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Ranting!!

Bayesian v Frequentist!

Reproducibility, p-hacking etc!
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What this talk is…!
Statistical inference issues that I 
repeatedly see in collective motion, and 
some (imperfect) solutions.!



Data in Collective Motion!

The Big Statistical Issues!
Some!



Problem 1: Emergence!
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Alignment! Attraction!

Couzin"et#al.:"J.#Theor.#Biol.#2002" Strömbom:"J.#Theor.#Biol.#2011"

Group level pattern matching!



Alignment! Attraction!

Couzin"et#al.:"J.#Theor.#Biol.#2002" Strömbom:#J.#Theor.#Biol.#2011"

Group level pattern matching!



Alignment! Attraction!

Couzin"et#al.:"J.#Theor.#Biol."2002" Strömbom:#J.#Theor.#Biol."2011"

Group level pattern matching!



Alignment! Attraction!

Couzin"et#al.:#J.#Theor.#Biol.#2002" Strömbom:"J.#Theor.#Biol.#2011"

Group level pattern matching!



2010--: Many 
‘interaction 
rules’ papers!



Katz et al., Inferring the structure and dynamics of 
interactions in schooling fish. PNAS 2011 !



Herbert-Read et al., Inferring the rules of interactions of 
shoaling fish. PNAS 2011"



Pettit et al. Interaction rules underlying group decisions 
in homing pigeons. J R Soc Interface 2013"



Problem 2: multiple tests!



Learn one function, not many !



Problem 3: time series!
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One decision!

Four data points!



Model decaying acceleration!

Control for autocorrelation!



• Control for autocorrelation!
•  Fit a single function, with spatial structure!
• Use a neural network to define a flexible 

function space!
•  Separate different stimuli (bonus problem)!



• Control for autocorrelation!
•  Fit a single function, with spatial structure!
• Use a neural network to define a flexible 

function space!
•  Separate different stimuli!

Cleaner, more powerful inference!



Strandburg'Peshkin"et#al.#Current#Biology#2013"

Focus on change points!



Embed the 
time 
correlations 
with a latent 
space!

Mann et al. PLoS Comp. Biol. 2013!



F(A U B) = F(A) + F(B)   

Problem 4: Additivity!



???"

Fish Ain’t Physics

Richard P Mann





Nonpairwise interactions in three-fish 
shoals.  

Yael Katz et al. PNAS 2011;108:18720-18725 

©2011 by National Academy of Sciences 



Pérez'Escudero"A,"de"Polavieja"GG"(2011)"CollecMve"Animal"Behavior"from"Bayesian"EsMmaMon"and"Probability"Matching."PLoS"Comput"Biol"
7(11):"e1002282."doi:10.1371/journal.pcbi.1002282"
hWp://www.ploscompbiol.org/arMcle/info:doi/10.1371/journal.pcbi.1002282"



Problem 5: Emergence !

(again)!



Bringing individual and 
collective behaviour together!

Mann et al. PLoS Comp. Biol. 2013!



Explain"the"direcMon"changes"





Local"interacMons"
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No"self'organisaMon"



A non-Markovian interaction!

Low"probability"of"changing"direcMon"



A non-Markovian interaction!
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A non-Markovian interaction!

SMll"raised"probability"of"changing"direcMon"







Perna"et#al.#On"the"duality"between"interacMon"responses"and"mutual"posiMons"in"
flocking"and"schooling."Movement#Ecology#2014"

6. Responses are ambiguous!



7. Expected responses mirror 
regression to the mean!



7. Expected responses mirror 
regression to the mean!

Perna"et#al.#On"the"duality"between"interacMon"responses"
and"mutual"posiMons"in"flocking"and"schooling."Movement#
Ecology#2014"









Return of agent 1 to equilibrium 
AFTER agent 2 leaves.!



Conclusion: The era of naïve model fitting 
& validation is over. Time to level up!


