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 How is the cochlea activated by a Click?
 The ‘disturbing’ cochlear delay
 What to do about it?
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Excitation patterns
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A click ABR

▪ A click is a broad-band stimulus

▪ A click ABR is composed of activity from all
frequency-regions along the cochlear partition

▪ The lower the frequency the longer the latency
of the derived-band activity

▪ A click is a broad-band stimulus

▪ A click ABR is composed of activity from all
frequency-regions along the cochlear partition

▪ The lower the frequency the longer the latency
of the derived-band activity
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Composition of a click ABR

Derived-band activity

CF = 5.7 kHz

CF = 2.8 kHz

CF = 1.4 kHz

CF = 0.7 kHz

The latency is a reflection of the cochlear delay

M. Don – House Ear Institute, 2002

Click ABR

CF = 5.7 kHz

CF = 11.3 kHz

14 ms121086420



Compensated ABR

CF = 5.7 kHz

11.3

CF = 2.8 kHz

CF = 1.4 kHz

CF = 0.7 kHz

Stacked  ABR

M. Don – House Ear Institute, 2002

CF = 11.3 kHz

14 ms121086420

Actual timing Shifted and summed
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About the Chirp

▪ One way is to align the activity along the
cochlear – this generates the Stacked ABR

▪ Another way is to time-shifting the different
frequency components of the click stimulus

▪ This is done by allowing the low-frequencies to
appear before the high-frequencies

▪ Such a click with re-shuffled frequency
components is called a Chirp

▪ One way is to align the activity along the
cochlear – this generates the Stacked ABR

▪ Another way is to time-shifting the different
frequency components of the click stimulus

▪ This is done by allowing the low-frequencies to
appear before the high-frequencies

▪ Such a click with re-shuffled frequency
components is called a Chirp
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▪ Numerous models of the human traveling time
exist

▪ Here four delay models will be shown:
▪ based on a cochlear model (de Boer, 1980)

▪ based on derived-band ACAP recordings (Eggermont, 1976)

▪ based on derived-band ABR recordings (Don, 2005)

▪ based on tone-burst ABR recordings (Neely et al, 1988)

Delay models

▪ Numerous models of the human traveling time
exist

▪ Here four delay models will be shown:
▪ based on a cochlear model (de Boer, 1980)

▪ based on derived-band ACAP recordings (Eggermont, 1976)

▪ based on derived-band ABR recordings (Don, 2005)

▪ based on tone-burst ABR recordings (Neely et al, 1988)
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Eggermont = k · f –d

(k = 0.6962, d = 0.77)

N = 81 Ss
with normal hearing
Derived Band ABR

Different models of the traveling time

M
od
el
d

de Boer = k · (f + a) –d

(k = 4.78, a =  165.4, d = 1.1)

Neely et al. = k · f –d

(k = 0.0525, d = 0.413)

Don = k · f –d

(k = 0.0920, d = 0.4356)
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J. Acoust. Soc. Am. 122, 2772-2785 (2007)
Chirp based on cochlear models
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Grand Average ASSR temporal waveforms [N = 49]
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Grand Average ASSR temporal waveforms [N = 49]
30 dBnHL
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J. Acoust. Soc. Am. 124, 3022-3037 (2008)
Chirp based on cochlear models
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Poorest fit Best fit

Power function: τ = k . f -d
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Click and Chirp (200 – 10,000 Hz)
The Click and the Chirp have the same ‘polarity’ and identical amplitude spectra (~ |SIN(X)|/X).
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J. Acoust. Soc. Am. 128, 215-223 (2010)
Chirp based on cochlear models
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Five different chirps
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J. Acoust. Soc. Am. 128, 2955-2964 (2010)
The direct approach model
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Octave-band chirps

500 Hz 1,000 Hz 2,000 Hz 4,000 Hz

500 Hz - one octave500 Hz - one octave

1,000 Hz - one octave

2,000 Hz - one octave

4,000 Hz - one octave
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Formula for the new delay model:

τ = k . f –d

τ = k1
. e-k2

.L . f –(d1
.L + d2)

L = Chirp level [dB nHL]

New delay model
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τ = k1
. e-k2

.L . f –(d1
.L + d2)

L = Chirp level [dB nHL]
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New delay model
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▪ Summary
• The cochlea and the traveling wave delay
• Input and output compensation (the Chirp and the Stacked ABR)
• Different delay models
• Level effects of chirp-ABRs
• The direct approach model

▪ Conclusion (for normal hearing subjects)

• The Chirp generates much higher response amplitudes than the click
– both of the ABR and of the ASSR

• The efficiency of the Chirp is dependent on stimulus level
• The Chirp needs to be shorter at higher levels
• The Chirp needs to be longer at lower levels

Summary and Conclusion
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