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Structure. The Erber’s auditory hierarchy
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Standard AEPs
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Standard AEPs



Recording process



Recording process. Hardware elements

Valderrama et al. (2014), Biomedical Engineering
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A compromise between Quality and Time

Valderrama et al. (2014), Biomedical Engineering



Strategies to improve quality. Artifact rejection

Artifact rejection prevents contaminated epochs to be included in the average



Strategies to improve quality. Filtering

Filtering reduces noise by attenuating frequency 
components outside the signal of interest (our AEPs)
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Time vs Frequency analysis

Fourier Transform

Time domain Frequency domain



The Fourier Transform in the clinic
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40 Hz ASSR. Stimuli
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Why 40 Hz?

Middle Latency Response (MLR)



40 Hz ASSR. Response analysis



The Erber’s auditory hierarchy
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Detection

✓ Full-range AEPs



Conventional vs Desired AEPs
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Latency-dependent filtering



Full-range AEP example

CAEP

ABR

MLR



V

N0

P0

Na

Pa

Nb

Pb / P1

N1

P2

N2

I
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Full-range vs Conventional AEPs
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Valderrama et al. (2022), Frontiers in Neuroscience



Discrimination

✓ Acoustic Change Complex  (ACC)
o Localisation
o Binaural hearing



Acoustic Change Complex (ACC)
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ACC applications. Localisation
Left Right



40.8 Hz

ACC applications. Binaural hearing sensitivity
520 Hz



ACC applications. Binaural hearing sensitivity
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Identification

✓ P300



Identification. P300

/da//ma/ /ma/ /ma/ /ma//da/ /da/ /da//ga/



Comprehension

✓ N400



Comprehension. N400

▪ Congruent: The driver puts the petrol in the car.

▪ Incongruent: The mother breaks the petrol on the shelf.

N400



Speech processing

✓ Cortical response to natural speech
✓ Selective attention



Speech processing. CAEP to natural speech (in Quiet)

Results showed that it is feasible to obtain the cortical response to 
speech with this methodology, and that this response can also be 
obtained at individual level (not only at group level). 
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Results demonstrated that it is feasible to record a cortical response to speech at 0 dB SNR.

Audiobook 1 Audiobook 2

Speech processing. CAEP to natural speech (in Noise)



Relevant finding: The N1-P2 amplitude of 
the cortical response evoked by natural 
speech has potential to become an 
objective biomarker of selective attention.

Audiobook 2
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These results suggest that 

▪ P1-N1 amplitude → Detection

▪ N1-P2 amplitude → Comprehension

Speech processing. Selective attention



Take-home & Acknowledgements

▪ EEG has significant potential for assessing relevant hearing functions.

▪ Standard auditory evoked potentials, such as ABRs, MLRs, CAEPs and

ASSR, offer objective biomarkers of a person’s ability to DETECT sounds.

▪ There exist other EEG biomarkers that assess higher hearing functions,

including SOUND DISCRIMINATION (ACC), SOUND IDENTIFICATION

(P300), and even LANGUAGE COMPREHENSION (N400).

▪ Research using natural stimuli, like continuous speech, aims to develop

new biomarkers sensitive to LINGUISTIC AND COGNITIVE PROCESSES. RYC2022-037875-I
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