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ABSTRACT 

How an individual neuron knows its role in a network's output, and so how it should change to 
improve performance, is known as the credit assignment problem. Despite significant recent 
attention, it remains unclear exactly how neurons in the brain solve this problem. In this talk I will 
show that the credit assignment problem can be framed as one of causal inference: what is a 
neuron’s causal effect on a reward signal? This framing leads to a new learning rule a neuron could 
use to estimate its causal effect. The rule relies on, rather that smooths out, the spiking mechanism 
of neurons. In the second half of the talk, I show how a causal effect estimator can be combined 
with a feedback network to allow for efficient learning. Specifically, I propose a method to train 
weights of a feedback network to provide meaningful error signals to each neuron in the 
feedforward network. This setup results in comparable performance to backpropagation, and better 
performance than using fixed feedback weights (known as feedback alignment), on simple 
benchmarks. I propose these approaches yield efficient and plausible learning algorithms for the 
brain. 
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