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Research towards systems of speaker-independent speech recognition and
theoretical research on speech perception are both confronted by the pro-
blem of speaker normalization, perhaps most forcibly illustrated by the
speaker sex problem in acoustic phonetics. This problem can be summed up
as follows: two vowels (cf. the data of Peterson and Barney, 1952) or two
fricatives (cf. the data of Schwartz, 1968), one of which is spoken by a male
and one by a female can be judged ‘the same’ even by a trained phonetician,
yet our analysis equipment reveals great differences. The differences are
exemplified by - but not exhausted by - the well known ones of formant
frequency.

According to Fant (1975) the problem is compounded, because the measu-
red differences (his ‘k-factors’) are not consistent from vowel to vowel, nor
from formant to formant. One is reminded of his dictum that (ibid.), ‘In
terms of the acoustic code, female speech remains an obscure dialect.’

Hitherto, approaches to the speaker sex problem (see Disner, 1980 for a
review) have mostly concentrated on scaling the acoustic data according to
inferred or observed differences in speaker physiology such as vocal tract
length,

Our approach is different: it is listener-orientated, and it draws on current
knowledge about human auditory analysis, in the belief that this forms an
important building-block in the modelling of speech perception. As our
point of departure we take Potter and Steinberg’s old (1950) idea that, ‘a
certain pattern of stimulation along the basilar membrane may be identified
as a given sound, regardless of position along the membrane’.

That their idea was attractive can be deduced from Figure 1. Now that a
good estimate of basilar membrane frequency analysis is available to us (in
the psychophysical form of the critical-band scale of Bark units) it is instruct-
ive to plot on a Bark scale the same heterogeneous cross-language data from
Fant (1975) whose apparent non-uniformity disturbed us at first sight. The
plot in Figure 1 is of inter-formant distance F -F, (in Bark), female against
male. The emergent signs of correlation are encouraging.

Our auditory theory of normalization goes somewhat further. As repQrted
at length elsewhere (Bladon and Lindblom, 1981), we postulate a series of
acoustic-to-auditory spectral transforms which contain not only a conver-
sion to the Bark scale, but also an auditory filter designed to reflect aspects of
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Figure 1. Inter-formant distance F2-F1 (in Bark), females against males. Data from six lan-
guages taken from Fant (1975).

masking, together with transforms of intensity level in terms of equal
loudness curves and of total loudness calibrated in terms of loudness density
per Bar.k. Further details of this ‘auditory model’ need not be rehearsed here:
sufﬁce 1.t to say that the output is a quasi-auditory spectrum (of e.g. a vowel),
Whl(}h is meant to correspond to that vowel’s excitation pattern on the
auditory nerve.

Next, take two vowels represented as auditory spectra in this sense: a male
vo»yel anq a female equivalent. Suppose that we follow the Potter and
Steml?erg idea and, analogically speaking, preserve the two excitation pat-
terns in the auditory system but displace the position of one of them. In our
terms, we effect a simple linear Bark scale shift of the female pattern. Figure 2
illustrates this procedure applied to several vowels in our data, using a shift
of I‘B.ark. The coincidence of the resultant spectral shapes is r;ot complete,
but it is encouraging as a first approximation. Some progress has in fact been
mz%de upon the modifications which are apparently needed, and these are
b;mg reported elsewhere. Foremost among these modifications is a warping
;)s e;h;;;z::ulrgé 2e)s.peaally in the F, region, owing to interference from F,

This auditory theory of normalization has to date been tested on seven sets
of male/female vowel data from four languages. Preliminary indications
from th‘xs (far from satisfactory) database are that the optimal male/female
norq\allzation (expressed on average for the vowels of a particular language
or dialect) may not necessarily be by 1 Bark. The optimal normalization
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Figure 2. Vowel pairs, male and female, after normalization of the female (dotted vowel) by a
downward shift of 1 Bark. The male vowel spectra are averaged over 5 speakers; the female
spectra are from one speaker AJ; all are speakers of Middle Northern British English.

displacement varies considerably across speech communities. Figure 3 de-
monstrates this finding quantitatively, insofar as present data permit. The
suggestion is, rather as observed by Labov (1978) in Martha’s Vineyard
speakers, or as concluded by Goldstein (1980) from her vocal tract model-
ling, that males and females may in some speech communities speak more
unlike (or, more like) each other than their vocal tract physiology would
predict. In other words, the data of Figure 3 appear to implicate a learned,
socially motivated factor for part of a model of speaker normalization.
However, in order to establish with any certainty these tentative sugges-
tions of phonetic role-stereotyping in vowels, the investigator must be
conscious of the need to control a large number of variables. These include
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Figure 3. Optimum mean male/female vowel normalization (in Bark), for seven languages/dia-
lects. The data for RP and Middle Northern British English are our own. The remaining sources
are: Qencral American (Peterson and Barney 1952), French (Carton 1974 and Mettas 1979)
Swedish (Fant 1979), Standard Dutch (Pols et al. 1973 and van Nierop et al. 1973) Utrecht,
Dutch (Koopmans-van Beinum 1973). ,

speaker variables such as physique, age, socio-economic background and
state of health, as well as experimental variables such as linguistic context, F,
used and recording conditions. For a discussion of these problems ’seg
Hf:nt‘on (1983). It is unfortunate that a good many important controls are
missing from most of the data examined in this paper; consequently the
conclusions should be treated as no more than suggestive at this stage.
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