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The Three Questions 

 

 do I run from it? 

 

 do I eat it? 

 

 do I mate with it? 



Evolution in Our Time? 

Biston betularia f. carbonaria Biston betularia f. typica 

http://upload.wikimedia.org/wikipedia/commons/6/6c/Biston.betularia.7200.jpg
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Reduced 

activity 

Activity no 

longer  reduced 

Lee, et al., Nature, 2001 

Auditory Cortex in Silence 



Reorganization of Auditory Cortex 

Fine, et al., 2005 



Reorganization of Auditory Cortex 

Fine, et al., 2005 



Human = Information Processor 

IQ = 107 IQ = 7 

http://wzus1.ask.com/r?t=a&d=us&s=a&c=p&ti=1&ai=30751&l=dis&o=15527&sv=0a5c4241&ip=ae76fb47&wz_cu=0&u=http://wolfman136.tripod.com/sitebuildercontent/sitebuilderpictures/brain.jpeg


Auditory Plasticity (Learning) 

↑ representation of 8-16 kHz octave band 

(Stanton & Harrison 1996) 

13 



Capitalizing on Plasticity 
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 Developmental Plasticity 

 adult map reorganization reported: 

 If animal is trained to attend to the stimulus 

15 

 (Polley, Steinberg & Merzenich, 2006) 
 



Senses 

 

 collect data 

 

 extract data 

 

 orient 



Senses 

 

 illusory 

 

 reassemble the 

world – most 

probable state 
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Spot the Difference 



Spot the Difference 



Visual Attention 

 saccades scan visual 

environment 



Auditory Processing 

 must process 

environment in one 

pass 

 extract 

 identify 

 categorize 



Feature Extraction 
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Feature Extraction 

 key to extraction missed by 

 Euclid, Archimedes, Da Vinci, 

Newton 

 Wheatstone 1838 

 

http://upload.wikimedia.org/wikipedia/commons/9/93/Wheatstonebridge.svg


Feature Extraction 

 key to extraction missed by 

 Euclid, Archimedes, Da Vinci, 

Newton 

 Wheatstone 1838 

 “there is an essential difference 

between the impressions on the 

organs of sensation” 

 

http://en.wikipedia.org/wiki/File:Charles_Street_Mall,_Boston_Common,_by_Soule,_John_P.,_1827-1904_3.jpg
http://wzus1.ask.com/r?t=a&d=us&s=a&c=p&ti=1&ai=30751&l=dis&o=15527&sv=0a5c4235&ip=ae76fb47&wz_cu=0&u=http://www.knowledgehunter.info/w/images/en/thumb/3/31/Pocket_stereoscope.jpg/250px-Pocket_stereoscope.jpg


Importance of Stereoscopy 

 the slight differences between the two 

eyes define orientation in space 





Development of Stereoscopy 

 altricial 

 

 Hubel and Wiesel 

 patched one side    

    =  all input neurons to one eye 

 

 patched both sides   

    =  all inputs neurons active 
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Auditory Brainstem Development 

Ear and Hearing, 2003 



Auditory Brainstem Development 
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Asymmetry at the Lateral Lemniscus 



Studying Binaural Perception 
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Lateralization Index = (R-L)/(R+L) 

Normal 

Hearing 

Simultaneous 

6-12 months 

delay 

> 2 years 

delay 

p = 0.01 

Left Auditory Cortex Right Auditory Cortex 

* 
Unilateral 

* 

* 

* 

“Patching” the Ear 



Effect of Unilateral Stimulation 
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Effect of Unilateral Stimulation 



Effect of Unilateral Stimulation 



Effect of Unilateral Stimulation 



Effect of Unilateral Stimulation 

R L 

Long Delay (> 2 yrs) 



Hubel and Wiesel 

 explained their “patching” experimental 

outcomes 

 “…early in life the functional integrity of the 

pathway may depend not only on the 

amount of afferent impulse activity, but also 

on the interrelationships between the various 

sets of afferents.” 

 

 



Time (Yrs) 

0 1 2 0 1 2 0 1 2 

R L 

Simultaneous (0 yrs) Short Delay (< 1 yr) Long Delay (> 2 yrs) 

Abnormal cortical organization is promoted 

by unilateral cochlear implant use 



Binaural Hearing 

 sounds reach: 

 one ear before the 

other 

 

 

 at different levels 



Binaural Hearing 

 binaural processing 

occurs first at the level 

of the brainstem 

 

 timing and level 

differences are 

compared (sound 

localization) 

 

 

Lateral 

Lemniscus 
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Cochlear Implants and Binaural Hearing 

 effects of inter-implant place 

 effects of inter-implant level cues 

 effects of inter-implant timing cues 

 



Right Stimulation 

Left Stimulation 

Binaural Stimulation Left + Right Added 

Binaural Interaction 

Binaural Interaction 



Binaural Interaction 



Binaural Interaction 

Device activation 3 months bilateral use 9 months bilateral use 
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Development of Stereoscopy 

 Hubel and Wiesel 

 patched one side    = all input neurons to one eye 

 patched both sides = all inputs neurons active 

 

 eso- or exotropia resulted in amblyopia 

 the eye still could “see” but the cortex couldn’t 
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Coding of Inter-Implant Timing 



Binaural Perception 

 Hubel and Wiesel 

 in the blind eye edge 

perception still possible! 

 primary processor still 

perceives edge 

 

 cortex stereo blind  

 edges in audition are 

coded by timing   

     



Behavioural Implications 



Behavioural Implications 



Reassembling the Auditory 

Environment 



Emotion in Faces But Not in Speech 

= p < .001 

Hopyan et al. (2009), Child Neuropsychology 

ANGRY SAD 



Reaction Time 



Normal Hearing 

n=25 

Cochlear Implant 

n=23 

Mean age = 

11. 7 years 

Enhanced Use of Visual Input 



Auditory only Auditory-visual 

Normal Hearing 

n=25 

Cochlear Implant 

n=23 

Mean age = 

11. 7 years 

Reaction Time & Visual Input 
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Summary 

 sequential bilateral cochlear implantation 

 allows asymmetric auditory development 

 alters but does not eliminate binaural processing in 

the  brainstem 

 compromises binaural processing in the auditory 

cortex 

 facilitates perception of inter-implant level, but not 

timing, cues 



Summary 

 simultaneous bilateral cochlear implantation 

 allows symmetric auditory brainstem 

development 

 protects the auditory cortex from reorganized 

lateralization 



Conclusions 

 there are multiple sensitive periods in 

auditory development 

 

 duration of both bilateral and unilateral 

auditory deprivation should be limited in 

children 




