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1. Key revision questions

1. What are the 3 primary cues for sound localization?

2. How are each of these cues created by the head and ears?

3. Each sound localization cue is good at locating particular types of sound 
(e.g. low/high frequencies) and distinguishing between particular directions 
(e.g. left/right, up/down, front/back)? What is each cue good (or bad) at 
and why is this the case?

4. How do you calculate an ITD threshold from a psychometric function? What 
does the 50% point correspond to?

5. How do you convert an ITD threshold into a spatial threshold (i.e. smallest 
detectable change in direction)? 

6. How do you calculate the maximum ITD experienced by someone? 



2. Introduction to Sound Localization (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 (because of differences in path length between the sound source and each ear).

• 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 (because the head blocks sound by casting an acoustic shadow).

• 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 using ITDs and ILDs, the brain can tell whether a sound is on the left or right.

• by using spectral cues (i.e. comparing the amount of energy at different frequencies), 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 (<2000 Hz), the brain primarily relies on ITDs because ILDs and spectral cues are very small. ILDs are 
small because low frequencies are not blocked by the head very well due to diffraction.  

• At high frequencies (>2000 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)    



2. Introduction to Sound Localization (more advanced concepts)

Timing Cues

• Phase Locking: in auditory nerve fibres, action 

potentials are locked to a particular phase of the 

waveform. In other words, neurons fire whenever there 

is a peak in the waveform.

• Envelope of a Sound: refers to slower fluctuations in 

the overall intensity of a sound. Can be used to 

compare timing of input to ears at high frequencies, 

which is evidence against the Duplex Theory (Duplex 

theory says only ILDs are used at high frequencies). 
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Spectral Cues

• Spectral notch: sound energy at one frequency is much 

lower than at all other frequencies (i.e. it looks like there is 

a notch in the spectrum). When a sound is presented, the 

acoustical properties of the pinna can produce a spectral 

notch. But the location of the sound determines the 

frequency at which the spectral notch occurs.   



3. Calculating an ITD threshold from the psychometric function

1. Plotting Data: For each ITD you tested, plot the percentage of times that the subject heard the sound on the right 
(blue circles). Then, fit an S-shaped curve to your data (black dotted line). 

2. 50% Point: Identify the ITD that the subject hears on the right 50% of the time (red dot). This is the ITD that causes 
participants to guess randomly (i.e. 50% of the time they guess right and 50% of the time they guess left). 

3. 75% Point: Identify the ITD that the subject hears on the right 75% of the time (green dot). This is deemed to be a 
reliable rightward response because it is too consistent to reflect random guessing. 

4. Threshold: Identify how much you have to change the ITD to go from random guessing (50% Point) to a consistent 
rightward response (75% Point). This is the threshold. 
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Negative ITD: Arrives at left ear first
Positive ITD: Arrives at right ear first

Worked Example: 

50% Point (red dot; random guessing): 25 µs (microseconds)

75% Point (green dot; consistent rightward response): 90 µs

Threshold = 75% Point – 50% Point 
= 90 µs – 25 µs
= 65 µs

ITD threshold: Smallest change in ITD that can 
be reliably detected.



4. Converting an ITD threshold into a spatial threshold

If we know the ITD threshold, how can we work out 
the equivalent spatial threshold (i.e. what is the 
smallest change in location that they would be able 
to detect using ITDs)?

- Record the ITDs that are associated with 
different directions. Then plot ITD as a 
function of direction.

- Now identify the angle that corresponds to 
the ITD threshold. This is the spatial 
threshold. 

[NOTE: Spatial thresholds can be calculated in the same 
way for ILDs, but the recorded ILDs will be different at 
each frequency.] 

Worked example:
If ITD threshold = 250 μs
Then spatial threshold = ~39°

In other words, someone with an ITD threshold 
of 250 μs could detect a change in location of 
~39°using their ITDs.  
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5. Calculating the maximum ITD

Maximum ITD
= time taken for sound to travel from one ear to the other (which 
will be experienced when a sound is very close to one ear).

Time taken to travel from one ear to the other:
Distance travelled / speed of sound 

Distance travelled:
Half the circumference of a circle = 2πr/2 = πr

Maximum ITD = πr/c

Where r is the radius of the head, 
and c is the speed of sound in air 
(typically 343 m/s)

r
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1. Sound Localization and the Psychometric Function

1. If an ITD of 0 is presented, what percentage of responses would you expect to be made to the right? What might affect this?
~50%, because the sound is typically perceived in the middle of the head, which forces the participant to randomly guess. This 
may not happen if the participant

- hears the sound more on one side than the other (e.g. because of problems with headphones or hearing loss)
- likes to guess that the sound came from a particular side
- completes very few trials (< 10 is considered very few)

2. What is your participant’s ITD threshold? If you want to locate sounds, is it better to have a small ITD threshold or a large ITD 
threshold? If someone were perfect at the ITD task, what would their data look like? If someone couldn’t do the ITD task at all,
what would their data look like? Given that an action potential is 1ms long, is the ITD threshold you measured surprisingly small 
or surprisingly large? Could the 75% point sometimes reflect random guessing?

- Smaller thresholds are associated with better sound localization.
- If someone were perfect at the task, their data would look like a step function (green line below; threshold = 0). If someone

couldn’t do the task at all, their data would look like a flat line (threshold = infinite).  
- The smallest human thresholds are 10 microseconds. Action potentials, which are used to represent ITDs in the brain, are 

100 times longer than this. So it’s pretty amazing that your brain can detect such tiny ITDs. 
- With very few trials, 75% point could reflect random guessing.
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3. What impact does head size have on the magnitude of 
ITDs experienced? Does having a bigger head make it 
easier or harder to locate sounds? What implications 
might this have if you compare sound localization 
abilities in adult humans with either children or 
animals?

- Bigger heads produces bigger ITDs, which makes it 
easier to locate sounds. Because of this, small 
animals and children may do worse at sound 
localization simply because of their small head 
size. 

- Also, as head size increases during childhood, 
children need to learn that their sound localization 
cues are changing. If they don’t, they will make 
consistent errors. 



1. Sound Localization and the Psychometric Function

4.       Using the following pieces of information, can you work out the largest ITD experienced by Bunsen? 

1. Bunsen has a perfectly circular head with a radius of 0.09m.

2. The circumference of a circle is equal to 2πr

3. The speed of sound in air is 343 m/s

4. Time taken = distance travelled divided by speed 

5. Work out the ITD in seconds, then multiply it by 1,000,000 to express it in microseconds

ITDmax = distance travelled between two ears (πr) divided by speed of sound, multiplied by 1,000,000 to convert into µs 
= 1,000,000 x (.09m x 3.14) / 343
= ~824 µs

5.         Using tiny microphones inserted into Edison’s ears, we have 
measured the Interaural Time Differences that Edison experiences
when sounds are presented at different directions (see plot). 
[Note: ms = milliseconds, µs = microseconds]

If Edison has an ITD threshold of 250 µs, what is the smallest 
change in direction that Edison can detect? How does this compare
with the ITD threshold you measured?
250 µs = ~38 degrees

ITDs experienced by Edison
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1. Sound Localization and the Psychometric Function

6. Try listening to ITDs using either 500 Hz tones 
or 4000 Hz tones. Can you easily tell when 
sounds are on the right or left? Which 
frequency do you find easier to locate using 
ITDs? Why do you think this is the case?

Phase-locking declines at higher frequencies, 
which makes it harder to use ITDs at 4000 Hz

7. Try listening to Interaural Level Differences 
(ILDs) using either 500 Hz tones or 4000 Hz 
tones. Which frequency do you find easier to 
locate using ILDs? 

ILD sensitivity tends to be worse at lower 
frequencies.  
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8.   Using tiny microphones, we have recorded the Interaural Level Differences experienced by Edison at different locations 
(see plot). What happens to ILDs at lower frequencies and why do you think this happens? 

ILDs get smaller at lower frequencies because low frequency sounds bend (diffract) around the head, which means the 
head does not block the sound very well at low frequencies.

9.   If Edison has an ILD threshold of 5 dB for both 1000 Hz and 5000 Hz tones, what is the smallest change in location that 
Edison can detect at each of these frequencies? 
1000Hz: ~55 degrees;        5000Hz: ~25 degrees

10.   Overall, is it easier to locate sounds using ITDs or ILDs or does it depend on the frequency of the sound? 
- At low frequencies, ITDs are primarily used because the head does not produce large enough ILDs.
- At high frequencies, ILDs are primarily used because people are not very sensitive to high-frequency ITDs (because phase-
locking in the auditory nerve fails)



2. [OPTIONAL] Spatial hearing and adaptation

1. When you experience a hearing loss in one ear, are sounds perceived on the side of the 

good ear or the side of the ear with hearing loss?

- All air-conducted sounds will be perceived on the side of good ear. 

2. Why do you think this happens (you may want to think about the impact of hearing loss 

on Interaural Level Differences and/or Interaural Time Differences)?

- Hearing loss creates Interaural Level Differences that favour the side of the good ear. 

Some types of hearing loss (e.g. otitis media with effusion: i.e. fluid in the middle ear) 

can also delay transmission of sound and create Interaural Time Differences that favour 

the good ear. 

3. How does this explain why it is more difficult to listen to sounds in background noise if 

you have a hearing loss in one ear?

- If all sounds appear to be coming from the same side of space, they sound more 

jumbled together. So it becomes much more difficult to pick out the sound that you are 

interested in. 

[Note: all the following slides (including this one) will not be examined]



2. [OPTIONAL] Spatial hearing and adaptation

Because binaural cues do not change with elevation, people with normal hearing must learn to use their 

pinna-based spectral cues to locate sounds above or below them (and also in front of and behind them). 

However, they typically don’t learn to use their pinnae to distinguish between left and right because this 

can be done using Interaural Time Differences and Interaural Level Differences. 

1. What do you think would happen if someone was deaf in one ear for a long time? Would they learn to 

distinguish between sounds on the left and right without binaural cues?

2. Do you think the answer to the above question depends on the age at which hearing loss is acquired? 

No single correct answer to these questions. Adaptation occurs more easily in younger people (so 

they may learn to locate sounds correctly – at least in quiet environments). Older people may not 

adapt at all, but behavioural training (e.g. brain-training ‘games’ that train sound localization 

abilities) might help them adapt. 
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Additional questions?

Why is the subject restricted to answering "Left" or "Right" only? (i.e. why is the subject not 

permitted to answer "don't know"? )

Data become confounded by a subject’s level of confidence (e.g. someone might say they 

don’t know unless they were 100% sure of their answer). This is a problem because many 

subjects do better than chance even when they feel they don’t know the answer. So if we 

allowed people to say ‘don’t know’, less confident people would do worse.

1. Can you explain phase locking?

2. Can you explain the meaning of envelope in the context of ITDs please?

3. why are the envelope ITDs a problem [for the Duplex theory]?

4. What is the spectral notch and how is it relevant to spectral cues and sound localization? 

5. could you go over the questions briefly on the instructions?

6. At ITD 0, the percentage of responses made to the right is expected to be 50% as it is due to random 

guessing. What might affect the exact percentage recorded for an individual at ITD 0?


