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Formant Frequencies and Duration in Running Speech

by Florina J. Koopmans -~ van Beinum

If Phonetics is regarded as the science investigating the process of
speaking and of hearing, it will be necessary to investigate speech in
its most normal form, namely in connected or free running speech, in

which ordinary conversation is of most frequent occurrence.

For Phonology, too, normal speech must be the material from which a
system is distilled and on which that system, in tura, is tested. In
practice, however, Phonetician and Phonologist prefer to occupy them~
selves with isolated sounds and isolated words. This is probably a
matter of convenience in one respect and in another the result of the

faot that, regrettably, we are not illiterate.

Owing to the fact that some years ago an experiment was carried out
which had involved the making of a series of tape-recordings of some
ten speakers, recordings of various types of speech, ranging from
isolated vowels to ordinary coaversations, the Institute of Phonetic
Sciences in Amsterdam happened to be in possession of a corpus of
material, which was ready to hand for comparison of a number of forms

of speech.

For a first investigation 1 confined myself to the vowels spoken by
two informants of the group of ten mentioned above, who, according to
the opinion of 200 listeners in a previous experiment, had been

considered to have the 'best' and the ‘worst' pronunciation.

Of these two informants four types of speech per speaker were

compared, namely:

1) vowels spoken in isolation ( 2 x 12 vowels)
2) vowels spoken in isolated words ( 5 x 12 vowels)
3) vowels in stressed position in a text read aloud (10 x 12 vowels)

4) vowels in unstressed position in a text, read aloud. (10 x 12 vowels)

The following can be added about the four types of speech.

ad 1) The twelve vowels of Dutch were pronounced twice in random order
by both speakers.

ad 2) Four series of isolated words were read from separate cards in

random order. The words were of the CVC type, viz. b-t, b-r, k-s and
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k-r combinations, except for tnose cases where a nonsense
combination would have been tne result, in which case a b was
substituted by a 4, a X by a R, and.a L by a X.
Phe fact that r offers no problems in Iormant measuring has
been gone into in the account of a previous experiment.
(Koopmans ~ van Beinum, 1969). The fifth series of isolated
words were produced by the informants by way of naming objects
depicted on cards shown in random order.

ad 3 and 4) A text read aloud can perhaps be ccocusidered to be an
intermediate stage towards normal speech. The investigatoxr has
the added advantage tnat the intention of the speaiter is not
open to doubt. The text for reading was a simple, rather dull
‘story in the ANWB (Automobile Club) Quarterly about a cycling
trip in Denmark. This text was considered tc be suitable as the
contents were thought to preclude any strong emotions or other
reactions of the reader, which might have influenced the
investigation in any waye
The dichotomy between vowels in stressed and in unstressed
position was actuated by an investigation by the late Pierre
Delattre (1969), who showed vowel reduction in four languages
if vowels in stressed position were compared to vowels in un-
stressed position, (e.g. in Gerran Mahler - manieriert.
The criterion for 'stressed' in the texts read aloud was in the
first place word accent, but a nuwmber of syilables marked as
stressed in words were drcpped owing to the influence of the
sentence stress pattern. The text of the 'best' speaker was
taken as the starting point and was Jjudged by two listeners who
came practically to the same conclusions. In order to keep the
material as identical as possible no attention was pald to the
fact that in some cases the stress pattern of the two speakers

was not gquite identical. Although it had been the intention to

measure ten examples of stressed and of unstressed position per
vowel, this proved impossible in the case of four vowels: the
[ # ] absent throughout the text, the [ u ] appeared stressed
five times and four times unstressed, the [ y ] appeared
stressed twice and twice unstressed, and the [ & ] appeared
stressed five times and four times in unstrescsed position.
The outcome for these vowels is slightly less reliable than for

the rest of tne vowels.



In order to elucidate matters the phonetic zotation of the vowels

with the key-words as used in this accoumt follows below:

[ u ] in boet (approximately tie vowel of English book ) repair

[ © ] in boot (approximately tune vowel of Freuch beau ) Dboat

[ o ] in bot (approximately the vowel of English hot ) bluat

[ @ ] in bad 1(approximately the vowel of French las ) Dbath

[ a ] in doat (approximately the vowel of French pgrave ) profit

[ v J in buut (approximately the vewel of French pmur J goal

[ # ] in beuk (approximately the vowel of French peu ) Dbeech

[ @ ] in buk (approximately the schwa of English amber ) bend

[ 1] in biet (approxicately the vowel of French i ) Jbeetroot

[ L ]in bit (approximately tne vowel oi inglish li ) bit

[ e ] in beet (approximately the vowel ol Frenca né ) Dbite, sting
[ € ] in bet (approximately the vowel of Laglich get ) baine, dab
JJ ¥inal d in Dutch is devoiced.

The Iormant frequences oif all ithke vowels (&, and F.J) and their
1 '
duration were measured airectiy from Lhie souncourve wivid a tupe-

recorder with rotating reprozuwclry hezd and a 3T0lu.e vséillloscope.

the formant frequeancies were mewsuraen oun the pasis of the alstrivution
of the zero-crossings (sue Il ouse 17, Witk too priaciple La mind that
tne sound curve of & vowel 1o coupvsed 00 natursl Irsguencies of the

oral cavity and the larynz updrimvosed o ong anciled.

Figure 1. Part of the soundcurve wiii the zero~croscings of

F1 and Fa indicated.

For every vowel cile meamszuring point was cncewsen, viz. 1n the mwiddie of
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the vowel. The fact that only one measuring point per vowel was used
1s one of the weaknesses of tue method used here; formant shifts in
diphtongized vowels are practicaily disregarded. The simplicity of
data processing with one measuring point only decided the issue

howevere.

The duration of each vowel was measured in milliseconds. The starting-
point of the vowel was coasidered to be there where the formant pattern
of the vowel was clearly visible for the first time and the end of the
vowel was taken to be the point where thne pertaining formaut pattérn
disappeared. If the vowel was adjacent to a voiced consonant the vowel
proper was isolated with the aid of the gates of the rotating reproduc-
ing head. The judgement was made by ear, but also by eye with the aid
of the screen of the oscilloscope. If the vowel preceded an [r] the
[e]-like part, forming the transition between vowel and (r] was sﬁb-

tracted from the duration of the vowel.

The results of the measurements were procetssed by a IBM 1150 computer

and are rendered in figures 2 to 5.

Formant freguencies:

Figures 2 and 3 show the distribution of the vowels in the formant
field in the four types of speech investigated. The ellipses Zudicate
the areas embracing 50% of the realizations if a normal bci-variate
distribution is assumed. The size of the ellipses is defined Dby the
size of the standard deviations.

On comparing the four phases of speech the following can be ascertain-

ed:

1) Both speakers make progressively smaller contrasts when comparing
phases one to four;

2) Botn speakers show formant reduction in the direction of [a];

3) The amount of reduction differs for the two informants; espercially
for the unstressed positions a greater reduction car be seen for
the speaker who articulated 'worse’;

4) For both speakers the formant triangle remains quite distinct in
all four phases; the relative system of contrasts is left in tact

in all cases.
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Duration.

In figures 4 and 5 the mean values for the duration of the vowels in

the four forms of speech investigated are rendered by graphs;

separately for elther speaker.

The order in which the vowels have been put was determined by the mean

values of the vowels, as spoken by the Ybest'" speaker, for the isolated

vowels, in such a way that tne duration decreases from left to right,
with one exception, the order of [ € ] and [ i ] were reversed so that
the so-called short vowels remained one group.

When comparing the four phases of speech we can establish the following:

1) Both speakers make their vowels progressively shorter from phases one
to four;

2) The difference between ''long" and "short" vowels in phase one and two
is considerably greater for the better speaker than for the "worse'.
articulating speaker;

3) For both speakers tne differeance in duration wetween "long' and
"short" vowels disappears compietely winen used in unstressed positionm

(phase 4);

&) It looks as if the so-called vowels of intermediate length vy ]

[ w] and [ 1 ] do not differ in duration, when mcasured ipn connected
speech, from the "skhort" vowels. Unfortunately the material for [ y ]

and [ u ] in tnis experiment was rather limited.

The material used waws of too Limited a neture and more informants will
have to »e used for a similar experiment. Besides, not only texts read

aloud will be sufficieant matcrial, but ordinary every-day counversations

wiil have to form the corpus cf an investigation.
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Fig. 4 Mean values of the vowel duration in four types of speech of
the "better" articulating speaker.
&——=® jsolated vowels
®oerwe® yowels in isolated words
&40 vowels in stressed position in a text, read aloud

®----® vowels in unstressed position in a text, read aloud
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Mean values of the vowel duration in four types of speech of
the "worse" articulating speakler.
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