
  

  

Abstract— In this study we measured simultaneously by 
EEG hyperscannings the  neuroelectric activity in 6 couples of 
subjects during the performance of the “Chicken’s game”, 
derived from game theory. The simultaneous recording of the 
EEG in couples of interacting subjects allows to observe and 
model directly the neural signature of human interactions in 
order to understand the cerebral processes generating and 
generated by social cooperation or competition. Results 
suggested that the one of the most consistently activated 
structure in this particular social interaction paradigm is the 
left orbitofrontal cortex. Connectivity results also showed a 
significant involvement of the orbitofrontal regions of both 
hemispheres across the observed population. Taken together, 
results confirms that the study of the brain activities in humans 
during social interactions can take benefit from the 
simultaneous acquisition of  brain activity during such 
interaction. 

I. INTRODUCTION 
N order to study the social brain, i.e. the concurrent  

brain activities in different subjects interacting in 
cooperation or competition tasks, the issue of the 
simultaneous recording of their brain activity is an important 
one. The simultaneous recording of neuroelectric activity of 
the brain is called “EEG hyperscanning”. In this paper we 
present the results obtained by EEG hyperscannings 
performed on a group of subjects engaged in a 
cooperation/competition task, and how it is possible to 
depict the synchronization between different cortical areas 
of different subjects interacting during such game by using 
appropriate processing methodologies. The game theory has 
been proved to be useful in the investigation of the neural 
basis of social interaction, since it allows a formal definition 
of social situation in which the players may profit or loose 
by cooperating or competing [1] like in the Prisoner’s 
Dilemma, in which you have to decide whether to cooperate 
with an opponent, or defect [2]. A different variation of this 
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dilemma is know as the Chicken’s Game. In this 
experimental setup the cooperation between the two subjects 
that play the game is suggested by the heavy penalties that 
could occur in the case of simultaneous non cooperation 
(defect) between subjects. By simultaneously recording the 
neuroelectrical brain activity in two players during the 
execution of the Chicken Game game, we aim at 
understanding the modification of brains activity during 
such social interactions and to investigate the existence of 
possible cortical markers related to the behaviour of the 
subjects during the game. 

II. METHODS 

A. Experimental Design 
The Chicken’s game involves two players and two 

possible choices: to cooperate or defect. The situation 
modelized is as follows: two drivers are running one to the 
other in a single-line street. The first to stop is called  “the 
chicken”, meaning a coward. But on the other side, if neither 
player stops, the result is a potentially fatal car crash 
between them. The principle of the game is that while each 
player prefers not to give up to the other, the outcome where 
neither player gives up is the worst possible one for both 
players.  

If both the players cooperate, i.e. if they both stop, they 
have small wins (Cooperation condition). If one player 
cooperates and the other defects (does not stop), the 
cooperator has a big loss and the defector has a big win. If 
both players defect, they have a big loss (Defect condition). 
In the so-called Tit-for-Tat, each player imitates its 
opponent’s behavior  in the last run of the game (Tit-for-Tat 
condition). The aim of the game is to reach the highest 
score.  

Twelve healthy subjects (6 couples) took part in the 
experiment. They were all informed about the aim of the 
EEG recordings and approved the study. Subjects interacted 
seated one beside the other. A screen displaying the 
information necessary to the games and generating the 
timing of the tasks was disposed in front of  them. They 
expressed their choice (decision to cooperate or to defect) 
through a keyboard and the computer recorded each 
subject’s response and generated a mark on the subject’s 
EEG traces for successive off-line analysis. The choice was 
blind to the other player. The general timeline of each trial is 
as follow: the trial starts with the presentation of the payoff 
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matrix related to the decision that a subject could make in 
the game. Then, the players are prompted to enter their 
choices and afterwards the results of the trial is showed to 
them for an interval of 4 seconds, reporting the 
cooperation/defection choice made by the other player and 
the total score obtained by each subject. The EEG analysis 
was performed within this 4 seconds period, considered 
significant for the successive decisions. A 96-channel 
system (BrainAmp, Brainproducts GmbH, Germany) was 
used to record EEG electrical potentials by means of an 
electrode cap, while electromyogram (EMG) and 
electrooculogram (EOG) signals were also recorded. 
Sampling rate was 200 Hz. EEG signals were then corrected 
from eye movements and muscular artifacts were filtered 
from all recordings. Only artifact-free trials were then 
processed in all the subjects and submitted to the following 
analysis.  

B. High Resolution EEG and estimated spectral maps 
High-resolution EEG technologies have been developed 

to enhance the poor spatial information content of the EEG 
activity [3,4]. In this study the estimation of cortical activity 
from high-resolution EEG recordings was performed by 
solving the associated linear inverse problem by using the 
average head model available from McGill University.  
Estimation of the current density strength for each dipole 
was obtained by solving the linear inverse problem, 
according to techniques described in previous papers [5,6]. 
From the cortical estimated waveforms, the spectral activity 
during the task time interval was first estimated for each one 
of the thousands dipoles for the cortical model, then, such 
spectral activity was statistically compared with those 
related to a rest period. In the rest period each subject seated 
in front of the screen, watched to images similar to those 
used in the game, but without any relation with the game 
itself. T-test values between the power of the frequency 
spectra during the task and the rest were then mapped on the 
cortical model in the different frequency bands: Theta 3-6 
Hz, Alpha 7-12 Hz, Beta 13-29 Hz, and Gamma 30-40 Hz. 
Due to the multiple comparisons issue, the statistical 
threshold was corrected by using Bonferroni correction to 
reach a nominal value of p*<0.05.   

C. Multivariate connectivity estimation 
The Directed Transfer Function (DTF) [7] and the Partial 

Directed Coherence (PDC) [8] are full multivariate spectral 
measures, used to determine the  directed influences 
between any given pair of signals in a multivariate data set. 
They are both computed on a Multivariate Autoregressive 
model (MVAR) that simultaneously models the whole set of 
signals. They have been demonstrated [7,8] to be based on 
the concept of Granger causality, according to which an 
observed time series x(n) can be said to cause another series 
y(n) if the prediction error for y(n) at the present time is 
reduced by the knowledge of x(n)’s past measurements. This 
kind of relation is not reciprocal, thus allowing to determine 
the direction of information flow between signals. 

In this study, PDC was used to estimate connectivity links 
between different areas of the brain of each subject involved 
in the game simultaneously. 

III. RESULTS 

A. Statistical Spectral Maps  
Fig. 1 shows the statistical significant average spectral 

power distribution of the group of subjects investigated. 
Results were depicted on the average cortex model used in 
the study, seen from 6 different perspectives. The two rows 
are relative to the statistical differences in the cortical power 
spectra in the beta frequency domain with respect to a rest 
period used as baseline. In grey, the areas which showed no 
significant difference with respect to the baseline. In colour, 
the areas which showed a statistically significant activation 
with respect to the baseline. Only the Bonferroni-corrected 
statistically significant differences in cortical areas common 
to at least 7 of 12 subjects were represented. The color scale 
codes for  the number of subjects sharing the activation in 
that pixel across population.  The Fig. 1 presents the 
statistical cortical maps obtained for the Cooperation 
condition in the population analyzed. It is interesting to note 
as relative few cortical areas displayed a statistically 
significant difference in the power spectra when compared 
to the rest state. In particular, we noted an activation of the 
occipital poles while the left orbitofrontal cortex has been 
also activated. Several prefrontal activations are visible in 
the left and in the right hemisphere. 

 

 
Fig. 1.  Distributions of the statistically significant differences in power 
spectra for the Cooperation condition. Results were depicted on the average 
cortex model used in the study, seen from 6 different perspectives. In grey, 
the areas which showed no statistical significant difference with respect to 
the rest period. In color, the areas which showed a significant activation 
with respect to the rest. The color scale codes for the number of subjects 
sharing the activation in that pixel across population. In yellow, the cortical 
areas statistically significant for all the subjects in the population, in light 
red cortical areas statistically significant in all the couples but one, and in 
dark red all the couples but two. Six different views of the brain are 
presented; the first row presents, from left to right the brain cut sagittally, 
view from the right, then the cortical surface view from the left and the 
brain view from above, frontal part down. The second row shows the 
saggital view of the cut brain from the left, the cortical surface from the 
right and the frontal cortical areas. 

 
The results in the beta frequency band are shown for 

comparison. Fig. 2 presents the distribution of the statistical 
significant power spectra during the Defect condition across 
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the whole population analyzed. Also in this case we could 
noted a substantial involvement of the left orbitofrontal areas 
in the beta frequency band. In the Defect condition it is also 
important to observe an activation of the left temporo-frontal 
areas. A similar activation of the prefrontal cortices is also 
noted in the two Cooperation and Defect conditions. Also in 
this case the statistical significant cortical activity in the 
theta, alpha and gamma frequency bands are similar to those 
observed in Fig. 2 and are not reported here for lacking of 
space. Fig. 3 shows the cortical distribution of the power 
spectra in the Tit-for-Tat experimental condition in the 
analyzed distribution. The same conventions used for the 
Fig.1 and Fig. 2 hold.  
 

 
 
Fig. 2.  Distributions of the statistically significant differences in power 
spectra for the Defect condition. Same conventions than in Fig. 1.  

 
All the statistically significant cortical activity generated by 
the proposed task is greater than the cortical activity 
observed during the rest conditions.  
 

 
Fig. 3.  Distributions of the statistically significant differences in power 
spectra for the Tit-for-Tat condition. Same conventions than in Fig. 1. 
 
 

B.  Cortical Connectivity Results 
The cortical connectivity was estimated on the 12 subjects 
by means of the application of Partial Directed Coherence to 
the cortile waveforms representing the average activity in 
some selected Regions of Interest (ROIs), namely the 
Anterior Cingulate Cortex, the Cingulate Motor Area, the 
regions corresponding to Brodmann areas 7 of both 
hemispheres and the areas 10 from both hemispheres, 
corresponding to the orbitofrontal areas. Significant 

connections in the Cooperation condition were reported 
from the orbitofrontal areas of both hemispheres to the areas 
7 of the left hemisphere and to the Cingulate Motor Area. 

 
Fig. 4.  Functional connectivity links obtained by Partial Directed 
Coherence applied to the cortical time waveforms representing the activity 
in different Regions of Interest of the Cortex, in particular the Anterior 
Cingulate Cortex, the Cingulate Motor Area, the areas 7 of both 
hemispheres and the areas 10 from both hemispheres, corresponding to the 
orbitofrontal areas. Average result across the population. Only links 
common to at least 7 subjects were reported. The size of the arrows codes 
for the average strength of the connection across population. Results in the 
Beta frequency band. 
 

IV. DISCUSSION 
The aim of the present study was to measure 

simultaneously the neural activity of different brains during 
day-life interactions, in order to understand the neural 
processes generating and generated by social cooperation or 
competition. Such activities have been estimated by using 
the simultaneous recordings of EEG activity from couples of 
subjects playing the Chicken’s  game.  The analysis of 
statistical power spectra data suggested that the Defect and 
Tit-for-Tat conditions elicited a significant cortical activity, 
in the beta frequency band, when compared to the 
Cooperation conditions. It could be hypothesized that this 
greater power spectra activity in the Defect case could 
reflect the major penalty and risky conditions in the 
generation of such condition by the subjects, when 
compared to the Cooperation decisions. In fact, the Defect 
conditions occurs randomly in the game, in the middle of 
series of Cooperation or Tit-for-Tat conditions. The higher 
cortical activity elicited by this condition is then consistent 
with the efforts generated by the cortical decision system to 
generate the interruption of the Cooperation or Tit-for-Tat 
sequence with the Defect decision.  

It could be also hypothesized that a large involvement of 
the frontal regions during the Defect condition is generated 
by the effort of the decision system, located by previous 
studies also in the orbitofrontal regions. This is consistent 
with the vision of the orbitofrontal regions as the site in 
which decisions are made on the base of both rational but 
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also emotional conditions [9]. Speculations could be made 
about the more difficult emotional situation to generate a 
Defect decision for a player against the other player. The 
fact that the cortical activity patterns are similar in the other 
frequency bands across the all conditions suggest that the 
right prefrontal cortical areas interested are related to the 
stress of the task performed against the other player.  

The connectivity results suggest an important role of the 
orbitofrontal regions of both hemispheres, as indicated by 
the persistent pattern of connectivity across the subjects 
involved in the study and involving the areas 10 left and 
right. 

As a whole, these results suggest that the EEG 
hyperscanning methodology opens a new way to address the 
analysis of brain functions, allowing to study brain activity 
of group of humans during real-life social interactions. This 
technology can add new and useful instruments to the 
analysis of neural substrates of the human social behavior. 
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