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ABSTRACT 

Non-verbal communication is a joint action defined by the use of different gestures’ 
types. The present research aimed to investigate the electrophysiological (EEG) correlates 
during the observation of affective, social and informative gestures in non-verbal 
communication between encoder and decoder. Moreover, the hyperscanning paradigm 
allows investigating the individuals’ inter-brain connectivity. Regarding gestures’ type, 
the study’s results showed a decrease of alpha (increased brain activity), and an increase 
of delta and theta brain responsiveness and inter-brain connectivity for affective and 
social gestures in frontal and posterior areas for informative ones. Concerning gestures’ 
valence, an increase of left frontal theta activity and inter-brain connectivity was 
observed. Finally, about the inter-agents’ role, the same brain responses and inter-brain 
connectivity patterns emerged both in encoder and decoder. This study allows 
discovering neural responses underlying gestures’ type and valence during action 
observation, highlighting the validity of hyperscanning to investigate inter-brain 
connectivity mechanisms.  
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1. INTRODUCTION  
 
Hyperscanning is configured as a recent research paradigm that allows the 
simultaneous recording of the neural activity of two or more individuals 
involved in social interaction or in a joint action (Balconi et al., 2017; 
Montague et al., 2002). This research paradigm broadens the horizons of 
neuroscience, allowing for the investigation of the activity of two or more 
interacting brains and the observation of individuals’ brain functioning during 
social and emotional interactions, such as communicative exchanges, 
cooperation, and competition dynamics (Astolfi et al., 2011; Balconi et al., 
2018; King-Casas et al., 2005; Liu et al., 2015). Although hyperscanning lends 
itself to the application of different devices, such as functional near-infrared 
spectroscopy (fNIRS) and functional magnetic resonance imaging (fMRI), 
which allow for the investigation of the cerebral regions most involved in some 
brain processes, the use of EEG in hyperscanning provides an excellent 
temporal resolution, allowing for the acquisition of more ecological and real-
time events (Balconi & Molteni, 2015; Balconi & Vanutelli, 2017). The 
application of EEG in hyperscanning, indeed, records any inter-brain 
synchronization mechanisms that occur at different frequency band 
oscillations, including alpha (8–12 Hz), beta (14–20 Hz), delta (0.5–4 Hz) and 
theta (4–8 Hz) bands, which are implicated in different cognitive processes, 
such as attention, perception, and emotions (Balconi & Fronda, 2020; Balconi 
& Vanutelli, 2017; Balconi et al., 2015).  

Specifically, the term brain synchronization refers to individuals’ 
mechanisms of neural coupling that occur during the performance of joint 
activities or synchronized behaviors (Hasson et al., 2012; Pan et al., 2017), in 
which the co-regulation of  actions and feelings is based on specific cortical 
synchronization in the inter-agents inducing a state of vicarious activation 
(Hasson et al., 2012; Keysers & Gazzola, 2009). These similar patterns of 
vicarious activation between individuals lead to a phenomenon defined as 
“brain-to-brain coupling”.  

In light of this evidence, in the present study, the brain responses of two 
interacting individuals (the encoder, who reproduces the gesture, and the 
decoder, who receives the gesture) were investigated during the observation of 
different types of gestures (affective, social, and informative) with positive or 
negative valence. The aim of the present study, therefore, was to observe the 
brain responses and the presence of possible neural coupling and 
synchronization mechanisms involved in the non-verbal communicative 
exchange, in which brain-to-brain coupling is paralleled by gestural 
synchronization between individuals. Indeed, it has been shown that 
communicative interaction creates a common environment in which 
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individuals mutually adapt their actions, synchronizing their body and mind 
(Konvalinka et al., 2010).  

Specifically, in order to investigate the possible inter-agents’ neural 
coupling mechanisms involved in the observation of different gestures’ types, 
functional neural connectivity, which is intended as the temporal correlation 
between spatially remote neurophysiological events (Balconi & Fronda, 2020), 
was considered. The measurement of neural connectivity provides information 
about the simultaneous coupling between two series of bio-signal data collected 
by different inter-agents allowing for the observation of inter-agents’ brain 
synchronization mechanisms involved in the observation of particular types of 
gestures. 

Moreover, some studies have demonstrated that gestures’ observation was 
supported by the involvement of mirroring mechanisms that created a direct 
link between inter-agents (Holle et al., 2008; Huxham et al., 2009), allowing 
better planning and understanding of the motor intention and the meaning of 
actions observed (Balconi & Canavesio, 2013; Freedberg & Gallese, 2007; 
Gallese, 2006; Rizzolatti & Craighero, 2004; Rizzolatti et al., 2001) and 
leading to the development of implicit coupling mechanisms between 
individuals. 

Specifically, gestures’ observation seems to be an authentic ability in 
human beings (Decety et al., 1997), who are easily able to distinguish 
biological movement from non-biological ones. Moreover, gestures’ 
observation allows the understanding, recognition, and imitation of actions, 
leading individuals’ to the mental simulation of the observed action by 
activating specific brain areas involved in this process, such as the lower parietal 
lobule, the dorsal and primary premotor cortex, the ventral premotor cortex 
and the dorsolateral and prefrontal cortex (Costantini et al., 2005; Holle et al., 
2008; Huxham et al., 2009). 

In light of previous evidence, we expected to observe a different 
modulation of brain responsiveness and inter-brain connectivity of high and 
low frequency bands concerning the type and the valence of the observed 
gesture. In particular, we expected to reveal a greater frontal brain 
responsiveness and inter-brain connectivity of high-frequency bands, which are 
more involved in the attentional processes (Balconi & Fronda, 2020; Puzzo et 
al., 2011; Quandt et al., 2012), and of low-frequency bands, which are more 
involved in emotional processes (Balconi & Fronda, 2020; Balconi et al., 2015; 
Balconi & Pozzoli, 2005; Knyazev, 2007), during the observation of affective 
and social gestures. In particular, considering the meaning of social gestures, 
which have the purpose of starting, managing, or ending relationships (Balconi 
& Fronda, 2020; Balconi et al., 2020; Fronda & Balconi, 2020; Kendon, 
2017), and of affective ones, aimed at influencing the emotional state of other 
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individuals, the frontal region appears to be the most involved in order to 
comprehend others’ mental states and intentions (Balconi & Bortolotti, 2013; 
Balconi & Fronda, 2020; Bressem & Müller, 2017; Crivelli & Balconi, 2017; 
Rameson & Lieberman, 2009; Rosso et al., 2004). On the contrary, we 
expected to observe an increase of high and low frequency bands activity in 
temporo-parietal area for the observation of informative gestures, which require 
more involvement of attentional processes and cognitive effort (Perry et al., 
2011; Rushworth et al., 2001). Indeed, considering the meaning of informative 
gestures, aimed at directing the attention of the decoder towards a specific 
object in the surrounding environment (Enfield, 2001), we expected to observe 
a greater activation of the parietal region more involved in attentional processes 
related to body movements (Perry et al., 2011; Sato et al., 2009).  

Instead, considering gestures’ valence (positive or negative), we expected 
to observe a different frontal brain responsiveness and inter-brain connectivity 
of low-frequency bands, more involved in emotional processes (Balconi & 
Caldiroli, 2011; Calbris, 2011; Hanslmayr, et al., 2005; Knyazev et al., 2009; 
Kita, 2009), during the observation of positive gesture compare to negative 
ones. Indeed, according to the model of the neural signatures of affective 
experience (Balconi et al., 2015; Davidson, 1992), positive stimuli seems to 
activate more the left frontal cortex compared to the right one. 

Finally, considering the inter-agents’ role (encoders and decoders), we did 
not expect to observe differences in brain responsiveness and inter-brain 
connectivity of encoder and decoder, due to the presence for both of them of 
mirroring mechanisms involved in the gestures’ observation and to implicit 
coupling mechanisms that occur during the communicative exchange. 
 
 
 
2. METHOD 
 
2.1 Subjects 
 
The present research was conducted on a sample of seventeen dyads of 
participants (Mage= 24,09; SDage= 3,45). 

Specifically, participants who were not previously familiar with each other 
were recruited and they were coupled in dyads composed by members of the 
same gender. One member of the couple was randomly assigned the role of 
encoder, while the other one was given the role of decoder. Participants 
recruitment occurred according to the following inclusion criteria: age over 18 
and under 40, absence of cognitive and neurological deficits and normal or 
correct visual acuity. 
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Moreover, participants voluntarily took part in the research after signing 
informed consent. The conduct of this study was approved by the local ethics 
committee of the Department of Psychology of the Catholic University of the 
Sacred Heart of Milan and follows the principles and guidelines of the Helsinki 
Declaration. 
 
2.2 Procedure and materials 
 
In order to conduct the research, the participants were asked to observe 60 
videos that reproduced a non-verbal communicative interaction between two 
actors characterized by the use of different types of gestures (affective, social 
and informative) with a positive and negative valence.  

The presentation of the videos took place via a computer screen placed at 
a distance of 60 cm from the members of the couple, sitting facing each other, 
and the videos were administered through the use of the E-Prime 2.0 software. 
In addition, in order to prevent participants’ fatigue, the 60 videos were 
administered in three blocks consisting of 20 randomly presented stimuli. 
Specifically, the videos reproduced 10 positive affective gestures, 10 negative 
affective gestures, 10 positive social gestures, 10 negative social gestures, 10 
positive informative gestures, 10 negative informative gestures. The three types 
of gestures reproduced with positive and negative valence had different 
purposes: the affective ones were aimed at transmitting affective states of well-
being or malaise to the interlocutor, the social ones had the aim of starting, 
maintaining or interrupting a relationship with the interlocutor; finally, the 
informative ones were aimed at direct the attention of the interlocutor towards 
a specific object in the environment (Balconi & Fronda, 2020; Balconi et al., 
2020; Fronda & Balconi, 2020). For the latter type of gesture, the positive or 
negative connotation was attributed according to the content of the context 
phrase presented before the video starts. In particular, the execution of the 
experiment required both members of the dyads to observe the video 
reproduced, then the encoder was asked to reproduce the gesture observed to 
the decoder who have only to receive the reproduced gesture passively.  

The structure of the task was the following: the presentation of a blank 
screen (2 sec); the presentation of a scene context (4 sec), to help individuals to 
understand the meaning of the gesture observed; the video reproducing the 
gesture to be observed (3 sec).; the presentation of a black screen (4 sec), the 
presentation of a slide with the “go” signal to indicate encoder to reproduce the 
gesture (4 sec) (Figure 1a). 

The stimuli were previously validated by a sample of 14 judges (Mage = 
28.34, SDage = 0.04) (Balconi & Fronda, 2020). In particular, some gestures 
characteristics, such as commonality, frequency of use, complexity, social 
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that uses a regression analysis in combination with the artifacts average. 
Subsequently, data were extracted into low and high-frequency bands, as delta 
(0.5–4 Hz), theta (4–8 Hz), alpha (8–12 Hz), and beta (14–20 Hz). The mean 
EEG power for each frequency band was calculated by averaging data related 
only to the gesture observation phase (3 sec.) and not the following execution 
phase (Balconi & Fronda, 2020). 
 
 
 
3. RESULTS  
 
3.1 EEG: Theta band activity 
 
For data analyses, regarding EEG dependent measures, three sets of analysis 
were conducted: (i) An ANOVA applied on single subject was performed to 
observe the effect of independent measures on each frequency band (alpha, 
beta, delta and theta), not considering the couple (single-brain analysis); (ii) A 
set of analyses was performed on the calculation of inter-brain connectivity for 
each frequency band (alpha, beta, delta and theta), within each dyad. The 
calculation of inter-brain connectivity for each couple of encoder/decoder, was 
aimed to calculate the synchronization values within each dyad for each 
measure.  

The partial correlation coefficient Πij was computed to obtain inter-brain 
connectivity by normalizing the inverse of the covariance matrix Γ = Σ−1 
(Balconi & Fronda, 2020): 

 
Γ = (Γij) = Σ −1 inverse of the covariance matrix 
Πij = (-Γij)/√ΓiiΓjj partial correlation matrix 

 
(iii) Subsequently, a second ANOVA was applied to these inter-brain measures, 
in order to observe variations of inter-brain connectivity as a function of the 
experimental conditions.  

The degrees of freedom were corrected using Greenhouse-Geisser epsilon 
for all the ANOVA tests and post-hoc comparisons were applied to the data 
(contrast analyses). Moreover, for multiple comparisons Bonferroni test was 
applied. Finally, the normality of the data distribution was tested with kurtosis 
and asymmetry tests supporting the distribution normality assumption. 
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3.2 Single-brain analyses 
 

The following independent measures were used for single-brain analyses: Role 
(encoder/decoder, 2), Valence (positive/negative, 2), Lateralization (left/right, 
2), Gesture (social/ affective/informative, 3), and ROI (regions of interest, 4). 
Considering left and right same sides, four specific ROIs were calculated for 
frontal channels (F3,F1-F2,F4), central channels (C3,C4), temporo-parietal 
channels (T7,P1-T8,P2) and occipital channels (O1,O2). 
 
3.2.1 Delta band 
 
For delta band, ANOVA revealed a significant Gesture x ROI interaction effect 
(F[6,148] = 9.76; p < 0.001; η2 = 0.35). 

From post-hoc comparisons, an increase of activity of delta band was 
observed in the frontal cerebral region compared to central, temporo-parietal 
and occipital ones in relation to affective and social type of gestures respect to 
informative type of gestures (for all post-hoc comparisons p ≤ .001) and an 
increase of delta activity emerged in temporo-parietal (posterior) region (for all 
post-hoc comparisons p ≤ .001) for informative type of gestures compared to 
other ones (Figure 2a). 

 
3.2.2 Theta band 
 
Considering theta band, a significant interaction effect for Valence x 
Lateralization x Gesture x ROI (F[6,148] = 9.07; p < 0.001; η2 = 0.35) 
emerged by ANOVA. Post-hoc comparisons reported an increase of activity 
of theta band in frontal cerebral region compared to central, temporo-parietal 
and occipital ones regarding affective and social type of gestures respect to 
informative type of gestures (for all post-hoc comparisons p ≤ .001). Finally, 
an increase of left frontal theta activity, respect to the right frontal one, has 
emerged for positive type of gestures (F[1,22] = 9.12; p < 0.001; η2 = 0.36) 
(Figure 2b). 

 
3.2.3 Alpha band 
 
For alpha band, ANOVA revealed a significant Gesture x ROI interaction 
effect (F[6,148] = 7.63; p < 0.001; η2 = 0.30). In particular, a decrease of 
alpha power (increase of alpha brain activity) has emerged in frontal cerebral 
region compared to central, temporo-parietal and occipital ones (for all post-
hoc comparisons p ≤ .001) for affective and social type of gestures respect to 
informative type of gestures and in temporo-parietal (posterior) area (for all 
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posterior (temporo-parietal) cerebral regions. The bar chart shows an increase of alpha 
brain responsiveness (decrease of alpha activity) in the frontal area for affective and 
social gestures and in the posterior area for informative gestures. Bars depict ∓1SE. 
Stars point out statistically significant pairwise comparisons. (d) Bar chart of beta 

brain responsiveness for affective, social, and informative gestures in the frontal and 
posterior (temporo-parietal) regions. The bar chart shows an increase of beta brain 

responsiveness in the posterior area for informative gestures. Bars depict ∓1SE. Stars 
point out statistically significant pairwise comparisons 

 
3.3 Inter-brain analyses 
 
From the raw database of each band, inter-subjects correlational indices were 
calculated to compute the synchronization for each dyad. Subsequently, these 
correlation coefficients were used as dependent variables into mixed-model 
ANOVA tests, with the following repeated factors: Role, Valence, 
Lateralization, Gesture and ROI. 
 
3.3.1 Delta band 
 
Concerning delta band, ANOVA shows a significant interaction effect for 
Gesture x ROI (F[6,148] = 8.90; p < 0.001; η2 = 0.34). 

Post-hoc comparisons proved an increase of delta inter-brain 
connectivity in frontal cerebral region compared to central, temporo-parietal 
and occipital ones for affective and social type of gestures and in temporo-
parietal (posterior) cerebral region compared to others for informative type of 
gestures (for all post-hoc comparisons p ≤ .001) (Figure 3ab).  
 
3.3.2 Theta band 
 
Considering theta band, a significant Valence x Lateralization x Gesture x 
ROI interaction effect emerged by ANOVA (F[6,148] = 10.75; p < 0.001; η2 
= 0.38). Post-hoc comparisons reported an increase of theta inter-brain 
connectivity in frontal area compared to central, temporo-parietal and 
occipital ones for affective and social type of gestures. Moreover, an increase 
of theta inter-brain connectivity was observed for positive gestures in the left 
cerebral side compare to the right one (F[1,22] = 9.76; p < 0.001; η2 = 0.37) 
(Figure 3c-d).  
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4. DISCUSSION 
 
The present study aimed to observe the modulation of individuals’ brain 
responsiveness and inter-brain connectivity during a non-verbal communicative 
interaction, characterized by the observation of social, affective and informative 
type of gestures with positive and negative valence. Regarding the main 
objectives, we expected to observe: (i) a different brain responsiveness and 
inter-brain connectivity related to the type (affective, social and informative) 
and the valence (positive and negative) of the gestures observed; (ii) a similar 
patterns of brain responsiveness and inter-brain connectivity both in the 
encoder and the decoder during the observation of affective, social and 
informative gestures with positive and negative valence.  

First of all, it is interesting to note how the present research has allowed 
for the investigation of individuals’ brain responsiveness and brain-to-brain 
coupling mechanisms implicated in a non-verbal communicative exchange, 
which requires tuning between inter-agents. Specifically, the possibility to 
observe individuals’ brain activity during a real non-verbal interaction was 
provided by the hyperscanning paradigm, which has allowed for the 
investigation of the implicit coupling mechanisms that occur in individuals 
during the performance of joint actions (Balconi et al., 2017; Knoblich et al., 
2011), introducing an innovative perspective for the analysis of the social brain 
functioning (Balconi et al., 2017; Holper et al., 2012). 

Considering the results of the research, according to the first hypothesis, a 
different brain responsiveness of high and low frequency bands has emerged for 
affective, social, and informative gestures. 

Specifically, regarding high-frequency bands activity, a decrease in alpha 
power was observed in the frontal area for affective and social gestures and in 
the temporal-parietal (posterior) area for informative ones. This different 
modulation of alpha activity in specific brain regions could be due to the 
functional meaning of the gestures observed. Indeed, the decrease of alpha 
activity in the frontal area for affective and social gestures, which are aimed at 
maintaining or interrupting social interactions and expressing affective states, 
may be due, firstly, to the involvement of sensorimotor processes involved in 
social and emotional dynamics, and, secondly, to attentional processes related 
to the gestures meaning understanding (Puzzo et al., 2011; Quandt et al., 
2012). Instead, a decrease of alpha power in the temporal-parietal region for 
informative gestures, which are aimed at directing the decoder’s attention 
towards a specific object within the environment, is suggested to be related to 
the implementation of more specifically visuospatial and attentional 
mechanisms (Posner et al., 1984; Rushworth et al., 2001). On the contrary, an 
increase of beta activity was observed in the posterior region during the 
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observation of informative gestures. This result could be due because posterior 
beta activity appears to be involved in control and attentional processes related 
to visual stimuli (Hanslmayr et al., 2005; Kamiński et al., 2012). 

In light of this evidence, considering the meaning of informative gestures, 
finalized to direct the decoder’s attention towards a specific point in the 
surrounding environment (Balconi & Fronda, 2020; Balconi et al., 2020; 
Enfield, 2001; Fronda & Balconi, 2020; Kita, 2009), a functional beta 
response can be observed for the informative content of this type of gesture. 

Considering low-frequency band activity, instead, an increase in delta 
activity was observed in the frontal area for affective and social gestures, 
probably due to an increase in individuals’ emotional involvement (Balconi & 
Caldiroli, 2011; Balconi & Bortolotti, 2012, 2013; Balconi & Fronda, 2020; 
Rameson & Lieberman, 2009) and cognitive attentional and motivational 
investment for a type of gesture more linked to affective and social spheres 
(Balconi & Fronda, 2020; Balconi et al., 2020; Knyazev et al., 2009; Fronda & 
Balconi, 2020; Knyazev, 2007). 

On the contrary, for informative gestures, an increase in delta activity in 
the temporal-parietal region was observed, attributable to the presence of more 
perceptual processes implicated in the observation and execution of action 
(Balconi & Fronda, 2020; Holle et al., 2008; Huxham et al., 2009). For the 
theta band, instead, only an increase in the frontal activity for affective and 
social gestures has emerged. This result could be due to the fact that theta band 
turns out to be directly involved in the emotional response processes linked to 
the perception of stimuli considered particularly salient for individuals (Balconi 
et al., 2015; Balconi & Fronda, 2020; Knyazev, 2007). 

In light of this result, it is interesting to note that for the theta band, 
unlike other frequency bands, did not occur an increase of activity in the 
temporo-parietal region for informative gestures, underlining the specific role 
of this frequency band as a marker of emotional responses elicited by affective 
and social gestures. 

Thus, concerning the different modulations of cortical activity based on 
the observed gestures, a clearer picture emerges from greater frontal area 
involvement during the observation of affective and social gestures, as well as 
that of the posterior areas during the observation of informative ones. 
Specifically, the frontal areas could be more involved in affective and social 
gestures due to their engagement in regulation of social processes, emotional 
sharing, and theory of mind related to the understanding of others’ emotional 
and mental states (Balconi et al., 2017; Bressem & Müller, 2017; Calbris, 
2011; Fragopanagos et al., 2005; Kalbe et al., 2010; Kendon, 2017; Liotti & 
Mayberg, 2001; Petrican & Schimmack, 2008). On the other hand, the 
posterior (temporal-parietal) area could be more involved in response to 
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informative gestures due to the implication of this cerebral region in processes 
of sustained and directed attention (Centelles et al., 2011; Szymanski et al., 
2017; Walker et al., 2009). 

In addition, considering the results of gestures’ valence on the neural 
activity, an increase in the left frontal activity compared to the right one was 
observed in the theta band according to positive gestures. This result could be 
interpreted according to the theory of neural signatures of affective experience 
(Balconi & Fronda, 2020; Balconi & Vanutelli, 2016; Balconi et al., 2015; 
Davidson, 1992), which postulates a greater activation of the left frontal region 
for positive stimuli, inducing an “approach behavior”, and of the right frontal 
ones for negative stimuli, inducing an “avoidance behavior” (Balconi & 
Fronda, 2020; De Stefani et al., 2013). 

It is interesting to underline how this result was observed only for theta 
band, highlighting the emotional-valence meaning of this low-frequency band.  

In addition to single-brain modulation, also considering inter-brain 
connectivity results, according to our hypothesis, a different modulation of 
inter-brain activity in specific brain areas according to gesture type has 
emerged, confirming the same trend of single brain responsiveness. In 
particular, an increase of alpha, delta, and theta inter-brain connectivity was 
observed in frontal areas for affective and social gestures and of alpha, delta and 
beta activity in posterior areas (temporal-parietal) for informative ones.  

Pointing out this evidence, it is interesting to note the presence of a 
similar trend for single and inter-brain analyses which, on the one hand, 
emphasizes the functional specialization of the frontal areas for affective and 
social gestures and of the posterior areas for informative ones; on the other 
hand, it also underlies a synchronous activation of these brain areas in the two 
members of the dyads (encoder and decoder), highlighting the presence of a 
maximum degree of tuning between individuals, since the inter-brain 
connectivity level reflects the co-activation of the individual members of the 
dyads (Centelles et al., 2011; Szymanski et al., 2017; Walker et al., 2009).  

In addition, the increase in inter-cerebral connectivity in frontal and 
temporal-parietal areas could support the presence of mirroring processes that 
create a direct link between gestures’ observation and execution (Balconi & 
Fronda, 2020; Rizzolatti & Sinigaglia, 2010), allowing a better understanding 
of the motor intentions underlying actions and a better comprehension of 
interlocutor’s behavior (Buccino et al., 2004; Iacoboni et al., 2005; Rizzolatti 
& Craighero, 2004; Rizzolatti & Luppino, 2001), that lead inter-agents to 
internally simulate others’ experience (the observed gesture), reaching a greater 
level of attunement with each other (Rizzolatti & Sinigaglia, 2010; Shepherd et 
al., 2009).  

These results might explain also the role of the inter-agent individuals, 
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according to the second hypothesis, that indicate the absence of differences 
between brain responsiveness in encoder and decoder during observation. This 
result could be due to the presence of mirror mechanisms during the gestural 
observation, that allows individuals to understand other mental states, 
perceiving themselves in joint actions and developing “resonance mechanisms” 
and consequent implicit brain-coupling processes (Balconi et al., 2018; Holle et 
al., 2008; Huxham et al., 2009; Lindenberger et al., 2009). Indeed, non-verbal 
communicative interaction, also in the case of a simple observation, as a shared 
action leads individuals to automatically align their behavior at different levels 
(Hari et al., 2015), leading to the implementation of interpersonal coupling 
models (Cui et al., 2012; Knoblich et al., 2011). 

 
 

 
5. CONCLUSION 
The results of this study allow us to provide an overview of the functioning of 
specific brain areas during the observation of different gestures’ categories 
characterizing a communicative interaction between two individuals. In 
addition, the present results allow us to discover the brain tuning mechanisms 
during action observation, highlighting the validity of hyperscanning as a 
paradigm able to provide information about inter-brain response and implicit 
brain coupling, underlying social and interpersonal interactions. Despite the 
potential of this study, some limitations can be observed that could be 
expanded in future research. A first limitation is related to the sample size, 
which if increased in future studies would improve the strength of empirical 
observations. Secondly, we only collected electroencephalography activity. In 
this regard, in future studies the recording of hemodynamic or peripheral 
activity could be integrated with the use of neuroimaging tools (as fNIRS). 

Finally, future studies could consider observing possible effects related to 
gender through the formation of dyads composed by individuals of different 
sex. 

 
 
 
 
 
 
 
 
 

Neuropsychological Trends – 28/2020
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

https://www.ledonline.it/neuropsychologicaltrends/


75

Gesture in hyperscanning during observation 
 

 
 
 
 
 

75 

REFERENCES  
Astolfi, L., Toppi, J., De Vico Fallani, F., Vecchiato, G., Cincotti, F., Wilke, C. T., 

… Babiloni, F. (2011). Imaging the social brain by simultaneous 
hyperscanning during subject interaction. IEEE Intelligent Systems, 26(5), 
38. https://doi.org/10.1109/MIS.2011.61 

Balconi, M., & Bortolotti, A. (2012). Detection of the facial expression of emotion 
and self-report measures in empathic situations are influenced by 
sensorimotor circuit inhibition by low-frequency rTMS. Brain 
Stimulation, 5(3), 330–336. https://doi.org/10.1016/j.brs.2011.05.004 

Balconi, M., & Bortolotti, A. (2013). Emotional face recognition, empathic trait 
(BEES), and cortical contribution in response to positive and negative 
cues. the effect of rTMS on dorsal medial prefrontal cortex. Cognitive 
Neurodynamics, 7(1), 13–21. https://doi.org/10.1007/s11571-012-9210-4 

Balconi, M., & Caldiroli, C. (2011). Semantic violation effect on object-related 
action comprehension. N400-like event-related potentials for unusual and 
incorrect use. Neuroscience, 197, 191–199.  
https://doi.org/10.1016/j.neuroscience.2011.09.026 

Balconi, M., & Canavesio, Y. (2013). High-frequency rTMS improves facial 
mimicry and detection responses in an empathic emotional task. 
Neuroscience, 236, 12-20. 
https://doi.org/10.1016/j.neuroscience.2012.12.059 

Balconi, M., & Fronda, G. (2020). The use of hyperscanning to investigate the role 
of social, affective, and informative gestures in non-verbal 
communication. Electrophysiological (EEG) and inter-brain connectivity 
evidence. Brain Sciences, 10(1), 29.  

 https://doi.org/10.3390/brainsci10010029 

Balconi, M., & Molteni, E. (2015). Past and future of near-infrared spectroscopy 
in studies of emotion and social neuroscience. Journal of Cognitive 
Psychology, 28(2), 129–146. 
https://doi.org/10.1080/20445911.2015.1102919 

Balconi, M., & Pozzoli, U. (2005). Morphed facial expressions elicited a N400 
ERP effect: A domain‐specific semantic module?. Scandinavian Journal of 
Psychology, 46(6), 467-474. https://doi.org/10.1111/j.1467-
9450.2005.00478.x 

Balconi, M., & Vanutelli, M. E. (2016). Competition in the brain. The 
contribution of EEG and fNIRS modulation and personality effects in 
social ranking. Frontiers in Psychology, 7, 1587.  

https://doi.org/10.3389/fpsyg.2016.01587 

Neuropsychological Trends – 28/2020
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

https://www.ledonline.it/neuropsychologicaltrends/


Michela Balconi - Giulia Fronda

76

 
 

 
 
 
 
 

76 

Balconi, M., & Vanutelli, M. E. (2017). Interbrains cooperation: Hyperscanning 
and self-perception in joint actions. Journal of Clinical and Experimental 
Neuropsychology, 39(6), 607–620. 
 https://doi.org/10.1080/13803395.2016.1253666 

Balconi, M., Fronda, G., & Bartolo, A. (2020). Affective, Social, and Informative 
Gestures Reproduction in Human Interaction: Hyperscanning and Brain 
Connectivity. Journal of Motor Behavior, 1-20. 
https://doi.org/10.1080/00222895.2020.1774490 

Balconi, M., Gatti, L., & Vanutelli, M. E. (2018). Cooperate or not cooperate 
EEG, autonomic, and behavioral correlates of ineffective joint strategies. 
Brain and behavior, 8(2), e00902. https://doi.org/10.1002/brb3.902 

Balconi, M., Grippa, E., & Vanutelli, M. E. (2015). What hemodynamic (fNIRS), 
electrophysiological (EEG) and autonomic integrated measures can tell us 
about emotional processing. Brain and Cognition, 95, 67–76. 
https://doi.org/10.1016/j.bandc.2015.02.001 

Balconi, M., Pezard, L., Nandrino, J. L., & Vanutelli, M. E. (2017). Two is better 
than one: The effects of strategic cooperation on intra- and inter-brain 
connectivity by fNIRS. PLoS ONE, 12(11), e0187652. 
https://doi.org/10.1371/journal.pone.0187652 

Bressem, J., & Müller, C. (2017). The “Negative-Assessment-Construction” – A 
multimodal pattern based on a recurrent gesture? Linguistics Vanguard, 
3(s1). https://doi.org/10.1515/lingvan-2016-0053 

Buccino, G., Vogt, S., Ritzl, A., Fink, G. R., Zilles, K., Freund, H. J., & Rizzolatti, 
G. (2004). Neural circuits underlying imitation learning of hand actions: 
An event-related fMRI study. Neuron, 42(2), 323–334. 
https://doi.org/10.1016/S0896-6273(04)00181-3 

Calbris, G. (2011). Elements of meaning in gesture (Vol. 5). John Benjamins 
Publishing. 

Centelles, L., Assaiante, C., Nazarian, B., Anton, J. L., & Schmitz, C. (2011). 
Recruitment of both the mirror and the mentalizing networks when 
observing social interactions depicted by point-lights: A neuroimaging 
study. PLoS ONE, 6(1), e15749.  
https://doi.org/10.1371/journal.pone.0015749 

Costantini, E., Pianesi, F., & Prete, M. (2005, January). Recognising emotions in 
human and synthetic faces: the role of the upper and lower parts of the 
face. In Proceedings of the 10th international conference on Intelligent user 
interfaces (pp. 20–27). https://doi.org/10.1145/1040830.1040846 

Neuropsychological Trends – 28/2020
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

https://www.ledonline.it/neuropsychologicaltrends/


77

Gesture in hyperscanning during observation 
 

 
 
 
 
 

77 

Crivelli, D. & Balconi, M. (2017). Agentività e competenze sociali: riflessioni 
teoriche e implicazioni per il management. Ricerche di Psicologia, 40(3), 
349–363. https://doi.org/10.3280/rip2017-003006 

Cui, X., Bryant, D. M., & Reiss, A. L. (2012). NIRS-based hyperscanning reveals 
increased interpersonal coherence in superior frontal cortex during 
cooperation. NeuroImage, 59(3), 2430–2437. 
https://doi.org/10.1016/j.neuroimage.2011.09.003 

Davidson, R. J. (1992). Emotion and affective style: Hemispheric substrates. 
Psychological Science, 3(1), 39–43. https://doi.org/10.1111/j.1467-
9280.1992.tb00254.x 

De Stefani, E., Innocenti, A., Secchi, C., Papa, V., & Gentilucci, M. (2013). Type 
of gesture, valence, and gaze modulate the influence of gestures on 
observer’s behaviors. Frontiers in Human Neuroscience, 7, 542. 
https://doi.org/10.3389/fnhum.2013.00542 

Decety, J., Grezes, J., Costes, N., Perani, D., Jeannerod, M., Procyk, E., ... & 
Fazio, F. (1997). Brain activity during observation of actions. Influence of 
action content and subject’s strategy. Brain: A Journal of Neurology, 
120(10), 1763–1777. https://doi.org/10.1093/brain/120.10.1763 

Enfield, N. J. (2001). ‘Lip-pointing’: A discussion of form and function with 
reference to data from Laos. Gesture, 1(2), 185–211. 
https://doi.org/10.1075/gest.1.2.06enf 

Fragopanagos, N., Kockelkoren, S., & Taylor, J. G. (2005). A neurodynamic 
model of the attentional blink. Cognitive Brain Research, 24(3), 568–586. 
https://doi.org/10.1016/j.cogbrainres.2005.03.010 

Freedberg, D., & Gallese, V. (2007). Motion, emotion and empathy in esthetic 
experience. Trends in Cognitive Sciences, 11(5), 197–203. 
https://doi.org/10.1016/j.tics.2007.02.003 

Fronda, G., & Balconi, M. (2020). The effect of interbrain synchronization in 
gesture observation: A fNIRS study. Brain and Behavior, e01663. 
https://doi.org/10.1002/brb3.1663 

Gallese, V. (2006). Intentional attunement: A neurophysiological perspective on 
social cognition and its disruption in autism. Brain Research, 1079(1), 15–
24. https://doi.org/10.1016/j.brainres.2006.01.054 

Hanslmayr, S., Sauseng, P., Doppelmayr, M., Schabus, M., & Klimesch, W. 
(2005). Increasing individual upper alpha power by neurofeedback 
improves cognitive performance in human subjects. Applied 
Psychophysiology and Biofeedback, 30(1), 1–10. 
https://doi.org/10.1007/s10484-005-2169-8 

Neuropsychological Trends – 28/2020
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

https://www.ledonline.it/neuropsychologicaltrends/


Michela Balconi - Giulia Fronda

78

 
 

 
 
 
 
 

78 

Hari, R., Henriksson, L., Malinen, S., & Parkkonen, L. (2015). Centrality of social 
interaction in human brain function. Neuron, 88(1), 181–193. 
https://doi.org/10.1016/j.neuron.2015.09.022 

Hasson, U., Ghazanfar, A. A., Galantucci, B., Garrod, S., & Keysers, C. (2012). 
Brain-to-brain coupling: a mechanism for creating and sharing a social 
world. Trends in Cognitive Sciences, 16(2), 114–121. 
https://doi.org/10.1016/j.tics.2011.12.007 

Holle, H., Gunter, T. C., Rüschemeyer, S. A., Hennenlotter, A., & Iacoboni, M. 
(2008). Neural correlates of the processing of co-speech gestures. 
Neuroimage, 39(4), 2010–2024. 
https://doi.org/10.1016/j.neuroimage.2007.10.055 

Holper, L., Scholkmann, F., & Wolf, M. (2012). Between-brain connectivity 
during imitation measured by fNIRS. Neuroimage, 63(1), 212–222. 
https://doi.org/10.1016/j.neuroimage.2012.06.028 

Huxham, C., Dick, B., & Stringer, E. (2009). Theory in action research. Action 
Research, 7(1), 5–12. https://doi.org/10.1177/1476750308099594 

Iacoboni, M., Molnar-Szakacs, I., Gallese, V., Buccino, G., & Mazziotta, J. C. 
(2005). Grasping the intentions of others with one’s own mirror neuron 
system. PLoS Biology, 3(3), e79. 
https://doi.org/10.1371/journal.pbio.0030079 

Kalbe, E., Schlegel, M., Sack, A. T., Nowak, D. A., Dafotakis, M., Bangard, C., … 
Kessler, J. (2010). Dissociating cognitive from affective theory of mind: A 
TMS study. Cortex, 46(6), 769–780. 
https://doi.org/10.1016/j.cortex.2009.07.010 

Kamiński, J., Brzezicka, A., Gola, M., & Wróbel, A. (2012). Beta band oscillations 
engagement in human alertness process. International Journal of 
Psychophysiology, 85(1), 125–128. 
https://doi.org/10.1016/j.ijpsycho.2011.11.006 

Kendon, A. (2017). Reflections on the “gesture-first” hypothesis of language 
origins. Psychonomic Bulletin and Review, 24(1), 163–170. 
https://doi.org/10.3758/s13423-016-1117-3 

Keysers, C., & Gazzola, V. (2009). Expanding the mirror: vicarious activity for 
actions, emotions, and sensations. Current Opinion in Neurobiology, 19(6), 
666–671. https://doi.org/10.1016/j.conb.2009.10.006 

King-Casas, B., Tomlin, D., Anen, C., Camerer, C. F., Quartz, S. R., & 
Montague, P. R. (2005). Getting to know you: Reputation and trust in a 
two-person economic exchange. Science, 308(5718), 78–83. 
https://doi.org/10.1126/science.1108062 

Neuropsychological Trends – 28/2020
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

https://www.ledonline.it/neuropsychologicaltrends/


79

Gesture in hyperscanning during observation 
 

 
 
 
 
 

79 

Kita, S. (2009). Cross-cultural variation of speech-accompanying gesture: A review. 
Language and Cognitive Processes, 24(2), 145–167. 
https://doi.org/10.1080/01690960802586188 

Knoblich, G., Butterfill, S., & Sebanz, N. (2011). Psychological research on joint 
action: theory and data. In Psychology of learning and motivation (Vol. 
54, pp. 59–101). Academic Press. https://doi.org/10.1016/B978-0-12-
385527-5.00003-6 

Knyazev, G. G., Slobodskoj-Plusnin, J. Y., & Bocharov, A. V. (2009). Event-
related delta and theta synchronization during explicit and implicit 
emotion processing. Neuroscience, 164(4), 1588–1600. 
https://doi.org/10.1016/j.neuroscience.2009.09.057 

Knyazev G G. (2007). Motivation, emotion, and their inhibitory control mirrored 
in brain oscillations. Neuroscience and Biobehavioral Reviews, 31(3), 377–
395. https://doi.org/10.1016/j.neubiorev.2006.10.004 

Konvalinka, I., Vuust, P., Roepstorff, A., & Frith, C. D. (2010). Follow you, 
follow me: Continuous mutual prediction and adaptation in joint 
tapping. Quarterly Journal of Experimental Psychology, 63(11), 2220–2230. 
https://doi.org/10.1080/17470218.2010.497843 

Lindenberger, U., Li, S. C., Gruber, W., & Müller, V. (2009). Brains swinging in 
concert: Cortical phase synchronization while playing guitar. BMC 
Neuroscience, 10(1), 22. https://doi.org/10.1186/1471-2202-10-22 

Liotti, M., & Mayberg, H. S. (2001). The role of functional neuroimaging in the 
neuropsychology of depression. Journal of Clinical and Experimental 
Neuropsychology, 23(1), 121–136. 
https://doi.org/10.1076/jcen.23.1.121.1223 

Liu, T., Saito, H., & Oi, M. (2015). Role of the right inferior frontal gyrus in 
turn-based cooperation and competition: A near-infrared spectroscopy 
study. Brain and Cognition, 99, 17–23. 
https://doi.org/10.1016/j.bandc.2015.07.001 

Ludwig, K. A., Miriani, R. M., Langhals, N. B., Joseph, M. D., Anderson, D. J., & 
Kipke, D. R. (2009). Using a Common Average Reference to Improve 
Cortical Neuron Recordings from Microelectrode Arrays. Journal of 
Neurophysiology, 101(3), 1679–1689. 
https://doi.org/10.1152/jn.90989.2008 

Montague, P. R., Berns, G. S., Cohen, J. D., McClure, S. M., Pagnoni, G., 
Dhamala, M., … Fisher, R. E. (2002). Hyperscanning: Simultaneous 
fMRI during linked social interactions. NeuroImage, 16(4), 1159–1164. 
https://doi.org/10.1006/nimg.2002.1150 

Neuropsychological Trends – 28/2020
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

https://www.ledonline.it/neuropsychologicaltrends/


Michela Balconi - Giulia Fronda

80

 
 

 
 
 
 
 

80 

Pan, Y., Cheng, X., Zhang, Z., Li, X., & Hu, Y. (2017). Cooperation in lovers: An 
fNIRS-based hyperscanning study. Human Brain Mapping, 38(2), 831–
841. https://doi.org/10.1002/hbm.23421 

Perry, A., Stein, L., & Bentin, S. (2011). Motor and attentional mechanisms 
involved in social interaction-Evidence from mu and alpha EEG 
suppression. NeuroImage, 58(3), 895–904. 
https://doi.org/10.1016/j.neuroimage.2011.06.060 

Petrican, R., & Schimmack, U. (2008). The role of dorsolateral prefrontal function 
in relationship commitment. Journal of Research in Personality, 42(4), 
1130–1135. https://doi.org/10.1016/j.jrp.2008.03.001 

Posner, M. I., Walker, J. A., Friedrich, F. J., & Rafal, R. D. (1984). Effects of 
parietal injury on covert orienting of attention. Journal of Neuroscience, 
4(7), 1863–1874. https://doi.org/10.1523/jneurosci.04-07-01863.1984 

Puzzo, I., Cooper, N. R., Cantarella, S., & Russo, R. (2011). Measuring the effects 
of manipulating stimulus presentation time on sensorimotor alpha and 
low beta reactivity during hand movement observation. NeuroImage, 
57(4), 1358–1363. https://doi.org/10.1016/j.neuroimage.2011.05.071 

Quandt, L. C., Marshall, P. J., Shipley, T. F., Beilock, S. L., & Goldin-Meadow, S. 
(2012). Sensitivity of alpha and beta oscillations to sensorimotor 
characteristics of action: An EEG study of action production and gesture 
observation. Neuropsychologia, 50(12), 2745–2751. 
https://doi.org/10.1016/j.neuropsychologia.2012.08.005 

Rameson, L. T., & Lieberman, M. D. (2009). Empathy: A Social Cognitive 
Neuroscience Approach. Social and Personality Psychology Compass, 3(1), 
94–110. https://doi.org/10.1111/j.1751-9004.2008.00154.x 

Rizzolatti, G., & Craighero, L. (2004). The mirror-neuron system. Annual Review 
of Neuroscience, 27, 169–192. 
https://doi.org/10.1146/annurev.neuro.27.070203.144230 

Rizzolatti, G., & Luppino, G. (2001). The cortical motor system. Neuron, 31(6), 
889–901. https://doi.org/10.1016/S0896-6273(01)00423-8 

Rizzolatti, G., & Sinigaglia, C. (2010). The functional role of the parieto-frontal 
mirror circuit: Interpretations and misinterpretations. Nature Reviews 
Neuroscience, 11(4), 264–274. https://doi.org/10.1038/nrn2805 

Rizzolatti, G., Fogassi, L., & Gallese, V. (2001). Neurophysiological mechanisms 
underlying the understanding and imitation of action. Nature Reviews 
Neuroscience, 2(9), 661–670. https://doi.org/10.1038/35090060 

Rosso, I. M., Young, A. D., Femia, L. A., & Yurgelun-Todd, D. A. (2004). 
Cognitive and emotional components of frontal lobe functioning in 

Neuropsychological Trends – 28/2020
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

https://www.ledonline.it/neuropsychologicaltrends/


81

Gesture in hyperscanning during observation 
 

 
 
 
 
 

81 

childhood and adolescence. Annals of the New York Academy of Sciences, 
1021(1), 355–362. https://doi.org/10.1196/annals.1308.045 

Rushworth, M. F. S., Krams, M., & Passingham, R. E. (2001). The attentional 
role of the left parietal cortex: The distinct lateralization and localization 
of motor attention in the human brain. Journal of Cognitive Neuroscience, 
13(5), 698–710. https://doi.org/10.1162/089892901750363244 

Sato, W., Kochiyama, T., Uono, S., & Yoshikawa, S. (2009). Commonalities in 
the neural mechanisms underlying automatic attentional shifts by gaze, 
gestures, and symbols. NeuroImage, 45(3), 984–992. 
https://doi.org/10.1016/j.neuroimage.2008.12.052 

Shepherd, S. V., Klein, J. T., Deaner, R. O., & Platt, M. L. (2009). Mirroring of 
attention by neurons in macaque parietal cortex. Proceedings of the 
National Academy of Sciences of the United States of America, 106(23), 
9489–9494. https://doi.org/10.1073/pnas.0900419106 

Szymanski, C., Pesquita, A., Brennan, A. A., Perdikis, D., Enns, J. T., Brick, T. R., 
… Lindenberger, U. (2017). Teams on the same wavelength perform 
better: Inter-brain phase synchronization constitutes a neural substrate for 
social facilitation. NeuroImage, 152, 425-436. 
https://doi.org/10.1016/j.neuroimage.2017.03.013 

Walker, R., Techawachirakul, P., & Haggard, P. (2009). Frontal eye field 
stimulation modulates the balance of salience between target and 
distractors. Brain Research, 1270, 54–63. https://doi.org/10.1007/978-0-
85729-609-2_33 

Neuropsychological Trends – 28/2020
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

https://www.ledonline.it/neuropsychologicaltrends/



