
Levels of mathematical modelling in systems neuroscience

Balazs Hangya
Lendulet Laboratory of Systems Neuroscience
Institute of Experimental Medicine
Hungarian Academy of Sciences

BME Matematikai Modellalkotás Szeminárium
10 Oct 2017, Budapest









NEURONS

How biologists see me How lay people see me How engineers see me

How kids see me How artists see me
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Neural communication
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• Example #1: Temporal focus

• Example #2: Sustained attention

• Example #3: Reinforcement learning

• Example #4: Decision confidence
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▪ Sustained attention task

▪ Temporal focus (anticipation)

Attention task in mice



Subjective hazard rate as temporal attention

Janssen and Shadlen, 2005
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Reaction time as a function of foreperiod
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Reaction time as a function of foreperiod
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Exponential foreperiod distribution
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Different versions of the subjective hazard model
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Sustained attention operationalized by RT and performance 

Reaction time Stimulus strength

Attention wanders...
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Behavior varies...



Some cells predict reaction time
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Some cells predict performance
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Activation by reward correlates with expectations



Activation by reward correlates with surprise
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Decisions are 
accompanied by a 
“feeling” of decision 
confidence

Are you sure?



Humans: just ask.... – easy (or is it?)

Non-human primates: uncertainty option, opt-out tasks, post-decision wager

Rodents: the waiting time task

Kepecs & Mainen

How to probe decision confidence?



...Is there a reason for that? What are the mathematical laws that describe 
decision confidence? How general are they?

Hangya, Sanders, Kepecs 2016, Neural Computation

We find recurring patterns of confidence...



Fully stochastic model of decision making

Hangya, Sanders, Kepecs 2016, Neural Computation



Hangya, Sanders, Kepecs 2016, Neural Computation

Statistical decision confidence



Hangya, Sanders, Kepecs 2016, Neural Computation

The belief function



Proof: Fairly easy.

Hangya, Sanders, Kepecs 2016, Neural Computation

First theorem: Confidence predicts accuracy



Hangya, Sanders, Kepecs 2016, Neural Computation

Define difficulty



Second theorem: Confidence increases for correct and decreases for 
incorrect choices with decreasing difficulty



Proof: Fairly straightforward consequence of the first theorem.

Hangya, Sanders, Kepecs 2016, Neural Computation

Third theorem: Confidence predicts outcome beyond difficulty



Hangya, Sanders, Kepecs 2016, Neural Computation

Fourth theorem: Average confidence in neutral evidence 
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• Bonus: Hypothesis testing for action potential timing
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p=0.01

distance of 
distributions with 
information 
measures: Jensen-
Shannon divergence

Stimulus-Associated Spike Latency Test
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distance of interval distributions 
after vs before the  light pulse 
was measured by Jensen-
Shannon information divergence

Stimulus-Associated Spike Latency Test
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