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            Abstract
Beliefs and expectations often persist despite evidence to the contrary. Here we examine two potential mechanisms underlying such â€˜self-reinforcingâ€™ expectancy effects in the pain domain: modulation of perception and biased learning. In two experiments, cues previously associated with symbolic representations of high or low temperatures preceded painful heat. We examined trial-to-trial dynamics in participantsâ€™ expected pain, reported pain and brain activity. Subjective and neural pain responses assimilated towards cue-based expectations, and pain responses in turn predicted subsequent expectations, creating a positive dynamic feedback loop. Furthermore, we found evidence for a confirmation bias in learning: higher- and lower-than-expected pain triggered greater expectation updating for high- and low-pain cues, respectively. Individual differences in this bias were reflected in the updating of pain-anticipatory brain activity. Computational modelling provided converging evidence that expectations influence both perception and learning. Together, perceptual assimilation and biased learning promote self-reinforcing expectations, helping to explain why beliefs can be resistant to change.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 12 digital issues and online access to articles
$119.00 per year
only $9.92 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Experimental design and behavioural results.[image: ]


Fig. 2: Cue effects on heat-evoked brain activity.[image: ]


Fig. 3: Bidirectional effects of expectations and pain on one another.[image: ]


Fig. 4: Confirmation bias in expectation updating.[image: ]


Fig. 5: Computational models capturing effects of cue-based expectations on pain and confirmation bias on expectation updating.[image: ]


Fig. 6: Posterior distributions for the group-level means of the modelsâ€™ parameters.[image: ]


Fig. 7: Confirmation bias in the updating of pain-anticipatory brain activity.[image: ]
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              The single-trial behavioural and NPS data, which are needed to reproduce all behavioural and NPS analyses in the paper, are available through the Open Science Framework repository, https://osf.io/bqkz3/. The fMRI data, which are needed to reproduce the analyses on anticipatory brain activity, are available from the corresponding author upon request.
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