
Theoretical Neurobiology (TNB) Group         June 17, 2025 meeting

The homeostatic Bayesian brain: 
minimizing and maximizing prediction errors in a changing world

Dirk de Ridder    

Abstract

The physiology of biological systems can be reduced almost entirely to their homeostasis, both 
energetically and informationally. Thermodynamic energy homeostasis is controlled by a balance 
between the sympathetic and parasympathetic nervous system. The free energy principle, the 
information analogue of the 2nd law of thermodynamics, states that the brain needs to minimize its 
free energy, i.e. its prediction errors, based on a model it has of the world that constantly makes 
predictions and verifies these by sampling the world using the senses.  We now propose that the free 
energy principle should not minimize, but optimize its free energy. The rationale is that the 
Bayesian brain functions in an informationally homeostatic way based on balance between a ‘no 
guts no glory’ approach that maximizes learning conducive prediction errors in safe  environments, 
associated with parasympathetic activation, and a ‘better safe than sorry’ approach that minimizes 
prediction errors in unsafe environments associated with sympathetic activation, to interact 
optimally with the environment. Under high uncertainty (stress), the brain shifts from a slow, 
energetically expensive, but flexible and adaptive belief-based approach to a fast, low energy but 
non-flexible and thus non-adaptive belief-free approach. When the uncertainty persists and becomes 
chronic, the model of the world is not updated, resulting in a mismatch between the outdated model 
of the world and the changing environment, potentially resulting in anxiety, a comorbidity of many 
neurological and psychiatric disorders. In summary, considering the Bayesian brain as a 
homeostatic system under the free energy principle permits to understand why the brain selects 
either prediction error minimization or maximization approach.
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