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How do humans use spatial hearing in everyday life?

Do you know I only ever use my phone to phone 

your lost phone?



ITDs ILDs Spectral

Why is spatial hearing vulnerable to hearing loss?

Binaural cues

(ITDs/ILDs)
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Interaural Level Differences (ILDs)

Interaural Level Differences (ILD)

Primarily useful for frequencies > 2 kHz because of acoustic shadow

Lower frequencies diffract (bend) around the head

Larger head produces larger ILDs



Interaural Time Differences (ITDs)
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Interaural Time Differences (ITD)

Primarily useful for frequencies < 2 kHz

At higher frequencies, phase locking in the auditory nerve fails

Larger head produces larger ITDs

> 2 kHz

< 2 kHz

Phase Locking: 
action potentials are 
locked to a particular 
phase of the sound 
wave (i.e. the peak)



Duplex theory of sound localization

ITDs are used to locate low frequencies, ILDs are used to 

locate high frequencies

Duplex Theory

Envelope ITDs

Cone of ConfusionProblems:



The Outer EarSpectral cues
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Sound spectrum at ear drum

Spectral notch (SN)
Primarily useful for frequencies > 5 kHz

Different ears produce different spectral cues
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Incoming sounds are filtered by the outer ear in a way that 
depends upon the location of the sound source in the vertical 
plane (elevation).

Acoustic Properties of the Outer Ear

Also important for distinguishing between front and back (and, 
if you have a hearing loss in one ear, left/right) 

Spectral cues



Summary of Key Points

Sound Localization Cues

Sounds can be located using a variety of different ‘acoustical cues’ (i.e. aspects of the sound that provide information about its 
location). These include:

• Interaural Time Differences (ITDs): a sound on one side of the head will arrive at the nearer ear first, producing a timing 
difference between the two ears.

• Interaural Level Differences (ILDs): a sound on one side of the head will be louder in the nearer ear, producing a 
difference in sound level between the two ears.

• Spectral cues: when sound hits the pinna, it bounces around inside it in a way that amplifies some frequencies and 
attenuates others. This changes the spectrum of the sound (i.e. the amount of energy at different frequencies), but does 
so in a way that depends on the direction of the sound.

Horizontal and Vertical Sound Localization

• by comparing the timing and/or level of sound at the two ears, the brain can tell whether a sound is on the left or right.

• by comparing the amount of energy at different frequencies (i.e. looking at the spectrum of a sound), the brain can tell 
the elevation of a sound as well as whether it is in front or behind.   

Locating Sounds at Different Frequencies

• At low frequencies (<1500 Hz), the brain primarily relies on ITDs because ILDs and spectral cues are very small. 

• At high frequencies (>1500 Hz), the brain primarily relies on ILDs and spectral cues because the brain is not very sensitive 
to high-frequency ITDs. This is because phase-locking in the auditory nerve provides crucial information about the precise 
timing of sounds. But at high frequencies, phase-locking fails (because auditory nerve fibres can’t keep up with the 
extremely rapid peaks and troughs in the sound, although the auditory nerve may still keep track of the envelope)    


