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A twenty-minute radio broadcast of a short story, digitised and measured for both syllable and
pause durations. was studied with respect to the durational characteristics of both pause dura-
tions and rhythmic groups. Syllables were grouped into feet and foot durations calculated. Feet
were then grouped into inter-pausal units and the durations of these larger articulation groups
also calculated. The hypothesis that pause duration is a function of average foot length, deter-
mined over the previous n feet, was tested for different values of n but no supporting evidence
was found. It has already been shown that the durations of both stressed and unstressed syllables
in a foot tends to decrease as the number of syllables in the foot increases. Evidence was found
here for a similar shortening of average foot durations as the number of feet per inter-pausal
unit increases. This shortening indicates that an element of planning may be involved at higher
articulatory levels. That the shortening is asymptotic lends support to the concept of a minimum

duration at some level of the timing hierarchy.
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1 Introduction: foot length and duration

A twenty-minute radio broadcast of a short-story, digitised and measured for
both syllable and pause durations, was studied with respect to the relation-
ship of pause durations to stress groups. ‘

A phonemic transcription of the broadcast was prosodically tagged by
two professional phoneticians for stress, intonation and prosodic boundaries
at the phrase and clause level. These tags were used to identify stressed sylla-
bles, which were then grouped into feet such that every foot either contained
only phra.se- or clause-initial unstressed syllables, or started with a stressed
syllable and included all following unstressed syllables up to the next prosodic
event, which was defined as either a stressed syllable or a phrase or clause
boundary, as indicated by the prosodic transcription. Durations of these feet
were recorded, along with the number of syllables and phonemic segments
they included.

Pauses were defined as any measurable silence in the acoustic signal that
occurred between valid syllables. Durations ranged from 72 ms to 2363 ms,
with quantiles at 433 ms, 743 ms, and 1171 ms. Pauses containing breathy
noise were distinguished, but not treated separately in the experiments.

Feet were further grouped into interpausal units (runs) that varied in
length from 0.2 seconds to 7.1 seconds, with a median of 1.9 seconds. Figure
1 shows the distribution of the pause lengths; figure 2, foot lengths, and figure
3, run lengths. Figures 4, and 5 show distributions of stressed and unstressed
syllable durations in the passage. Mean durations for these syllables were 223
and 151 milliseconds respectively.

Boxplots were produced using the Splus statistical package (figure 6) to
show that as the number of syllables in the foot increases, the mean length
of the foot decreases. In this and the following figure, the width of each
box is proportional to the log of the number of samples in each category,
and the horizontal lines mark the 25th, 50th and 75th quantiles of the data. .
Whiskers are drawn to 1.5 times the interquartile range, and notches in the
" boxes indicate significance at the 5% level if they show no overlap.

However, this simple statistic ignores the almost two-fold difference in
duration between stressed and unstressed syllables. To factor this out, further
plots (figure 7) were produced to show the two types separately. It is clear
from this figure that both stressed and unstressed syllables show a similar



trend, shortening as foot length increases.

Figure 8 shows that amongst the unstressed syllables, those in phrase-
or clause-initial position with no leading stressed syllable are considerably
shorter than equivalent ones following a stressed syllable in the foot, and
that the unstressed syllables in solo position are significantly longer than
those in feet of length three or more. It would appear from these data that
there is compensation taking place in the articulation of both stressed and
unstressed syllables that serves to bring stressed syllables into more of a
thythmic sequence.

2 Pause duration and foot length

To check whether pause duration could be shown to be a function of foot
length, and therefore to contribute to this rhythmicity, foot durations were
averaged over the previous 1, 3, 5, and all, feet in the run. Figure 9 shows
scatterplots of pause duration against average length of the previous n feet.
Regression lines show that there is almost no corelation between the two data
sets. The steepest slope, that of pause duration against the previous single
foot duration shows a correlation of only 0.109.

Since pause duration (shown in figure 1) is not normally but bimodally
distributed, it may be the case that longer pauses can be better described as
integer multiples of a shorter pauses. On this assumption, pause durations
were examined modulo 750 milliseconds. taking the mean foot duration of

375 milliseconds as the center duration of a notional standard length pause

and folding any pauses longer than 750 ms so that all multiples would be
reduced to within the observed range for foot durations. Figure 10 shows
that no increase in fit is gained by this operation; the regression lines are
almost completely flat, indicating a lack of any correlation.

The above is not sufficient evidence to discount a relationship between
foot length and pause duration, but it does perhaps indicate that other factors
may be involved if indeed such a relationship exasts.



3 Foot duration and run length

The converse of pause length is run length; the length of time between pauses.
This is presumably a function of the number of syllables in the run, but it
can be shown that there is also a correlation between the lengths of the feet
made up of those syllables and the number of feet in the run.

Figure 11 shows that as run length increases; i.e. as there are more
feet in the interpausal unit, the mean duration of the feet in that utterance
decreases. The correlation is weak, at 0.25, but that there is an effect at
all indicates that there may be some articulatory planning of the utterance
at levels higher than those just required for rthythmic considerations alone.
Regression coefficients for the fit shown here are 420 - ms minus 6.2 times the
number of feet in the run.

4 Conclusion

It has been demonstrated that syllable duration is affected by the rhythmic
structuring of the utterance, by showing that durations of both stressed and
unstressed syllables decrease as the number of syllables in the foot increases.
This has the effect of normalising the distance in time between stressed syl-
lables and preserving the rhythmicity of the utterance.

The hypothesis that there might be a correlation between this thythmic

structuring and the durations of the pauses between the utterances was tested
by examining pause durations as a factor of the average duration of the n
preceeding feet, where n was 1, i.e. the immediately prepausal syllable, 3 and
5. representing windows averaging further back into the utterance, and 'all’,
taking the average foot duration across the utterance as a whole. In none of
these cases could an effect be found.
It was shown, however, that there is a reduction in foot duration similarx
to that undergone by the syllables in feet, as the number of feet in the
interpausal run increases. It is suggested that this might indicate a higher
level of articulatory organisation, with some element of preplanning of the
whole run prior to articulation.



i0 20 30 40 50 60

0

200 300 400

100

figure 1: pause lengths

80

60

40

20

500 1000 1500 2000

pauses
duration in milliseconds

figure 2: foot lengths

200 400 600 800 1000

Teel
duration in milliseconds

figure 3: run lengths

_

2000 4000 : 6000

. funs
duralion in milliseconds



100 200 300 400 500

0

150 200 250

100

80

figure 4: stressed syilable lengths

———L_'_'_—'l

200 400 600

stressed
duration in milliseconds

figure 5: unstressed syilable lengths

800 1000

B

200 400 600

unstressed
duration in milliseconds

800



.mo_nm_;m 10 Jequinu uj yibusj Ag suoielnp 100} uesw

T

—

L == =

se|qellAS 10 Jaquinu ui yibus| Aq suonenp 1004 9 einby

L

Qo8 00y 00c

008

008 009 00V 00¢

0001



i
|
I
|
_l

00c

% SR

0o 00€

. &5 PWa

00s

100 J0 UiBua| Aq uomeinp sjge||As pessalisun uesw

4 F

00z’

0¥

S
e ——

009

oo8

100} J0 yiBus| Ag uoneinp sjqeliAs pessens :/ ainbly



(p2e=u} p=us| (z19=U) g=us| (685=U) Z=U?]

(954=u) sisnioeue

——

100} Jo WibBuse| Aq suopeInp ojge||As passalisun

%

:g 8.nby

001

00¢

00g

00¥

00s



uyibua|-esned

0002 oSt 0001}

005

1004 | JOAC pebelane

yibusy-esned

0002 00S1 000L

00s

.. - . ..
Pl T . ‘e oo.;
* . ) » ¢ oo .
. » IR AN AR i
et el tae gt et
b .-\l‘ L] oo?‘toAv Pl . o g ?
hd - et @ .'u—oo\m L
. . -i a2 ool-oo- . » e PR L
. - ey v -mll‘b.ﬂo.“&ﬂ‘l.
r L] S - .3
a . . ” . "-oo h c..‘. oo-oooo-nu\.oacu
. L L * S gbpn
* *s o e 0 e P 2 *%
.® o LI no “ *
oo % -o.-..o o-\-c-oo
L3P . e o .. PP
. .
. * . . ®
hd " .
-
.

188} G J8A0 pobelone

oof 002
yibus|joo) afieisae

009

008

00s OO0 008

yibus|'joo) abelae

008

0002

yibuar-asned

0051 0001 008§ 0

. N
[=
. . . <
) e 2t : w
.~ . .
CoLe e e e L 1 8
. b Y . L™ . .ot .
. * L ] w Yo s ey -nl\hoowﬂso
. . - .
hd o. o-ohoa F ™ .uoou ovnoo . ot-uf‘ hd \co o | w
s — u-. ol F> Y] ﬂ. v o
A OO I . % 5, Feeet 102
L) . . * o* d-oo - L)
» M . ﬁ ..0.. o' e *.i * ) oc. m
R RN LIPSO -
i o . . * .~ LI .
: . . * . o))
M . . L A=
H . =]
. .
. . . M
o
. .

0002

189} ¢ 19A0 pobelone

Bus|-esned

005} 0001

00e

.
[
.
00S
iBus|00) abelae

00L

188} |[e lon0 pabelaae

syibuey 100} pabeiane Aq yibus| esned :g ainbiy

yjbus|joo}-abelose



y1Bus|esned

6c8 1]0) 0ge 0

tpbus|asned

009 00 002

00L 009 00S 00F COE QO0c

yibua|ooyabelone

0o

00s

1981 G Jano pabelone

. .
1] . .
. : . nOU . . ° - . .-oo
. . [} e L T e * 'y .
. - s . . < -on et . s g 2N .
S v . o-oo; . -ol o on\ . -“o " . * o .n.m oo- 2 ..uc -t ooo-ouo "o_...hooo~ -0 - e R
sre o * voo " o?% 5--"0.. * TR *s W’ ., 2 & N, 2. e uu“ . \o.\aa-m o'ut.uﬂ. o
oca o " Stes S e o Stee o, {D TeaTes + % -y L 30 o
H hi . L] ot * » * -
..0.: e ot oVo .o .o . .o.t-- . ﬂooooo .
" . .
mv “AIU-. N ouoo . o o. “ . ooo- . o ooo-. :
2 T e
. .
(s} .
. * . @ = .. *
o .
. o b .
.
.
. .
100} | JoAo pebeiese 100} € JaA0 pabelene
yiBus|esned Yibusjasned
009. 00¥ 002 0 009 007 ‘ 00c
N £ h X L " - :
. . '3 . L
. P - L - . -\o »v L] N
. . oc O . . e ¢ . . w . oo... o! . Mdoooo-‘.o . no-o-o - n-\fo-o- oo oo o-no
] * » - L) ? . - ™
o AR T e Jemer T 18 g X IR SIS M ol el
. . - ., LI PR .. PO FOMPRAAAT - L LI S 5 AL
. n-c. uo..u. -o.. ....”... .o.o.”.u. -u-o...... alcdsu..o . n-s..cw P m bl ad s ees s . .o ... * .-n . .c. . -no.t-....l-.....
o-sono ¥ MRS BV T e I e i <] Py . TERCE A PP .
v = At A \J e » v 2 [av] . s * .o * . oet
- e e .-Fooooon 6.-!. [ o bl . . . .
o . * L0 ‘o‘o ooouo- e N %%, . . o -~ * »
" . > [ ) Uo * .0-. Ld o. P Y o "
() . » ) 'S L ., - » - OO P — - -
s %o o ‘e . * o- . c. L] . m m.lo. . .
. * . PR ., . ooo . o 3 .
. . - nm..
" LI 2 . = .
. * .« * o))
o
0 .
. )

189] |[e Jano pabelane

0c/ ojnpou yiBua| esned 0| anbiy

004

yibuayjoo) abeiane



figure 11: njean foot length by run length
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