Supplementary Figure S1: Transforming the probability distribution and causal models into factor graphs. a) Hierarchical causal model (Bayesian network) that factorizes as p(x)=P(x1)P(x2|x1)P(x3|x2)P(x4|x3)=fL(x1)fI(x1,x2)fK(x2,x3)fJ(x3,x4). Arrows represent causality. b) Factor graph that corresponds to the causal model in a. Two types of messages are represented by magenta arrows in the belief propagation (from a variable to a factor and from a factor to a variable). This factor graph contains only pairwise interactions. c) Simplification of the factor graph without the factor nodes. Messages are directly sent between variables. d) Another hierarchical causal model, which factorizes as p(x)=P(x1)P(x2)P(x3|x1,x2)P(x4|x3)=fK(x1)fL(x2)fI(x1,x2,x3)fJ(x3,x4). This graph is not pairwise. e) Factor graph that corresponds to the causal model in d. Magenta arrows show the two types of messages that are sent during belief propagation.

Supplementary Figure S2. Learning in circular (red) and intact (green) belief propagation networks using stochastic gradient descent (i.e., a Hebbian type of learning rule). A-b-c legends and toy models are the same as in Fig 3, main paper.

Supplementary Figure S3. The case of focal neural lesions. In contrast to what has been described for CBP models, the lesion models directly affect the representation of the variables. However, inferences made during the belief propagation are correct. a) corresponds to a low-level lesion that causes false sensory observations. Because the predictions are correctly computed, these false percepts can be criticized. This model can explain the preserved insight that is observed in patients who experience hallucinoses, such as in those suffering from Charles-Bonnet syndrome (following macular degeneration) or from peduncular hallucinosis; in contrast, b) schematizes a high-level lesion in which false priors are generated. This arrangement could result in inappropriate beliefs that are insensitive to environmental changes (e.g., perseverative behaviours in the Frontal syndrome).

