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Temporal Organization of Spoken Lanpguage

Ilse Lehiste

This paper reports the results of 2 pilot study dealing with
the temporal organization of spoken language. In particular, it
degls with the temporal structure of monosyllabie and disyllavic

words in English.
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n this s+udy thet the production and percepiion
of spoken langusge vakes place in terms of phénolagical units. These
units may be of veriocus sizes, ranging hierarchicelly from a single
speech sound througn syllables ahd phonologicel words t¢ phonological
parases. Evidence for the existence of sgch,units comes from varicus
sources, for example from studies of coarticulation (Onman, 1967;
MacNeilage and DeClerk, 1969). Another source of evidence is the
study of suprasegmentel patterns (Lehiste, 19T70). All suprasegmental
patterns are patterns in time; any cﬁntrastive arrengement of fundamental
frequency or intensity is crucially dependent on the time dimension.-
The ar?angement of articulatory event; along the time dimension may
Aikewise have suprasegmental function: and may serve to establish
higher-level phonolegicel units.

One way in which & phonological unit mey be specified is wiﬁh
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reference to its temporal organization. Several recent studies

(Xozhevnikov and Chistovicn, 1965; Slis, 1968) have shown that when a
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speaker repeats the same utterance many times, at the same r;te of
articulation, the durations of adjacent phoneﬁes are quite strongly
negatively_correlated. Thus, if an error is made in the durstion of
one phoneme, the error is largely compensated for in the following
phoneme, which finishes at the originally planned time, despite the
fact that it started late. This negative correlation suggests that
articulatory events are progremmed, at some (here unspecified) higher
level, not in terms of single phonemes, but in terms of higher—levei
erticuletory units, One way to determine the extent of these higher~
level units would be to establish the domein over which such temporal
compensation takes place, s;nce if seems reasonsble to assume tﬁaf-the
sequences of sounds which are subject to temporal compensation constitute
e single axticulatory progran. |

The gquestion might now be asked whether such articulatory units
(defined as the dcmain of a single articﬁlatozy program) are universal
or language-specifiec. Different researchers, working with CVC-~
sequences in different languages, havé found a cleser correlation
between either the initial CV sequence (Russian, Kozhevnikov and
Chistovich, 1965), or between the VC sequence (Dutch, S1is, 1968). The
cbservations regarding English which are reported in this paper support
_ the view that in English, there is a closer connection between a vowel |
and a follewing consonant than between an initial consonent and a
following vowel.

While this question is of intrinsic importence, it would be
still more interesting to know whether two phonemic£lly identical, but

morphologically different linpuistic items have identical time programs.
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An examzie misnt be providad

N

by the word pair weished and wade, the
first being the past tense of the verb mm, the second the
infinitive of the verb wade. The vast tense form contains two
morphemes: the verbal stem weigh and the past tense marker -d. The
word wade is mdnor;orphemic‘ IT the two words weighed and wade are
produced with identieal itiming patterns, one may assumé that the
morphological process of assigning the past tense marker to weigh

has teken place at & level which precedes the programming of motor
commands Tor the reslization of the phonemic seguence, which, according

to traditional descriptions, is common for both weirhed and wade. On

the other hand, & difference in the temporal-organization of the twe

seguerces *ug;hu indicate a difference in the level at which the uiter-

f
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ence, about to be generated, is converted into a seguence af motor
com:nand;.

The srecific aim of this vilot study was to test the bemporal
compensation hypothesis Ffor English, and to establish the domain over
which temporal compensation takes place.

I selected o set of ten words: gieed, staid, staved, stead, skid,

skit, stay, steady, skiddy, and skztw. The words were chosen to

.

provide an opportunity to study several different agpects of the
problem, and alsc for the sake of releﬁtive ease of '‘processing. I
intended to analyze the tapes by means of a piteh meter and an intensity
meter, and display the curves on a Mingegraph. The initisl clusters
/st/ am‘. /sk{ were selected because it is :rela.tively easy to measure

the duration of an initial /s/ from intensity curves with high-Treouency

pre-~emphesis. The pleosive following an initial /s/ is unaspirated in
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Zapmligh, whieh maXes it possible tc ‘esteblish the duration of the

& the cnget of the woewel. wisth concidernble nrecizien. The
set of words contains the pair staid ('stodgy') and stayed (past

tense of the verb stay, which was likewise included), providing a
chance to compare twe words with identical phonologieel struecture, but
different morphological structure. The three disyllabiec words steedy,
skiddy, and skitty are derived from the monosyllabic words stead, skid
and skit through another morphological process--the suffixation of -y.
I was interested in this particulsar word type, because in the
Micwestern dielect of Americean English these words would normally be
proncunced with & so-called 'toiced /t/'--a flapped allophone of the
sounds that are realized initialiy as /t/ end /d/. The flepped /t/
ceeurs only interveoceliczlly; iIts occurrence signals that another vowel
has to follow, and I interpret this to mean that the articulatory
orogram nust obliggtorily encompass the whole CVC sequence.

Each of these ten words was recorded by two subjects, who repeated
the word epproximately 110 times at what was deemed a subjectively
constant rate. The speakers were selected solely on the basis of their
dialect: the Midwestern wariety of Ceneral American, iﬁ which flapped
alleophones of /t/ end /d/' are the rule rather than exception. In other
respects the two speakerssdiffered a great deal. Speaker DS has a
lcwpi;ched (male) voice; he speaks slowly and steadily, with a clearly
developed rhythm and fairiy egqual spacings between the productions of
individual tokens of the test words. Subject JK, & high-pitched
Temale §§eaker, speaks very faﬁt and irregularly; she speeds up and

slows down within a list of words, and is apparently uneble to control
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her rate of articulation very well, although it turned out that

=2 = u ~ > . < . 3 -
chanzes in tempo were mosily reflected in the spacings belween ihse

BN J

wase v

r othan In the duration of the werds themselves. Considerirg
the great difference between +the speakers with regard to the spacings
between words, it was quite surprising tha€ the results of the temporal
i
conmpensation study turned out as similar for the two speakers as they
did; however, I inteﬁd to éoatrol the réie of articulation much more
rigorously in recording further subjects.
The recordings were processed through e piteh meter and intensity

meter (designed by Bdrge Frodkjaer-Jensen, Copennhagen) and displayed on

& Mingograph (Elema-Schdnander, Stockholm). The output of a Mineograph

pda
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s & set of time-correlated curves and an oscillogram, from which
ruite reliazble time determinations cen be made for each segment. Some
decisions hed to be arbitrery--for examplé, in the word stay I
considered the peak of the last non-laryngealized voezl rold flap to
constitute the end of the utterance, With a paper speed of 10 centi-
meters per second, cone millimeter corresponds to 10 milliseconds. The
precision of mezsurement depended ultimatei% on the width of a pencil
line drawn to indicate segment boundaries; the finel resulis are given
in miliiseconds, but the measuremenis are ﬁrobably sccurate within two
or three miiliseconds rather than half a miilisecond which the mumbers
might imply. Toxens which for some reason were not easily measursable
were not included in the celculations.

After making the measurements, I c;lculated the following for

each set of test words: the average durestion of each segment; the

variance for each segment; the relative variance; and the standard
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deviction. Relative variance, a concept recently introducesd hy George
ilen [Allen, 104G), ic simply variance dividec by averaps duration.

Fad
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¥iny into ascount differences in the avernpme durnticon of sesmenis,

relative variance provides & good measure of articulatory variability.

The goal of the study was to test whether there was any temporal
compensation within seguences of segments. By assumption, & negative
correlation between the durations of two successive segments was taken
to imply that the two are programmed as & unit at some higher level

% which articulatory sequences are programmed. There is 2 negative
correlation between the durations of two segments, if the variance
¢ the duration of the sequence of two segments is less than the sum
of the variances of the segments considered separately.

Cr the other hand, a positive correlation reflects the influence
o8 changing tempo: if the rate of articulation incresses, all segments
are shoriened, although not necessarily at the same rate, and
cenversely, if the rate‘of articulatioﬁ decreases, all segments are
lengthened; It is vossible to eliminate or reduce tempo effects by
a normnlization procedure which I did not employ in this pilot study,
but intend to use during later stapges of the project of whiéh this
article constitutes the first report.

I caelculated the variances of all individual segments and of all
sucecessive nairs of sounds. In additibn, I treated the initial
cluster as a unit and calculatéé the variance of the sequence consisting
of the initial cluster and the 'following vcwe;. I also caleculated

the variance for the whole word, ané compared it with the sum of

variances 7or the individual seesments. To compensate Tor the differences



between average durations, I calculated the relative variances by

dividing veriances oy average durations. Tab

le I summarizes the

t

results for the seven monosyllabic words for speaker DS.
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Difference detween the relative variances of successive sepments
taken Individually end considered as a co-articulated sequence,
calculated on the basis of monosyllabic words produced by DS.

Word ¢ ' Co¥ ':ICICEV vc3 C1Cp¥Cy
steed -0.73 -0.38 -0, 58 -0.66 ~0.79
staid +0.,07 +0.26 +0.13 ~0.148 -0.05
stayed +0.48 +0. 14 +0.26 ~1.07 -G.79
steed -0,40 -1.29 ~0.36 k.17 -2.80
skid ~0.06 ~0.33 ~0.32 -0.27 -1.1%4
skit : +0,01 ~0.20 -0.20 -1.26 -0.53
stay 0,55 -0,12 ~0.08

The entries in the table repre%ent the difference between the
relative vardiances of successive segments “taken individually (for
" example, the first consenant and the‘Second consonant) and considered
as & coarticulated seguence (for example, the initial cluster)}. A
consideration of some entries in the firét row will illustrate the
procedure. The first number, -0.T3, is the difference between the

reletive varisnces of the two consonants /s/ and /t/ taken separately

anéd /st/ considered as a coarticulated cluster. The sur of variances



for /s/ and ft/ was 1,136.58; the variance of the /st/ cluster was
¢54.1C. The everage duration, of ccurse, was the same in both cases,
and amounted to 251 milliseconds, Tﬁe rclative veriance for the sum
was 1,136.55 divided by 251, which is L4.53; the relative variance for
the cluster was 95L4.30 divided ny 251, whiena is 3.80. The difference
betwzen 4.53 and 3.80 is €.73; the nminus sign indicates that the

.

relative variznce Tor the cluster was smeller than the ralative

variance Tor the sum of ssgments, wnich means thet t_mporal'ccmpensation
was present and thereIVas a negative correlation between the durations
of /s/ end /%/. In the 106 measurable productions of this word, there
Wwes obviously a certain amount of temporal compensation between each
successive pair of segments, as wgll as within the whole word, as

shown by the negative entries in all columns.

Wow the results obtained for this first word would not solve the
guestion whether there is & closer correlation between &n initiai
consonant and a following vowel, or vetween a vowel and a following
cocusonant. Temporal compensation was present between all successive
pairs of sounds; unless we had a-wﬁy of evaluating the significance

of degrees of correlation, it would be impossible to conclude which

:
of the sequences constitutes a more'closely coarticulated unit., I
have in fect calculated Pearson correlations for many of the pairs,
some of which will be presented below; but I em not sure ithey are
very rmeaningful, and for the follcwihg reason. It so happens that
there mey be a statistically signifiéant negetive correlation between

/s/ and /t/ in the word steed; but there is a positive correlation,

Likewize significant, between [s/ and /t/ in the word staved, recorded
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guring the some session, Sieed and stayed have exactly the same -

emount of temporal compensation within the whole word (-0.79 in the
las® oy # Manla I & oy - - | - - + m

35 olumn of Tanle I for Toth steed andtguggeu). It seems to rme
that one shoulé compare not oaly the correlations within each word,
but alsc the patterns produced within one recording session; in
other words, not only the entries within a row, dut also the analogous
entries within each column. Waat seems significant to me is the
<
<

act that we find Toth peositive =nd negative correlations in sll

columns except the two last ones. Within this recording session,

-

there was a2lways ¢ nedsiive correlation present baiveen the vowel and
vhe Jocllouwing comsenant, and within the whele monosyllzbic word.

Table IT

Difference between the relstive variances of successive semments
taken individually and considered 25 a co-articulated seguernce,
calculated on the basis of monosyllabic words precduced by JK.

Word C1Cp C,V 1 GGV Ve, AL
{steed +0.20 -0.08 | +0.35 -0.19 +0.22
éstaid -1,k 40,29 -0.28  -0.36  -0.50
%stayed +0.,08 +0,31 1'+O.h9 -0.09 +0.36
 stead ~-0.13 +0.b5 +0.35 -0.58 -0.25
skid +0.17  =0.17  -0.09  -0.22 -0.01
skit -C.19 -0.23 -0.13 ~1.22 -0.94

stay +0.23 +0.45 +0., 47
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As was mentioned sbove, the second subject was & hiphly ;rrégular
speaker, who varied her speaking tempo to a much greaﬁer extent than
tne Tirst. One might thus expect a greater amount of positive corre~
 iation, or perhaps a lesser degree of negative correlation, reflectin
the influence of ch%nging tempo. Apd indeed, the number of instances
of positive correlation was doubled for this spesker. These were not
simply additional cases; a comparison of the matrices for the two
sﬁeagers shows that the pluses and minuses do not necessarily occcur

in the same slots, The one thing that is reg;lar is the negative
corveletions in -the next but last cclumn,>showing temporal compensation
between a vowel znd the following consonant. The tendency foﬁ neggti%e
correletion here was evidently strongAencugh o fesiat the influencs
of changes in tembo.

ey wo
3

Table ITI prasents similas dstz for the dizyllebie words of speaker DS.
Table IIX
Difference between the reletive variances of successive segments taken

individually and considered as a co-articuleted seouence, caleculated on
the basis of disyllebic words produced by DS.

steady  -0.55  +0.03 -0.31 -0.13  +0.18 -0.53 -0.70
skiddy -C.04 -0.09 -0.22 -0.32  -0.61 =-0.38 ~0.92
skitty +G. 33 -0.03 +0,35 +0.01 -0.37 =0.73 -0.86

As mzy be seen from the table, the intervocalie flapped /t/ does not

s
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seem to have any closer correlation with either the precedins or the
fallowing wowel:

-y

osit

¥

the values in the fourth and T

3 n
18
Tha 1

h column show both
last

and negative correlation, and no obvious npattern emerges.

aclurn shows a considerable depree of 'interaction vwithin the

vaole disylladic word, as hed been the case for this speaker alse wit
nonosylilebie words.

he next btut last column shows that there was

elso a temporal compensation {i.e. negative correlation) between the
durations of the two vowels.
rasearcen, it

If this can be substantisted by further
second vowel

seens ithat Iin such disyllabic words, the duration

-y

of the
is adjusted to the duration of the first, and the

sequence
o vowels constitutes g unit of programming at some higher
1ately the

level.
second spesker's results gre very econfusing, and
the conelusion is therefore even more tentative than the other con-
clusions drawn on the basis of th
Table IV

is exploratory study.

gpaenkars,

correlstions btetwesn the syllable pucleus
rmonosyllabic

test words produced by the
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Table IV
Pearson correlations® between the syllable hueleus and the Tinal
consonant in monosyllsbic words produced by speaskers D3 and JX,

Word | Speaker ﬁS : Spesker JK
steed _ e -0.35 ' : -0.18

staid 031 0.33
stzyed ~0.27 -0,25%

steed | ': -0.76 ~0.47

(suid : -0.20 -0.57

skit ~0.38 | -0.61

2
o
(5]

mzy be remembered, both Speekers had negative correlstions

;J
r

all test words between this peir of sounds, These data are presented

™

-4,

or the sede of peossidle compurison with the relstive veriences; I

¥

hes&tate to drav any conclusions from the difference in &egfee of
negative correlation on the basis of this material alone, without
consideration of the relationships between other segments within the
wvord: Other factors have to be included £n the.consideration; for
exemple, speaker DS always had a nucg‘iarger gtandard deviétion for

the duration of the final consonant than for the duration of the

s¥llable pucleus; while spesker JK's standard deviations showed no


http:r.onsona.nt

— Gk

such oaitern, learly fur oL oekeT 00 Tloel Lodizion influsnced the

variability of the .uration of a segment in such a way as to make

€

he two standard deviatioﬁs non—comparaéle.

The results of the study thus indicate rather strongly that in
s there is o close interaction between the durations of wowels h
and fellowing consonants in monosyllabic Qords, and between the
durations of all the sounds within 2 monesyllabic or disyllabic

utterance, This seems to provide some independent phonetic evidence

for the existencs of phonolcogical words, which I would like to define

« s

55 the domain over which such temporal compensation takes place. There
is further evidence for the existence of such phonologicel units in
the average durstions of segments within a word during one recording

session. A comparison of these average durations. shows very interesting

compensatory effests. : Vi

Table ¥ shows the average duration of segments and words in the

four monosyllebic words steed, staid, stayed, and siay, produced by

speaker DS.
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Table V

Average durations of sepgments (in milliséconds) in four mono-
syllabic words produced by speaker DS. N = number of tokens,

HWord " Cl . 02 . v G3 Toteal
1

steed 106 130 121 30 1458 720

staid 110 119 96 330 167 712

stayed 11 125 96 330 151 702

stead 110 133 123 307 1k9 C 712

It is obvious>that for this speaker, the word constituted a unit of

timing. Compare, for example, the relative arrangement of the durations
7 B ’ P :

of the éegments-in steed and staid. There is a difference in £he
intrinsic durations of /i/ end Je¥/s all other factofs being kept
constant, fe®/ is longer than /i/. However, tﬁe greeter length ofv
/e was ¢clearly compensated for in the shorter duration of the
- ipitial cluster; the difference in the durations of the words is very
much smaller than the difference in the durations of the vocsalice
syllable nuclei. On the otherzhand, the absence of a final /fd/ in
5iay vas accompanied by lengtheginz'of both members of the initisl
cluéter.

Coming back to the question of whether there is any differernce
between bimbrphemic and monomorphemic words of the same phonemic
structure,-f must say that very little, if anything, can be concluded

from & comparison of the words stayed and staid. Speaker DS had a

v———



difference of relative variasnces of -0.kB between the syllable nucleus

anté the final consonant in staid and -1.07 in stayed, the Pearson

LE"S

correlatiens Being -C.37 and ~0.27 resnectlvelv The two ways of
expressing neseiive corralaiion provide contradiciory evidence in
this case. Tor speaker JK, the difference in relative variances wus

~

-0. the Pearson correlations were

Lad

& for staid and =0.09 Tor staved;
~0.33 and -0.25. This might be interpreted to mesn that there was a
higher degree of cohesiveness between the syllable pueleus and the

final consonant in the monomerphemic word. However, these results

should be compared u&th the d’“ferance in relative varisences in the —
whcle ClC2V03 sequence. For spezker DS, the word stayed considered

235 & wWnole had 2 much gregter degree of temporal compensetion than

staid. TFor speaker JK, the sittation was ‘exactly opposite: staved

(l‘:

ve correlation, while

[
iy
Q
wt
4
m
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s
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w
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taif showed negative correlaticn.
Unless some further evidence is provided by later sitages of the study,
it must be councluded that the morphemic struecture of & word does not
have any influence on i s temporal organization in English.
Table VI compares stead with steady, skid with skiddy, and gkit

with skitiy, =gain Tor speasxer DS,
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Table VI

Comparison of average duretions (in milliseconds) of segments in
‘three monomorphemic and three bimorphemie words, produced by

speaker DS.
Word Cl C2 Vl 03 V2 Total
stead 133 123 307. 149 T12
steady gk 98 133 20 173 518
skid  1k8 "10k 217 151 620
skiddy 128 97 o0 28 166 509
skit 156 10L 185 115 560
skitty 210 87 83 23 151 LSk

It is interesting to observe that in each case, the disyllgbic word
was shorter éhan the.corresponding monosyllabic one, and that the ...
shortening remularly involved the initial cluster. As was mentioned
above, the two vowels of disyllebic words of this type are guite
strongly negstively correlated. The observation might be added now

that althourgh skid and skiddy are longer than skit and skitty, the

ratio between the durations of the two vowels in skiddy and skitty

is practically identical: 0.54 for skiddy end 0.55 for skitty. The

corresponding ratios for the other sveaker were 0.89 and 0.8

respectively. Both speakers had a considerably different ratio
SoBRCY

hetween the two vowels in steady (althoush there was temporal compensa-
)]

tion §resent vetween them): steady evidently constituted a different



disyllebic word type, although it too contained a flapped /t/.
Let us now return to the guestion regerding the relationshin

between morphological structure and phonclogical structure. Within

morphology, sisady, skiddy, and skitty are derived frum the respective
base forms bY the addition of the derivative suffix -y, which produces
sdjectives from rouns. Within phoneticelly manifested phonolopy, we
ere not simply a2dding an (1] 4o the monosyllabie words stead, skid,

and skit. Pér one thing, the bimorphemic words, which also contain

a greater numbter of segments than the monomerphemic words, are
consistently shorter, alihough one might expect them to be longer by
scmeﬁhing like ithe sversge durstion of the final Cil. The bimorphemie
words ere realized as higher-level phonologicel units with some
clearly defigeble vhonetic proveriies of their own, such as the ratio
vetween the vowels and temporal compensation between the two vowels
rether than betweentthe stem vowel and the following consonant. It is
cbvious that 'a simple distinetive features description, as might be

.

“given in & distinetive feature matrix constrgcted for the basic and
the derived foryms, would not reveal.the essential differences in the
temporal structure of the two word t&pes.

Tnis study of tempcral compensetion has thus produced evidence
not only for the existence of temporal compensation between certain
pairs of segments, but also within all the segments that constitute a
word. ; have tried earlier--in my studiéé of juncture-=to define &
phonolozgical unit with reference to its boundaries; this is the first

time I have found something to characterize z word as a whole, not

by refereénce to its boundaries, but through the internal cchesiveress



|

1

ef its compcnent parts. And this appears to be a promising directicn

for future research. .
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