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Social beings 

   solve a lot of tasks in conditions of social interaction 

And it matter with whom to interact  Hu et al.,2018  



Modes of solving problems  
in social interaction 

COMPETITION COOPERATION 



Paradigms 

SOCIAL INTERACTION 



COMMUNICATION 



GAME MODELS 

Deception game 
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A setup of an EEG hyperscanning during a card game. 

Astolfi et al., IEEE Intell Syst. 2011, doi: 10.1109/MIS.2011.61 

Joint attention and self-regulation of BOLD-activity 
in real time of social interaction (60-80%  success) 

“BOLD brain pong” 

(a) a pure-cooperative    (b) a pure-defect behavior 



Interbrains cooperation: Hyperscanning and self-perception in joint actions  

Balconi M, Vanutelli ME 
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Social interaction in an ecological way with a socially 
engaging task (Sanger et al., 2012).  
-     see each other’s face,  
- enabling them to perceive each other’s gaze  
- and facial expressions,  
- crucial social cues in human interactions (empathy, 

theory of mind).  



MAIN FEATURES FOR ANALYSIS 



MODELS FOR SOCIAL INTERACTIONS 



MODELS FOR SOCIAL INTERACTIONS 



WHAT HAPPENS IN INDIVIDUAL BRAIN  

WHEN WE PERFORM COGNITIVE TASKS TOGETHER? 

AND WHAT ABOUT CREATIVITY? 

Creative activity is understood as activity in which 
new unusual ideas are generated, thinking deviates 
from stereotypes and conventional lines, and problematic  situations 
are quickly resolved.   (Bekhtereva, 2006; Runco, Jaeger, 2012) 





VERBAL CREATIVITY IN DYADS 

PFC 

Right temporal–parietal junction (r-TPJ) 
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AUT TASKS ORGANIZATION 
• ≈10 stimulus х 10 times for each (randomized) 

 
•  CREATIVE TASK: ALTERNATIVE USES TASK (Guilford, 1961),  
 Have to find original uses of everyday object, e.g.: brick, paper clip, half hose, paper) 
 

• CONTROL TASK: CATEGORY 
Have to name objects from category, e.g.: transport, sports, beverages, games) 
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METHODS 

• 44 subject, 18-23 years old (22 dyads, m-m, f-f)  

• TASKS performed both individually/in competition (randomized).  

• Monopolar EEG (15 channels: Fpz, F7, F3, Fz, F4, F8, C3, C4, T5, P3, Pz, P4, T6, O1, O2), 
Mitsar-202 (Mitsar, SPb), SR 500Hz, filters: 44-55, 95-105, Gnd ~ Fpz 

• Analysis range 1.6 - 30 Гц 
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ERP   DATA  ANALISYS 

• ICA artifact correction (Vigario, 1997; Jung et al., 2000; Tereschenko et al., 2009) 

• Artifact rejection (>100uV, >35 mV in 0-2 Hz and 65 mV in 25-35 Hz, visual inspection) 

• ERPs in competitive and individual  performance 

• COMPETITIVE and INDIVIDUAL: topography and time interval of differences 

• RM-ANOVA for factors STATE (competition/individual) and ZONE (15 

channels) in whole brain and in ROI (frontal: Fpz-F8, posterior: C4-O2) with 

the factor ORDER of performance [Statistica’10]. 

• The Wilcoxon test for behavioral data 



ANSWERS (% from number of trials) 

CREATIVE TASK (AUT) 

CONTROL TASK (CATEGORY) 

INDIVIDUALLY    vs COMPETITION 

56% (49-74) 

87% (82-93) 

45% (31-55) 

66% (60-76) 

TASK Difficulty (from 1 to 10: min-max) 

CREATIVE TASK (AUT) 

CONTROL TASK (CATEGORY) 

7 (6-8) 

5 (4-6) 

6.5 (5.5-7.5) 

4 (4-6.5) 

Differed 

Not differed 

for CREATIVE TASK: Emotions were more positive in competitive condition compared to 
individual performance (Z=2.7, p<0.01) 

RESULTS 



RESULTS No Influence of the factor 

ORDER of performance 

• Lower P2 amplitude 
[State: F(1,43)=11.2, p=0.002, StatexZone: 

F(14,602)=5.4, e(G-G)=0.18, p=0.003].  

• Less positive late positivity (P600) 
[ROI State: F(1,43)=6.9, p=0.01, StatexZone: 

F(8,344)=5.5, e(G-G)=0.5, p=0.0004 in C3-02] 

COMPETITION vs INDIVIDUAL 

• Less negative Frontal N400  
[ROI State: F(1,43)=5.7, p=0.02, 

StatexZone: F(5,215)=5.0, e(G-G)=0.7, 

p=0.001 in Fpz-F8].  

CREATIVE (AUT) TASK 

• Lower P1 amplitude 
[ROI State: F(1,43)=4.6, p<0.05 in C3-O2].  
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RESULTS No Influence of the factor 

ORDER of performance 

COMPETITION vs INDIVIDUAL 

CREATIVE (AUT) TASK 
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• Lower P2 amplitude 
[State: F(1,43)=28.3, p<0.001].  

• Less positive late positivity (P600) 
[ROI F(1,43)=6.9, p<0.05, StatexZone: 

F(8,344)=5.5, e (G-G) = 0.5, p<0.001 in C3-02] 

• Less negative Frontal N400  
[ROI State: F(1,43)=5.1, p<0.05, StatexZone: 

F(5,215)=6.9, e (G-G) = 0.5, p<0.001 in Fpz-F8].  

COMPETITION 
vs  

INDIVIDUAL 

CONTROL (CATEGORY) TASK 

• Lower P1 amplitude 
[ROI State: F(1,43)=8.8, p<0.01 in C3-O2].  

RESULTS 

COMPETITION vs INDIVIDUAL 
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P2 
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No Influence of the factor 

ORDER of performance 



Begliomini C, Cavallo A, Manera V, Becchio C, Stramare R, Miotto D, Castiello U. 

Potential for social involvement modulates activity within the mirror and the 

mentalizing systems. Sci Rep. 2017;7(1):14967. doi: 10.1038/s41598-017-14476-9.  

Mirror Neuron Systems 

Mentalizing System 



CONCLUSIONS 

• Competition objectively made tasks more difficult and led to a decrease in 
the percent of answers – in both creative and noncreative tasks 

 

• But subjectively task performance in social interaction led to more positive 
emotions in creative task and no accompanied by task difficulty changes 

 

• Amplitudes of perceptual ERP components (P1, P2) in social interactions are 
lower in comparison with individual performance without task ORDER effect 
that confirm absence of training of fatigue effects 

 

• Semantic-related components (frontal N400, late positivity) are modulated 
by social context and probably associate with the drawing attention by social 
cues 



Please, contact Zhanna Nagornova for more results 
nagornova_zh@mail.ru 
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