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ABSTRACT :
At vowel onset following unvoiced consonants in
/h-cvcy utterances spoken by two talkers, Fo began high and fell
about seven percent in the first five centiseconds. At closure of
roiced oral obstruents, Fo suddenly dipped about ten percent,
remained flat, suddenly rose about twenty five fpercent at opening of
closuare, and, after vowel onset, gradually rose. The high/low feature
of the vowel, and manner and place of prevocalic consonant
articulation had progressively less effects on vowel Fo values. The
final consonant had no apparent effect on Fo values in the vowel. As.
previous synthesis work has suggested, the £fall or rise of Fo in the
initial portion of a vowel appears to be a cue to the state of
voicing of previous consorants. Initial and peak Fo values in the
govel also can indicate state of consonant woicing. However, Fo
contours in bisyllabic wcrds with contrasting stress patterns and
similar phonemic sequences showed that: (1) an initially-falling Fo
in a vowel may indicate either previous unvoiced consonant or an
unstressed vowel, and (2) a rising Fo contour may indicate either a

- yord-initial vowel, a preceding voiced consonant, or a stressed

. vowel. (Author/DD)
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ABSTRACT

At vowel onset following unvoiced conconants in /haCGC/ utterances
spoken by two telkers, Fo began high (thirty percent higher than in /3/), -
and fell about seven percent in the first five centiseconds. At closure of.
voiced oral obstruents, Fo suddenly dipped about ten percent, remained flat,
suddenly rose about twenty five percent at opening of closure, and, after
vowel onset, gradually rose (an average of eight percent in the first ten
eentiseconds). The high/low feature of the vowel, and manner and plece of
prevocallc consonent articulation had progressively less effects on vowel
Fo values, Ths final consonant had no apparent effect on Fp values in the
vowel., As previous synthesis work has suggested, the fall or rise of Fo in
the initial portion of a vowel appears to be & cue to the state of voicing
of previous eonsonants. Initial and peak F, values in the vowel also can
indicate state of consonant volcing. However, Fo contours in bisyllabic
words with contrasting stress patterns and similar phonemic sequences (e.g.,
permit, permit) showed that: %1) an initially-falling Fo in & vowel may
indicate either previous unvoiced consonent or an unstressed vowel, and
(2) a rising Fy contour may indicate either a word-initial vowel, a pre-
ceding voiced consonant, or a stressed vowel. _ .

)

Presented at the 84th Meeting, Acoustical Society of America, Miami Beach,
Florida, Nov., 1972, _
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INFLUENCES OF PHONETIC SEQUENCES AND QTRESS
ON
IUNDAMEN“AL PWEQUENCY CONTOURS OF ISOLATED WORDS

Wayne A. Lea

1 Introduction

Voicing of consonants cannot always be detected simply from whether or
not the fundamental frequency (Fo) contour is continuous, since at least
gome devices for tracking fundamental frequency do not yield continuous con-
tours throughout consonants, and since phonemically unvoiced consonante are
sometimes voliced, at least for their initial several centisecords (Snow and
Hughes, 1969; Lea, 1972, Ch. 4). It has been suggested (Haggard, Ambler, and
Callow, 1970) that pitch is a voicing cue, in that volce Sundamental freqnen-
cy (F ) will progressively increase in the beginnings of vowels after voiced
consonants, vhile F starts high and progr9581vely decreases following un-
voiced consonants (cf. also Lehiste, 1970, po 74).

The present study showed that the fall or rise of F  is indicative of
consonant voicing, but that the consonant and vowel identities, and the
stress pattern, demand qualifications to the notion of pitch as a voicing
cuge The rising Fo after voiced consonants was not expected to occur fol-
lowinrg voiced strident fricatives, (Haggard, Ambler, and Callow, 1970, p.
614), Data given in this paper show no such differences batween strident
and nonstrident fricatives.

/
2. Fg Contours in Isolated [ha CVC] Utterances
A computer program (Snow and Hughes, 1969) was used to extract and plot

/ .
F, contours from acoustic data for over 320 isolated [ha CVC] utterances, each

s_.pio'lie?n‘ by two talkers. ALl symmetric C1V202 sequences (with 01“0 ) were in-
cluded, where C'l was any Engllsh consonant which can occur in both yogl~
tions (L.e.,/p, t, k, b, d, g, £, 0, 8, §,tf , v, 8, z, d3 , m, n, 1/).
Each of the twelve vowels /i,1,e,e,%,&, a, 5, A, 6,w, & / cccurred

- a8 the stressed vowel ("Vz") in each symmetric consonantal context. Asym-
metric CVC combinations were also recorded, for cases where 01 vas /§, r,

W, b/ or silence and C, was one of the six stops/p, t, k, b, dy g/. Other
asymmetric CVC combinations paifed stops in the C1 position with finel C

being either /v, #®,3/ or silence (no final 02).

2
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Contour parameters as defined in Figure 1 were selected to measure the
erfects, on Fo contours, of the state of voicing and manner and place of
articulation of C1 and Cé.
identity on such parameters. A judgment was made of the value FB(V1) of

Also considered were the effects of vowel V2

Fo representative of the unstressed {sl and the value FO(C1) representative of
FB values within voired medial consonants. The initial F0 within the stressed
vowel, Egi), was determined as that value at voicing onset after phonetically
unvoiced consonants, or at the position of most rapid energy and rormant
strmicture change efter voiced consonants. Pesak Fo in the stressed vowel,
PFO(VZ), was usvally immediately after voicing onset following unvoiced con-
sonants, but nearer the center of the vowel after voiced consonants, The
differences'AsF_ and A1 OF’ between Fo five or ten centiseconds after vowel
onset and those at vowel onset, were positive if Fo were riging in the
initial part of the vowel, and negative if Fo were falling in the initial
part of the vowel.

Central Fo values within obstruents were about 15% lower than those in
non-vowel sonorants (Chistovich, 1969). Peak F, in the vowel vas generally
10 to 15% higher with surrounding unvoiced consonants than with surrounding
voice& congonants, Effects of manner of consonant articulation on Fo val-
ues are ghown in Figure 2, where pesk Fo in Hertz is plotted for each vow-
el, with consonants rooled into each manner class. Thus, unvoiced frica-
tives usually gave the highest peak Fo in vowels, especially when spoken
by talker ASH, while, for some low vowels, telker GWH showed highest Fo in
the environment of unvoiced stops. .Similar cwves were obtained. for
~initial F_ in the stressed vowels (Lee, 1972), and for this limited data
from two talkers, 98% of &ll stops and fricatives could be correctxy cat-

egorized as unv01ged or voiced by a simple hypothesis that "if initial Fo
in V, is greater than a threskold frequency (155 Hz for ASH, 157 for GWH),

)
Cy is wnvoiced; otherwise it is voiced',

Figure 2 also clearly shows that high vowels (near the right and left
extremes of the plots) gemerally yield higher Fo values than low vowsls
(near the centers of the plots),

Consonant 02 showed no substantial effects cn wa(vz), Fo(i), or other
critical Fo values defined in Figure 1.



Effects ol phonetlc sequences on transitlon: in Fo values from phoneme
to phoneme wure also determined. With unvoliced consonantal contexts, F in-
creased epproximately 40 Hz (about 30%) in transition from the unstressed [83
to the begimning of the strasced vowel (and then steadily f8ll throughout
the remainder of the utterance). For voiced stops and fricatives, F, fell
about 12 Hz (about 10%) in transition from the (el into the consonant, then
rose an average of about 25 Hz (20%) to the initisl value Fo(i) in the stres-
sed vowel, and continued to rise to a peak F_ about 10 or 15 Hz higher than
F (i), No substantial dip occurs in medial nonvowel sonorants, for which F,
generally rises steadily from FO(V’I), to FO(C1), to Fo(i), and to the pesk valus
PFO(V_Z) in the stressed vowel.

Pable I illustrates the reliability of detecting voicing/unvoicing from
the values of elther AF parameter. For example, the simple hypothesis that
"g rise in Fo at vowel onset marks a preceding voiced conscnant, and a fall
marks an unvoiced consonent" would be correct for 95% of all consonants for
ASH, and 90% for GWH, if "a rise" meant ASF>O and "a fall" that AﬁFso. Sep-
aration between unvoiced and voiced consonants by the size of any AF is more
reliable for AmF then for A5F.

(4
Thus, while the rise or fall of F after vowel V, onset in [helV 2C'_\ ut-
terances is a good cue to the state of voicing of the prevocslic cocusonant,

it is not perfectly reliable.

The results showed a slight dependency of AF parameters on the manner
and place of consonant articulation, but considerably more data, for other
talkers, would be needed to substantiate the slight trends indicated (Lea, 1972).

Contrary to a conjecture set forth by Haggard, Ambler, and Callow
(1970, p. 616), voiced strident fricatives did cause substantial rises in
F, following onset of the following vowel, just as other voiced consonants
did., Haggard, Ambler, and Callow had contended thet, since the glottis is
open partially for the strident fricatives, cessation of glottal vibration
will occur with them, and the F jump andl following fall of an unvoiced fri-
cative may then be observed. While it is true that glottal vibration, as
indicated by computer-determined Fo values, ceased for some portion of the
closure time for 17 (71%) of the 24 medial strident fricatives [z], spoken



by the two talkers, it also temporarily ceased for 25 (52%#) of the 48 iion-
strident medial fricatives [v] and (¥}, What is more, the average Fo rises
(that is, AF parameters) for strident fricatives (see Figure 4) are compar- -
able to those of their nonstrident [v] and (B3 counterparts, and the number
of A5F fallg after strident [z] fricatives was 1 (4%), compared to 4 (8%) for
(twice as many) nonstrident fricatives.

The most dominant effect of vowel identity on the contour parameters
A5F and A-1 OF was due to the vowel features high/low, Low vowels tended to
yield somewhat flatter contours at vowel onset, for both unvoiced and voiced
preceding consonants, Place of consonant articulation had little effect on

AF parameters. Manner of consonant articulation had some effect on AF parameters
(at least for talker ASH), with volced fricatives and sonorants yielding
sligh‘bly larger AF values then voiced stops did. For talker-ASH, unvoiced
fricatives were accompanied by more prominant falls for Fo after vowel on-

set than unvoiced stops were.

3. Effects of Word-Stress Contrasts on F, Contours .
A1l [hoC,IVCzJ words exhibit stress on the second vowel, so that studying
Fo contours in the C1V section of such words demonstrated effects when the

consonant precedes a stress peak. Studying the V02 sections indicated the
lack of any significent effects of a word-final consonant following a stressed
vowels To study effects of word stress on Fy contour parameters, sixty bi~
syllabic words with contrasting stress patterns, (e.g., permit/permit; mystic/
mystique) were recorded by the same two talkers, A general tendency toward
higher Fo values in stressed syllables was clearly evident. However, it was
also evident that the individual talker's mode of list reading (most spe-
cifically, his rising or falling contour) can affect relative Fo values in
stressed and unstressed syllsbles. In all 120 words, talker ASH produced
higher peak F0 in the s*%ressed syllable than in the unstressed syllable of
the word, No such simple distinction was made by talker GWH. This is evi-
dent in the scatter plots of Figure 3, where peak Fo in the second vowel is
plotted versus peak Fo in the first vowel. Pairs of peak Fo values clust_er
into two completely isolatable groups for ASH, corresponding to whether the
first or the second vowe} is stressed. An:),r straight line between those two
clusters would separate V,’ - V2 from V1 - V2 stress patterns with 100% accur-
acy. For talker GWH, the two groups overlapped some.



The peek value of fundamental frequency in the first vowel alone separ-

ates'61 -'V2 and‘V1 - 62 stress patterns of both talkers very well. A simple
hypothesis (shown by the dashed lines in Figure 3) that "peak value of F in
vowel V1 is greater than 127 Hz if and only if vowel V1 is stressed" yilelds
100% correct stress classification for ASH, and 96% correct for GWH. The
use of any absolute frequency threshold (like 127 Hz) for distinguishing -
between stress patterns would undoubtedly be futlle for talkers with differ-

ent physiological strﬁctures, and is certalnly not advocated here. However,

the success of such an hypothesis here does illustrate that peak Fo valuss
in inlitial syllables are more reliably related to stress patterns than

are values in the utteresnce-final syllables. We would expect initial
syllables to be less affected by confusing influences such as the indivi-
dual's mode.of list reading (his rising and falling terminal contours) and
the sloppiness, reduced amplitudes, and falling sub-glottal pressure that
prevail at the ends of utterances.

The initial values of F_ in both vowels were also studied. As with peak
Fo values, a simple hypothesis that "initial F_ value in vowel V1
than 120 Hz if and only if vowel V1 is stressed" yielded fairly accurate
stress classification (98% for ASH and 82% for GWH). These results are ob-
viously not as good as thcse with pesk Fo values, and are influenced by the

is greater

identities of previous consonants.

~ The abcve results agree with previous studies showing that Fo tends to
be higher in stressed syllables. However, the effects of stress on the
transitions in Fb at consonant-vowel and vowel-consonant boundaries are
also of interest. Varicus hypotheses are listed in Table 2 which relate fall-
.ing or rising Fo contours at vowel onset to the stress condition of the
syllable, the voicing/unvoicing of preceding consonants, and the exceptional
condition where vowel V, is word-initial (as in agter, astir; etc.). |

Published works that suggest that "pitch is a voicing cue" (Haggard,
Ambler and Callow, 1970; Chistovich, 1969), and the results with [haCiC] utter-
ances, would suggest that voiced consonants are followed by rising Fb contours, -
while falling F_ contours follow unvoiced consonantss The simple "consongntal
hypotheses," listed as hypotheses 1 and 2 in Tuble 4, state these claims.
However, the data show that only about half of the falling {rising] contours



result from unvoiced [ volced] consonante. The one exception was with rising
contours in second syllables. These were regularly assoclated with previous
voiced consonants (in 100% of the syllables of ASH, and 8/% of those of GWH).

Other hypotheses that weaken the implications of a rising F, contour,
(number 3) or that consider stress effects alone (numbers 4 and 5) are
given in Table 4, but hypotheses based on the combination of stress and
voiced environments yielded the most accurate predictions of stress and phon-
etic context. As hypothesis 6 whows, a falling F_ contour may be evidence
either of a preceding unvoiced consonant, or of an unstressed syllable .
(with previous wnvoiced or voiced consonant). A rising F_ contour at
vowel onset may indicate (by hypothesis 8) either that the vowel is word-
Initial or preceded by a voiced consonant, or that the syllable is stressed

- (with a prevocalic voiced or unvoiced consonant). 'These'reliable”hwpotheées'M'”'””"”"W

are, however, predictively quite weak. A4ll that they pbsitively eliminate
from consideration are (1) the possibility of a stressed vowel with preceding
voiced consonant yielding a falling contour; and (2) the possibility of an
unstressed vowel with previous unvoiced consonant yislding a rising contour,

It is evident that falling or rising Fo contours at vowel onset do not sim-
ply mark either stress or state of voicing, but are functions of a complex
combination of stress and phonetic context.
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