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Abstract
Introduction The present study aims at exploring the

effects of the depolarization of the primary motor cortex

(M1), which is supposed to be associated to the mirror
neuron system (MNS), via transcranial direct current

stimulation (tDCS), and of synchronous music on indi-

viduals’ responses to observed actions/non actions in a
sample of individuals with low sports expertise.

The two main theories behind this study are linked to the

role of the MNS in the human brain and the embodied
cognition theory, which suggests an interdependent rela-

tionship between action, perception and cognition.

Method Nineteen college students attending to BA in
motor science watched five videos (one presenting a target

motor action performed by a basketball player and the other

four presenting human vs. non-human performed actions as a
control), with or without background music and with or

without anodal tDCS of the primary motor cortex.

Results and Conclusions Data highlighted that observa-
tion promoted the activation of MNS, which led to a more

deep and probably adequate processing of the stimulus.

Music enhanced this effect, even when the MNS is affected
by anodal stimulation, and should hence be considered as a

valid support when both physical and psychological com-

plications occur in rehabilitation.

Keywords Motor stimuli ! Skin temperature !
Anodal tDCS ! Primary motor cortex ! Music

Introduction

From to the perspective of the mirror neurons system (MNS),
several motor areas are activated not only when a person

performs an action, but also when he/she observes the same

action carried out by others. This specific ‘‘resonance’’ of the
motor areas allows one to implement the same cognitive and

physiological mechanisms that would had been activated

performing the action in the first-person [1]. In humans it has
been showed that the MNS involves several motor areas: the

ventral and dorsal premotor cortex, the inferior parietal lobe

and the primary motor cortex [2–5]. A key feature of the
MNS is that its activation occurs in response to the observation

of meaningful action performed by human actors [6]. Activa-
tions of the MNS has not be found as a response to the obser-

vation of action performed by robots [7, 8]. Yet, the selective

activation of the MNS by human actions has been questioned.
In some studies the activation of the MNS was reported also in

response to the observation of actions performed by robots, if

these actions had an immediate purpose [9, 10].
The experimental evidence of a motor response in the

body that can be elicited without the actual performance

supports the idea that those mental activities are embodied
[11]. According to embodied cognition theories (ECT) the

mind emerges from the action of the body in its real con-

text and this experience is made possible by perceptual and
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motor skills, which are inseparable, interrelated and inter-

acting [12]. ECT are supported by behavioral and neuro-
scientific evidence of the direct involvement of specific

activity of sensory and motor systems during cognitive

tasks [13, 14].
Considering MNS and ECT together, we also know that

brain areas involved in the sensory and the motor infor-

mation processing are activated by movement observation.
On such a basis observational rehabilitation (which is

based on the assumption that observing movements can
foster learning even when patients are not, still, able to

actually perform the movement) is possible and possibly

extremely efficient, since a sensory-motor training without
performing action could be implemented. A first general

aim of this study is to provide further evidence to support

the validity of such an approach using brain stimulation.
In this study we used transcranial direct current stimu-

lation (tDCS), a non-invasive technique which modifies

temporarily neuronal excitability of specific brain areas
[15, 16], resulting in real-time neuropsychological effects

[17]. We choose tDCS for two main reasons. First of all, it

is an extremely reliable and useful tool to explore in a non-
invasive way the effects of cortical modulation on neural

networks. It efficacy has been widely proved and tDCS has

been effectively used to explore (among other cognitive
and emotive processes) language [18], sensory perception

[19], decision making [20], and memory [21]. The positive

results of these studies, often confirmed by fMRI evidence,
support the use of tDCS to explore directly the effects due

to changes on specific neural networks, allowing to read

results as area-function causal connections and not only
correlations, as is the case with the normal visualization

methods use in neuropsychological studies. Secondly,

tDCS has also been used as a rehabilitation tool: so using
tDCS can also provide information about possible active

use of the tool within a rehabilitation program. Several

studies showed that the application of tDCS on primary
motor area (M1) produces a change in cortico-spinal

excitability: anodal stimulation acts on brain plasticity [22]

and causes an improvement in motor functioning [23–25].
Because of these effects, the use of tDCS has been intro-

duced in rehabilitation [26, 27], even if it is with a different

perspective than the one adopted in the present study.
Anodal tDCS application over the stroke patients’ motor

cortex stimulated a motor functioning improvement [23–

25]. Moreover, anodal tDCS increased synaptic efficiency
in the cortico-spinal tract examined [25, 28]. Finally, recent

studies, using the paradigm of reaction-time task, showed

that tDCS can also increase the implicit learning of motor
sequences [29].

The present study aims at providing evidence, using

anodal tDCS, to support the role of M1 in observational
learning of action based on motor sequences linked to sport

(basketball), providing also a theoretical and empirical

base for a future new use of tDCS in rehabilitation, so to
enhance the efficacy of the existing techniques.

Another new and promising tool used in rehabilitation is

music. The use of synchronized music during physical
training execution appears to empower rehabilitation.

Several studies highlighted the natural predisposition of

humans to respond to the rhythmic quality of music [30,
31]. Indeed, when music and a concurring motor sequence

are synchronized, the rhythmic aspects of music provide a
sound stimulus which temporally regulates the movement,

and this facilitates its execution and its memorisation [32,

33]. In addition, the crucial role of cortical motor area in
relation to music perception was stressed by showing that

this area is involved in the perception and elaboration of

both musical rhythm and motor stimuli [33].
Given these premises, it would be important not only to

prove the efficacy of these techniques per se, but also to

identify one or more key variables linked to both of them,
which can help explain their efficacy and support future

developments of these procedures. A key factor linked to

physical, cognitive and emotive response to a stimulus is
the change of specific physiological indexes. The link

between their variations and individuals’ cognitive and

emotive responses have been widely proved [34–40].
Changes in one or more indexes in different stimulation

condition will hence allow us to deduce the role that music

plays either cognitively or emotively in processing a
stimulus or providing an adequate answer.

Starting from this assumption, we decided to focus on

skin temperature variation, which depends on the cerebral
vasoconstriction (decrease) and vasodilation (increase)

caused by hormonal mechanisms [41, 42]. Therefore, skin

temperature variation can be conceived as an individual
psychophysiological response to an external stimulus

(emotive or cognitive). Even in primates decreases in

peripheral skin temperature are indicative of negative
sympathetic arousal [43]. In humans, this index is closely

influenced by emotional response to a music stimulus [44],

decreasing in response to sad music and increasing as a
response to happy music. It also mirrors unaware prepa-

ration, both cognitive and physiological, in view of an

action to be carried out [45, 46], increasing just before
performing an action. Moreover, fluctuations in skin tem-

perature are associated with fluctuations in the latency of

the P300, an event-related potential (ERP) component
elicited by the evaluation of a stimulus [47]. We can figure

out that this index can be a useful indication of preparation

to action, also providing information on concomitant
emotional appraisal of the stimuli.

So, declining more precisely the aims of the present

study, it explores how the manipulation of the primary
motor cortex, where mirror neurons are located, and the
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presence of a synchronous music, influence individuals’

responses (measured by changes in peripheral skin tem-
perature) to observed actions/non actions, focusing on the

performance of a specific sport based (basketball) motor

action.
A first goal is to collect more data on the involvement of

M1 during observation, using brain stimulation, in order to

predict the efficacy of its involvement in the observational
learning of a specific sport-based motor action. Increasing

the activation of M1 we should expect different activation
patterns, dysfunctional if compared to the sham condition.

Differences should be mirrored by different activation

patterns in skin temperature—where higher temperature in
response to the observation of a human actor performing a

motor task should reflect more adequate and emotionally

positive responses. Focusing on the role of music, we
expect the effect of observation to be enhanced by the

presence of background synchronized music, but only

when the functionality of M1 is not altered. After the
anodal stimulation we expect that the effect of music will

be absent or reduced because of the lacking of proper

response from the MNS.

Methods

Sample

The sample consists of 19 college students (birth year:

M = 1,988.89; SD = 2.23) attending to a BA in motor

science, with no professional expertise of basketball. They
were neither paid nor received any course credit for

participating to the experiment. Before starting the

experiment, each participant read and signed and informed
consent form.

Participants were randomly divided according to stim-

ulation condition: 10 were assigned to the tDCS anodal
condition and 9 to the sham condition.

Instruments

Biofeedback

Participants’ skin temperature was recorded and measured

using a biofeedback (Biofeedback 2000x-pert by Schufried).

This equipment allows to monitor and record the variation of
skin temperature by a sensor connected to the subjects’ index

finger (electrodermograph) which, through Bluetooth tech-

nology, sends waves coming directly to the computer.
In this study we were interested in monitoring the var-

iation of temperature compared to the initial value (i.e.

individual baseline) recorded in the experimental session,
since skin temperature is a reliable indicator of the

sympathetic nervous system activation level, as explained

in the introduction.

Transcranical direct current stimulation (tDCS)

The tDCS is a simple technique for brain stimulation, silent

and painless, which, through electrical current of constant

intensity, modulates spontaneous neuronal changes [48]
producing a temporary hypo/hyperactivity in a specific

cortical area. The positive pole (anodal stimulation)
increases the excitability of neural tissues, whereas the

negative (cathodal stimulation) decreases it [15]. The tDCS

equipment used in the study (HDC Series by Newronika
S.r.l, Milano) is composed by two sponge-based electrodes

(25 cm2), one (in our case the anodal one) positioned on

the subject’s scalp and the other one (the cathodal one) on
the subject’s arm. Participants’ motor area (M1), identified

through the10–20 EEG international system, was stimu-

lated at constant current of 1.5 mA for 20 min.

Videos

Five short videos were presented (balanced for human vs.

non-human action and type of movement presented): a robot

performing a cognitive action, a robot performing a non
cognitive action, a man performing a cognitive action, a man

performing a non cognitive action, a man performing a motor

sportive action (see Table 1). Half of the sample watched the
videos in a version with a background music synchronized to

the rhythm and speed of the movements observed. The other

participants watched the videos without any background
music. Participants were instructed to watch the videos,

without trying to memorize them.

Mental rotation questionnaire

Participants were also asked to fill in a paper–pencil mental
rotation questionnaire [49]. The task proposed by the tool is

to compare two 3D objects and state if they are the same

image or if they are mirror images. The test comprises pairs

Table 1 Description of the videos used in the experiment

Video Description

Robot performing
cognitive action

The video shows a robotic arm drawing a
recognizable portrait of a man

Robot performing non
cognitive action

The video shows a robotic arm drawing
random lines

Man performing
cognitive action

The video shows a human arm playing
checkers

Man performing non
cognitive action

The video shows a human arm drawing
random lines

Man performing motor
action

The video shows a man playing basketball
(pulling the ball to the basket)
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of images each rotated a specific amount of degree. Some

pairs will be the same image rotated, and others will be
mirrored. The subject is shown a set number of the pairs,

and the accuracy and rapidity in distinguishing between the

mirrored and non-mirrored pairs are evaluated. We added
this variable since our videos have quite a strong visual

component, and individual differences in using imagery to

process visual information could influence individuals’
responses. We hence used the scores the derived from this

questionnaire as covariate in our statistical models.

Procedure

Out of a sample of 19 young adults, 10 participants had a

20 min session of anodal tDCS stimulation of M1, whereas

the other 9 had a 20 min session of sham stimulation (in
this condition the stimulation starts for 3 s—so that the

participant can feel it—and then shuts down). To be sure

that the stimulation did not affect the actual motor per-
formance, we asked participants to perform a simple fine

motor task (coping, using a pencil, small detailed symbols)

before and after the stimulation. We compared the timing
requested to perform the task and the accuracy of the

performance (assessed by two independent judges). No

significant difference emerged between the two motor
performances.

After the stimulation, participants watched five short

videos. While watching the videos, their skin temperature
was recorded using the biofeedback equipment. Baseline

values of skin temperature were recorded for 2 min for

each participant before starting the experiment. These
values were used to derive, from a linear regression, the

standardized residuals which we used to perform the actual

analysis on data and were not biased by individual differ-
ences in skin temperature.

To check that participants had an adequate compre-

hension of the videos’ content, a self-report questionnaire
was proposed at the end of the experiment. No differences

between participants or videos emerged in the answers to

the questionnaire, highlighting that all participants had a
similar and adequate comprehension of the videos’ content.

Data were analyzed using SPSS (Statistical Package for

Social Science). We performed GLMs (General Linear
Models) on data, deriving two models, presented below.

Results

Effect of anodal tDCS on skin temperature

The first model was aimed at assessing the direct influence

of stimulation condition on participants’ physiological
activation.

This first model considered skin temperature as depen-

dent variable, the stimulation condition as fixed factor and
individual levels of special ability (as assessed by mental

rotation questionnaire) as moderating variable (see Table 2).

The influence of the moderating variable on the model
(B values) has been computed using a t test on the data

computed with the GLM model (see Table 2).

The anodal stimulation affected participants’ tempera-
ture while watching the videos. The general model

(implying an effect of all the considered variables)—whose
general significance is reflected by the F values, while the

level of fit of the model is showed by R2
adj and the effects

size value is g2—was significant for video presenting the

robot performing a non cognitive action. In the sham

condition temperature was lower than in the anodal con-
dition and individual differences in visual spatial ability

influenced negatively (see the B values) the temperature

while watching the video.
The model was also significant for the video showing a

man performing a cognitive action. In the sham condition

temperature was lower than in the anodal condition. Indi-
vidual differences in visual spatial ability played the same

role in influencing this result, being negatively related to

the skin temperature changes.
The general model was also found to be significant for

our target video showing a man performing a motor action

(playing basketball). In this case, quite interestingly, the
trend was the opposite and in the sham condition temper-

ature was higher than in the anodal condition. Individual

differences in visual spatial ability influenced negatively
the temperature while watching the video.

Considering just differences between stimulation condi-

tions, using pairwise comparison, it is interesting to highlight
how this difference was reported as significant for the target

video featuring the basketball action (see Table 3).

Effect of anodal tDCS and music on skin temperature

The second model was computed adding the presence vs.

absence of music as a second fixed factor to explore the

influence of this other independent variable.
The general model was found to be significant when

considering temperature levels. Results are reported in

Table 4 (general significance is reflected by the F values,

while the level of fit of the model is reflected by R2
adj and

the effects size value is g2).
Music appears to have a major role in enhancing par-

ticipants’ temperature in the sham condition. Music effect

was not present in the anodal condition: apparently the
stimulation inhibited any effect of music.

In the motor action video it is interesting to notice that the

sham condition with no music produced similar scores to the
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anodal condition with music. We can hypothesize that, even

when M1 functioning is altered by stimulation, using music
can allow observational learning to be potentially effective.

Considering just differences between the two stimulation

conditions, using pairwise comparison within this second
model, a significant difference emerged again only for the

‘‘Man performing motor action’’ video (see Table 5).

Discussion and conclusions

The first question that his paper addressed was related to

the actual involvement of M1 during observation of

motor actions performed by others. We were also inter-

ested in highlighting key variables of this possible

involvement.
Data highlighted a different vegetative activation of

participants as a response to our target video (human per-

forming a sport motor action). This activation showed the
exactly opposite trend than the one recorded in response to

all other videos. To be more precise, anodal stimulation

elicited lower skin temperature level—which suggests
negative emotional appraisal [44] and less effective cog-

nitive evaluation of the stimulus [47]. It also suggests that

participants do not get ready to perform the action [45, 46],
as in the sham condition. It can be argued that, by

increasing the activation of M1 when the MNS is supposed

to be active, we recreated a condition similar to the hyper-
activation of the pars opercularis (belonging to the MNS)

during observation of human motion in autistic subjects

[50]. We did not find a similar trend while participants
were looking at other videos. Hence we can deduce that the

difference was due to the actual activation of the MNS.

Moreover the specific fluctuation in skin temperature levels
stresses that both emotive responses (linked to the appraisal

of the stimulus) and cognitive evaluation are linked to the

observation, suggesting a deep and complex elaboration of
the stimulus, as hypothesized by the ECT. These changes

are also coherent with recent findings that highlight how

the activation of specific populations of neurons is involved
in thermogenic changes [51], which can influence

Table 2 GLM presenting differences between mean scores of skin temperature of sham and anodal conditions and influence of the individual
levels of spatial ability

GLM Influence of moderating variable

Condition Mean SD F(4:1) p* g2
R2

adj
B(spatial ability) t p**

Robot performing a cognitive action

Sham 0.09 1.22 2.11 0.14 0.39 0.21 -0.15 -1.72 0.11

Anodal -0.08 0.79

Robot performing a non cognitive action

Sham -0.21 0.52 6.40 \0.01 0.66 0.56 -0.29 -4.48 \0.001

Anodal 0.21 1.27

Man performing a sportive motor action

Sham 0.13 0.91 5.64 \0.01 0.70 0.63 -0.29 -4.04 \0.001

Anodal -0.11 1.12

Man performing a cognitive action

Sham -0.01 0.81 6.31 \0.01 0.72 0.66 -0.28 -4.32 \0.001

Anodal 0.05 1.20

Man performing a non cognitive action

Sham 0.21 1.16 2.55 0.10 0.44 0.27 -0.15 -2.15 0.06

Anodal -0.21 0.82

* Probability level of the F values (GLM model)

** Probability level of the t test linked to the B score, assessing the probability of the influence of the considered moderating variable

Table 3 Pairwise comparisons between stimulation and sham con-
ditions for each video

Video Mean
difference

Standard
error

p*

Robot performing a cognitive
action

0.73 0.46 0.14

Robot performing a non
cognitive action

0.21 0.34 0.54

Man performing a sportive
motor action

0.94 0.36 \0.05

Man performing a cognitive
action

0.62 0.35 0.09

Man performing a non cognitive
action

0.96 0.45 0.06

* Adjustment for multiple comparisons: Sidak
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sympathetic activities that are closely related to the man-

agement of energy: an increase in parasympathetic activity
can induce a enhancement of energy consumption [52].

Findings can be effectively used to build enhanced
action observational rehabilitation programs. In motor

rehabilitation it is important to identify new techniques

to prompt effective and rapid recovery. Observational
rehabilitation, which is based on observational learning,

appears to be particularly promising. It is a basic

assumption that people can learn an action by observa-
tion and that it is possible to react to simple observation

with physiological regulation mechanisms, without actu-

ally performing any action. Consequently, the simple
movement observation can be useful in rehabilitation

[53, 54], where often patients cannot move, or have

limited motor abilities. The second question addressed by
this paper was linked to the positive role of music in

enhancing the effect of the observational learning,

declined in this study as response of the MNS. Data
supported this hypothesis. Considering our target video,

whereas the general trend discussed above was still pres-

ent, in the sham condition with background synchronized

Table 4 GLM presenting differences between differences mean scores of skin temperature in sham and anodal condition—while watching
videos with and without music

GLM Influence of moderating variable

Condition Mean SD F(6:1) p* g2
R2

adj
B(spatial ability) t p**

Robot performing a cognitive action

Sham Music 1.27 0.66 2.94 \0.05 0.62 0.41 -0.20 -2.25 \0.05

No music -0.48 0.98

Anodal Music -0.05 0.66

No music -0.09 0.90

Robot performing a non cognitive action

Sham Music 1.65 0.21 4.08 \0.05 0.69 0.52 -0.30 -4.38 \0.01

No music -0.40 0.54

Anodal Music 0.02 0.78

No music 0.30 1.52

Man performing a motor action

Sham Music 0.83 1.00 4.27 \0.01 0.70 0.54 -0.32 -4.63 \0.001

No music -0.22 0.67

Anodal Music -0.33 0.64

No music -0.01 1.34

Man performing a cognitive action

Sham Music 0.48 0.55 4.75 \0.01 0.72 0.57 -0.31 -4.21 \0.001

No music -0.26 0.84

Anodal Music 0.03 1.19

No music 0.06 1.32

Man performing a non cognitive action

Sham Music 0.84 1.43 1.57 0.24 0.46 0.17 -0.19 -2.03 0.07

No music -0.10 0.99

Anodal Music -0.39 0.55

No music -0.12 0.96

* Probability level of the F values (GLM model)

** Probability level of the t test linked to the B score, assessing the probability of the influence of the considered moderating variable

Table 5 Pairwise comparisons between stimulation and sham con-
ditions for each video

Video Mean
difference

Standard
error

p*

Robot performing a cognitive
action

0.79 0.40 0.08

Robot performing a non
cognitive action

0.20 0.35 0.57

Man performing a sportive
motor action

0.96 0.36 \0.05

Man performing a cognitive
action

0.60 0.34 0.11

Man performing a non cognitive
action

0.98 0.48 0.07

* Adjustment for multiple comparisons: Sidak
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music we had the more active and positive response to

the stimulus (as displayed by higher skin temperature).
We found no clear effect of music in the anodal con-

dition. Yet, it is interesting to report how the sham

condition with no music yielded similar scores to anodal
condition with background music. So, apparently, the

music slightly improved the response even of MNS, even

after the stimulation that, as seen before, clearly altered
its functioning.

Considering the two main findings together, we can
conclude that observation appears to be effective because it

promotes an activation of MNS that leads to a deeper and

probably adequate processing of the stimulus. Music
enhances this effect, even when the MNS is not working

adequately, and should hence be considered as a valid

support even for cases where rehabilitation has both
physical and psychological complications.

Even if results provided by this study are encouraging, it

is important to stress some limits that will be addressed in
future studies. First of all it would be important to replicate

the findings adding a cathodal stimulation condition and

enlarging the sample. Also the role of participants’
expertise in relation to the performed action could be rel-

evant and could be addressed by considering an enlarged

sample, divided between experts and non-experts. This
would allow collecting data useful to build AOR programs

diversified according to expertise level.

Conflict of interest None.
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