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Modeling Social Interaction: 
multifrequency coordination 



Synchronization across People 
More often than not, 

processes occur at different rates 



Synchronization across People 
More often than not, 

processes occur at different rates 

i.e., multifrequency coordination, 
frequency locking 

•  Simple ratios:  1:1, 1:2, 1:3, 1:4, 1:5,... 
•  Complex ratios:  2:3, 2:5, 3:4,... 

Characterize those patterns with a ratio: 



Modeling Multifrequency Coordination: 
two frequency resonance model 
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Modeling Multifrequency Coordination 
two frequency resonance model 
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Strobing one oscillator 
at a behavioral landmark of the other 

physical model 

applied to psychology 

person 1 

person 2 Detecting a Pattern: 
What is person 2 doing when 

person 1 performs a landmark behavior? 



Modeling Multifrequency Coordination 
two frequency resonance model 
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Glazier & Libchaber (1988) 

Prediction:  W 
"winding number" 

1:2, 1:3, 1:4,... 
2:3, 2:5, 3:4, 3:5,... 



Predictions: 
Arnold Tongues 

Performed ratio 

Tongue Width ∝ Stability 
(larger tongues = more stable) 

 1:1 
 1:2 
 1:3 
 2:3 
 2:5 
 1:5 

Required ratio  Arnold (1983) 

i.e., observed more; 
demonstrate lower 
variability and 
fewer transitions. 
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Support for Predictions 
across physical – chemical – biological phenomena 

Glazier & Libchaber (1988); Peper, Beek, & van Wieringen (1995) 



Motor-Respiratory Coordination 
synchronization across physiological subsystems 

Optotrak 

Pneumotachometer 

Swing arm forward and backward 
(elbow and wrist movement constrained) 

Displays 

Hessler & Amazeen (2014); Hessler, Gonzales, & Amazeen (2010) 
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Motor-Respiratory Coordination 
Raw Data 

Hessler & Amazeen (2014); Hessler, Gonzales, & Amazeen (2010) 



Motor-Respiratory Coordination 
results support model predictions 

Required Ratio (Ω) 
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More stable performance 
for ratios occupying larger tongues 

Hessler & Amazeen (2014); Hessler, Gonzales, & Amazeen (2010) 



Synchronization across People 
Do the same results hold across people? 

current NSF Research 
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Synchronization across People 
results support model predictions 
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Field Testing 
with the National Double Dutch League 

Jamie Gorman 
Texas Tech University 

current NSF Research 



Field Testing 
with the National Double Dutch League 

current NSF Research 
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rope 

feet 

To maintain a stable complex ratio, teams alternated footfall patterns 

5:7 



 beyond the dyad: 
What About Groups and Teams? 

 

3-frequency 
resonance models 

complexity models 

consider pairwise patterns 

Information 

Feedback 
Negotiation 

create new order parameters 

κ 



Synchronization across individuals abides by mathematical principles... 
and the same dynamics that apply to other natural phenomena. 

Modeling Social Interactions 
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Thank you for your attention. 


