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The performance of a hearing aid is described by its
physical data obtained from electro-acoustical measure-
ments. Distortions can be generated at different stages
in the amplifiers or by the transducers and can be of
different kinds as linear distortion, amplitude distor-
tion, transient and phase distortion. The reproduction
quality is influenced by the distortion and the intelli-
gibility for speech can be reduced. Many authors have
tried to find correlations between the above mentioned
physical data and the score from speech audiometric
tests. Investigations have been designed to compare

the articulation score with the physical data of diffe-

rent hearing aids.

Conflicting results have been reported partly because
hearing aid performance change considerably with the

condition of the battery, the temperature etc.

A project has been initiated in order to investigate
the influence on quality and intelligibility for speech
by the different types of distortion on a broad basis

and step by step.

The test series started with measurements of physical
data from 6 types of hearing aids. The over all per-
formance of the amplifier, the microphone and the re-

ceiver with the proper generator and load impedances
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were investigated. The measurements inclucded frequency
response curve, harmonic distortion, intermodulation

distortion, input and output impedances.

Amplitude distortion was investigated by measuring

the harmonic distortion and the intermodulation dis-
tortion. It is not possible to measure the harmonic
distortion acoustically at high frequencies for hearing

aids since the 2 cc coupler cuts off at about 3000 Hz.

Intermodulation distortion, however, can be measured
with good reliability. First order intermodulation,
which corresponds to the second harmonic, can be mea-
sured at the difference frequency, and the second order
intermodulation, corresponding to the third harmonig,

at the frequency of 2 fl - £y, figure 1,

All body worn types showed a high degree of intermodu-
lation at high frequencies when measurec in the coupler
with acoustical input. Distortions from one héaring

aid and its earphone are shown in figures 2 and 3.

This distortion was not generated in the earphone, which
was expected, but in the amplifier. One possible reason
to this is mismatching between the micrcphone and the
amplifier and between the amplifier and the receiver.

Amplitude distortion measurements using sustained
sinusoids give the picture of the distorted sound with
stationary, simple signals. Speech, however, being a
very complex signal can give rise to another type of

amplitude distortion.

A good quality transistor amplifier is peak-clipping
high output signals. This overlcad disappears instan-

taneously when the input signal is decreased, figure 4.

All hearing aids investigated, however, showed an
overload which remained when the high input signal
decreased. With an input signal giving an output level
of -1 dB relative to the peak-clipping level the trans-
fer function was normal. With just a few dB higher:



3.

input level, however, a severe distortion appears,
figure 5. This will stay for about 100 ms after the

moment when the overloading signal is decreased.

It is well known, that many hard of hearing patients
use their hearing aids with a gain permitting a cer-
tain degree of overload, 10-15 dB has been reported.
Speech is always mixed with ncise, which at short
intervals can overload the hearing aid giving masLLng

effects due to this type of overload.

The effect upon the intelligibility of speech has been
investigated using a special test program and trained
normal hearing subjects. The test program consisted cf
speech, nonsense{syllables, at a level 1 dB below the
overloading level and tone brusts, 8000 Hz, at a repe-
tition rate of 10 Hz and with a pulse length of 1 ms.
The tone bursts were set at a level 15 dB above the

overloading level, figure 6.

Intelligibility tests have been made with a signal to
noise ratio of 15 dB. The speech material has been
recorded over the hearing aid in free field and the
2 cm3 coupler IEC. The tone bursts were given to the

hearing aid through the telephone pick-up coil.

RESULTS

Results are shown in figure 7, where
a is a laboratory amplifier with a bandpass filter

to give the bandwidth of the hearing aid,
b is the hearing aid withcut overloading tone bursts,

¢ 1is the hearing aid with tone bursts but with the
total level decreased 20 dB., At that level the
tone bursts did not overload the hearing aid.

d is the hearing aid as in c but with the overloading

tone bursts 15 dB above the overlocading level.
The ranges are indicated by the vertical lines.

Comparison b to ¢ shows that the pulses themselves

have no masking effect.



4.

A comparison ¢ to d shows the very severe effect, the

score decreases from 58% to 28%.

The described distortion is common in hearing aids and
is probably masking other distortions such as harmonic
and intermodulation distortion. The technical reason

seemsto be long discharge times of coupling capacitors.

Harmonic and intermodulation distortion

Amplitude distortion is generated in the amplifier, as

_________ was described above and can be of two kinds, center
distortion or power series distortion, figure 8. These
give both rise to intermodulation and harmonic distortion
but will have quite different influence on the transmitted
sound. Center distortion will affect low level signals,

power series distortion high level signals.

Power series distortion can be described by the

equation

where y and x are output and input respectively and
ay distortion coefficients. If no linear distortions
are involved there are fixed mathematical relations

between harmonic and intermodulaticn distortions.

The effect on speech intelligibility has been in-
vestigated with normal hearing subjects using nonsense
syllables which have been recorded through an amplitude
distortion synthetizer. Linear distortions and noise
were added to form a test program with the physicai

dimensions very accurately known.

The signal to noise ratios used were 60 and 20 dB,
measured before the synthetizer. The naise band was
1imited to 6000 Hz to fit the bandwidth of the head-
phones. The distortion introduced by the synthetizer
and described by the harmonic content was 40% at the
peak levels of the speech material for the quadratic

term and 25% for the cubic term.



RESULTS

Results from intelligibility tests are shown in figures
9 and 10.

The cubic distortion has a negative effect on the
intelligibility. Especially with the lower value of

the signal to noise ratio the effect is considerable.

At the most comfortable level the decrease was found

to be from 100% to 80% score, which is of the same order

as reported for clipped speech by Licklider et.al.

The quadratic distortion shows a different picture.
At the higher levels and S/N 60 dB the influence is
negligible, but at the lower levels the distortion

results in an increase of the score.

At very low levels the fricatives and the stop conso-
nants become nearly inaudible and confusions will arise.
With intermodulation of the first order speech sounds
will be frequency transposed to the low and middle fre-

‘quency range and discriminated by trained listeners.

SUMMARY

The influence of the quadratic and the cubic distortion
on the intelligibility for speech has been studied.

A severe remaining distortion in hearing aids after
overloading short tone bursts has been described and

a measure of its effect on normal hearing subjects has
been shown. Other types of distortion and their com-
binated effects on normal hearing listeners as well as
on different groups of hearing impaired are subject for

further studies.
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TRANSFER FUNCTION
Hearing aid: H

OUTPUT

—L.-l.-—qh——

b—-!k—-di---{ - o e - handnd ubndd LB Y DL L T 1 INPUT

Llnl Lok L YRy S,

1000 Hz, not overloaded

ouTrpUT

bl sl el e INPUT

b--qb—-qb--- — e e -

S S o [ T V4
v/

1000 Hz, overloaded

Fig. 5.



g9 *31q

TAAAT AVEd HOHHAAS mEmm———

THAITT ONIAQVOTHIAO — o —

%1 xo0joey Lnp ‘s 1 dy
ZH 0008 ‘1LSdNd ANOL _ _
AL
‘l!
nnnnnnnnnnn o e o e e e e e e e e e o AP T
Giun S Wmtn W WG @ GESR & SMER & MRS ¥ AW o RN CNUSlw WA & AEsS € GMED @ SN W NS w s @ il B L = %O
4 gp g1+
v TAAAT

LNdNI



REMOTE DISTORTION
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WORD ARTICULATION SCORE
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