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physiological findings which indicate that the
developing auditory system responds first to
low frequency sounds.?6-4® The frequencies
used in this experiment, with the exception of
the 3000 Hz tone, would in adults be encoded
by the volley principle, that is, the firing rate of
the auditory nerves would match that of the
stimulus. The 3000 Hz tone falls in the region
where both the volley and place principle
would operate and thus both mechanisms may
account for encoding this frequency. However,
whether, at this early developmental stage, the
place and volley principle work at the same
frequencies as observed in adults is unknown.

Given that the frequencies used are, in
adults, encoded in the firing pattern of the
auditory nerves, the developments in respon-
siveness may be a result of the development of
the auditory nerves and their firing rate. Of
particular interest is the apparent difference
between the 100 Hz, 250 Hz, 500 Hz tones
and 1000 Hz and 3000 Hz tones in the gesta-
tional age at which the fetus first responds and
their different rates of sensitivity change. The
firing rate of auditory nerves is about 1000
impulses per second, set by the refractory rate
of the nerves. Thus tones below this may be
encoded in the firing pattern of a single nerve,
but above this nerve fibres have to act together,
phase locked firing to encode the stimulus.4! It
may be that the difference observed here
between tones below 1000 Hz (100 Hz, 250
Hz, 500 Hz) and tones 1000 Hz and above is
due to the development of the volley principle
and phase locked firing enabling groups of
nerves to act together.

There are thus a number of maturational
developments of the fetus’s auditory system
which may account for the increased range and
sensitivity of hearing observed in these experi-
ments, although the actual mechanism remains
unknown at this stage.

FUNCTIONAL IMPLICATIONS
The behavioural response of the fetus develops
first to frequencies around 500 Hz and lower
and the fetus is more responsive to these fre-
quencies than to high frequencies. This will
have implications for the fetus’s response to
auditory stimuli generated in the external
environment. The sensitivity of the fetus to low
frequency sounds means that the fetus will be
exposed to sounds of speech and language.
The fundamental frequency of the human
voice is around 225 Hz for females and 128 Hz
for males and thus the voice will form a salient
auditory stimulus for the fetus. It is known that
the fetus recognises its mother’s voice from
prenatal exposure>®-52 and is able to discrimi-
nate between different speech sounds in
utero.53-35 This exposure to speech may be
important for the development of language?
and for recognition of the mother and develop-
ment of attachment.’¢ The frequencies to
which the fetus first responds are those which
are relatively unattenuated by the maternal
abdomen and thus will perhaps be ‘loudest’ in
the womb, increasing their saliency.

The increased responsiveness of the fetus to
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low frequency sounds is also of importance
when considering the possible harmful effects
of sounds on hearing.! For a broad band sound
of equal intensity ex utero the low frequencies
will pass relatively unattenuated into the
womb. As these sounds correspond to the fre-
quency range in which the fetus first responds
to sound, low frequencies may be potentially
more harmful to the developing ear of the
fetus than high frequency sound.! Care should
be taken to avoid intense exposure to low
frequency sounds.
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