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It is generally accepted that the frequencies of the first two iormants are themost important factors in the recognition of vowel sounds (I, 2, 3). Temporalfactors, however, are also important (A, 5, 6, 7, 8, 9). The question thereforearises as to how formant frequency information is combined with duration infor—mation in order for a vowel sound to be identified.

frequencies of the higher formants. An unknown vowel can also he representedby a point in this space. It is reasonable to suppose that it will‘be perceivedas belonging to that vowel category whose ideal form is represented by thenearest point. The dimensions of the space, however, are not known, nor are therelative effects of differences in formant frequency and differences in dur-ation. The purpose of the present experiments was to investigate thesequestions.

Method

 

If the durations of the vowels are deliberately distorted. by making them allvery long or very short, errors of identification will be induced which reflectthe effects of duration. By studying the error pattern obtained it should bepossible to estimate the contribution of duration to vowel recognition.
The stimuli consisted of the eleven synthesised vowels. Their formant frequ—

accuracy of about 902 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 on a box infront of th uu An extra switch was provided in case the sound that they hearddid not correspond to any of the vowels in the response set.

In the first session they heard the eleven Vowels ten times each in a random—ised order in an h-d context preceded by the introductory phrase "the nextsyllable is". synthesised with fairly natural intonation. In the next sessionthe vowels were presented 20 times in isolation with a steady fundamental of12m]: and with normal durations. In the next the vowels were presented with aduration of 50 msec, and in the last with a duration of 500 laser. The normal
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range of duration of vowels was 150 msec to 1400 msec, so 50 msec was 100 msec
less than the shortest. and 500 meet was 100 msec more than the longest.

Results

The 'mean' recognition scores for the 'normal' duration vowels. the 'long' vowels(500 msec), and the 'short' vowels (50 inset) were 87.12, 79.32. and 68.“
respectively. The difference between the normal and long vowels was
significant (p ( 2.52) by a t-test. The difference between normal and shortvowels was significant at p < 0.051, and the difference between long and shortvowels was significant at p < 12. Hence the durations of the vowels do have asignificant effect an their recognition.

Confusion matrices were constructed. With normal vowels the errors were mainly
between near neighbours in an Fl-FZ 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 first model to be investigated was onein which an unknown vowel is class-
ified as the nearest ideal vowel in an l-‘l-FZ-l' space. In order to determine
the nearest vowel it is necessary to define a distance measure such as:

an - ([1.1 ml“ t 11.2 Arz|l1 + [1.3 ATln)1/n (1)
where AFl = F1. - Fl... AFZ. - FL, and AT = ‘l'. - T..

1 J 1 J 1 J

with n having a Value of 1, equation (1) becomes the sum of the differences
between two points projected onto the axes. This will he called the linear
distance measure (LDM). Hith n having a value of 2, equation (1) becomes the
distance between two points in a three dimensional space, or the euclidean
distance measure (EDH).

The appropriate units in which to measure F1 and F2 are not known. The units
which were investigated were the physical units (Hz) and the psychophysical
units (Barks). A Bark is defined as the width of the critical band at that
frequency (110) and may be approximated by

f - 650 sinh (x/7) (2)
where f is the frequency in Hz and x. is equivalent psychophysical unit in
Barks (15).

lo order to test whether 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 each pair of
vowels, and then ordering the vowels according to the value a the distance
measure. If there are m vowels in the set, define a vector [0.] such that the
nearest point to an unknown vowel has a value in; the next nearest m-l, etc. Anorder matrix [0. .] can then be constructed for each of the m vowels in the set.A function can Hen be defined as

m 2s a r. mil.) - [Oijllm (3)
where [Hij] is the confusion mairix and [0”] is the order matrix. Each element
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Hi. is multiplied by the corresponding element 0.. and the results summed. Theinaction S will have a maximum value if the large t elements of each row of Hoccupy the same positions as the maximum elements of O. or at the minimumdistances from the ideal vowels. Any errors of classification will reduce S,and will'reduce S by a greater amount the larger the value of the correspondingdij.

As well as misclassifications induced by distortions of vowel durations, therewill also he errors caused by such factors as the listeners' attention wander-ing, accidentally pressing the wrong switch, or their internal idealised vowelsbeing different from those of the set of test vowels. Some of these factorswill result in responses which are dependent on the distance measure, but otherswill not. In order to allow for such factors another function can he defined
m

s' -= z m.) * [oh/m2 (4)ij 1] 11
where [O,.'] is an order matrix derived from the confusion matrix by placing min the pégition in each row which contains the largest number, m-l in theposition which contains the next largest, etc. The difference between thesetwo functions

A5 = S'-S (5)is then a measure of how well a particular definition of distance measurepredicts the confusions which are actually obtained.

Effect of F1 and F1_.._______________

with normal duration vowels AT for the unknown vowel and the perceived vowelshould be relatively small, so that equation (1) cam be simplified to

dij - ([AFlln + lkAFZln)1/n (6)vaing this distance measure AS was calculated for the LDM and EDH for both theHz and Bark scales of frequency for k ranging from O to 2. The results showedthat AS is minimised for k 2 1, and that neither the distance measure nor thefrequency scale had any noticeable effect on the result.

Effect of duration________________

As Fl andFZ appear to have approximately equal effects, equation (1) can hesiupliiied to:

la“ -= ([Anl“ + [AFZIn o lkATln) I" (7)
The next task is to estimate k in order to discover the relative effects offormant frequency and vowel duration.

The function AS was calculated for the normal duration vowels, the short vowels(50 msec) and the long vowels (500 msec) for a range of values of k. Thesewere added together and plotted against k for the LDH and the EDM for both theH2 and Bark scales. The results showed that for the LDM a minimum occurs atk - 0.4 for the H2 scale and 0.7 for the Bark scale. with the EDM, durationhas no effect for the Hz scale over a range of k of 0 to 0.5, and for the Barkscale the minimum occurs at k - 0.£. The lowest minimum occurs for the EDHwith the Hz scale, but thedifferences between the various measures are smalL
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