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It is generally accepted that the frequencies of the first two formants are the
most important factors in the recognition of vowel sounds (1, 2, 3). Temporal
factors, however, are alge important (4, 35, 6, 7, 8, 9). The question therefore
arises as to how formant frequency information ig combined with duration infor-
mation in order for a vowel sound to be identified.

The process of the Tecegnition of vowel sounds can be formalised by means of a
multidimensional space in which points in that space tepresent idealised forms
of vowels. The dimensions of the space will be the frequency of the first

vowel (T), and possibly others such as the bandwidths of the formants and the
frequencies of the higher formants. An unknown vowel can alsec be represented

by a point in this space. It is reasonable to suppose that it willthe perceived
as belonging to that vowel category whose ideal form ig Trepresented by the
nearest point. The dimensions of the space, hovever, are not known, nor are the
relative effects of differences in formant frequency and differences in dur-
ation. The purpose of the Present experiments was to investigate these
questions.

Hethod

If the durations of the vowels are deliberately distorted, by making them all
very long or very short, errors of identification will be induced whieh reflect
the effects of duratien. By studying the error Pattern obtained it should be
pessible to estimate the contribution of duration to vowel recognition.

The stiruli consisted of the eleven synthesised vowels. Their formant frequ-
etncies and intensities and their durations were these parameters in a speech

synthesis-by-rule programme (10} which were known would be recognised with an
accuracy of about 907 by typical British English listeners (11).

in one of the words in the set heed, hid, head, had, hard, hod, hoard, hood,
who'd, hud, heard; and to Press an appropriately labelled switch ott a box in
front of them. An extra switch was provided in case the sound that they heard
did not correspond to any cf the vowels in the response set.

In the first seszion they heerd the eleven vowels ten times each in a random-
ised order in an h-d context preceded by the introductory phrase "the next
syllable is", synthesised with fairly natural intonation. In the next segsion
the vowels were presented 20 times in isolation with & steady fundamental of
1208z and with normal durations, In the next the vowels were presented with a
durstion of 50 msec, and in the last with a duration of SOQ msec. The normal
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Tange of duration of vowels wae 150 msec to 400 msec, &0 50 msec was 100 msec
lesa than the gnortest, and 500 meec was 100 msec more than the longest.

Results

The 'mean' vecognition acores for the 'mormal' duration vowels, the "long' vowels
(500 msec), and the 'short® vowels (50 msec) were 87.1%, 79.3%, and 68.4%
respectively. The difference between the normal and long vowels wag

significant (p < 2.5%) by a t-test. The difference between normal and short
vowels was significant at p < 0.057, and the difference between long and short
vowels was significant at p < 1Z. Hence the durations of the vowels do have a
significant effect on their recognition.

Confugion matrices were constructed. With normal vowels the errors were mainly
between near neighbours in an F1-F2 space, but with the long vowels there was a
tendency for some phonetically short vowels to be heard as phonetically long
vowels, and with the short vowels the reverse was true.

Model

The firat model to be investigated was ome in which an unknown vowel is clags-
ified as the nearest ideal vowel in ap F1-F2-T space. In order to determipe
the nearest vowel it is necessary to defime a distance measure such as:

455 = (i 8F1[% 4 [x, ar2|” ¢ [ig a1]™ s W
where 4Fl = F1, - Fl., AF2, - F2., and AT = T, - T..
L J 1 ] 1 2

With n having a value of 1, equation (1) becomes the sum of the differences
between two points projected onto the axes. This will be called the linear
distance measure {LDM). With n having & value of 2, equation (1) becomes the
distance between two points in & three dimensional space, or the euclidean
distance measure (EDM).

The appropriate units in which to measure Fl and F2 are not known. The units
which were investigated were the physical units (Hz) and the psychophysical
unite (Barks). A Bark is defined as the width of the critical band at that
frequency (14) and may be approximated by

f = 650 sinh (x/7) ‘ (2)

where £ ig the frequency in Hz and x.is equivalent psychophysical unit in
Barks (15).

In order to test vwhether an unknown vowel is most likely to be classified as the
nearest ideal vowel, it is necessary to define some function which is a measure
of this. One such function can be obtained by calculating d;. for eack pair of
vowels, and then ordering the vowels according to the value of the distance
measure. If there are m vowels in the set, define a vector [0.] such that the
nearest peint to an unknown vowel has a value m, the next nearést m-1, etc. An
order matrix [0,.] can then be constructed for each of the m vowels in the set.
A function can then be defined ag

n 2
5 = ..l ® 0..
. Ej [MlJ] f lijm (3)
where [Mij] is the confusion matrix and [Uij] is the order wmatrix. Each element
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M.. is multiplied by the corresponding element 0,: and the results summed. The
fliflction § will have a maximum value if the largegt elements of each row of M
occupy the same positions as the maximum elements of 0, or at the minimum
distances from the ideal vowels. Any errors of classificetion will reduce §,
&nd will ‘reduce § by a greater amount the larger the value of the corresponding
dij'

As well as misclassifications induced by distorticns of vowel durations, there
will also be errors caused by such factors as the listeners' attention wander-
ing, accidentally pressing the wrong switch, or their internal idealised vowels
being different from those of the set of test vowels. Some of these factors
will result in responses which are dependent on the distance measure, but others
will pot, In order te allow for such factors another function can be defined

m , 2
§' =¥ [M,.]* [0,.Vu {4)

i ij ij
where [0..'1 is an order matrix derived from the confusion matrix by placing m
in the péﬂitiou in each row which containe the largest number, m-1 in the
position which centainsg the next largest, etc. The difference between these
two functions

A5 = §'=5 (5)

ig then a measure of how well a particular definition of distance measure
predicts the confusions which are actually obtained.,

Effect of F1 and F2

With normal durationm vowels AT for the unknown vowel and the perceived vowel
should be relatively small, so that equation (1) cam be simplified to

dij = ([aF1{™ + |kaF2|®)Yn (6)
Using this distance measure AS was calculated for the LDM and EDM for both the
Hz and Bark scales of frequeney for & ranging from O to 2. The results showed
that AS is minimised for k 2 1, and that neither the distance measuré nor the
frequency scale had any tioticeable effect on the result.

Effect of duration

As Fl andF2 appear to have approximately equal effects, equation (1} can be
simplified ro:

1
dis = anf® + [sr2|™ 4 [laT]® /n mn

The nmext task is to estimate k in order to discover the relative effects of
formant frequency and vowel duratiom.

The function AS was calculated faor the normal duration vowels, the short vowels
(50 msec) and the long vowels {500 msec) for a range of values of k. These
were added together and plotted against k for the LDM and the EDM for both the
Hz and Bark scales. The results showed that for the LDM & minimum occurs at

k = 0.4 for the Hz scale and 0.7 for the Bark scale. With the EDM, duration
has no effect for the Hz scale over & range of k of 0 to 0.4, and for the Bark
scale the winimum accurg at k = 0.4. The lowest minimum occurs for the EDM
with the Hz scale, but the differences between the various measures are small.
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