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            Abstract
Humans and other animals use spatial hearing to rapidly localize events in the environment. However, neural encoding of sound location is a complex process involving theÂ computation and integration of multiple spatial cues that are not represented directly in the sensory organ (the cochlea). Our understanding of these mechanisms has increased enormously in the past few years. Current research is focused on the contribution of animal models for understanding human spatial audition, the effects of behavioural demands on neural sound location encoding, the emergence of a cue-independent location representation in the auditory cortex, and the relationship between single-source and concurrent location encoding inÂ complex auditory scenes. Furthermore, computational modelling seeks to unravel how neural representations of sound source locations are derived from the complex binaural waveforms of real-life sounds. In this article, we review and integrate the latest insights from neurophysiological, neuroimaging and computational modelling studies of mammalian spatial hearing. We propose that the cortical representation of sound location emerges from recurrent processing taking place in a dynamic, adaptive network of early (primary) and higher-order (posteriorâ€“dorsal and dorsolateral prefrontal) auditory regions. This cortical network accommodates changing behavioural requirements and is especially relevant for processing the location of real-life, complex sounds and complex auditory scenes.
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                    Fig. 1: Sound localization in humans.


Fig. 2: From binaural real-life sound to location perception: encoding and decoding.


Fig. 3: Cortical network of sound location processing.


Fig. 4: Sound localization in complex auditory scenes.
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Glossary
	Frontâ€“back ambiguities
	
                  Humans can have difficulty distinguishing whether a sound source is located behind or in front of them because the interaural time and level differences are identical for sound sources at the same angular position with respect to the interaural midline.

                
	Coincidence detectors
	
                  Neurons whose firing rate is modulated by the time of arrival of input from two lower-level neurons, such that they respond maximally when the input arrives simultaneously.

                
	Sparse coding
	
                  A neural coding strategy in which single neurons encode sensory stimuli efficiently by representing the maximal amount of information possible (thereby saving computational resources), and neuronal populations consist of neurons that encode unique information (that is, neural responses are independent).

                
	Opponent coding
	
                  A neural representational mechanism in which sensory stimuli are represented by the integrated activity of two neuronal populations tuned to opposite values of the characteristic under consideration (for sound location: the integrated activity of a population tuned to the left hemifield and a population tuned to the right hemifield).

                
	Relative sound location
	
                  In multi-source listening environments, the relative sound location refers to the location of the individual sound sources with respect to each other, that is, the spatial separation.

                
	Spatial selective attention
	
                  The attentional focus of a listener on a particular location and the sounds presented at this location, while ignoring sounds at other locations.

                
	Auditory stream segregation
	
                  The segregation and grouping of concurrent or interleaved sound streams in multi-source listening environments into their respective sound sources.

                



Rights and permissions
Reprints and permissions


About this article
       



Cite this article
van der Heijden, K., Rauschecker, J.P., de Gelder, B. et al. Cortical mechanisms of spatial hearing.
                    Nat Rev Neurosci 20, 609â€“623 (2019). https://doi.org/10.1038/s41583-019-0206-5
Download citation
	Accepted: 16 July 2019

	Published: 29 August 2019

	Issue Date: October 2019

	DOI: https://doi.org/10.1038/s41583-019-0206-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Cerebral dominance in spatial hearing and working memory abilities in adults with normal hearing sensitivity
                                    
                                

                            
                                
                                    	Banumathi
	R Nethra
	Kavassery Venkateswaran Nisha


                                
                                The Egyptian Journal of Otolaryngology (2023)

                            
	
                            
                                
                                    
                                        Audiovisual adaptation is expressed in spatial and decisional codes
                                    
                                

                            
                                
                                    	MÃ¡tÃ© Aller
	Agoston Mihalik
	Uta Noppeney


                                
                                Nature Communications (2022)

                            
	
                            
                                
                                    
                                        The significance of right ear auditory processing to balance
                                    
                                

                            
                                
                                    	Hanna Putter-Katz
	Niza Horev
	Ella Been


                                
                                Scientific Reports (2022)

                            
	
                            
                                
                                    
                                        Can visual capture of sound separate auditory streams?
                                    
                                

                            
                                
                                    	Chiara Valzolgher
	Elena Giovanelli
	Francesco Pavani


                                
                                Experimental Brain Research (2022)

                            
	
                            
                                
                                    
                                        Holistic face recognition is an emergent phenomenon of spatial processing in face-selective regions
                                    
                                

                            
                                
                                    	Sonia Poltoratski
	Kendrick Kay
	Kalanit Grill-Spector


                                
                                Nature Communications (2021)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Neuroscience (Nat. Rev. Neurosci.)
                
                
    
    
        ISSN 1471-0048 (online)
    
    


                
    
    
        ISSN 1471-003X (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








