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Extended Abstract

Background and Purpose

Social interactions are related to concepts
such as empathy. Studies show that there
is a direct relationship between empathy
and interpersonal coordination task
performance in adults(Novembre et al.,
2019) and children (Pfeifer et al., 2008).
The phenomenon of interpersonal
coordination is understood as the
spontaneous temporal synchronization of
body movements and/or language
utterances between people when engaging
in social interaction (Cornejo et al., 2017).

Mirror neurons (MNs) have been proposed
as neural mechanisms of interpersonal
coordination and empathy (Mu et al.,
2018). However, despite the almost
exclusive focus on the role of the alpha
rhythm in empathy, a few studies have also
reported the involvement of the beta
rhythm (Levy et al., 2018; Riecansky et
al., 2015).Therefore, the aim of the present
study is to investigate the relationship
between the activity of mirror neurons in
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the leader-follower interpersonal motor
coordination task with empathy.

Material and Methods

First, the ethics code was received under
the number (IR.SSRI.REC.1400.1123).
The participants were 16 healthy right-
handed girls, without visual impairment
and psychological impairment, with an
average age of 25.47 = 3.4 years, who
voluntarily participated in the research.
Balanced Emotional Empathy Scale
(BEES) was used to evaluate of empathy.
The task consisted of bimanual flexion and
extension movement of the elbow joint,
which was performed in 30 seconds with a
designed sequence of right- and left-hand
movements with a rhythm of 92 beat per
minute (BPM). In the experimental
condition, a pre-prepared video of a video
model (VM) performing the task was
shown to the participant on a 30-inch
screen. The participant was asked to
perform the task in sync with the VM
when the movie started. Two video
cameras with a speed of 30 Hz/second
were placed on the right and left side of the
participant at a distance of 1m from center
of the table to track the elbow angle of the
movement with Kinovea software. Using
the cross-correlation (CC) method, the
maximum  correlation  between the
movement of the participant and the VM
(Max-R) and the amount of delay per
frame per second (Lag f/s) in the
movement of the participant compared to
the VM for both right and the left hands
was obtained. The amount of wave

suppression was calculated using the
logarithm of the ratio of the average
absolute power of the frequency band
(Mu, LB, and HB) in 30 seconds of
performance to the baseline (one second
before the start of the movie). Also, the
partial correlation method was used to the
correlation between empathy indices with
MNSs in three regions C3, Cz and C4 and
three frequency bands with the kinematic
indices as a control factor.

Results

According to the Pearson correlation test
results, the subscale of reactive empathy
with Mu band suppression in the C4 area
(P= 0.008, r= -0.63), LB (P= 0.035, r=-
0.52) and HB (P= 0.038, r=0.52) has a
direct relationship in the C3 region. In
other conditions, no significant correlation
was observed between empathy scales and
MN activity (P> 0.05). The results of
correlation tests did not show a significant
relationship between kinematic indices
and empathy scales (P= 0.05). Also, the
results showed that the average power of
the HB band in the C3 region has a direct
relationship with the left-hand lag (r=0.54,
P=0.02). Considering the significance of
relation between reactive empathy and
frequency bands, in order to control the
effect of movement, Max-R and Lag of the
right and left hands were entered into
partial correlation test analysis as control
variables. The results showed that the
correlation of reactive empathy with the
Mu band in the C4 region (P=0.013, r = -
0.69) (Figure 1-a) and the LB band in the
C3 region (r =-0.59, P=0.042) (Figure 1-
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Figure 1: Correlation of Mu-C4 (A) and LB_C3 (B) bands power with reactive empathy

Conclusion

The results of this research confirmed the
relationship of empathy, especially
reactive empathy, with the activity of MNs
in the task of interpersonal motor
coordination. Also, the direct relationship
between HB power and left-hand Lag in
the C3 area confirms that the delay in the
execution of the movement is related to the
increase in HB band power. This result
may be due to inhibition of action in
interaction with the model; Because more
inhibition is reflected in increasing the
power of the beta band (Endedijk et al.,
2017). It seems that the sensory-motor
mechanism that is responsible for
simulating the actions of others and
ultimately strengthening the predictive and
effective feature in improving social
cognition is related to the Mu and LB
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bands. Considerations regarding the type
of task, role in interaction (leader or
follower) and frequency bands in the
investigation of the neural mechanisms of
empathy will be considered. Finally, MNs
are not the only mechanism, and may not
even be the dominant mechanism, but the
reality is that the MNs system cannot
explain all aspects of understanding and
empathy. Social interactions depend on the
brain's capacity to integrate self-generated
(internal) actions with other people's
motor output while maintaining the
distinction between self and other in order
to achieve independent control over
actions. Therefore, the relationship
between psychological and neurological
dimensions in coordinated actions requires
considering the behavioral considerations
of the task. The results of this research can
focus on the possibility of neural
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interventions such as neurofeedback in
increasing psychological characteristics
such as empathy, especially in team sports
athletes.

Keywords: Interpersonal coordination,
Social Interaction, EEG, Mu rhythm,
Beta.
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Note: A positive Lag means that the participant is late, and a negative Lag means that the
participant is faster than the VM.

Max-R= Maximum correlation coefficient in CC analysis
Right = Participant's right hand

Left = participant's left hand
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Figure 2: Correlation of Mu-C4 rhythm with reactive empathy (a); LB_C3 rhythm correlation with
reactive empathy (b); HB-C3 rhythm correlation with Lag-left (c).
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