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Phenomenon

• Networks of simple units are capable of
producing complex behaviors.

• Small-world networks are notably robust.

Bassett and Sporns, Nat. Neurosci., 2017
Olfati-Saber et al., Proc. ACC, 2005



Question

Does a network’s connectivity structure determine the
network’s ability to robustly aggregate individual
decisions into collective action for value-based time
sensitive decision tasks in the presence of disruptions?



Background

• Collective decision-making is pervasive in
nature.

• Decision-making is distributed in parallel in
the brain.

• Does a general neural circuit exist to represent
decision variables?

Gold and Shadlen, Annu. Rev. Neurosci., 2007
Hunt and Hayden, Nat. Rev. Neurosci., 2017



Background

Network neuroscience bridges network science
and empirical neuroscience.

“Network models can be used to obtain deeper insights into how patterns of 
relationships between units support emergent functions and behaviour”.

Bassett and Sporns, Nat. Neurosci., 2017
Bassett et al., Nat. Rev. Neurosci., 2018



Background

Watts and Strogatz, Nat., 1998
Bassett and Bullmore, Neuroscientist, 2006

Humphries et al., Proc. Royal Soc. B, 2006
Gallos et al., Proc. Natl. Acad. Sci. U.S.A., 2012

Small-world networks appear in many fields.



Background

Small-world networks have a high degree of
community and low “degrees of separation.”

Watts and Strogatz, Nat., 1998

Ring Lattice Small-World Network Random Network



Background

Small-world networks have several advantages:

• Fast-consensus algorithms;

• Robust to time-delays;

• Robust to network damage; 

• Implement low-cost information transfer.

Olfati-Saber, Proc. ACC, 2005
Olfati-Saber et al., Proc. IEEE, 2007

Gallos et al., Proc. Natl. Acad. Sci. U.S.A., 2012



Parameters and variables

• Input: 
– Two competing networks

– Task environment

• Latent: 
– Within-network dynamics

– Between-network dynamics

– Instantaneous consensus measure

• Output: 
– Decision time (Reward rate)



Hypothesis

Small-world connectivity leads to more robust
aggregation of individual information than
either regular or random connectivity
structures.



Selected toolkit

We want our model to shed light on how a particular
structure helps the brain achieve a specific behaviour.

Figure from Bassett et al., Nat. Rev. Neurosci., 2018



Model schematic / equations



Small-World Network

Model schematic / equations

• The network is modeled using a weighted, 
directed graph.

clustering coefficient ratio

small-world measure

path length ratio



Model schematic / equations

• Kuramoto model coupled oscillators



Coupling Gain Drives Synchrony
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Competing for Synchrony with Mutual 
Inhibition

𝑑𝜆𝐿
𝑑𝑡

= −𝛼𝜆𝐿 − 𝛽𝜆𝑅 + 𝑟𝐿 +𝑐𝑑𝑊

• Network gain increases rate of synchronization
• Network gain is updated proportional to the log ratio of network synchrony
• Leakage 𝛼 and mutual inhibition 𝛽 control network dynamics
• c determines influence of noise



Decision Time Relationships



What about noise?



What about value?

𝜆0,𝑅 𝑛 + 1 = 𝐴𝜆0,𝑅 𝑛 + 𝐵ε𝑅 𝑛 log
𝑟𝑓,𝑅(𝑛)

𝑟𝑓,𝐿(𝑛) Smith et al.; PLOS Biology; 2006



What about value?



Model testing re. hypotheses

• Are small-world networks more robust to 
disruption?

• How are accuracy and reaction time affected 
by:

– Increased noise



Critical model evaluation

Successes

• We achieved our sought levels of abstraction.

Hard questions 

• Where does value fit in?

• Does the kind of noise matter?

• Is synchrony simply an epiphenomenon?



Future Directions: Causal Testing for 
Competitive Synchrony

Alikhainen, Crawford, Desouza, Cheyne, Blohm (2013)



Summary & conclusions

• Similar behaviours emerge from oscillating 
networks and synchronizing neural activity

• Competition for synchrony can describe 
decision-making dynamics

• Small world networks outperform random 
networks, but are more disrupted by noise

• Biophysical realism and causal testing is 
necessary to validate interpretations



Further Reading

• Code available on Github:

https://github.com/richard-moulton/SWoNs

• Networks, data and literature review all
available upon request.

• A cool interactive demo regarding network
connectivity and its implications:

https://ncase.me/crowds/

https://github.com/richard-moulton/SWoNs
https://ncase.me/crowds/


…Thank you!
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