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Overview
Psychoacoustic measurements

• Acoustics

• Pure tone audiometry

• Speech audiometry

Objective Methods:

• Otoakoustic emissions 
(OAE)

• Acoustically evoked 
potentials (AEP, ERA)

• Tympanometry

• 10 min per topic, longer only pure tone and speech audiometry

• Applications of OAE and AEP: PD S. Brockmeier

Textbooks on audiology

• Several text books are available

• You should own one in its newest edition

• In this presentation: page numbers in lower right corner refer to pages in

Kompis M, “Audiologie”, Hans Huber Verlag, 2nd edition 2009



Basics of acoustics and 
auditory perception

Acoustics = the science covering mechanical 
vibrations, wave propagations, generation and 

measurement in gases, liquids and solid 
materials

Text book: chapter 1

Longitudinal wave propagation

• Bild 1 Papier

Propagation of a 
sinusoidal wave along a 
string of elastic 
particles. 

The figure shows the 
position of the particles 
as function of time.

Time and place dependency

• Period T (s)

• Frequency f = 1/T (Hz)

• Wave length λ (m)

• Wave number k = 1/λ (1/m)
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Physics and perception

Amplitude corresponds to Loudness

Frequency corresponds to pitch

Audiogramm
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Logarithmic perception of frequencies

• Dia: Klavier abgeändert (Bild 4)

Logarithmic (dur) Linear (Nasca)



dB = Logarithmic scale

• dB = dezibel = 1/10 Bell

• relative measure: requires an anchor

• Calculation:

LdB = 10 . log10 (P1/P0) (Power or energy)

= 20 . log10 (A1/A0)     (Amplitude)

dB = logarithmic scale

10 dB

= factor of 10 in  power / energy

= approx. factor of 2 in subjective loudness

Using logarithms

x 100 x 2.5 x 0.1 = 25 x

+ 40 dB + 8 dB -20 dB = 28 dB



References: how is „0 dB“ defined?

• dB SPL = Sound Pressure Level: 20uPa

• dB HL = Hearing Level: normal hearing

• dB SL = sensation level: Threshold of subject

Complex (broadband) sounds:

• Often dBA = A-weighted leve

Air conduction and bone conduction



Pure tone audiometry

= the measurement of the hearing 
thresholds as a function of the frequency

Importance and some characterictsics 
of pure tone audiometry

Impoartance:

• Most important „tool“ in 
Audiologie

• Fast assessment of a a 
hearing loss

Some characteristics:

• Fast (10-30 Min)

• Psycho-acoustic --> there is 
a subjective element

An audiologic examination without an 

audiogram is considered incomplete

Normal audiogram
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Audiometric symbols (CH, international)

Air conduction (AC):

Bone conduction (BC):

Uncomfortable level:

Left ear: Right ear:
No masking    masking

Note: AC: right = red = round
BC: right: open to the right

No masking    masking

Audiometric symbols (D)

Air conduction (AC):

Bone conduction (BC):

Uncomfortable level:

Left ear: Right ear:
With and without masking

Note: AC: right = red = round
BC: Left: looks like letter ”L”

With and without masking

Audiometry: A schematic view

Sound proof chamber
Investigator

Audio-
meter

Transducer
Feed-
Back by
patient



Audiometer

Transducers

• Head phone

• Insert phone (“ear phones”)

• Bone vibrator

• loudspeaker (for sound field 
measurements)

Photo diverse Schallwandler



Frequencies tested
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750 600030001500 12000

available

very important

important

Order of 
measurements

S. 48-50

Bild aus Buch: 
Eingabelungsmethode RTA 

vs. „von unten“

Percent hearing loss
CPT-AMA (council of physical therapy – American medical association)

right 4.9 % + 15.7 % + 22.4 % +   9.7 % = 52.7 %
left13.8 % + 28.8 % + 37.5 % + 14.6 % = 94.7 %

S. 54/55



Audiometer limits 
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Bone conduction

Air conduction

S. 51/52

Some signals used in audiometrie
500 Hz   1000 Hz  2000 Hz

Acoustic trauma
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"C5-notch"



Conductive, sensorneural or mixed 
hearing loss
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Measuring the uncomfortable level

• Instruction: „Hold you hand up, when 
the sound becomes uncomfortably loud”

• Test signal: Pure tone or narrow band 
noise, not pulsed!

• Relatively fast increase in level

• Repeat twice

Recruitment and the unconfortable level
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Deafness in right ear - shadow curve
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Schema: 
Überhören immer 

über 
Knochenleitung

Masking

• Masking Signal: Narrow band noise in contralateral ear

• When necessary: As soon as you might measure the 
shadow curve (actual hearing in the contralateral ear)

• Problem: Masking level must be neither too low nor too 
hign

• Different masking paradigms exist,

you should KNOW ONE OF THEM WELL



Prinzip der gleitenden Vertäubung

Pegel des Maskierungsgeräusches 
am Gegenohr (dB)

Angegebene 
Hörschwelle 
am Messohr 

(dB)

Minimal 
notwendiger 

Maskierungspegel

Maximal 
zulässiger 

Maskierungspegel

Tatsächliche 
Hörschwelle

Speech audiometry

= Evaluation of speech understanding

using standardized tests

Some speech tests used in Switzerland 

Test in quiet:

• German:
• Freiburger Wörter

• Freiburger Zahlen

• French:
• Mots dissylabiques

• Mots monodissylabiques

• Italian:
• Bocca e Pellegrini: Parole

• Bocca e Pellegrini: Numeri

Test in Noise:

• Basler Satztest

• Words in noise (WIN)

• And several more…



Tabelle Freiburger Zahlen

Tabelle Freiburger Einsilber

Sprachaudiogramm – leeres 
Formular



Pure tone and speech audiogram
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52 dB

48 dB

S. 101

Important term: Sprachhörverlust
(“hearing loss for speech”)

45 %

0 %

S. 101

Important term: Diskriminationsverlust
(“loss of discrimination”)



Important terms

• Hearing loss for speech:
• Difference between measured level for 50% 

speech understanding of numbers and the 
average value for normal hearing subjects 
(reading the middle of the speech audiogram).

• Loss of discrimination:
• Difference between maximal monosyllabic 

word understanding (at best level!) und 100 %

S. 101

• Patient with good speech understanding

Unaided:

Numbers
Monosyllabic words

Aided:
Numbers
Monosyllabic words

Is the number test useful at all?

• Patient with poor speech understanding (CI 
candidate, useful hearing only below 750 Hz)

Is the number test useful at all?

Unaided:

Numbers
Monosyllabic words

Aided:
Numbers
Monosyllabic words



• Provides relatively little additional information in 
cooperative patients with relatively good hearing

But:

• Provides a lot of information in patients with poor 
speech understanding

• Is a very fast tool for quality control and to check the 
plausibility of your measurement (Aggravation, 
simulation, malingering)

Is the number test useful at all?

Number of correct answers

Probability (%)

Freiburger monosyllabic words
(N=20, p=0.9)

Binomial distribution:

P(x)=( ).px . (1-p)N-x

P(x): probability for exactly x 
correct answers

N: Number of test items

p: probability of correct 
understanding of one number

„N over x“ = N! / (x! . (N-x)!)
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Number of correct answers

Probability (%)

Freiburger monosyllabic words
(N=20, p=0.5)

Binomial distribution:

P(x)=( ).px . (1-p)N-x

P(x): probability for exactly x 
correct answers

N: Number of test items

p: probability of correct 
understanding of one number

„N over x“ = N! / (x! . (N-x)!)
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• It‘s not the fault of the investigator or the patient

• Individual values are far off � remeasure

• Do not over-interprete small gains

• Never shorten the lists around 50% speech
understanding to be faster

Living with large variations

Links Zahlen
Links Einsilber

Rechts Zahlen
Rechts Einsilber

• Freiburger Wörter: Average loss at 60, 75, 90 dB

• Example right ear: (55% + 30% + 15%) / 3 = 33.3%

• Example left ear:   (40% + 20% + 10%) / 3 = 23.3%

• French: use monosyllabic words at 55, 70, 85 dB

Sozialindex: % Hearing loss

Links Zahlen
Links Einsilber

Rechts Zahlen
Rechts Einsilber

Electric Response Audiometry
(ERA)

= Electrical response of the central nervous 
system to acoustic stimuli

Book chapter 11



Abbreviations and terms

• ERA
• ERA

• AEP
• AEP

= Electric response audiometry
= Elektrische Reaktions Audiometrie

= Acoustically evoked potential
= Auditorisch evozierte Potentiale

For the measurement procedure:

For the potentials:

• Noise rejection
• Averaging

ERA-Wellen FAEP/SAEP 
Schema



Different acoustically evoked 
potentials (AEP)

• Early or short 
latency response 
AEP (1ms - 10 ms)

• Middle latency 
response AEP

(10 ms - 100 ms)

• Late or long-latency 
response AEP

(100 ms - 1 s)

- Most frequently used
- Broadband hearing threshold
- Vigilance independent

- Partly myogenic source
- Variable in children 

- Cognitive effects
- Vigilance dependent

Early or Short latency response 
acoustically evoked potential 

Still more names and abbreviations:

Potentials:
• Frühe auditorisch evozierte Potentiale (FAEP)
• Auditory brainstem response (ABR)

Measurement:
• Hirnstammaudiometrie
• Brainstem electric response audiometry (BERA)

Book section 11.1



Asymmetric hearing loss
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Short latency response AEP
Stimuli level:

85 dB

65 dB

45 dB

25 dB

0.5 µV

?
�Hearing threshold 

at 30-40 dB
(~2000 – 4000 Hz)

0        2       4       6      8      10 ms

ERA 95 dB: 
Akustikusneurinom



Acoustic neuroma (right side)
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ABR application range: Examples

• Children:

• To determine or to conform hearing threshold (e.g. after fail 
in newborn hearing screening using OAE!)

• Auditory neuropathy

• Adults:

• Suspected malingering or hysterical deafness (Simulation 
and aggravation)

• Retrocochlear pathologies

• Before cochlea implantation

• Subjects who are unable to cooperate in audiometry

Schema: Click, Tonepip, 
Sinus

1 kHz

1 kHz

2 kHz



Frequency specific ERA

• Generally:

• Long measurement times
• Little information for frequencies below 1000 Hz
• Used moderately

• Method:

• BERA with tone-pips
• Notched Noise ERA
• Auditory steady state potentials (ASSR) 

(Book chapter 11.2)

3 methods for frequency 
dependent ERA

• ERA with tone-pips instead of clicks:

• Limited frequency specificity
• Long duration of measurement

• Notched Noise ERA:

• Better frequency specificity
• Still long duration of measurement

• Auditory steady state potentials (ASSR)

• Simultaneous measurement of  several frequencies is 
possible

• Could become method of choice in the future

(Book chapter 11.2)

ERA with tone-pips



Notched-noise ERA

ASSR / M.A.S.T.E.R.

S. 166 f

ASSR / M.A.S.T.E.R.

S. 166 f



Otoacoustic emissions
(OAE)

= sound generated by the inner 
ear

Textbook: Chapter 10

Maximal wave 
amplitude

envelope

Wave propagation

Tuning curves



Types of OAE

• SOAEs

= spontaneous otoacoustic emissions

• TEOAE

= transiently evoked otoacoustic emissions

• DPOAE

= distortion product otoacoustic emissions

• (SEOAE= simultaneously evoked OAE)



SOAE - spontaneous OAE
• How to measure:

• sound level:

• Present in:

Microphone in external auditory canal 

-30 to +20 dB SPL

- (almost) only in normal, hearing ears

- women: 52%, men: 30%

- under 2 years: 68%

- over 50 years: 20%

Application of spontaneous OAE

• tinnitus objectification:
• no (or rarely)

• low incidence (too rare)

marginal clinical use

TEOAE
= transiently evoked OAE

• How to measure:

• sound level:

• Present in:

click into ear and measurement of 
response

approx. 10 dB SPL (infant 20 dB)

normal hearing and hearing loss 
less than 20-30 dB



Principle of OAE measurement

Amplifier

Signal 
generator

Controller and 
evaluation



DPOAE
= distortion product emissions OAE

• How to measure: 

• Present in:

2 Sinus tones into ear and 
measurement of distortion

normal hearing and hearing loss 
below approx. 30-50 dB



DPOAE-Measurement: Example
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Audiogram DP-Gram

Comparison TEOAE - DPOAE

TEOAE

• Up to 20-30 dB 
hearing loss

• poorer frequency 
sensitivity 

DPOAE

• Up to 30-50 dB 
hearing loss

• better frequency 
sensitivity 

OAE: What do we actually measure?

• Middle ear function (2x sound 
transmission)

• Active functioning of inner ear

• NOT hearing as an entity



Application of OAE

• Screening of newborns

• Verification of subjective hearing test
• in children (frequent!)

• in adults

Tympanometry

Acoustical impendence measurement of 
tympanic membrane

Book: chapter 9

Acoustical impedance

• Definition: ratio of:

sound pressure amplitude : motion amplitude

(low acoustical impendence = soft medium

high acoustical impendence = stiff medium) 

• Medium characteristic, not signal characteristic



Sudden change acoustical impedance

Schematic view of tympanometry

Tympanogram : Types

• Type A: normal

• Type B: effusion

• Type C: low 
pressure



Low pressure in middle ear
dB

10
20
30
40
50

0

60
70
80
90

100
110
120
130

125 500 1000 2000 4000 8000   Hz250

Tympanometry: Characteristics and limits

• Fast (< 1 min)

• Non-invasive

• Provides useful information about middle ear

requirements:

• Free external ear channel, intact tympanic 
membrane

• measuring probe can be properly placed

Thank you for your attention


