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Music and Creativity: The Auditory
Mirror System as a Link between
Emotions and Musical Cognition

Barbara Colombo

3.1 Introduction

Mirror neurons (part of the mirror neuron system—MNS) diverge from motor and
sensory neurons due to the fact that they become active both with the performance of
an action and with the observation of another performing the action [1, 2]. In humans,
the MNS helps understand others’ actions and the intentions behind them [3], and it
has also been suggested that it has an important role in mediating empathy [4].
Recent research suggested that the mirror system is not activated only by visual stim-
uli and involves the auditory system as well. This has been proven by the fact that a
group of audiovisual neurons in the ventral premotor F5 area seems to be able to
discriminate between different actions with extremely high accuracy when only seen
or only heard [5, 6]. Following up on this line of research, more evidence highlighted
how there are auditory mirror neurons in humans that fire in response to the sounds
of actions that individuals are capable of performing [7]. Since the representation of
sensory and motor information in the human brain is integrated at many levels, see-
ing or hearing action-related stimuli automatically cues the movements required to
respond to or produce them, in order to guide the perception of musical stimuli [8].
Studying this fascinating relationship, the role that the MNS might play in facilitat-
ing or mediating the understanding of music has been investigated [9]. Focusing on
the role of the MNS in professional musicians when they were listening to music, a
recent study [10] found that auditory mirror activation only occurred when listening
to a passage from a song that participants were taught to play, and did not happen
when listening to a passage of an unfamiliar song. The researchers explained this
finding by hypothesizing that only sounds within our motor repertoire will activate
the auditory MNS; hence, the musicians did not respond to songs they had not been
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taught due to their unfamiliarity with them [10]. Another study [11] discussed how
musicians could have a good understanding of the piano without either motor or
auditory stimuli, because of their deeper knowledge of both auditory and motor com-
ponents of piano playing. This reading stands on the assumption that professional
musicians would show more MNS activity in response to both familiar and new
music than other individuals. Other research data supports the fact that mirror neuron
activation is modulated by musical expertise and that MNS activation in musicians.
Moreover, this specific activation could be linked to a unconscious form of imagery,
which leads to imagining themselves playing the piece that they are hearing. This
would also explain why the activation is presumably stronger when musicians listen
to music performed on their main instrument [12].

As we briefly mentioned above, it suggests that the MNS serves as a link and
common neural substrate when processing motor information and emotional as
well as some other high-level cognitive information (for example, some form of
learning) [13]. The link with emotions has been proven to be very interesting for
researchers [14, 15] who, in the light of the possible existence of a specific auditory
MNS, explored its role in helping to discriminate emotions. Results from this line
of research highlighted how, when listening to different vocalizations, distinct
functional subsystems within the auditory—motor mirror network respond differ-
ently to their emotional valence and arousal properties. For example, it has been
reported [14] how listening to nonverbal vocalizations (which can be compared to
some extent to musical sounds in the sense that they are nonverbal) can lead to an
automatic preparation of specific responsive gestures. This happens fastest and
more frequently for positive-valence and high-arousal emotions. If the connection
between these results and possible similar responses activated specifically by
music might seem logic, the specific role and the specific response played by the
MNS when musicians listen to music featuring their main instrument has only
been partially explored [16].

The study discussed in this chapter aimed to provide some additional evidence
on if and how the level of activation of the MNS affects either the emotion response
triggered by the music or the evaluation of musical creativity in a sample of profes-
sional musicians.

We decided to add a specific focus on creativity for two main, research-based,
reasons.

First, the relationships between creativity and empathy (and hence creativity and
the MNS) is supported by the notion that creativity is linked to and supported by
social aspects [17]. For this reason, an individual will be more creative when con-
nected to other people’s minds and feelings [18]: as we discussed above, this aspect
is also linked to and promoted by the activation of the MNS. Creative activities,
such as painting [19] or creative dancing [20], have been shown to be a useful
resource to promote empathy and other related social skills [21]. Empathy not only
can be increased by creative activities, but it also affects how individuals perceive
and emotionally respond to performing arts, like music [22]. It is not surprising that
these findings can be applied to music since not only music has been defined as a
type of creative thinking [23], but since music listening and music performing are
generally social activities, just listening to music in humans has been reported to
involve empathic responses [22, 24-26].
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Second, something that has been clearly established within the academic field is
the direct relationship between empathy and the MNS [27]. This relationship includes
a positive correlation between motor and facial mimicry and empathy scores [28],
affecting both visual and auditory pathways in the MNS, as well as a positive correla-
tion between perspective taking empathy scale scores and the activation of the mirror
system [7]. Moreover, the relationship between cognitive empathy and emotional
states that allows us to understand others’ emotions by referring to our own experi-
ence [29] can be seen as similar to the process that allows individuals (especially
musicians, as discussed above) to refer back to their own motor experience to better
“frame” and understand a sound produced by another individual [7, 10].

Starting from this background, in this chapter we present and discuss some data
aimed at exploring the involvement of the auditory MNS in professional musicians
when they listen to music. In our study, we used transcranial direct current stimula-
tion (tDCS) to inhibit the activation of the MNS, and the measured professional
musicians’ emotional and cognitive responses to a new piece of music involving
the instrument they play. To be more specific, we investigated how cathodal tDCS
stimulation of musicians’ brain area associated with the MNS would affect their
judgment of how creative the music was as well as their emotional response to it.

Since cathodal tDCS has been proven to reduce the activation of the targeted
area, we expected that participants who received cathodal tDCS would rate the
music as less creative when compared to participants in the sham condition, given
the fact that their auditory MNS would be impaired. Similarly, we hypothesized that
cathodal tDCS would impact self-reported emotional reactions to music, by way of
reducing the intensity of reported emotions.

3.2 Methods

The study has been reviewed and approved by Champlain College IRB.

3.2.1 Sample

Forty young musicians (age range: 18-22, mean = 19.80; SD = 1.56; z = 15) joined
the study and were randomly assigned either to the experimental group (cathodal
stimulation) or to the control group (sham stimulation).

Participants were screened before being invited to join the experiment by check-
ing that their principal instrument would be either piano, violin, or cello (the instru-
ments played in the piece of music used during our experiment). We also verified
that they would practice a minimum of 4 h a day and have performed in public in a
professional setting at least 5 times. Of the recruited participants, 16 were piano
players, 14 were violinists, and 10 cellists.

3.2.2 Procedure and Instruments

Procedure is described in Fig. 3.1.
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Fig.3.1 Procedure

3.2.2.1 tDCS Equipment

In this study, we used 1300A 1 x 1 transcranial direct current low-intensity stimula-
tor by Soterix Medical to deliver brain stimulation to our participants. We used two
5 x 5 cm rubber electrodes enveloped in saline-soaked sponges covered with conduc-
tive gel. For the experimental conditions (cathodal), the stimulation was set at 1.5 mA
for 20 min. In the control (sham) condition, the equipment started the stimulation
normally and ramped up to the target intensity of 1.5 mA; it decreased to O mA after
5 s. This gave participants the impression of receiving stimulation, when in reality
the stimulation lasted only 5 s, thus having no actual effect on brain functions. For
the experimental condition, the electrodes were placed on the left ventral premotor
cortex using the 10-20 system (F5 location). The anodal electrode was placed on the
upper right forearm. The same montage was used for the sham condition.

3.2.2.2 Geneva Emotional Scale (GEW)

The Geneva Emotion Wheel (GEW) [30, 31] measures emotional reactions to
objects, events, and situations. Participants are asked to indicate the emotion(s) they
experienced by choosing intensities for a single emotion or a blend of several emo-
tions out of 20 different options. The emotions are arranged in a wheel shape, with
the axes being defined by two major dimensions of emotional experience: high vs.
low control and positive vs. negative valence. Five degrees of intensity are being
proposed, represented by circles of different sizes. In addition, “None” (no emotion
felt) and “Other” (different emotion felt) options are provided.

3.2.2.3 Creativity Evaluation

We asked participants to rate specific factors that have been reported in the literature
to be associated with creativity: interest [32-34], innovation [35-37], and excitement
[38, 39]. Participants were asked to rate the creativity of the musical piece by rating
how interesting, innovative, and exciting the piece was on a 9-points Likert scale. To
be more specific, participants were told: “You are now asked to evaluate the creativity
of the piece you just listened to. How interesting/innovating/exciting you think it is?”

3.2.2.4 Music

Dreaming Cities is a five-movement piano trio (violin, cello, piano) by Damon
Ferrante (see Fig. 3.2). In this experiment, participants listened to the third move-
ment. The third movement is a slow movement whose material is a variation of the
musical theme that occurs at the beginning of the work. The third movement’s sparce,
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Fig. 3.2 Excerpt from “Dreaming Cities,”
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lyrical texture highlights the characteristic musical voices of each instrument. It was
not written with a specific emotional tone in mind, but, rather, focusing on the slow,
melodic interplay of the instruments. This piece of music was not familiar to any
participant (a familiarity check was performed at the end of the experiment).
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3.3 Results

To explore the effects of the brain stimulation on emotional reaction as well as cre-
ative evaluation of the musical piece, we ran a GLM MANOVA, using the condition
as an independent variable and the three creative evaluation scales (interest, innova-
tion, and excitement) and self-report of emotional response (categorized into two
variables: sum of positive valence emotions and sum of negative valence emotions)
as dependent variables. Figures 3.3 and 3.4 show the mean scores for creative evalu-
ations and emotional responses for the two tDCS conditions.

The test of between-subject effects returned a significant main effect of stimula-
tion condition on the evaluation of the creativity of the piece. Two of the consid-
ered dimensions were significantly affected: how innovative the piece was
(F134=45.76,p <0.001, #* = 0.57) and how exciting it was (F,3,=53.73, p <0.001,
n*=0.61). In both cases, cathodal stimulation decreased the reported perception of
creativity.

Focusing on the self-report emotional response to the piece, cathodal stimulation
significantly affected emotions with negative valence (Fi3, = 17.93, p < 0.001,
n* = 0.34). Cathodal stimulation decreased the intensity of negative emotions
reported by participants.

When analyzing the effect of tDCS on specific positive emotional responses that
can be affected by listening to music (namely, interest and admiration), we see how
cathodal stimulation also reduced them (see Fig. 3.5), with the difference being
significant for interest (F.40 = 7.60, p = 0.009, > = 0.318). Adding age as a covari-
ate, it had a significant effect in moderating the relationship between the tDCS con-
dition and the emotional response, as can be seen in Fig. 3.6, with admiration being
affected substantially in older musicians and the effects being less pronounced over-
all in younger musicians.

Fig. 3.3 Mean scores of
creative evaluation by 6 -
condition
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N Creativity - Exciting
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Fig. 3.4 Mean scores of
emotional valence by
condition

Fig.3.5 Mean scores of
interest and admiration by
condition

Fig. 3.6 Mean scores of
interest and admiration by
condition and by age
groups
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34 Discussion and Conclusions

In this chapter, we presented some data on the role of the auditory mirror system in
influencing the evaluation of creativity as well as the emotional reactions of profes-
sional musicians when listening to music.

We were especially interested in exploring the effect of cathodal stimulation in
reducing the perceived creativity of the new piece of music. This interest was
inspired by research evidence that reports how the auditory MNS plays a role in
musicians’ response to music [10, 11] and also that the MNS’s role is linked to
processing not only motor information but also emotional and other higher-level
cognitive information, like, for example, creativity [13]. As we discussed in the
introduction, empathy, affected by the MNS [4, 7, 29], plays a role in affecting how
individuals evaluate performing arts, including music [22].

The results described in this chapter provide interesting new insights. After cath-
odal stimulation, musicians tended to perceive music as less innovative and exciting
when compared to musicians who underwent sham stimulation. On the other hand,
their evaluation of the level of interest was not significantly affected by the stimula-
tion. Our data seem to confirm the role of the MNS in evaluating the creativity of a
music piece, but the role seems to be rather specific. Both the cognitive evaluation
of the creative process (the innovation of the piece) and the emotional reaction to it
(excitement) appear to be influenced by the activation of the MNS. When the activa-
tion is lowered by cathodal stimulation, the piece is perceived as less innovative and
less exciting. On the other end, how interesting the piece is appears to be examined
through a different circuit. We might hypothesize that this evaluation can be related
to individual differences and hence not being directly affected by the modulation of
the MNS. This reading is supported by research data stating that music preference
is significantly influenced by a combination of the individuals’ perception of the
cognitive, emotional, and cultural functions of music, together with the physiologi-
cal arousal and familiarity [40]. This reading is also supported by the fact that, when
taking age into consideration, the effect of the tDCS in influencing how mush par-
ticipants admired the piece or found it interesting varied considerably by age group,
implying, maybe, an important role of expertise in mediating the effect of the brain
stimulation. Further research might include the evaluation of these variables into a
tDCS design similar to the one presented in this chapter. Something else that would
be interesting to consider, and that wasn’t controlled for in this study, is partici-
pants’ level of attention [41, 42].

We also examined the effect of tDCS on participants’ reported emotions after
listening to the music. This interest was inspired by the evidence supporting the fact
that the auditory MNS plays a significant role in responding to auditory stimuli with
emotional valance [14, 15], like, for example, music. We found and reported a sig-
nificant effect of cathodal stimulation on participants’ self-report of emotions with
a negative valence: after cathodal stimulation, musicians involved in the study
reported less emotion with a negative valence. We can explain this by referring to
the specific music we were using for our study. Even if the movement that we used
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was not written with a specific emotional tone, it has a slow tempo and it is mainly
written in the tonality of D minor. Minor keys and lower tempos tend to be associ-
ated with more negative emotions like sadness [43], so the effect of neuromodula-
tion might have been more pronounced for emotions that are linked to sadness.
Also, fMRI data suggest that familiarity seems to play an important role in making
the listeners emotionally engaged with music [44], and our piece was unfamiliar to
all our participants.

Even if the data that we discussed here cannot be considered final, and more
evidence is needed, it sheds some light on the role of the auditory MNS in evaluat-
ing specific aspects of musical creativity (innovation and excitement) and in influ-
encing, to some extent, the emotional response to the same music, by offering some
more evidence that can help clarify the role of the auditory MNS in evaluating music.

These data also offer some food for thought regarding practical applications.
They suggest concrete possibilities for new uses of music to promote creativity as
well as social skill in different educational settings. To be more specific, the fact that
music can affect both creativity and empathy could be used to build specific inter-
ventions aimed at working with youth with autism spectrum disorders [45] but
could also be used to inform assessment in music composition [46].

Future studies should include anodal stimulation to compare the effects of a dif-
ferent activation of the MNS; they could also use music characterized by different
tempo and/or keys and take musicians’ age and expertise into consideration by
using a larger sample.
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