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Signalling to 
learn

learning through sender-
receiver systems in the cell



What is philosophical biology?



What is the relationship between biology and philosophy?

What is the proper relationship between 
philosophy of biology and biology? 

DiFrisco argues it ought to engage with 
biology directly—hence why I’m here.



What is learning for a single cell?



Definitions of learning

“Disciplines differ in their specific definitions of learning 

for pragmatic reasons, but it is possible to reconcile most of 

these definitions by reference to a common theoretical frame- 

work: learning as a structured updating of system properties 

based on the processing of new information.” 
—Barron et al., 2015



Defining learning in terms of signalling topologies

Definitions should be: 
• Neither overly exclusive nor inclusive 

• Exclude non-learning history dependence 

• See continuity with other types of learning



Signalling as a coordination problem

Godfrey-Smith, 2012



Signalling as a coordination problem

“This set-up can also be seen as a solution to 
a particular kind of problem of control: 
pairing behavior usefully with states of the 
world, dealing with the environmental 
contingency of effective action.” 
—Godfrey-Smith, 2012

Skyrms describes learning to signal, but what 
about signalling to learn?



“Present selves have access to information that will be 
useful to the guidance of action by future selves, so 
present selves lay down marks that can be consulted 
later. Memory is sending messages over time.” 
—Godfrey-Smith, 2012



Learning as second-order signalling

Godfrey-Smith distinguishes between two orders of behavioural complexity—

Second-order: conditionals are 
themselves conditionally variable.

First-order: behaviour is conditional based 
on the environmental state.



Can we apply signalling games to cells?



What is the essence of a sender-receiver configuration?

Godfrey-Smith, 2012

1. Differential susceptibility 

2. Conditional dependence 

3. Tuneable mappings 

This structure is selected for 
based on the history of the 
system, whether by learning, 
evolution, or rational agents.



Information as a change in conditional probabilities



Biochemical signals modify conditional dispositions

“What has been affected … is not 
necessarily what you do … but rather 
what you would be ready to do if 
given (relevant) circumstances arose.” 
—MacKay, 1969



Minimal learning in E. coli chemotaxis



Minimal learning in E. coli chemotaxis



How can we define learning in these terms?



Continuity between subtypes of learning: habituation



Continuity between subtypes of learning: sensitisation



Continuity between subtypes of learning: association



Stimulus specificity may require coincidence detection



Discontinuities within subtypes: coincidence vs. contingency



Discontinuities within subtypes: coincidence vs. contingency



Discontinuities within subtypes: coincidence vs. contingency



What about learning in metazoan cells?



Learning in cells across types



Individual neurons are highly capable cellular learners

Aizenbud et al., 2026



Nervous systems are constituted through local learning rules



What is it like to be a Stentor coeruleus?


