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    ABSTRACT
Two influential paradigms, eyeblink conditioning and motor adaptation, have deepened our understanding of the theoretical and neural foundations of sensorimotor learning. Although both forms of error-based learning are dependent on the cerebellum, the two literatures typically operate within distinct theoretical frameworks. For eyeblink conditioning, the focus is on the formation of associations between an error signal and arbitrary stimuli. For adaptation, the error signal is used to modulate an internal model of a sensorimotor map for motor planning. Here we take a step towards an integrative account of these two forms of learning, examining the relevance of core concepts from associative learning for motor adaptation. Using a task that drives implicit adaptation of reaching movements, we paired movement-related feedback with neutral auditory or visual cues that served as conditioning stimuli (CSs). Trial-by trial changes in feedforward movement kinematics exhibited two key signatures of associative learning: Differential conditioning and compound conditioning. Moreover, after compound conditioning, a robust negative correlation was observed between responses to the two elemental CSs of the compound (i.e., overshadowing), consistent with the additivity principle posited by models of associative learning. Computational modeling demonstrated that these results could not be captured by conventional, context-insensitive algorithms used to describe motor adaptation. Associative learning effects in motor adaptation provide a proof-of-concept for linking cerebellar-dependent learning paradigms within a common theoretical framework.
SIGNIFICANCE STATEMENT Motor adaptation is a cerebellar-dependent process, describing how the motor system remains calibrated in response to environmental and bodily changes. Another cerebellar-dependent learning phenomenon, eyeblink conditioning, is viewed as an associative learning process. Here we sought to bringing together these two approaches for studying sensorimotor learning. We demonstrate that core associative learning phenomena are manifest during motor adaptation, pointing to a common framework for these distinct cerebellar-dependent motor learning processes.


Competing Interest Statement
The authors have declared no competing interest.



  


  
  



  
      
  
  
    Copyright 
The copyright holder for this preprint is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under a CC-BY-NC-ND 4.0 International license.


  


  
  



  





  


  
  



  
      
  
  
    View the discussion thread.


  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
    Posted July 30, 2021.  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  



  
      
  
  
    Supplementary Material 
  


  
  



          

        

        
        
          
            
  
      
  
  
     Email

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word about bioRxiv.
NOTE: Your email address is requested solely to identify you as the sender of this article.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Contextual effects in motor adaptation adhere to associative learning rules



  Message Subject 
 (Your Name) has forwarded a page to you from bioRxiv



  Message Body 
 (Your Name) thought you would like to see this page from the bioRxiv website.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  



  
      
  
  
     Share  


  
  



  
      
  
  
    


		  
		  
  
      
  
  
    

      
      Contextual effects in motor adaptation adhere to associative learning rules
    

  
      Guy Avraham, Jordan A. Taylor, Assaf Breska, Richard B. Ivry, Samuel D. McDougle

  
      bioRxiv 2020.09.14.297143; doi: https://doi.org/10.1101/2020.09.14.297143 

  
  
  


  


  
  



	  

	
  
  	
  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  

	
		  
	    
  
      
  
  
    [image: Reddit logo] [image: Twitter logo] [image: Facebook logo] [image: LinkedIn logo] [image: Mendeley logo]
  


  
  



	  

	


  


  
  



  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      

      
      Contextual effects in motor adaptation adhere to associative learning rules
    

  
      Guy Avraham, Jordan A. Taylor, Assaf Breska, Richard B. Ivry, Samuel D. McDougle

  
      bioRxiv 2020.09.14.297143; doi: https://doi.org/10.1101/2020.09.14.297143 

  
  
  


  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  



          

        

	
 	
	
	


  


  
  



  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



  
        Subject Area

    
  
  
    	Neuroscience




  


  
  



  
      
  
  
    


  

  
      
  
  
    
  
      
  
    Subject Areas  




  


  
  



  
      
  
  
    
  
      
  
    All Articles  




  


  
  



  
      
  
  
    	Animal Behavior and Cognition (5176)

	Biochemistry (11642)

	Bioengineering (8680)

	Bioinformatics (29018)

	Biophysics (14864)

	Cancer Biology (11999)

	Cell Biology (17269)

	Clinical Trials (138)

	Developmental Biology (9365)

	Ecology (14084)

	Epidemiology (2067)

	Evolutionary Biology (18204)

	Genetics (12185)

	Genomics (16705)

	Immunology (11792)

	Microbiology (27859)

	Molecular Biology (11481)

	Neuroscience (60491)

	Paleontology (449)

	Pathology (1860)

	Pharmacology and Toxicology (3213)

	Physiology (4916)

	Plant Biology (10342)

	Scientific Communication and Education (1678)

	Synthetic Biology (2867)

	Systems Biology (7317)

	Zoology (1635)


  


  
  

  







  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
  
    
  
      







  