemble performance is one of the most closely 

synchronized activities that human beings engage in (actions coordinated to within fractions of a 

second are considered routine even in amateur performance). Indeed, it is believed that this ability 

from individuals and groups to produce musical performances and entrain to music is unique only to 

humans. Moreover, unlike speech, musical performance is one of the few expressive activities 

allowing simultaneous participation. As such, the potential of music to enable the communication and 

entrainment of emotion is unparalleled. 

 

We are in the unique position of being able to use both string quartet and orchestra scenarios in order 

to study social interaction in regards to communication and leadership, and in turn, communication and 

induction of emotion with audiences in the audience scenario. On the one hand string quartets act as an 

effective testbed for the study of leadership and communication in a situation where no explicit leader 

exists and where responsibility is shared, while at the same time the score implicitly puts some 

members in leadership positions for periods of time thereby driving the group, the interpretation and 

expression. Parallel to this, we can also use the orchestra scenario as a testbed for the study of explicit 

leadership where a conductor visibly drives a group of musicians with a set hierarchy and 

configuration. In all three cases, we see social interaction and adaptation occurring between musicians, 

musicians and conductor, and musicians and audience through the ways in which people adapt their 

behavior to one another using implicit and explicit signals through visual, auditory and kinematic 

channels.  

To this end, it becomes necessary to refer to a common model of communication in order to 

understand where it is that our research questions (and therefore our experiments) lie in the 

communication process. This model will be inspired by the Brunswikian lens model of 

communication, which has already inspired models of visual, vocal and emotional communication 

(through facial and vocal channels) in social interaction. Below is in adaptation of the model that 

describes how emotion in the voice is encoded by an emitter, transmitted and decoded by another 

agent, but more importantly it shows how these different steps can be operationalized (bottom arrows) 

in terms of measurable cues and how they are experienced in actual communication (top arrows) 

where we can easily see that possibly not every indicator will be taken in by the perceiver (Scherer, 

2003; Grandjean, Baenziger, & Scherer, 2006). 
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Figure 1. A Brunswikian lens model of the vocal communication of emotion, adapted from Scherer (2003) and 

Grandjean et al. (2006). 

 

Recently, an adapted version of this model has emerged for the modeling listener's judgments of 

composed and performed features and how these impact perception of emotion in music: 

 
Figure 2. Expanded lens model (ELM) of musical communication from Juslin & Lindström (2011). 

 

Here we can see the rich interactions between composer features that are relatively stable and 

performer features that are more variable. Naturally, we are interested in more than just emotion 

perception and communication in music, nevertheless it shows how the use of music performance can 

be a rich and relevant testbed for the larger study of embodied communication and consequently 

embodied influence.  

Our different research questions can therefore be classified within this grid which shows the different 

ways in which all partners contribute to the larger question of embodied influence. 
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Figure 3. Embodied influence framework. 

 

While we are aware of the fact that we cannot, and will not, be able to answer every question in every 

cell of the grid during this project, we hope to address most of these with the larger focus of embodied 

communication in mind using music as a testbed for these ideas. 

 

1.2 Scenarios, Experiments, and Objectives: from 
exploration to convergence 

 

The involvement of partners from different disciplines necessarily implied slightly different 

approaches and interests in the common questions of entrainment, empathy, leadership, emotion and 

simply music production and expression. UNIGE-CH and QUB are leading the research activities on 

audience scenarios; UNIGE and UPF on ensemble kinematics and multimodal analysis;  IIT on 

conductor and orchestra scenarios. From these bases, the first half of the project faced fundamental 

questions with a number of different feasibility studies and experiments, to explore potential and 

identify main directions of research foci for the second half of the project. 

At this point of the project, all partners converged on a common framework, iteratively refined, that 

revolves around the questions of non-verbal communication and embodied communication. 

Convergence has been the main focus in the identification of a detailed and shared conceptual 

framework and therefore experimental and analysis setups. 

 

Efforts have been invested to define joint, integrated experiments: for example, the consortium shares 

the same musical excerpts and the same kind of manipulations. Franz Schubert’s string quartet n14 in 

D minor (Death and the maiden), for example, will come up in several experiments by different 

partners in an effort to cross-fertilize findings from completely different fields in both live and “lab” 

settings. Our frequent variation of levels of expression also attests to this effort. We are also 

developing convergent neurophysiological experiments investigating self- and other musical 

performance perceptions testing predictions based on the theory of embodied and motor perception in 

music (UNIGE-CH and IIT): the detail will be presented in the deliverable D4.2.   

 

 

1.3 SIEMPRE extensions: remote social communication 

New scenarios on remote social communication have led to the approved project proposal of extension 

of the SIEMPRE project (SIEMPRE INCO extension, ICT-2011.9.4 FET Open). Focusing on two of 

the three SIEMPRE areas, emotional contagion and co-creation, this project harnesses the existing 
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research programs of three international partners, Virginia Tech and Stanford University in the USA 

and Waseda University in Japan, to explore how interacting at a distance affects how we feel and 

convey emotion individually and as a group. 

Two paradigms will be considered: (i) the “shadow media” approach from the Japanese culture and (ii) 

paradigms based on mobile music environments, developed by Virginia Tech, Stanford and UNIGE. 

A fundamental question regarding interaction in disparate environments is the awareness of the 

presence of the other participants. The “Shadow Communication” approach has been developed 

enabling subjects to communicate by means of their “shadows” in remote space and time (Miwa et al, 

2011). Such communication paradigm aims at supporting the creation of a feeling of co-existence and 

mutual trust, two fundamental components of co-creation. 

 

The SIEMPRE project, extended by these new paradigms, expands the original three creative social 

interaction scenarios (quartet, orchestra, audience) to non-verbal empathic communication in mobile 

and networked environments.  

 

1.4 Structure of the deliverable 

In order to simplify comparisons between this deliverable and previous ones, as well as to clarify the 

evolution of the project, this deliverable will continue to use the classification system of experiments 

used in D4.1 as well as the figure below (see figure 4) for reference to illustrate the relation between 

experiments and questions. 

 
Figure 4. An outline of the SIEMPRE domain. 
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And since we are all working at different levels on the topics of entrainment, emotional contagion and 

co-creation, this deliverable will be organized by scenario, i.e. string quartet, orchestra, audience, and 

the new scenario introduced by SIEMPRE INCO Extension described in the previous section.  
Within each scenario we will address the concepts used or tested as well as the methodological issues 

that have arisen or that are foreseen while at the same time referencing the numbering system used in 

D4.1 and the diagram above. 
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2. SCENARIO 1: STRING QUARTET 

A particularly interesting testbed to better understand social communication in music is the 

configuration of the string quartet because of its complex blend of individuality and collectivity / 

community. Indeed, Gilboa and Tal-Shmotkin (2010) proposed to define the string quartet ensembles 

as a self-managed team. To be functional, a string quartet needs to establish and respect some essential 

social rules, as the ability to listen, the ability to adjust to others and overall to share different roles, 

such as leadership. The importance of the interpersonal relationships among string quartets members is 

quite obvious. In order to provide good musical performances, they must develop an awareness of their 

colleagues’ styles of playing, of their musical personality (Davidson & Good, 2002). They have to 

know how to react to one another, how to manage conflicts and how to support one another (Gilboa & 

Tal-Shmotkin, 2010). 

 

2.1 Concepts  

2.1.1 Individual Vs social context 

 

Human behavior changes in individual vs social contexts: a person who has to perform a task alone 

very often exhibits a different behavior with respect to the case of doing the same task in a 

collaborative social context. In music performance for example, a violinist playing a musical phrase 

in a solo, or playing the same musical phrase accompanied by other musicians, e.g., in a string 

quartet, usually exhibits significant differences in his behavior, which may emerge from the audio 

signal, the body movement, physiological signals, as well as results from questionnaires of observers. 

Which are the measures which explain such differences? Several works face the interaction between 

the musicians in a string quartet by using observations and interview methods (Davidson, 2002; King, 

2006). A paper has been submitted to a main international journal proposing an approach to face this 

research question. It is briefly outlined in the following sections. 

 

2.1.2 Role and leadership  

The four musicians (first violin, second violin, viola and cello) of a string quartet play specific roles, 

possibly dynamically changing, during a performance, and their individual behavior is usually 

strongly affected. King (2006) identified team roles in music ensembles that characterize types of 

interactions between co-performers: leader, deputy-leader, contributor, inquirer, fidget, joker, 

distractor and quiet one. These roles can be assumed alternatively by the different members of the 

ensemble over the various rehearsals but tend to remain constant for each rehearsal taken individually.  

Less explicit and asymmetrical as the one found in the orchestra, leadership in a string quartet occurs 

at different levels: (i) Social status: the first violin of a SQ has a tradition of leadership in western 

music; (ii) Performance techniques of the ensemble: the ensemble intentionally may decide, in some 

technical passages, to have one instrument anticipating the others for technical reasons of sound 

coherence of the group (iii) Musical structure: the musician that is playing the main theme assumes in 

that moment the role of leader. The music score defines the music structure, e.g. the main themes, the 

accompaniment, the “canto accompagnato” etc. thus defines the roles that the musicians must play in 

each moment of the performance. Such roles can move from one instrument to another, and may 

define a sort of “ground truth” on musicological bases for the roles in the group. 
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In this experimental scenario, the SIEMPRE project addresses the component of leadership by 

evaluating the regularity of musicians’ non-verbal behavior, based on various techniques including 

Sampen for example. 

2.2 Methodology 

2.2.1 String quartet scenario 

 
We propose a conceptual framework to face the problem of explaining the individual differences 

between solo and ensemble performance. Figure 5 illustrates this framework. Three components 

correspond to the different phases of the computation: Solo Analysis and Ensemble Analysis consist of 

synchronized data acquisition, preprocessing, then extraction of expressive features of the musician 

under observation, in the Solo and Ensemble performance cases, respectively. Once the features of 

these two cases are available, a third component (Social Features Analysis) takes as inputs the 

expressive features of solo and ensemble cases, to produce an evaluation to analyze the difference and 

to provide elements to understand the role of the individual from her behavior in the two cases 
 
 

 
Figure 5. The Conceptual Framework for analysis of music ensemble performance. 

 

 

Two professional string quartets were invited to participate in the experiment: the famous Quartetto di 

Cremona and a quartet of music students from the Music Conservatory of Genoa Niccolò Paganini. In 

separate sessions, they played a fragment of classical music (the Schubert piece mentioned above) of 

about 2min of duration. Performances were the solos of the first and second violin, and the ensemble 

performance. Two sessions of recordings were done with Quartetto di Cremona (July, 13
th

 and 14
th

; 

September, 19
th

 2011); two sessions with the quartet of music students were done in spring 2011. The 

piece is in the repertoire of the Cremona quartet (no learning curve hypothesis). Students previously 

had rehearsals to learn the piece. 

 

 First protocol 

The first and second violins were asked to play their part at least 6 times alone, and 5 times with the 

group.To disentangle possible effect of group performance on solo performance, first and second 
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violinists had to perform 3 trials before and 3 trials after the group performance. Musicians were 

instructed to play at their best in a concert-like situation. 

 

 Second protocol 

First violin with UNIGE researchers devised two “alternative” interpretations of the music score, 

which contradict the usual interpretations (e.g., playing forte where nuance is written piano, etc.) but 

maintaining musical coherence. First violin was instructed to play alone and then in ensemble. The 

other members of the quartet were not aware of these new versions before playing. 

 

 Convergence with the audience scenario 

The audience scenario will also benefit from the participation of string quartet ensembles: the famous 

Quartetto di Cremona for past thermographic recordings (see experiment 4.2 in D4.1) and the Quatuor 

Nachtigall for future experiment developed in the audience scenario (see below, in section 

“Thermographic recordings”). 
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3. SCENARIO 2: ORCHESTRA CONDUCTION 

 

 
Figure 6. Relations explored in the orchestra scenario. 

 

3.1 Concepts 

3.1.1 Embodied influences 

 

Interpersonal communication is at the basis of any social group, small or large (Frith, 2008). 

According to a very simplistic classification, interpersonal communication can be of two 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. It is based on our 

capability of implicitly understanding the internal states of others, from simple motor behaviors to 

complex emotional reactions. 

 

Coordinated action is one of the basic abilities for social interaction. This skill is at the basis of 

evolutionarily relevant collective behaviors such as defense, reproduction, or hunting (Frith, 2008; 

Nagy, Akos, Biro & Vicsek, 2010; Rands, Cowlishaw, Pettifor, Rowcliffe & Johnstone, 2003; Couzin, 

Krause, Franks & Levin, 2005). Joint action, in humans, has been formalized in many ways and 

constitutes one of the frontiers of cognitive neuroscience. Generally speaking, coordinated action 

might be conceived as a successful degree of synchrony/complementarity between actions performed 

by at least two individuals (Néda, Ravasz, Brechet, Vicsek & Barabási,2000; Sebanz, Bekkering & 

Knoblich, 2010; Sommerville & Decety, 2006). Action coordination requires the continuous exchange 

of information to allow understanding and maybe prediction of other’s motor intentions. Research 

indicates that in both monkeys (Fogassi et al., 2005) and in humans (Iacoboni, et al. 2005; Kaplan & 

Iacoboni, 2006) the motor system is recruited during this information exchange, which can be 

considered a sort of sensorimotor communication (Rizzolatti & Sinigaglia, 2007). Therefore, 

coordinated action is the accurate negotiation of our own motor output according to sensorimotor 

messages sent by other participants in the interaction.  

 

In this context, music orchestras and quartets are a particularly interesting instance of sensorimotor 

coordination between several experts in sensori-motor communication. More interestingly, ensemble 
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music performance is also a remarkable instance of social interaction in which participants use their 

motor behavior to drive the players toward inducing an emotional state in the audience. Thus, such a 

scenario is naturally suited for the study of non-verbal communication flows, since movement 

coordination is a skill musicians train for years. More specifically such coordination, at the individual 

level, can be modeled as a computation transforming salient sensory information (sensory 

representation of others’ action kinematics) into motor control parameters (Grafton & Hamilton, 2007; 

Wolpert & Kawato, 1998).  

 

Furthermore, music is widely regarded as the medium of emotional expression par excellence. In fact, 

we know that the dynamical network of non-verbal communication in musicians is naturally aimed at 

eliciting emotional states in the listeners. In this respect, music is a complex and formalized 

sensorimotor task whose goal is to induce states (in the listeners) that go beyond any straightforward 

quantification. Indeed, bodily movements together with auditory information are integrated, in the 

listeners, to produce the rewarding experience of a musical appreciation. Music may thus form the 

perfect model of complex non-verbal social interaction, emotional entrainment and aesthetics. 

 

3.1.2 Sensorimotor communication 

IIT seeks to describe the complex pattern of sensorimotor communication in the orchestra scenario as 

well as the effect of such an interaction on the perceived quality of the musical output. IIT records 

multiple conductors who may exhibit different driving-force strengths towards musicians in some 

pieces. At the same time IIT searches whether communication strength among players is also 

modulated by the characteristics of the conductors. Even if the differences between conductors may be 

attributed to conducting style or expertise IIT’s aim is to measure the modulation of the whole network 

of interactions across pieces. In fact, this dynamic network of interactions is naturally aimed at 

producing a pleasant effect in the listeners. In this respect, music is a complex and formalized 

sensorimotor task whose goal is to induce states (in the listeners) that go beyond any straightforward 

quantification, as is the case of aesthetic appreciation. We might say that the only measure of 

sensorimotor communication efficacy is the aesthetic quality of music. As a matter of facts, we also 

asses aesthetic appreciation of music orchestras’ performance to test whether this is associated to the 

concurrent modulation of conductor-to-musician influence and/or of musician-to-musician information 

flow. 

 

 

3.2 Methodology 

 

3.2.1 Orchestra scenario 

 

 Kinematics 

Rigorous testing of inter-individual coordination in the orchestra ecological scenario poses a series of 

technical challenges, mainly related to data acquisition and analyses. In IIT’s experiments (3.5 and 3.5 

described in deliverable 4.1) we applied Granger’s method to musicians’ and conductors’ kinematic 

data. Granger causality is a statistical concept of causality that is based on prediction (Geweke, 1982; 

Granger, 1969). According to Granger causality, if a signal X1 "Granger-causes" a signal X2, then past 
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values of X1 should contain information that helps predict X2 above and beyond the information 

contained in past values of X2 alone. Its mathematical formulation is based on linear regression 

modeling of stochastic processes. In the present study, IIT explored whether conductors' kinematics 

were associated to a differential influence on musician’s performance (driving force) and if this was 

able to affect inter-musician interaction. Eight violin players played five well-known pieces of music 

with two orchestra conductors. Pieces were selected because they were especially suitable to 

differentiate the talents and capacities of conductors. Musicians' and conductors' kinematic data 

acquisition was carried out with an infrared optical system with passive markers placed on the upper 

end of players’ bows (one marker per bow) and conductors’ final tip of the baton (one per baton).  

Furthermore, IIT had expert musicians rate (offline and blind to the scope of the experiment) audio 

recordings on several subjective scales, such as their ability to follow the piece (separately for melody 

and rhythm), the degree of musical entrainment and that of emotional involvement. Our aim was to 

investigate whether we could derive: 1) the amount of driving influence exerted by the conductor on 

the players; 2) the degree of sensorimotor communication among musicians. Furthermore, these 

parameters were associated to expert judgments of musical performance to assess a possible relation 

between sensorimotor communication and the overall perceived quality of musical execution. 
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4. SCENARIO 3: AUDIENCE 

Studying embodied communication and induction of emotion with audiences in the audience scenario 

naturally requires join experiments with the quartet and orchestra scenarios. Thus we are looking at 

measures in and of the audience in terms of subjective ratings of emotion, entrainment and social 

judgments offline and online. Where it is done offline we will use the same musical and visual stimuli 

in order to converge whenever possible. For physiological measures however this is only possible 

online for the thermography experiments in relation with the quartet scenario. 

 

For piloting the audience measures QUB developed a split performance experimental design in which 

two different performances occurred in the same concert, one of which was intended to be easily 

engaged with and the other difficult to engage with. This allowed for the effective testing of measures 

in discriminating between performances and detecting audience entrainment or the lack of it. By 

analyzing and proving the measures in this context they can then be used for examination of more 

subtle differences as will the case in some of the later experiments in the SIEMPRE project. 

 

 

4.1 Concepts 

4.1.1 Subjective ratings 

 
Figure 7. Relations explored in the audience scenario. 

 

 Aesthetic emotions 

As was mentioned in D1.1 we make a distinction between utilitarian emotions and aesthetic emotions 

that in no way diminishes the status of emotions induced by music, but simply highlights the fact that 

they cannot be treated quite the same way as we do not yet know the induction mechanisms involved 

and the fact that they do not have the same evolutionary purpose as utilitarian emotions. We have kept 

this distinction all throughout the project and continue to consider affective experiences in the 

audience to be more than just moods as the former have an object (the music) and are not as long-

lasting. This is why UNIGE-CH continues to use the GEMS (Zentner, Grandjean, & Scherer, 2008) 

described in D1.1 and QUB has developed a new questionnaire addressing felt emotions as well as 

many other aspects (attention, relationship to the performer, physical reactions, presence, refreshment, 

active participation, and social dimensions, see D4.1 for details). 
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Amongst other things, experiments 1.1, 1.2, 1.3, 1.4a and 1.4b as described in deliverable D4.1 dealt 

with subjective evaluations of audience members either in relation to perceived (1.1, 1.2, 1.3) or felt 

(1.4a, 1.4b) emotions while listening to live (1.1, 1.2, 1.4a) or prerecorded (1.3, 1.4b) musical 

performances with various levels of emotional expression (1.3, 1.4b). As was already mentioned in 

D1.1, the subjective feeling component of emotion, that is the emotional experience, is an important 

component of an emotion episode and following its dynamic unfolding over time is considered to be 

an indirect measure of the state of the listener’s monitoring system which is assumed never to be 

constantly scanning and evaluating its environment. 

 

That both in the case of perceived and felt emotions these ratings do in fact fluctuate over time has 

shown that emotions expressed and induced by music are complex and an overall evaluation on a five-

point-scale is not enough to get a good idea of the listener’s experience. The fact that the tracings of 

expressed and induced emotions do not greatly overlap has further shown us that music can truly 

induce emotions and not just represent them and that this conceptual difference is useful. 

 

 Quality of Experience 

In addition to testing the traditional models of subjective responses to music a further questionnaire is 

being developed to assess whether there are other factors which may be useful in describing the 

experience of an audience during a live music performance. This combines items from emotion and 

aesthetic theory (e.g. GEMS) as well as items from other fields that assess experiential qualities such 

as flow (Csikszentmihalyi, 1990) and items that address the role of the performer in conveying the 

music and interacting with the audience (as outlined in Minassian, Gayford & Sloboda (2003)). The 

purpose of including these questions is to assess whether there are experiential qualities to being part 

of an audience during a performance that can help us to explain synchronies and entrainment when 

they occur, or fail to occur. Preliminary testing has also shown it is extremely effective at 

distinguishing between performances of contrasting enjoyment. The questionnaire is included in the 

appendix. 

 

 Self-reported entrainment 

In addition to the successful 60-item Quality of Experience questionnaire developed by QUB (see 

appendix 1 D4.1) which addresses some questions related to behavioral entrainment, UNIGE-CH has 

also tested (1.4b) a new questionnaire created for the sole purpose of specifically addressing the 

question of “explicit entrainment”. This twelve item questionnaire was found to load heavily on one 

factor and considered to reliably measure a listener’s experience in relation to the rhythmic aspects of 

music and the feelings this creates. UNIGE-CH will continue to use it in future experiments as a 

measure of both quality of experience and entrainment. 

 

 Thermography as a measure of entrainment 

One of the main pillars of the SIEMPRE project is the recording of the audience emotional 

entrainment. By emotional entrainment IIT considers the (loose) temporal synchronization of several 

individuals upon an external stimulus thus generating coherent responses of the autonomous nervous 

system. There are several well-established methods that can measure such kind of data. However, 

recording large audiences with traditional methods (i.e. GSR) poses a series of technical challenges. 

On the other hand, thermography can solve many of these issues since thermal images are acquired 

distally and without any direct intervention or device to be applied on each participant. 
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Therefore measuring emotional entrainment via thermographic images is potentially very powerful but 

challenging at the same time. In fact, thus far few applications have been shown such as those 

presented by the group of Pavlidis (Pavlidis et al., 2002a; Pavlidis et al., 2002b; Pollina et al., 2006). 

The works of Pavlidis mostly revolves around deception research, showing a great potential for the use 

of thermography in measuring automatic emotional responses. However there are several issues with 

movement artifacts and which features are most relevant for the detection of emotional states changes. 

 

 Social ratings 

Based on the videos from the solo vs. ensemble experiment by UNIGE in the String quartet scenario, 

UNIGE-CH will investigate in a laboratory condition, the ability of individuals to detect in the play of 

the musicians if he is performing alone or together with the other musicians. More specifically, we 

want to investigate to what extent individuals are able to detect the involvement of others musicians in 

the performance of only one musician, and therefore to define the social features that allow individuals 

to provide such judgments. We plan to do these social ratings both using the videos and the recordings 

from motion features extracted using the MoCap system (see section 3.2.1 in D1.1). 

 

4.2 Methodology 

4.2.1 Continuous ratings 

The use of continuous ratings in the case of UNIGE-CH in experiments 1.1, 1.2, 1.3 and 1.4b have so 

far been both reliable (high alpha Cronbach scores) and successful in capturing the dynamic unfolding 

of emotions expressed or felt and we will continue to use the flash interface developed at the Swiss 

Center for Affective Sciences for this purpose. The use of a similar method by QUB was met with less 

success but this could be due to many factors such as the negative formulation of the instructions (see 

D4.1). Regarding the studies related to the investigation of the emotions expressed by music 
(1.2, 1.3), we plan to link the dynamic emotional judgments to the acoustic parameters and to 
relevant elements in the music score (e.g. novelty aspects, intervals), drawing on the Lens model 
and using Granger Causality method. UNIGE-CH is collaborating with different professors from 
the Geneva University of Music in order to build a typology of the musical structure. The aim of 
this typology is to define the musical characteristics that allow individuals to assign a particular 
emotion to the music and also to see their interaction taking into account the time. 
 
The use of a similar method by QUB in a live music context was initially met with less success but 

after controlling for social desirability factors by shielding the movement of the fader from other 

audience members and performers it became more effective (see D4.1). 
 

At UNIGE-CH the use of a rescaling function for these ratings created for the R environment has been 

met with equal success in the case of results derived from experiment 1.4b. This is particularly useful 

when comparing judgments of different versions of the same piece. 

 

As well as measuring the ratings of the audience during the performance QUB plans to allow expert 

raters to judge the engagement of the audience retrospectively using the video data captured in the 

concerts. This can be used to gauge the apparent engagement of the group which is important to the 

feedback received by the performers during the performance. It is also another way of assessing the 

response of the audience as it is conceivable there will be incongruencies between an audience 

member’s rating of their engagement and their apparent engagement. Finding these (or finding they 

don’t exist) could explain audience/performer discrepancies in the assessment of performances which 

is obviously an important and issue for the SIEMPRE project and relies somewhat on non-verbal cues. 
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4.2.2 Physiological measures 

 Autonomic physiological measures 

Galvanic Skin Response (GSR) and Heart Rate (HR) are being measured as indicators of the 

Autonomic Nervous System (ANS) response to musical stimuli. Due to the high variability and 

multiple factors that can influence changes in ANS, QUB have designed an on-going experiment that 

collects GSR and HR data whilst participants listen to randomly chosen songs. This, in order to 

produce a large database that will determine which are the specific physiological measurements that 

are shared between individuals (if any). Songs have been grouped in four classifications, which were 

chosen to elicit high valence, low valence, high arousal and low arousal. Participants were asked to 

complete a brief self-report questionnaire after each song, rating their emotional response. This 

experiment has been implemented in Dublin, New York, Genoa and Bergen. Preliminary results show 

agreement between features extracted from the physiology and the self reports. 

 

Furthermore, a series of ecological experiments have been organized by QUB in order to collect these 

same physiological measures in a concert scenario. These have been designed with the ability to 

compare and correlate the physiology against continuous self-report ratings, questionnaires and head 

movements of the audience (as measured by a motion capture system, with a marker placed at the top 

of each subject’s head). The music content has been selected with the intention to have an exaggerated 

contrast between the pieces (e.g. electro-acoustic improvisation ensemble, Irish Traditional ensemble, 

and solo baroque flute player). A larger experiment is planned to be implemented during the Sonorities 

Music Festival, which will produce data in a completely ecological environment. In this instance, 

physiological data from the performers will also be recorded, in order to evaluate any indication of 

entrainment or contagion between these signals. 

 

4.2.3 Thermographic recordings 

Although thermography proved very useful in clinical medicine, very little has been done in the study 

of emotional responses of patients or healthy subjects (Murthy, Pavlidis, 2006; Sun, Pavlidis, 2006; 

Fei, Pavlidis, 2006; Garbey et al., 2007; Shastri et al., 2009; Fei, Pavlidis, 2010; Murthy et al., 2010; 

Jarlier et al, 2011). One possible reason for this is that qualitative or simple analyses such as hand-

drawn regions of interest mean temperature of a still thermogram, are quite easy. These methods may 

be sufficient in clinical environment but are inadequate for the accurate measures required in basic 

sciences. In fact the emotional state triggered by a stimulus certainly evolves in time, and may migrate 

on the subject's body thus forming complex patterns of temperature changes. Furthermore, it's 

necessary to extract relevant features in a semi-automatic manner for large amounts of data. The 

methods of analysis IIT proposes aim at the extraction of features that 1) capture temperature changes 

on the faces of an audience that simultaneously occur in a given interval time; 2) are robust to artifact 

due to movement. Such methods are described in detail in sections 4.1 and 4.4 in the deliverable 4.1.  

 

In order to better understand the audience reactions, a future experiment involving UNIGE, UPF and 

UNIGE-CH will investigate the thermographic recordings of a small audience in front of a string 

quartet, the Quatuor Nachtigall, and also the implications of the acoustic parameters and the music 

score in these reactions according to four different types of expressive styles: academic, metronomic, 

natural and emphatic styles. The setting for the thermographic recordings will be the same as that used 

for experiment 4.2 (see D4.1). In order to converge, the musical excerpts will be the same as those 

used by UNIGE-CH in the experiment 3.3 (i.e. the Death and the Maiden, by F. Schubert). We also 
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plan to manipulate the aspect of presence/absence of the quartet performing thermographic recordings 

of the audience during a real performance and during an “offline” performance (laboratory condition). 

Recordings of each instrument with the UPF Polhemus motion sensors method (see experiment 2.3 in 

D4.1) will also be performed in order to capture the acoustic/musical signals of each musician. A 

series of questionnaires will be filled both by the audience and the musicians. The audience and the 

musicians will fill the Trait Musical preferences questionnaire (UNIGE-CH), the Big Five Inventory 

(Goldberg, 1990), the Trait Emotional Intelligence, the Questionnaire (Petrides, 2009), the Social 

Skills Inventory (Riggio, 1986), the Empathy Quotient (Baron-Cohen & Wheelwright, 2004), the 

Basic Empathy Scale, (Jolliffe & Farrington, 2006), the Positive and Negative Affect Schedule 

(Watson, Clark, & Tellegen, 1988), and Entrainment questionnaire (UNIGE-CH/QUB). A state 

questionnaire will be filled by the performers only- the Performance and interactions questionnaire 

(UNIGE)- and a state questionnaire will be filled by the audience only – the Geneva Emotion Music 

Scale (Zentner, Grandjean, & Scherer, 2008). 

 

 

4.2.4 Electroencephalography (EEG) 

 Surface recordings 

It has long been acknowledged that music can both express and induce emotion in the listener and 

studying some of the mechanisms through which this happens has been one of the interests of the 

project and somewhat of an expertise at UNIGE-CH. To this end we have approached entrainment, 

specifically brainwave entrainment, as a possible induction mechanism (see section 2.3.2 in D1.1 for 

details) but also as an object of study in and of itself. Since brainwave entrainment is essentially a 

temporal and dynamic phenomenon, magnetoencephalography (MEG) and electroencephalography 

(EEG) are easily the best suited techniques for the study of entrainment between rhythmic stimuli 

(either musical excerpts or beat tracks) and cortical oscillatory activity due to their high temporal 

resolution. 

 

A study comparing entrainment to different rhythmic hierarchies (beat and meter) within the same 

musical stimulus is already underway and will be compared to our findings on a nearly identical study 

which only differed in the sense that deep electrodes were used instead of surface EEG (see 

experiment 5.1 in D4.1). Just as in Nozaradan et al.’s study we plan to use steady-state evoked 

potentials (EP) at strong metrical positions at the frequencies of both the beat and meter (Nozaradan, 

Peretz, Missal, & Mouraux, 2011). 

 

We refer the reader to section 3.6.4 of deliverable D1.1 for details concerning the technique of 

electroencephalography (p. 78). 

 

 Human Intracranial Local Field potential recordings 

In deliverable D4.1, UNIGE-CH described the unexpected opportunity that arose from the availability 

of a pharmacoresistant epileptic patient with intracranial electrodes (in the supplementary motor area, 

amygdala, orbitofrontal cortex, anterior cingulate cortex, hippocampus and temporal cortex) to develop 

experiment 5.1 which had not been planned. In this experiment (Intracranial I), local field potentials 

were recorded directly from within the brain which adds excellent good, though limited, spatial 

resolution to a technique that already has the advantage of having exceptional time resolution. Here, 

we also sought to measure evoked potentials at specific time points to measure brainwave entrainment 

at the beat and meter levels. 

 



 
  

SIEMPRE      D1.2 Conceptual Models 

 

 

March 2012 

19 / 26 
 

 

In addition to this first experiment, a second pharmacoresistant epileptic patient recently volunteered to 

participate in a variation of Intracranial I. In this new experiment (Intracranial II) the patient listened to 

new stimuli consisting in major and minor C chords played on a MIDI keyboard that conveyed a beat. 

The tracks were made up of 13 (identical) bars each, consisting in four metrics with different levels of 

complexity at two different speeds (100bpm and 130bpm). A sense of metric was induced by the 

length of pauses between beats rather than the length of notes, so that a 4/4 beat is induced by: 

 

 
Figure 8. Illustration of the type of sequence used in Intracranial II. 

 

All in all, the patient listened to 16 (4 x 2 x 2) stimuli in a randomized order: 

 
Complexity  1/1 meter 4/4 meter 5/4 meter Non-metrical mix 

Mode  Major Minor Major Minor Major Minor Major Minor 

Speed (pbm)  100 130 100 130 100 130 100 130 100 130 100 130 100 130 100 130 

 

She then proceeded to answer questions concerning felt emotion with the nine GEMS dimensions 

(Zentner, Grandjean, & Scherer, 2008) as well as questions concerning entrainment. 

 

 

4.2.5 Functional magnetic resonance imaging (fMRI) 

 “Model-based” approach and dynamic emotional 

judgments 

We propose to investigate the brain mechanisms involved in the assignment of emotional 

characteristics to music using the method of dynamic judgments and functional magnetic resonance 

imaging (fMRI). More specifically, we want to better understand how these different levels of 

perception, recognition and attribution of an emotion are organized and influence each other, using the 

acoustic parameters and some specific elements in the music score as predictors. We can expect the 

involvement of sensory processes and automated construction of sound percept, integration of these 

sensory processes at an intermediate level and finally an high level processes involved in the allocation 

of emotion to the music via a dynamic emotional judgment. Based on the GEMS model (Zentner, 

Grandjean & Scherer, 2008), this fMRI experiment will use the Power and Nostalgia dimensions (20 

musical excerpts per dimension), using analyses from a “model based” approach in order to compare 

the activity related to these two dimensions. The tasks in the scanner will be the following: i) dynamic 

emotional judgments of the musical excerpt, ii) dynamic judgment of pitch, iii) dynamic judgment of 

intensity (sound level). We expect to observe increases in brain activity i) in regions of primary and 

secondary auditory cortices in relation to the acoustic parameters, ii) within regions of the anterior 

superior temporal gyrus and the equivalent in the right hemisphere of Broca's area (Brodmann areas 44 

and 45) in connection with aspects of musical structure, iii) in the inferior frontal cortex correlated 

with the unexplained variance in the acoustic parameters and the structure of musical emotional 

judgments. 

 

 Sensori-motor authorship recognition 

Musical execution is a complex and multifaceted skill requiring several years of practice as well as 

talent. Expert musicians are indeed a perfect model to study skilled motor control as well as perceptual 
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abilities. In fact, musicians are extremely good at perceiving subtle differences in musical execution 

that are undetectable by naïve subjects. Here we will run, in collaboration with UNIGE-CH, an fMRI 

experiment on expert musicians passively listening to music. Such a task has already been shown to 

activate motor and premotor areas as if passive listening to music reactivate action execution plans 

(Lahav et al., 2007; D’Ausilio et al., 2006). However, musicians’ perceptual abilities also enable the 

detection of subtle features of music associated to each single musician’s peculiar style, skills and 

expression. These features form a sort of fingerprint each musician carries (Keller et al., 2005). In this 

experiment, musicians will listen to recorded music they executed or executed by other musicians. The 

analyses will be a standard GLM approach as well as novel techniques such as that developed by 

Hasson et al. (2004) that used two different approaches: voxel-by-voxel intersubject correlation and 

reverse correlation. The prediction is that listening to music will elicit activities in the parieto-frontal 

network (BA6-44-40) and that listening to own musical excerpt will induce larger inter-subject 

correlation in premotor regions. 

 

Please see D1.1, p. 44 for further details. 
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5. CONCLUSIONS 

In sum, it can be said that while the first wave of experiments allowed partners to explore many 

different questions, it is in this second wave of experiments that we have succeeded in joint selection 

of common, shared questions we can reasonably address in the given time of this project, the areas 

where we can converge with our diverse methods, and the questions that will be addressed in future 

work. 

 

A representative example of this process is the merging of the audience scenario with both string 

quartet and orchestra scenarios, respectively. Even in offline audience scenario experiments, this is 

seen by the use of the same musical stimuli as in quartet scenario experiments and in some cases even 

by the use of the recordings of the string quartet kinematic and acoustic features as stimuli for the 

audience experiments. 
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8. APPENDIX 

8.1 Appendix 1: Quality of Experience Questionnaire  

 

Instructions 

When providing your ratings, please describe how the music you listen to makes you feel 

(e.g. this music makes me feel sad). Do not describe the music (e.g., this music is sad) or 

what the music may be expressive of (e.g. this music expresses sadness). Keep in mind that 

sometimes a piece of music can be sad or can sound sad without making you feel sad. 

Please rate the intensity with which you felt each of the following feelings on a scale ranging 

from 0 (not at all) to 4 (very much). Note that there may be specific labels for each value for 

some questions (these will be clearly marked). If you should find that an important label is 

missing from the list to describe what you feel, please add it at the end and rate it. 

 

Song 1. 

   Response scale (for all items) 

0   1   2  3   4 

Not at all  Somewhat  Moderately  Quite a lot  Very Much 

 

How much did you enjoy the performance overall?  ____ 

 

1a. Were you aware of any increases in physiological arousal of your nervous system (faster 

heartbeat, pulse and breathing rate, more perspiration) _____  

1b. Were you aware of any decreases in physiological arousal of the your nervous system 

(slower heartbeat, pulse and breathing rate) ______ 

2a. Did you experience any emotions or feelings of a pleasant/positive nature? ____ 

2b. Did you experience any emotions or feelings of an unpleasant/negative nature? ___ 

3. Did the music and performance make you feel happy? _____ 

4. Did the music and performance make you feel angry? _____ 

5. Did the music and performance make you feel sad? _____ 
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0   1   2  3   4 

Not at all  Somewhat  Moderately  Quite a lot  Very Much 

 

6. Did the music and performance make you feel sublime? (inspiring deep veneration or 

awe ; feelings of wonder, nostalgia, peacefulness or tenderness) _____ 

7. Did the music and performance make you feel increased levels of  vitality? (physical or 

mental vigour/energy, power, activation, joy, wish to move body/dance) _____  

8. Did the music make you feel uneasy (agitated, sad, irritated) _____  

9. Did the music and performance make you feel tense? _____ 

10. Did the music and performance make you feel powerful? _____  

11. Did the music and performance make you feel dominant? _____ 

12. Did the music and performance make you feel physically strong? _____ 

13. Did you experience any feelings of transcendence (a feeling of existing beyond or outside 

of the physical world)? _____ 

14. Did you feel any type of connection with other audience members / listeners? _____ 

15. Did you feel any type of connection with the music? _____    

16. Did you feel any type of connection with performer? _____ 

17. Did you feel an empathy with the performer? _____    

18. Did the performer show emotional engagement with the music? _____ 
19. Did the performer show a clear intention to communicate with the audience? _____ 
20. How much did the performance match your expectation of how it would be performed?
 _____ 
21. How much did the music itself match your expectation of how it would sound? _____ 
22. How much did you enjoy the aspects of the performance that were familiar to you/ that 
you expected?   _____ 
23a. How much did you enjoy the aspects of the performance that were unfamiliar to you/ 
that you were not expecting? _____ 
23b. How engaged did you find yourself with the music and performance? _____ 

0   1   2  3   4 

Not at all  Somewhat  Moderately  Quite a lot  Very Much 
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24. How much was your concentration held on the music and the performance? _____ 
25. How aware were you of your own hunger, thirst and need to urinate during the music and 
performance? _____ 
26. How aware were you of your heartbeat and other bodily sensations? _____ 
27. How much did you find yourself paying attention to the room and space around the 
performance area? (not the performance area itself) _____ 
28. How much did you find yourself paying attention to other audience members/listeners? 
_____ 
29. How aware were you of other audience members/listeners? _____ 
30. How much did you find yourself paying attention to the length of the performance? _____ 
31. How aware of time did you feel? _____ 
32. Did you feel the performance was shorter than it actually was? _____ 
32b. Did you feel the performance was longer than it actually was? _____ 
33. Did you feel self-conscious at any point during the performance? _____ 
34. Did you find yourself paying attention to your own thoughts during the performance? 
_____ 
35. Did you feel that the performer responded to the mood of the audience during the 
performance? (either through audience interaction or musically) _____ 
36a. After the performance do you feel any different than you did before in the categories 
below? 
World is more beautiful _____   Life is better _____ 
Problems seem less than before  _____  Less stressed _____ 
36b. After the performance did you feel as though you had more energy than before? _____ 
37. _____   Do you consciously experience any of the following? 
Changes in heart rate _____   Changes in posture _____ 
Changes in breathing rate _____   Increased movement _____ 

0   1   2  3   4 

Not at all  Somewhat  Moderately  Quite a lot  Very Much 

 
38. Did you ever feel as though you were “floating” in the music? _____ 
39. Did you experience a loss of awareness of the physical world? _____ 
40. Did you feel as though you were part of/within the music? ____ 
41. Did you ever feel a sense of movement with the music? ____ 
42. Did you feel part of the performance? _____ 
43. Did you experience any chills, thrills, tingling or goosebumps? _____ 
44. Can you recall specific incidents from the performance easily? _____ 
45, Did you find yourself physically marking the rhythm (foot tapping, head nodding, clapping, 
swaying etc.) _____ 
46. Did you notice other audience members physically marking the rhythm? _____ 
47. Did you find yourself reproducing the music in any way? (mouthing or singing the 
harmony/lyrics, also closing eyes) ______ 
48. Did you notice others reproducing the music in any way? _____ 
49. Did you feel the performance was technically accomplished? ____ 
50. How would you rate the artistic quality of the performance? ____ 
51. Would you describe the performance as intellectually challenging/satisfying? ___ 
52. Would you describe the music as beautiful/elegant? 
53. How would you rate the usefulness of the fader to represent your engagement during this 
performance? _____ 

 


