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1. INTRODUCTION

Tempo is not one of the more freguently explored areas of speech research,
and any DossiblebcohsequEncés of tempo' variation for other phonetic phe-
nomena have all too often been taken for granted, Unforturately; .the -
situation is complicated by pitfalls of definition and hazards of* numerical
treatment,

If we glance @t some of the elementary textbooks we find the following,
Jones (1967: $43) put the average conversational rate of native English
speakérs at 300 syllables a minute'and recommended this as a convenient
target for foreign learners. Gimson {1962r25) makes several brief observa-
tions in one shoprt paragraph in & discussicn of quantity and duration:

(1) "the absolute duration of “sounds -or syllables will, of course, depend
on thélsbeea of uttefénCe"; (71} "an aveérage rate of deliveéry might con-
taiﬁ anything from 6 to 20 sounds per second", and (iii) "lower and higher
Speédé:areﬁfrquéhfly used without loss of intelligibility". These simple-
statements alone disclose a number of fundamental problems, How 1is ‘speak-
ing:gaké to be measured? (In "sounds" or "syllables™, neither concept .-
being‘easyuto'aeFiﬂe?j.What'is the range of variation of &peaking rate?
How Far do durations of other physical phenomeria depend on speaking rate?
Of;hCSHQefsélygith.Férlis spééking rate a disturbing factor in investiga-
tions concerning physical guantities in speech? How are speaking rate and
inteiligibility'réléted? Another author, Abercrombie (1967: 46), has the

Following to say about speech rate: (i) tempo (speed of spesking) is best
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measured by rate of syllable succession, (ii) tempo is variable, and (iii)
"everyone who starts learning a foreign language has the impression that_ o
its speakers use an exceptionally rapid tempo", His third observation in-
dicates a further areca of interest - what is perceived rate? Yet another
area is revealed by Heffner (1960: §8.1) who discusses in particular the
maximum rate of articulation available to man,

"Tempo" is not one single, unambiguous concept, but has in fact been
used to denote the speed of several different processes in speech produc—

tion. And "speed" has a special sense when applied to speech tempo, It

refers to frequency of repetition and the rate measures give the number

of . 8peech units occurring in a defined:perigd of time (words, morphemes,
syllables, phonemes, gestures etc,)‘vIt,does not refer to yelocity. But
the question has been raised as to whether or not we do accelerate artigu—
lator velocities when we "speak faster",

It is customary to make a fundamental distinction between gross rates
based on the total time of speaking (i,e, including pauses) and net rates
based on the periods of actual utte;amce fi‘e.rexcluding pauses). These
two types of measure have»recgiyed various names, Goldman-Edisler found it

convenient to refer to talking rate as a measure of the entire cognitive

and articulatory activity involved in the production of an utterance and

articulation rate for the amount of speech produced in the time actively

taken to produce it. Kelly and Steer {1949) have over-all rate (comprising

"intentional pauses and unintentional pauses as well as meaningful words

spoken in the elapsed time") and phrase by phrase gentence rate, excluding

pauses, (A deeision on "meaningful words" is important since sooner or

1 .

later the investigator must face up toythe»problamToF what to dorwith the

hesitant repetitions and uhms and ahs of sponaneous uttaranees.) Clevenger
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and Clark (1963) define three measures based on total time, phrase time,

and pause time. In addition to gross rate (making no distinction between. .

pause time and phrase. time) and intra-phrase rate (based on. phrase time

only); they suggest that percentage of pausse (pause time as -a proportion

of total time) can also be a - -useful measure of rate.

. The difference between these measures can be illustrated with some
data for my informant £, a speaker of West Greenlandic Eskimo, who has
read a page from-a novel, His style was-fairly casual. He uttered 333 gyl

lables in 31 phrases in e total time of 74 seconds, a gross (talking) rate

of 4.5 sylls/sec, His pauses amgunted to 24 seconds (32 % of the time or
roughly one third), which means that he actively produced the 333 syllables

in 50 seconds, an-average net articulation .(or intra-phrase) rate of 6,7

sylls/sec. The gross rate indicates how fast he was communicating (i.e, com-
posing and transmitting his mBSSaga), but tells us nothing of how fast he
was uttering speech {which might indicate the load on the articulators and
possibly ‘be-related to the degree of coarticulation .and reduction etc. ) -

Fig. 1 shows: the cumulative frequency-of. net, intraphrase, sentence-or.

articulation rates in individual phrases for -this informant (£).. He:varied

between 4,7 and 8.7 sylls/sec inindividual phrases, the average heing
about 6,5 sylls/sec, For most of ‘the time (66 % of his phrases) he ranged.
within 5,8 - 7.6 sylls/sec., Another type of ywresentation;is given at Fig. .
2(a) which shows how His net articulation rate fluctuated phrase by phrase.
. e should not now be surprised.to discover that “tempo" or 'speech rate!
are used with different meanings by different authors,; For. .example, Kozhev-
nikov and -Chistovitch (4965) first defined tempo-as the speed with which an
articulatory  programme is accam‘plished'-(pa 77)-and?5ubsequently'a5 the

speed of succession of individual commands as distinct from the speed of indi-
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vidual movenments-(p._90). They accuse Stetson, Hudgins and Moses ‘( 1940) of
confusiong the issue by failing to observe this distinction. These three
authors were studying the ranges of temporally constrained gestures, which
is itself a legitimate area of investigation. Their aim was to study fac-
tors influencing the interpretation of palatagrgms and their conclusions
are consequently of relevance for experiment design. This is a very differ-
ent area from Kozhevnikov and Chistovitch's interesting speculations re-
garding the programming of speech articulation, In yet another area,
Karlgren's intersst in the application of information theory to speech

led him to place emphasis on the rate at which the content -of the under-
lying message was transmitted,

Kazhevnikov and Chistovitch explicitly excluded an interpretation of
-speech rate as a source of interference distorting the data. Tt may seem
tempting to regard the duration depency. of many gestures or acoustic fea-
tures (described by, for example, Stetson et alia [1940], Lincblom [1963]
or Bay [1968]) as a form of transmitter noise, reflecting the inability
of the transmitter components to function adequately when temporally con-
strained, But there is an alternative view, Karlgren expressed the opinion
that the reductions often associated with rapid speech are a measure of
coding efficiency, which is the very opposite: to interference from nolse,
Liberman et alia (1967) have emphasized the necessity for restructuring
phonemes to overcome the inability of the ear to resolve discrete slements
arriving at the rates of phoneme flow customary in speechy or of the arti-
culators to produce separate distinct gestures at such rates.: They suggest
that "dividing the load among the articulators allows each to operate at:
at reasonable pace, and tightening the code keeps the information rate

‘high, It is this kind of
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'parallel'brocessiﬂg that makes it possible to get high speed performance with
low speed machinery..." L

And yet the range of definitions outlined above represents only a few of
‘the possibilities. The treatment of pausss reguires careful consideration
since this determines the duration measured for the speech sample, Similarly,
the speech units counted can be concrete or abstract in various degrees. Care
must be given to the treatment of reduced segments. There is wide freedom for
combining decisions on these few factors alone. Neither of the two guantities
involved. in the computation of speech rate - duration and amount of speech -~
is a priori defined and the number of possible definitions of speech rate be-
comes, theoretically, infinitely large. Nor have we yet tried to handle acce-
leration .or retardation,

The literature reviewed below is not exhaustive - it represents what is
accessible to me at present, The topics treated appeared to fall naturally in-
to the following areas:

-~ measurement of duration (§ 2)

- suitable quanta of speech (§ 3)°

- estimates of normal tempo (§ 4)

~ cognitive activity, planning (§ 5)
 ~ why tempo varies (3 6)

= what happens when tempo varies (§ 7)

~ information theory»(§ B)
~ — the perception of tempo (§ 9)

— experiment design (§ 10)

2, MEASUREMENT OF DURATION
Early investigators were faced with considerable measuring difficulties, For

many yvears the typical design was to use the stopwatch for wmeasinlng chvabtion
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(e.g.'Rbudet); subsequently supplemented by the gramophone For storing and
reproducing the speech sample (Wijma, 1938). It was hardly‘poésible to deter-
mine the articulationiraté by these means -~ at best the estimation of pause
durations Was very rough, at worst it could only be a blind guess {Wijma
‘quotes Bourdon [1892] evaluating a colon as two commas, a stop as four
cdmmés and a comma as 0,375 seconds). The improvement of spectro-analysers,
ik oscillographs and magnetic tape recorders (ndwadayé all standard items
of.équipment in the phohéfics laboratory)'has eased the‘diFFiculty of mea-
suring the duration of defined stretﬁheg of speech.bHowever, the stopwatch
is nbt entirely extinct and was used as receritly as 1969 by Cook Fdr7deter~.
mining the gross overall talking rate of his interview subjects,

But while there are hardly any technical problems-today as to how to mea-
sure duratidn, no amount of hardware can iaentify and isolate the units of
épeeoh whoaeﬁduration is to be measured, A possible exception is Verzeann's
electronic analyser (1950) which had the ostensibly straighthdPWard task of
measuring entire phrase and pause'durations and accumulating and counting
them in distributional cells. Yet such an analyser would be unable to dis-
tinguish hesitant repetitions and uhms and ahs from meaningful speech. There
are also diFFicuitiesvinvolved'in the selection of a suitable minimum pause
duration for such a machine to define the end of a phrase, as Verzeano him-
self subseguently discusses in (1951). The theoretical and practical diffi-
culties of segmenting spéech into smallef units remain., In Kozhevnikov and
Chistovich's words (1965;81), there are two irreconcilable and mutually ex-
clusive requirements for the segment to contain all the cues of the speech
sound and yet be discrete., Karlgren's eguipment (1962) chopped the speech
signal into 1 second portions, but the analysis was done byﬁhahd.|<ozhévnikov

and Chistovitoh (pp. 79-81) placed electrodes on the lips and roof of the -



mouth so thqt labial or coronal gestures would close electric circuits,

Test sentences were theﬁ dasigned with consonants cbntaiﬁing one or other
of these gestures; Humqins (1968) has.polnted éut fha arbiltrary chdracter of
the decision tD 1et one single gesture mark the segmemt boundary, A segment
is composed of several coordinated gestures and aﬁ errorvof tlmlng of one
gesture does not neceasarily»indicate a displacement of the entire ségﬁeﬁt.
Lisker,_in a reyiew of thé literature on temporal a;pects.of speech (1978),
also emphasises the arbitfariness of segme ntino smaller units and p01ﬂt5 to
the qyllablo or word as Lanen]ent units for by~pa551nq this dlifjculty.

The next sectjon.Jq devotéd to the pfobl@m GF Qelpctlng a %ULL&DlB speech

unit,

3. SUiTABLE QUANTA DF;SPEECH .

Heqedﬁs.(1957), Fonagy éﬁd Maqdiés (196@), Osser andkpenk (796&}, and
Gardlng (19u7) counted phonumes. 05 er and D@ﬁg glvo thé FollowJHU molee
FQr rejecting the éyllable in Tavour QF the phoneme‘ln a comﬁafiéon D% Ehg—
iish_énd Japaﬁese speakinq ratés -~ they feared that the Simpiicity gF Jaﬁaf
nese byllable mfructure Gmmpéred W'Lﬁ tmp éomp]ox1ty of th 5ngli5h co;1d
bias their results,

In dfdef to minimize fhe aifficuity of aegﬁeﬁting the speeoh @ave iﬁéo
iﬁdividﬁal‘Dhonemes,‘kézhevnikov éﬂd.bhisﬁoQitchcused the Sum éfléll céﬁéo;
hants ana the.sum o% éllbvowelé‘ih a test senténée of dne of theif experi;>
ments; thereby réducing:the ngmber of segmént bound@fieé fhaflﬁad té Eé
‘identi%iedq’ | | | o |
| .Theyéxiggékg is:prbﬁabiy the mbsf custbmary uﬁif for rate heas;}es.'lt
has been used, Fow ekaﬁple by Roudet, Wiima, Goldman»Eialér, Meinhoid;j

Grosjean and Deschamps and by Malébéf-é£ alia., Repeated syllables were also

)
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used for establishing maximum possible rates of articulation (or gesture
repetition rates) by Stetson, Heffner, Lehiste and Sigurd.

Fairbanks et alia, Goldman-Eisler and Cook have counted words,

Kelly and Steer, confronted with this problem of choosing d suitable speach
unit, obserQed that measures of speaking rate based on syllables or words
were well correlated (0.84) in American English and concluded that either
gstimate would give substantielly the same result, An important factor ine
fluencing such a correlation must be the word structure of the ianguage in
question; For example, in languages like Swahili or Eskimo, strings of mor-
phemeé form relatively long words whereas the ccrreépanding morphehe S e
guence in English would yield a number of separate shorter words, The distri--
bution of word lengths in the speech samples from four of my informants is
given in Table 1 to demonstrate this point, Tho most'Frequent word length
in the Eskimo text (E) was 3 syllables (32 %) while a further 50 % were 4 - 7
syllables long. The mean was 4.2 syllables, The most Frequent‘Swahili (ﬂ)
word length Was 2 syllables (31 %) while a furiher 40 % were 3 -~ 5 syllables
long. The mean was 2.8 syllables, The most'Frequant Englicn word length wons
1 syllable (70 % for the General American informent G end 68 % For the
Southern British informant ﬁ), with means of 1.6 syllables ard 4.3 syllables
reépeoﬁively. A high correlation is surely to be expectéd betweemAword anc
Syllable rate in English when as many as 70 % o% the words used are mohoéylm
labic. Thisjdoes not detract from the validity‘of Kelly and Steéf‘s COonN=
clusions régarding English, but it does complicate cross-~linguistic compari-
sons, There is no correlation between word and syllabic rates in this Eskimo
sample, where bnly 10 % Df the words were monosyllabion

An even largef UHit, the entire Bﬂﬁgﬁg'ﬁetween'pauses; was usad by Hender.

son et alia and Verzeano,
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Karlgren (7962) obeerv1ng that the message 15 conveyed whatever the

Dhonetle dletortlon DF epeech suggested that thevnumber DF mqggggges_
(15'5 reconetfuetedbfull VEFalDﬂ of the message eederlylng the utterm

anee) transﬁlfted per unlt Df time would be a eulteble measure DF the
faee ef whleh 1nformat10n 15 trenemltted in“epeeeh= - |

vThe varyine deeree of ebetfactmeee uf eoeereteneea of the‘prerefreq

'UHlt doeevnot Fa011itete quantlfieailon of the eeeeeh uttered |

| The'abetraef er eoeerete ehefecte? ee-the ehoneme hae alwaye been a
eontrover51al matter. Nor 1; fhe.ey;le51e entlrely Free frem dlffer-
“éﬁaésLQ%PoplﬁloS'ééoﬁéyhow concrete Qf»;béL ant 1t 15 (CF Me}meeeg:
.1955 1966 Ghapt dﬁ){‘rerther new éhaﬁ geeeret;ye‘mede}ewfer phenef
logy are attraetlng attentlon ‘1t has beeeme.poeeible to-eet up underm

lylng eegments DF phoneme or ayllab]e 51/e thdt never have phyeleql cor-

relates at the phonetlc aurfacc Even the wortt is not Free fron a degree

OF abstractneae - 1t 15 by no means uncommon For whole wurde to be re=

\‘;«; :

dueed to zero 1n everyday epeeeh 1eqv1ng fhe 1nveet1gater w1un twe

oh01ee of Countlng werde aetual]y uttered or wefde preeumed te have be”n
Dresent in seme 1deal sentence form underlylnq the utLePQPL S

SRS R

The dletrlbutlone in Tab e 1 were based on completeﬁer»;def»Lumrmwﬁ“

forms, But many words were shortensd by the 1nforman““ in bh@lr epeeeh
espeeially F who read in an informal etyle 1he 33 uylleblee 01 hle

NS PR G

sample (already reFerred Le abeve in the 1ntroductlon) are theApboeetie

expreselon DF complefe pkonemlc word Forms contanning 39b DDSolblB eyl

, 3 i ced R

lables - a degree DF reduetlon DF 16 % An extrcme 1netaﬂee Df reductlen

in aWBdlSh is reported by Kdrlgfen (1962)1 who observed hew the pronun-

elatlun OF naturllgtv1s ("certalnly") ranged_from_[n“a t*ﬂa 1i¢t ywihe]

\..

to [n a @ SJ in hlS speed eamples.
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- The well known non-unigqueness of ‘the phoneme (e.gi Chao 1934), reflected
in the variety of solutions dvailable’ for any one language, introduces a
further element of arbitréariness to tempo measures based on this unit,

While the phoneme, as traditionally conceived, is certainly a useful device
for denoting distinctive conﬁraSts'dT”prdviding a non-redundant trariscrip-
tion of an utterance, there is a very ‘real risk that seemingly conmflicting
experiment results based on rival phoneme solutiors ‘might reflect differences
of linguistic creed between phoneticiaris rather than triue variations of
speech behaviour between informants Another ‘disadvantdge of counting pho-
nemes is that the rival phoneme systéms proposed for - a given language may
not be mutually convertible, so that results cbtained within’ the framework
provided by one phoneme solution may be useless -for'a linglUist preferring

- an alternative solution. King (1966):has propossd a set of rules designed to
achieve maximum convertibility of data from one phoneme solution to ‘another,
The prioblem: of ‘convertibility of phonetic daté between different investiga-
tions of the temporal aspects of speech is emphasised by Lisker(1973) who
points out how decisions as to the charactér of segmerits &tc are often made
arbitrarily. 'He preferred the kind of ‘definition that ‘would yield segments
appropriate to some stated geal.

In a sense, the net articulation raté is misramed, since the exat® concept
it expresses will depend on the degree of abstraction of the speech units
counted and on’ how reduced segments are treated, For-example, if a sentence
is repeated more briefly, we would intuitivély say that it was uttéred "more
guickly", This could in fact mean twa things - the semantié content has been
“transmitted more guickly, or .the'articulators have been working harder to

. produce the 'same gestures in less time. Only "the first of. these two interpre-

tations is always true in every case, “wHereas ‘the ‘number of gestures perform-
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ed will depend on the degree of phonetic reduction in each individual ren-
dering, Only when there is no reduction do these two rate concepts - semantic
transmission and physiological performance - coincide. The investigator must
therefore decide whether to count the number of units in an ideal pronuncia-
tion (for example based on normal orthography) or the number actually utter-
ed (based on a narrow phonetic transcription), The decision will depend on
his purpose, but only the second concept is valid for discussions about arti-
culatory behayiour., For example, my American informant G spoke the five "syle

lables" of the words the Americans in 0.38 seconds, a rate of 13.2 sylls/sec.

Now we know that we cannot utter syllables at that speed (see section 4). In
fact, he actually uttered three syllables [Bimeérk n z], at a rate of
7.9 sylls/seq. This is a very plausible fast rate which would not overtax
the capabilities of the articulators. On the other hand, a phrase like gpeak
faster can only be uttered in three syllaples and the two concepts will coin-
cide, It will be impossible to accelerate such a phrase beyond the usual
maximum of 8 sylls/sec or so and it will certainly be impossible to-attain
an abstract -semantic transmission rate of 13 sylls/sec in such a case,

I shall return to this point in section 7 in .connection with theories of
reduction, It is sufficient to underline here that there is .a possible
source of confusion if the difference between these two concepts is not

respected,

4, NORMAL. TEMPO RANGE

The interest for normal everyday tempo was at first 1argely the preserve of
short-hand)writing experts, Karlgren, in an unpublished thesis, and Nosz
(1964) have collected and reviewed much of this material, The phonetics‘li—

terature. proper is only occasionally devoted to tempo, Typically, Roudet



110

(1910:228-9) quoted short-hand sources - stenographers.at the French National
Assembly reported that the_rate»(pregumab1y gross,or talking,rate,:i;e. iR
cluding pauses),in the speeches of the deputies varied between 155 and 300
syllables a minute (2.6 - 5 sylls/sec) and he expected this to be exceeded.
in privatg conversation,

Meinhold (1972) reports average articulation (intra-phrase) rates in
German of 3 - 4 sylls/sec for poetry and 5 - 6 sylls/sec for prose, and news
broadcasts, a difference he attributed to "subjective redundancy", supraseg-
m?ntal expresgive information and rhythmic St?HQFHF?ZA'

‘ Grggjeam and Deschamps (1972) found the average articulation rate for .
French in 480 phrases was 5,29 sylls/Seg/phrase. Their corpus consisted  of
15 phrases for each of 30 speakers . in spontaneous. radio interviews, pooled,
82‘% of the phrases were uttered bhetween 4.4 and 6,0 sylls/sec, The slowest- .
rafe Was about 3.5 sylls/sec/phrase, the fastest about 8 or 9 sylls/sec/ - ..
phrase, About 3 % of the phrases were uttered faster than 7 sylls/sec,
Malécot et alia;(1972) have also investigated articulation rate .in half-
hour conversations with 50 members of the Parisian "establishment". .Their
grand average articulation rate for a total of 13 000 phrases was 344 sylls/
min (6.7,sylls/590 v)g_faster than .Grosjean -and Deschamps's result, The
variation ranged mainly from 4 to 8,5 sylls/sec/phrase; with limits at 1.6
and 9,8 sylls/sec/phrase. 66 % of all phrases were uttered between 300 and
400 sylls/min (5 - 6.6 sylls/sec).

Grosjean and Deschamps also guote one of Goldman-Eisler's results, an
average of 4,95 sylls/geD;For«B English interviews, and an earlier result
by Grosjean,”anfaverage=of 4,70 sylls/sec for 9 English informants,;

Ap Fig. 1.1 have given the cumulative. frequencies of intra-phrase articu-

lation rates for my four informants, The. Eskimo and Swahili. speakers: F and -
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H (wha were reading connected prose) spoke most quickly , averaging around.
6.5 - 6.8 sylls/sec/phrase and mostly (the central 66.%) ranging between 6
and 7.5 sylls/sec/phrase. The Southern British informant A, a politician
making a raaio’broadcast,“was'the slowest speaker, averaging about 4,9
sylls/sec/phrase and ranging mostly between 4 and 6 sylls/sec/phrase, His
style was very deliberate and persuasive. The American G, a university
teacher speaking spontaneously in a radio interview, averaged about 6 sylls/
sec/phrase and ranged mostly between 5 and 7.5 sylls/sec/phrase, His style
was Freqdehtly rapid {cf. his phrases faster than 6.5 sylls/sec with é's)
while at times he weighed his words carefully (cf. his slower phrases with.
F and H). These stylistic factors probably account for the flatter distri-
butions and:genefaliy slower intra-phrase rates of ﬁ and G as compared- with
F and H.

Figs. 2 and 3 show how the articulation rate varied between, successive
phrases For‘each informant, There are periods of acceleration Qeugv G,
phraées 6 to 10) and retardation (e.g. £, phrases 20 to 23). Apart from
the short term Fluoutatioh, there is a possible tendency to gradually ine= -
crease the average rate over a longer stretch, one such period lasting a-
bout EDﬁphrasés.'Thus E gradually increased his intra~phrase rate from. 5 - 7
sylié/sec to 6 ~ 8 sylls/sec through the first 18 phrases. This tendency -
seems to be less well defined in H's sample, However, it is clearly seen:
in G's with a pefiodicity'bf about 25 phrases and in Als with a periodicity
“of about 25 - 30 phrases.

Hegedls (ﬂ957) calculated the phoneme rate.word by word for Hungarian
speakers, He found that tempo varied between 5 and 20, phonemes/ sec/word- and
he related these word by word variations of phoneme flow to (1) semantic

weight (thé iﬁportance'of semantic reduridancy for perception as. distinct,
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From the acoustic information contained in the speech signal has also been
discussed by Lieberman, 1963), (ii) to phoneme quantity (long phoneres would
tend to have longer durations) and (iii) the number, of phonemes in the se-
gquence {this is related to the law of equalization, studied by Fonagy and
Magdics, 1960). Similar rates of phoneme flow have been observed by other
investigators and it has been noted that the faster phoneme rates exceed .
‘the capability of the ear to discriminate discrete events, This is of ime .
porfanoe for theories about how speech 1is processed on reception,
Tﬁe-maximum possible -articulation rates of repeated syllables, or. maxi-. .
mum repetition rates for individual gestures, have been investigated from ..
time to time, usually with a view to determining physiological and temporal
constraints on speech, There is a history of this type of research extend-
ing beyond Stetson's "Motor Phonetics" (1928) back into the nineteenth cen-
turyb(Kaiser, 1934). Using mechanical and pneumatic devices recording on a
smoked drum, Kaiser analysed the maximum repetition rates of gestures re-
presenting different speech muscle groups. She found maximum: rates for
vafioué‘iip movements of 2.5 - 4 per second (tha lower lip being more agile
than the upper), for mandibular raising and lowering of 5 per second, for
ﬁongde tip gestures of 7.5 per second and for "voice Fluttgringiﬁglottal,
interruption) of 10 per second. Hudgins and Stetson.(1937) found faster
lip repetitions than Kaiser, a grand average of 6,7 per second Tor 9 sub=-
jects (with the jaw fixed to neutralize the mandibular component of labial
ocolusion)_However, the lips still had relatively, lower repetition. freguen-
cies than other articulators, which were ranked.from high to low as follows:
tongue tip;'mahdible, tongue backy’ 1ips, velum, The rank of the mandible
is interesting since this is sometimes referred to in the literature as a
siuggish’body,'suoh an observation is possibly not true, at least as regards

the rate at which its movement can alternate,
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“ilg ‘can only speculate as to the underlying cause of these limits, but -
gvidence points to the central nervous system rather than the articulators
themselves. For example, Lehiste (1970:7) Found she could voluntarily re-
peat the syllable gg up to 8 times a second but that her tongue could vibrate
freely in a trilled dental r 28 times a second, from which she concluded
that it was not the mass of the tongue.that imposed.a limit but the proper-
ties of the nervous system, The repetition of some gestures involves alter-
nation between agonist and antagonist muscles, others reguire periodic con-
tractior and relexation of muscles, This suggests that the limit-is:set. by
the Thaximum rate at which coordinated seguences of motor commands' can be
initiated from motor centres,

The maximum possible articulation rates are usually given as 7 -~ 8
sylls/sec’ for ta and progressively slower for other gestures (Hudgins and
Setson 1937, Heffner 1960, Lehiste 1970, Sigurd 1971) or8 ~ 9 sylls/sec-
(Meinhold) while isolated individuals have been found capable of repeating.
such a syllable at up to 10 btimes a second (Stetson 1945; Sigurd 1971).
Both Hudgins and Stetson and Sigurd conclude their articles by speculating
on the possible consequences of these physiological and temporal constraints
for the structure of speech and the direction of sound change. For example,
the most frequeéntly uséd gestures in speech are apparently those that are
mést readily repeated, and sound changes such as fronting of back vowels
or nazalization of vowels involue.a shift Frolegggif@Qoured to .more
favoured gestures,

If we compare the data~FBffmaxi&Um'éyllable:repetitibd rates with the
“performarnce of my four informants, we tah see in Figs. 1.~ 3 how all four -
‘yegularly approached the maxima, Figs 1 shows how H uttered 35 % of his

“phrases faster than 7 sylls/sec, F 30 %, G 25 % while A uttered only 3 %
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of his phrases at these rapid rates. A was instead hammering home his poli-
tical message carefully and deliberately, which is reflected in.the regular—
ly recurring slow rates of 2 - 4 sylls/sec/phrase. Several of the authors
investigating the maximum repetition rates of syllables_observe that their
subjects experienced difficulty in forcing up thgir repetition rates with-
out becoming tongue-tied., In contrast, my informants seem to be producing
speech at similar fast rates without® undue discomfort. At the same time
(with the exception of the Swahili informant whose sample is dominated by

Cv syllables), the syllables they are progucing are more complex than the .
simple ta—-ta-ta repetition. Sigurd included syllables of increasing complexi-
ty in his repetition experiments, and found drastically reduced repetition
rates, This suggests:a fundamental difference of neuro-motor behaviour -
between the experimental repetition situation and the conditions of every-.
day ‘speech, My informants do not appear to be unigue-since the Fpench
samples investigated by Grosjean and Deschamps and by Malécot et alia also
contained phrases uttered at these rapid rates,

‘A possible explanation for the.faster possible articulation rates of .
gveryday speech compared with repetition experiments is that successive
syllables often contain different consonant articulations so that the same
gesture would be repeated at a lower rate than the syllable rate. For
example, labial and apico-dental gestures are repeated in every other..syl-

lable in words like minimizing or mandibular; permitting these gestures to

overlap. (Indeed, it has been suggested, for example in the parallel pro-
cessing ~theory of Liberman et aliagﬁ1967], that-speech is only possible-
thanks to this overlapping of gestures during production, with . a correspond-
ing oVerlapping of acoustic features in the received speech wave, ) If, then,

sequences of syllables with different consonants can be uttered more quickly
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than repetitions of identical syllables, there must be another constraint
determining the maximum possible articulation rate in speech, It could be
the rate of 10 "voice flutters" per second recorded by Kaiserg_The,rate

at which the glottal tone can be turned on and off would set the limit for
the repetition of vowels. The maximum articulation rates observed in.every-
day utterances approach, but do not exceed, this rate,

The gquestion has sometimes been raised whether there are differences
of normal speaking rate betwesen speakers of different languages - are .somg, .
languages inherently faster than others? We must distinguish, as always,
between' talking rate and articulation rate, Differences of talking rate
can be attributed to either of its two components pause time and‘articula—
tion rate, Differences of articulation rate will be due to differences in
production,

Osser and Peng-(1964) invited 6 Japanese and 6 American students to
speak for 5 minutes on student life, and then counted the number of phonemes
produced in the final five minutes of each sample (i.e. this is. a.gross
talking rateﬂ. The average number of phonemes produced per speaker in each
language in this minute was then compared, and the difference found not
to be.significant.

Grosjean and Deschamps (ﬁQ?ZJ”CDmparedeQ“Frenéhfspontaneous-ra&ia
interviews with 8 English interviews published by Goldman-Eisler and 9
English . interviews analysed previously by Grosjean, They found significant
differences between the gross. talking rates of these samples, 264,37 sylls/
min-for the French against 197,25 and 221,49 sylls/min for the two English .
(4,4, 3.3, and 3.7 sylls/sec respectively). The French average. articulation
rate tended to be slightly faster than the.two English groupé (é;ZQHSylls/

sec against 4,95 and 4.7D“sylls/sgc) but the difference was only statistice.
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ally significant for the second English group only, In contrast, Malécot -
et alia (1972) found a faster average articulation rate of 344 sylls/min.
(5.7 sylls/seo)'For spontansous French, Grosjean and Deschamps concluded
that the difference in talking rate was mainly due to differences of pause
time and this in turn they attribute to the generally shorter phrase lengths
of the English speakers, which means that they paused more freguently than
the French. It is impossible to be sure that French is articulated more:
quickly than English on this evidence since these differences could instead
reflect differences in level of abstraction, amount of intellectual activity
and degree of verbal planning in the interview task, as suggested by Gold-
mai Eisler (see section 5), Grosjean and Deschamps recognised that it

would be more satisfactory to compare samples collected under ‘the same con--
ditions and analysed according to the same principles,

There is one Factor at least, syllable weight, which might make faster
syllabic articulation rates more probable for some languages, as was feared -
by Osser and Peng, leading them to count phonemes for ‘their comparison -of -
Japanese and English, Swahili, for example, has virtually only CV ‘syllables
and it is possible these would be articulated more quickly thar the heavier
syllables of other languages. Indeed, of my four informants, ‘the Swahili

articulation rates, almost 7 sylls/sec/phrase/
speaker had the rastest average intra-phrase/rig., 1),,and the speakers of

English were the slowest, averaging about 5 and ‘6 sylls/sec/phrase, However
it is not possible to decide this question with only four informants, The.
rélationship between syllable weight and articulation rate is examined more
closely below in section 6, Lét us here merely note that the syllable strué-
tire of the Swahili sample was Glearly simpler than that of English and.
Eskifo (Table 2), Yet while the Swahili speaker had a faster averags arti-

cllation rate than the speakers of English, the Eskime speaker-was- almost
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as Past as the Swahili speaker although his syllable structure was of simi-
lar complexity to the English. 1 am inclined to doubt that differences in
syllable structure had any decisive effect on the differences of articula-
tion rate between these speakers, although syllable simplicity is undeni- . -
ably in favour of the Swahili speaker. The differences are probably due
moreé to other Factors, expecially style of delivery and the nature of the
speech task che rhetoric flourishes of é‘s political speech, the calm

sﬁraight;Forward reading of F and H and the impromptu conversation of Q).“

5, PLANNING

The nature of higher levels of linguistic planning can only be inferred
from the structure of the speech output. It is not accessible by other
means,. Goldman~Eisler (1958), after repeating a guotation from Fournié

that speech is "the only window through which the physiclogist can view

the cerebral life", adds her own view ‘that it is also "the only window
through>which the psychologist may view the dynamic patterning woven of
motivating, controlling and environmental forces", She observed the talking
rate, the articulation rate, and the pauses (a component of the talking
rate) for different speech tasks such as newly created or well practised.
utterances (repeating-descriptionsrof DictUreé), different levels of ab--
straction (describing pictures or summarizing their content) and various
types of conversation (discussions with adult academics, conversations with
adolescents ‘and phychiatric interviews with rmeurotics) (1958, 1961a, 1961b,
1961c). Hér results indicated that talking rate (determined mainly by varia-
tions of pause length) reflects the degree of hesitancy and therefore of
organization or automatism of speech, that breath rate indicates the: strength

of affect (emotional excitation):and the output of speech per breath (ex-
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pulsion fate) reflects the degree of its cortical control, Fast fluent
speech tended to be weighted with habitual, well organized seguences (auto~
matic speeoh). The slow speech contained a good proportion of hesitation
pauses implying that symbolic and structuring processes were in progress
during the speech, She speculates on the possible significance of various
combinations of speech rate and breath rate, that they might indicate va-
rious degrees of intellectual activity -and emotion, In addition, she also
found that while the articulation rate was a constant of such rigidity that
it did not respond to changes in the level of verbal planning (to diff ere
ent degrees of abstraction when encoding information into speech) it did
respond to practice, She belisved that this would corroborate the idea

that there is & more basic difference between speech sequences which are
familiar and well learned and those that are spontaneous and organized at
the time of utterance, than exists among spontaneous and newly organized
speech: sequences differing in levels of verbal planning.

Henderson et alia (1961) suggest that a pause and the following speech
phrase form one unit of cognitive rhythm, and that fairly regular periods
of planning and internal organization govern the final speech .output fop
short periods ahead.

Kozheunikov and Chistovitch's tempo experiments (pp. 76~90) were part
of a series designed to test certain hypotheses (concerning what: they
called the time figure of a syntagma) that were formulated in the course
of deriving a model of spesch programming, Assuming-that speech rate was
not-a source of interference distorting the data, that it was not  itself
programmed ‘but was the speed of -accomplishment of a programme, and that cone—
sequently only relative durations could be programmed, they proceeded to .

investigate the relative durations of words, syllables and sounds:in a
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syntagma uttered at verious rates. They found that relative durations of.

words fluctuated randomly at different rates (but there were considerable

variations of duration between different word positions in- the syntagma)
and-that relative syllahble durations fluctuated randomly in words, However,
relative consonant durations appeared to increase at faster rates. They.
concluded that the articulatory programme for a, syntagma cannot. be con-
sidered as a sequence of word sub-programmes, that the syntagma considered
as a seguence of sounds has no constant time figure, and that the syntagma
considéred as a sequence of syllables has an invariant rhythmic figure in-
dependent of speaking rate. Consequently, they argue, it is the syllable
commands that are rhythmically organized- in the programme of a syntagma, | .
Before proceeding to test implications of this, they reformulated: thelr.
definition of speaking rate as the rate of syllable.commands, independent . -
of the speed of articulatory movements, However, Notteboom and Slis (1969)
repeated this experiment, using lip electrodes and labial. consonants, and.
found that the relative consonantal duration varied only at slow: rates. I .
have also failed to find this regular variation of, relative consonant: and
vowel duration (Wood 1973), On the other hand, the results of YWodarz-Mag-
dics's (1972) investigation of the durations of Hungarian phoneme. segments
at slow and accelerated tempo appear to support Kozhevnikov and Chistovitech,
Her result tables show that all the Hungarian vowels: were shortened more
than the consonants, The ratio of slow to fast stressed renderings varied. .
From: 1:0,57 to 1:0.67 for tense vowels and 1:0.76 to 1:0,86 for lax_ vowels
except lax /i, y,‘u/'which varied 1:0.90 to 1:0.92, For consonants, . the- @ .
ratios varied mainly from 1:0,92 to 1:0,97, while voiced stops were hardly
shortened at all and fricatives, especially. voiceless fricatives, were:

shortened by about the same degree as lax /i, y, uf, 1:0.87 to 1:0.92.. .
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Unfortunately, Wodraz-Magdics did not describe her expsrimental method or
define "slow" and "accelerated" rate. If we take the liberty of adding some
of the average consonant and vowel durations in her tables, we find for /ta/
a .slow duration of 0,240 seconds and accelerated of 0,205 seconds, corre-
sponding to 4,2 and 4.9 sylls/sec. For /pa/, /ti:/ and /pi:/ the similarly
estimated ranges are 3.9 - 4,7 sylls/sec, 3.6 - 4,7 sylls/sec and 3.5 ~ 4.6
sylls/sec respectively. These estimates are all slower than the average nor-
mal rate encountered in everyday speech, and barely half the maximum possi-
ble, If the .estimates are correct, they agree with Nooteboom and Slis'’'s.
finding that the relative durations changed in the slow speech range, but
they,will not tell us anything about what happens in the normal and fast
ranges. Gaitenby (1965) found, that the relative durations of words, sylla-
bles and segments remained fairly constant in a sentence uttered at differ-
ent rates. In this case the different rates are the variations between the
normal rates of several different speakers and the result does not necessa-
rily indicate what might happen if the same informant varies his own rate,
as in the present problem, The guestlon seems to be open at presant and

we -are faced with the possiblity that there are differences in this.respect
between individual speakers or different languages, or that different ex-
periment designs can yield different results. Kozhevnikov and Chistovitch,
on the evidence of their findings regarding the relative durations, of con-
sonants and vowels (whieh-suggested that the time figure of segments was
not invariant), rejected the speech sound as a candidate for the programme
unit, The syllable was all that remained. Now if they had been mistaken
about the relative durations of consonants and vowels - as Nooteboom and . .
Slis's and my own controlled .experiments suggest = it could nevertheless.

still be true that the syllable is the programme unit, But some other type
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of argument would be necessary to decide conclusively in its favour,

6. WHY TEMRPO VARIES

Roudet lists several .causes -~ the temperament and character of the speaker,
emotion (sadneSS’was said to slow speech, arger and joy to accalerate‘it),
habit. and situation, Wijma also: conjectured that emotion was involved, Verw
zeano pursued this factor more methodically - he argued that if emotion
introduces periodic phenomena in mental processea'(ag had been reported)
then periodicities should appear in the speech of normal subjects exposed
to emotional stress as well as in that of psychoneurotic subjects; such
periodicities would be.a departure from randomness in the speech time
pattern, so that phrase durations would no longer conform to a Poisson
series (a model which appeared to describe their distribution adeguately. in.
normal speech, although he subsegueritly found {1951] that the randomness

of the distribution in-.part depended on the magnitued of .the minimum pause
duration set on the analyser to define the end of a phrase). In this cone.
text we can also recall the work of Goldman-Eisler in partitioning the
relationship between speech rate and the- degree of habit, abstraction  and
emotion in the speech task and situation.

Cook (1969) has investigated the effects of anxiety on speech disturbe
ances and speech rate. He points out that "anxiety" is a notoriously vague
concept, having as many different meanings as it has measures and operar
tional definitions. If we add to this the care that must be exercised when
selebting and defining a suitable measure for "speech rate", it will be-
realized that this is not & very easy. area to work in, Cook insists on a
distinction that has previously been neglected, between permanent and. transe

ient anxiety, He also Found that the literature revealed some doubt.as to



122

what effect anxiety should have on speech rate - to increase or decrease
it or have no effect at all.Hs refers to a current hypothesis that anxiety
is a drive that will energize any on-going behaviour, Just as an anxious
rat runs faster, S0 ‘an anxious person will speak faster, Recalling Goldman-~
Eisler's work, he points out that when a person talks faster he actually
diminishes his pauses -but not his articulation rate, whereas the rat actu-
ally runs faster., He concludes that if anxiety does increase speech rate
(apparently'a gross rate) it is because Tesponses are more frequent not
becauss ‘they are faster, and the analogy with simple motor behaviour is
misleading. Cook used two measures of permanient anxiety but the respective
scores were not correlated, indicating that the two classifications are
not the same, Transient anxiety was manipulated by switching between . dise
turbing topics of discusaicn doying Aan interview with the. asubiect, THe ex-—
periment revealed no clear effect of either transient or permanent anxiety -
on speech rate (i.e. gross telking rate in words/sec). However, subjects
with high anxiety scores on one of the two permanent measures (Taylor;Mani~
fest Anxiety Scale) differ significantly from the low-scoring subjects in
their reactions to transient anxiety - the high MAS subjects slowed down -
whereas the low MAS subjects spoke faster, Cook therefore rules out the
drive- theory since the permanently anxious did not speak even faster when
transient anxiety increased, contrary to what the drive theory would pre-
dict, Other theories remain open,

‘Fénhagy and Magdics investigated how far the law of equalization applied
in speech (that seduences of different syntagmatic length terd to be utter-
ed with the same duration, tempo changes compensating variations of length).
This is related to what hHas been called the stress-timing theory - that

stress groups tend to be uttered with the same duration, irrespective of
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the number of intervening weak. syllables, Sweet, Sievers and Jesperson
had all intuitively perceived that longer sequences were pronounced more
rapidly than short sequences. Rousselot and Laclotte.(1913: B?eSD) had

reported that a given articulation becomes briefer as the group it is in

becomes longer for example & in péte, p&té, pétisserie. Liqdblom5(1968)
investigated the. same effect using Swedish nonsense utterances, and found .
he could express. the expeqteq”duration of a syllable as a function Df S B
veral factors including the positiqgégf the gy}lable and the numper.af §y%7
lables in the utterance. Fénagy and Magdics found that smaller stress groups
were uttered more slowly, but that the dependence of tempo on stress group
size weakened in sequences. longer than three syllables. Expenential func-
tions described - the dependence of speed on the size of the stress group.
.Boldman-Eisler showed that talking rate depended on pause duration which
ig itself, she argued, assgciated with the amount of cognitive. activity
involved in planning, in 196%a she describes how, in contrast, the rate
of articulation is invariant for different degrees: of abstraction, but
that i1t increases in proportion to the amount. of practice (or. degree of
familiarity with the utterance) -~ articulation rate is faster For- well
learned sequences, .clichés, jargon etc, The rate of articulation also
appeared to be a strong personality constant of the individual speaker.,
Kozhevnikov and Chistovitch {(p. 114) found that a sequence CCVCV.,. .GV
had a longer duration than a sequence CVCGV...CV, The.extra consonant in ..
the first syllable delayed the subsequent syllables, and the difference in
duration: did not diminish upon arn increase in the number of syllables,
Their conclusion was that the change of duration caused by the addiﬁional
consonant is not peripheral in origin, but that the neural commands for the

subseguent syllables: are delayed by -a definite magnitude. An implication. .
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of this for speech tempo must be that syllable structure can influence
the articulation rate when measured in syllables - the longer duration for
the same number on3yllables yields a slower syllable rate.

Sigurd (1971) systematically varied syllable complexity in his repeti-
tion‘eXpefiments,‘and,tested“51 different. syllables such as ba, spa, stra
etc, The grand average maximum repetition rates for all nine subjects
were 6,7 sylls/sec for all single stops with a, 5.0 sylls/sec for pla. and

ara, and 3.6 sylls/sec for stra and skwa, demonstrating the lower repeti-

tion frequency (or longer duration) of more complex syllables,

This syllable complexity effect is the cause of Osser and Peng's con-
cern that the different syllable structures of English and Japanese might
bias their expériment, English has a heavier syllable structure than Japa-
nese and might therefore be spoken with slower syllable rates, The diffor-
ent articulation rates of my own informants (Fig. 1) might also be related
to this effect, We have already noted in section.4, Table 2 and Fig,
that the Eskimo and Swahili speakers F and H tended to have faster net
articulation rates than the two speakers of English dialects A and G and
that Swahili had a very simple syllable structure, Let us examine more .
closely the possible effects of syllable structure in gpeaking rate in
these lahguages. We can look for a within-speaker effect and a between- -
speaker effect indicating individual speaker performances., With only four
informants it is not possible to analyse these effects systematically, bhut
some tendencies can be-found.

Eachi informant's phrases have been divided into classes according i to
articulation rate, and the average number of consonants: uttered per syle
‘lable in each rate class has beed calculated., If the articulation-rate is

negatively related to syllable complexity, as expected, we should -find a
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smaller riumber of consonants per syllable in the phrases uttered at faster
rates, The 100 phrases of A's sample made possible a class 1nterva1 as
small as 0,5 syll/sec. However, the smaller samples of E, G and H gave
many classes with only three or fewer phrases iff the same interval:WaS
used, A larger interval, 1 syll/sec, has therefore been preferred for
these informants, The results are given in Table 3. .

Values in parenthesis are for classes where only 1 - 3 phrases occurred,
the results appearing to be more stable whgre there were at least 4 or .5 .
phrases in a rate class, The table shows that there was indeed a teqqencyv
for all four informants to have-fewer consonants.per_syllable‘in Fastgr
phrases, For A, whose sample covered the whole rate rangevfrom 2 -8 .
sylls/sec/phrase, the overall difference was at least from 2,3 to 1.3 con~
sonants per . syllable (corresponding to 10 consonants in a phrase.of,tgn
syllables) between slow and fast phrases. G's sample also CDVBFS:?hB Full
rate range and shows a»gimilgf Dvefa@l difference of from 2,0 to. 1.3 con-
sonants per syllable (cqrrespondingvto 7 chsQnanﬁs‘pgr?pbrgse,of 10 syl-
lables), F's and H's samples do not cover the full rate:rangg, tbe;glowert
half not being well represented. Their overall differsnces are consequently
smaller than A's or E's.,ﬁf@as a difference of about 0.5 consonants per
syllable {corresponding to about 5 consonants per phrase qf;qD syllables),q
between medium and fast phrases, The difference is least for H due to the

rarity of more complicated syllables than CV in his language, Swahili,*

* The most productive type of consonant cluster in Swahili is Ct+semivowel.
There are also a Few gxamples of s+t, An occasional stopt+liguid occurs—
in loans, Finally there is the unique nasal+obstriuent group which is al-
ways traditionally held to be syllable-initial, thereby preserving the

_ constant open. syl]ableness of Swahili, My own 1mpr95510n of the infor-
mant's speech was that he instead produced such nasals together with the
preceding vowel. My perceptlon may . ddmlttedly have been . pregudloed by
my "English ear', However, the spectrograms did Frequently indicate a
nagalized preceding vowel in this situatien (for example a word 11ke
mambo, traditionally /ma+mbo/ with open syllables, which I heard as

Tm&(m}~bo]).
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The results given in the table indicate that within the speech of indivi-
dual speakers, syllable weight is negatively assopiated with artioulaﬁion
rate, phrases uttened at faster rates in everyday speech tending to have
less complex syllable structure. The magnitude of the contribution of
syllable structure to articulation rate is difficult to assess, but the
product moment correlation coefficient (r) for mean syllable duration per
phrase and the mean number of consonants per syllable per phrase over the
first 20 consecutive phrases in A's sample was 0,5, which means that at
least 0.75 of the articulation rate variance* must be attributed to other
factors than this correlation, Beyond this, a correlation cannot tell us
anything about cause and effect,

So much for. the-tendencies within each individual's speech, But what
of differences between the individual speakers? Table .3 demonstrated the
simple syllable structure of H's Swahili (0.9 - 1.5 consonants/syllable/
phrase) while F's is very similar to A's and 8's (1.2 - 1.8 consonants/
syllable at faster rates), Syllables with one or two consonants were most

frequent for A

o ¥

F and 8, in nearly equal proportions (Table 2), The grand
averages Tor the entire material were 1,57 and 1,58 consonants/syllable
respectively for the speakers of English A and Q*f,_a@d 1.49ifor the
Eskimo speasker F. Clearly, the differences in average syllable_weight
between these three speakers are relatively small (0.1 consonants/syllable.
or 1 consonant in a phrase of 10 syllables), especially when Qompared_with

the strikingly simple syllable structure of the Swahili sample, which had

*® The r981dual varlance. Var {1 - ra)

#% The English averages, 1.57 and 1,58 condonamts/syllable are remorkwbly
close considering the differences of dialect and style., Gerber and Vertin
(1969) found good rank correlations between different phoneme frequency
counts in English and they concluded "the statistical constraints upon
a given language are So severe that varlatlons in timeg, place and form
are ‘of llttle CONSequUence, . .. - : -
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a grand average of 0,99 cbnsonants/syllable (virtually only CV syllables).
It is hardly likely that the small difference between: E Qilable struc—
ture and 5'3 ahdbg*s could accouht for E's much faster rate. Moreover,:
the difference between the average Eskimo and Swahili syllable was as

much as 0.5 consonants/syllable or 5 consonants in a phrase of ten syllab-
les; Thié is much greatef than the difference between A or G and £, and
yet F and H havé.ﬁery similar distributions of intraphrase articulation
rate (Fig. 2);.bbth averaging nearly 7 sylls/sec/phrase,

Table 4;gives‘£hé;évefége‘numbefuof consonants per syllable in three
classes réﬁféseﬁfihnghé faster rates (6.5 - 7 sylls/sec/phrase, 7 = 7.5
sylls/sec/bhfése and faster than 7.5 sylls/sec/phrase). This shows how
the English éndbEékimo speakers were capable of the same fast rates as the

Swahili Spéékér despite the heavier syllable weight of their languages,

7. WHAT HAPPENS WHEN TEMPO CHANGES?
Sémé:workﬁhas”beén‘canCefhed'with the changes appearing in the speech
‘éignal due'tobvafiétiohsa6F fémb6;

Lindblom (f963)“in§e§tigated the association between vowel ‘duration and
spéotréilnéuﬁféiizétidn OF'Vowels;”using variations of tempd as one means
of indQéing'chéhgéghéF vowel deéEioﬁ. The extent to which Formant freguen—
cieé:ih'thé waéié failed ta reach target’values at a given vowsl duration
could‘bé deséfibedvby'a conﬁinﬁous monotonic exponential function, Simi-
léfiy;%Gay:(AQGB)A%DOHd'thétYthe‘Fdrmént frequencies of the terminal spect-
rudeF a dibhthong'élide depéndéa on the duration of that glide, the rate
of spactral chanqe belng constant durlng it, Another example of undershoot~
1ng, by aplcoudental and dorso—velar Consonants, was given by Stétson et

alia (1@40): Thé}obhtéct.aféé*diminiShéd and the locus of contact was ‘dig—
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placed as speaking rate increased. Kent and Moll (1972) also found a ten-
dency for lingual consonants to undershoot. In contrast, Gay and Hirose
(1973) found that for labial consonants an increase in speaking rate was
not accompanied. by undershoot or any corollary change in lip closQ;e durge
tion.

As mentioned in section 5, Kozhevnikov and Chistovitch Found that when
the same. test sentence was repeated at different rates proportion of time
consumed by all the consonants tended to increase as tempozincreééed, it
was also noted there that Nooteboom and Slis (1969) and I (Wood 1973) had
failed to reproduce,this tendency. Kozhevnikov and Chistovitch based two
hypotheses on this observation, (i) that the time figure of a syntagma
considered as a sequence of sounds is notvconstant, and (ii) that the
gradual disappearance of a.vowel is due to the consonant requiring a neces—
sary minimum duration, sometimes leaving no time for the vowel at faster
rates, The first was discussed in section 5. Regarding the se;ond, that
vowels are "squeezed out" for want of sufficient time for their execution,
this ought to occur at randaom, whenever a}momentary shortage oF,time occurs,
Wihile it is possible that some reductions occur in this way, vaauld”also
suggest that vowel elision and syllable contraction are largely‘non—random
and are instead habitual and predictable from the environment, a»view,
supported by the regglarity of such pbenomenawsynchronically in daily speegh
and..diachronically in sound change. Such reductions become part of the
common speech code and comprehension is not endangered. Some of - the redun-
dancyfinuthguspeech signal is discarded, with the result that the_mes§age
is transmitted in a briefer period of time, that is, more_rapidly,“

The message can be acoelgrated,by shortening segmentldurations down to

a.minimum (which, it has been suggested, is determined by the properties.
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nf the nervous system limiting the rate at which coordinated sequences of
motor commands can be initiated, see section 4). .This is the region in
which undershoot phenomena are investigated, Acceleration of the message
is also achieved by merging or omitting segments. It was demonstrated in
section 3 that syllable contraction is only possible in some messages,
and the examples that ccour are, as suggested above, larngely habitual.
The difficult, perhaps impossible, point for theories of reduction to de-
cide is (i) whether segments are casually dropped because accelerated speech
happens to leave no room Tor them, or (ii) whether they are deliberately
omitted, for whatever reason, with consequent acceleration of the message.
Is the restructuring of articulation accidental or deliberate? Possibly’
hoth situations are true, It is typical of many languages that certain
weak vowels are omitted between obstruents and liquids, for example Latin
vestlb‘lum French app'ler, English delib'rate. the conventional, rather
than tempeo-dependent, nature of such reducticns is underlined when, hyper- .
correct forms appear with spuricus vowels, 28 in Latin 5aequ)1um

It is not easy to observe an incresse in tempo that can be related:tor
reductions of the synkope type. A measured articuletion rate re presents -
the sum of the various influences acting on the temperal characteristics
of Speeoh'éhdffeflects the consequences of reduciicns rather than the drive
that 15 postulated to have dccasionad them, There is a grave danger that
grguments and proofs may become circular, The articulation rate follows:
1ncrea8ed tempo so long as gogments are shoftoncd Dnly. But when seqments

¥

dlqappedr, a paradoxical slowing of the phy51010qlca1 drtlcul tion: rdte

e

can occur if syllablés aré contracted, "as in perhaps i 3 rAEDSH, CONE WA
- § L Saetbiint ~tan 4

* Supposc a sentence were uttpr=d'in n syllebles jh‘t éefondé'dt a faﬁe
of n/t syl]s/oeo, and then repeated more cuickly in the briefer duration

of tg seconds but now in {n — 1) syllables following reduction. The new
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round this difficulty is to relate reductions to the rate of transmission
of the unreduced forms (cf, section 3, where a rate of 13 sylls/sec was.

possible for the message the Americans thanks to reduction to

L5 imérkn z]); but this procedure tekes for granted that the first
of the two interpretations outlined above Tor the tempe,/reduction relation-—
ship is always true,

‘The guestion has sometimes been raised whether the articulators actually
move faster when tempo increases., The interpretation usually placeq on
the undershoot phenomenon is that the articulator does not travel so far
when time is restricted. But this tells us nothing about articulator ve—.
locity except that it has not accelerated sufficiently to compensate for
the shorter duration, In the case of labial closure, however, Gay and Hi-
rose {1973) found both an increase in the activity level of the miscles
and an increase in the velocity of these articulatqrs for increased speak-
ing rate. Kozhevnikov and Chistovitch (1965:180) had found that peak
lower lip velocity during a closing movement varied with the initial mag-
nitude of opening and this was subsequently confirmed by Ohala et alia
(1969), Ohala - (1970: 138), with respect to the mandible. Kent and Netsel
(1971) found that velocities increased with degree of stress, which they
attributed to the greater distances travelled in stressed syllables and
the generally higher level of activity associated with stress, The con-

verse should be expected in accelerated speech where stress levels are ge-

rate is (n = 1)/t2 sylls/sec. It is given that t, t, seconds, but any
of the follwoing relations between the net syllable rates is possible:

noy (o) no_ (o= £‘.<(£1.:._l)
For example in the case where n = 8 syllables and t, = 2 seconds, the

following values fer to will make sach of the three relations true:
té} 1.75 secs, t2 = 1,75 secs and t2<j1;75 secs respectively. E
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nerally lower, Kent and Moll ."(V19,7_2) fqgﬁd that the mandible travelled short-
er distances ané did indeed.tend to moJe more slgwly @t faster speaking
rates, TheyAFDund that the tongue body aocelerated,quting the closure
gesture to g so. that its peakvyelocity depended ngthe’distancg travelled,
which wasﬂlargely determined by the preceding vowel (Furthest Fram a8y a@d
50 Dn),_Again,mthe_peak velocities were slightly slower at ﬁhe faster“” o
rate due to the shorter articulator excursions, Changes of rate hgq }ittlev
effect on tongue tip velocity, but the tip certainly did not movelfaéter v
at f@gter_speakiqg“rates, Theﬁggneral picturg‘therefqrg seems @o be ﬁhat ‘
the‘}ips compensaﬁg for a sborter.§egmenﬁvdgratian byvincreaging;their
velqgity_at fgsterhyatestrwhereag tbe ?onggawanq mandip%e accelerate‘
durlng gestures and the p@ak ve1001ty therefore aepends on the distance 1
travelled, which 15Ausually slightly less at faster rates and)thé.peak ve— 
locity‘porregpgndig}y lower, - o o

. (PRI S em e e Lo . -
Coep cne 3 . : Lo i . S R IRt P

8. INFDHMATIDN CONTENT

e e . N e S e el P,

The 1nterest 1n the appilcatlon of 1nformat10n theory toullngu1st105‘in
general aﬁd to sﬁeeéh 3n>partloular was probably at 1t5 helght about a
decadg agD:.It was ”u;te nafgrél tﬁat speech rate, b91nq concerns d Wlth
howifésﬁ Wé compose, transmlt éﬁd repelve spoken“messages, shpuld also
have Eeen Ql@W@d From thls angle. o |

Karléren (196?, and an unpublthed the%15)raimed to ihves%iéagé tﬁe |
efficiency‘of the llngulstlc c:mmunlcatlon process é%d‘the approprlateﬁeésﬂ
gf informatlon theory ﬁodels For quantltatlve treatment DF language ‘Hém' |
asplréd‘fo'adaﬁt the existlng theory tb’the 50951a1 needs of 11ngu1stiéé -
to buila a iinguistic com%qgiéafion tﬁed;y. B ” .. : :

Goldman~Eisler examined the function of hesitation pauses in the light
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of information theory (variations of pause durations had been found to be
largely responsible for veriations of the talking rate). She regarded
hesitation pauses as manifestations of the general blocking of activity
occurring when organisms are confronted with conditions of uncertainty.
The speaker being faced with an act of choice in the organization of his-
utterance. This hypothesis waslteéted'by relating the incidence of pauses
in spontansous utterances to the inFormation content of the words consti-
tutingvthem, The eXperimental evidence showed that "the close relation.
found fé exist between pauses and information on the one hand and Fluency
©of speeéh‘énd redundancy on the other, seems to indicate that the inter-
“polation of hesitation pause5‘in'3péech is a héoéésary condition for such
“an increase. Delay is thus an important element in the production of ine
formation® {1958, 1961 d). |
" Picket and Pollack (1963), considering the relative intelligibility of =~
" small messages pronounced slowly and well versus large rapid and garbled
messages, found a balamced trade~off between the two, thavformer'prDViding‘,
more acoustic clues to identification, thé-latter moré“5emantic clueewﬁb~
- .Verzeano&.investigatiné disturbances tb normal Speech patterhs,‘BXWV.
plainéd the higher freguency of shorter phfases in the speech of poste-lo-
bectomy-pafients as Fdllmws: the operatioh-limité the complGXity of the
eoncepts the subject may form and thus the=léhg£h of the bhrasea in which -
“these conaebts are exbfessed} and in order to tramsmit the samé amounfibf'
informatiom in'éhortér phrase unitslhé héé tb:increése his phraSE'Frééuénby;_
The idea.that the rélatimnship.befween:sﬁéakigg~pate andtinformatimh'
content can be seen éé a‘consequenca of the speaker;s brain’cbnstitutihé:':
“the narrowest section in the prodﬁbtién Dhéahei haévélso.béen”éxpfessedbs_‘

by several authors, There is a physiologiéal functiohing 1imit'o?.thévébeech-
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organs but their capacity is nevertheless adeqguate for any message the

o that the bottle-neck appears to be central rather

brain can create,

0

than peripheral. Tﬁis is demonstrated by Lehiste's experiment comparing
voluntary tongue tip gestures with the vibrations of a trilled r (see
section 4). The receiving side would alsoc seem to have ample processing
capacity - Sigurd (1971) guotes several sources to the effect that per-
ception is faster than production (reading than writing, listening than
speaking). Electronic methods for accelerating speech recordings have been .
devised, enabling, for example, the blind to increase their rate of infor-
mation intake as’ compared with normal speech rates (Schroeder &t alia
1955).'SDBBCh can be followed, though with difficulty, at rates approach-.
iﬁg 400 words a minute (Orr et alia 1965, quoted by Liberman et alia

1967, and Fairbarks et alia 1957).

9, THE PERCEPTION OF TEMPO

Goldman-Eisler (1958) found that what is commonly perceived. as the speed:.
bfjfalking is determined by the halts and pauses which interrupt the flow
of speech, rather than the speed at which the actual speech movements are
performed,

“Osser ahd'PenQ“investigated the often expressed belief that foreign
languages are uttered more guitkly than one's own native tongue. They found
no significant differences in the rate of phoneme’ production between five
American and five Japanese spzakers, They speculate that a listener, being
unfamiliar with the relevancy of acoustic features of the foreign speechy
is overwhelmed hy the flow of information whereas he has learned to dis-
Fégard features that are irrelevant in his own language.

- Picket and Pollock tésted the relative intelligibility of sequences of
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equal duration consisting either of short carefully pronounced messages
or longer rapid and garbled messages, They formulated their notion of a
trade-~of f between acoustic and contextual clues at different rates (this
can be related to the view outlined previously that the reductions of
normal continuous speech are concerned with codig efficiency, enabling

the message to be successfully transmitted at faster rates).

10,  EXPERIMENT DESIGN

In the literature referred to, the experimental situation has mostly been
concerned with evoking variations of tempo, Sometimes -informants have

bean asked to speak slowly, normally or quickly, at others a target rqte
has been dictated by a signal. In one case, the differences between normal
personal constant rates of several individuals were exploited....

There are occasions, howver, where investigators have sought to elimi-
nate speech rate effects by holding it constant in the experiment or by
suitable statistical treatment of the results,

Most textbaooks of phonetics only mention tempo in passing, merely noting
that it exists, perhaps with a warning attached that it can influence ex-—
periment results, Stetson et alia (1940) showed how consonant palatograms
vary with changes of duration induced by varying the speaking rate - cone
tact areas diminished and the contact locus was gradually shifted as dura-
tions shortened. Lindblom's and Gay's investigations are also a warning
that  vowel. spectra are related to duration, This must be borne in mind,
for example, when comparing physiological or spectral data collected under
different conditions for cross-linguitic or dialect comparisons, Observed -
differences may be temporally rather than linguistically conditioned, Dif-

ferences between phongtic and linguistic constraints on the temporal pro-
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perties of speech have been discugsed at 1eggth by Lehiste (19?0: chapt 1).

The influence of speaking rate has probably been most keenly dreaded
in studies of presumed intrinsic durations of phonemes, Lehiste and Peter-
son (1960: 17) were troubled by the need to eliminate the influence of
tempo in order to discover the presumed intrinsic durations of vowels,
Their test items were embedded in a test word placed in a constant sen—
tence Frame. On completing the experiment, they tested various hypotheses
concerning the possible effect of variation of frame duration and stress
timing. They decided that variations in rate of utterance had little ef-
fect on the duration of the syllables studied, but they-remained uneasy
and concluded that Further investigation of the relation of tempo to seg-
ment’ duration was needed before this variable could be specified adeqgquate~
ly.

Gregorski et.alia (1971) compared temporal variations in recordings .
made with controlled speech rate (dictated by a metronome) and uncontrolled
(normal) speech rate, Differences of variation were not-significant and
they concluded that, for the conditions investigated, the-two methods
produced comparable results,

The experience of ‘Kozhetnikov and Chistovitch (p-90) was that the nor-
mal raté of individual speakers remained constant over longer periods  of
time (they repeated recordings over a:period of months?). Goldman-Eisler
also indicates that the rate of articulation is normally constant for an
individual. We ought therefore to expect an informant's rate to remain
stable during a recording session, so that variations can be ignored and

error, When the informant's task is to read from lists, possible/
referred to experimental/disturbances due to fatigue or nervousness ought

to be countered by the customary randomization of the order of the items,

For more exacting types of recording situation, it is known that the rate
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of articulaﬁioh is not affected by the degree of abstraction of the speech
task while the talking rate is, and some interview situations san influ-
ence the temporal organization of speech (Boldman-Eisler).

A far greater source of variation of speesking rate is to be found in
the differences between the normal rates of different individuals (Gaiten-
by 1965, Goldman-Eisler 1861b and the differences between my informants
as reported aboVe); The influence of variations of tempo should pnly bew
come acute when material from more than one informant is to be processed,
Lisker (forthcoming) fears that "with the discussion of speech rate, the
focus of interest tends to become the individual speaker and thus peri-
pheral to the central concerns of phonetic research". However, since
bétween—speaker variations of tempo are so large, it would be desirable -
0 treat each informant individually rather than pool data from several
informants, Nor is this necessarily the case for tempo only, but is probabe-
ly true wherever absolute physical megasures are concerned - spectrography,
radiography, electromyography etc. Data from several informants should
not be indiscriminately mixed, A speaker organizes His ewn physical chae
racteristics into an individual system and the absolute magnitudes of
physical quantities signalling partigular phonetic features will function
within his own speech only, It is probably more meaningful to compare
tendencies and behaviour abstracted from several individual cases and

generalise from this, rather than from pooled data,
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Number of Informant
syllables : : :
per word A G Foe . H
1 68.1%  70.3 % 1.2% 22.7%
2 21,8 % 1.1 % 10.8 % 30,9 %
3 7.6 % 8.2% 32.0%  16.5%
4 2.3 % 7.2 % 14,4 % 16,5 %
5 0.2 % 1.8%  14.5 % 2.2 %
6 ' 0.4%  9.3% 4,1 %
7 12.0%  2.1%
3.5 %
1.2 %
10 .
1. : 2%
Average ' . - , o
syllables 1.5 1.6 4.2 2.8

Table 1. The.body of the table giveS‘the"prDboftionﬁ of‘wofds witH |
the stated number of syllables in each in%ormant's sample of cone
tinuous speech, The copnt is basgd on unreduced Fbrms;

A 8. Br. English G Gen. Am. English

E W, Greenlandic Eskimo H Swahili

-
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Number of  Informant
consonants ... L. s e s
per syllable A G F H
0 7 % 4 % 7 % 12 %
1 a4 % 46 % 46 % 97,5 %
2 38 % a2 % 40 % 10 %
3 10 % 7 % 7 % 0.5.%
a 1% " 0.5%
5 0.5 %

Table 2. The body of the table gives the proportlons of syllables w1thv'

the stated rwmber of consonants, as uttered in 250 - 350 syllables of

continuous speech.
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Average number of consonants per syllable in all

Rate classes phrases in the stated rate classes

2,00-2.,49 2,34
(2.00)
2,50-2,99 2.00
3.00-3.49 1,79
(2.00) (1.50)
3,50-3,99 1,70
4.,00-4,49 1,60
(1.80) 1.64
4,50-4,99 1.62
5,00-5,49 1,56
- 1,58 1.67 1,06
5,50-5,99 1,44
6.00-6.49 (1.57)
1,59 1.63 1.00
6,50~6,99 {(1.30)
7.,00~7.49 (1.35)
(1.62) 1.30 0.98
7.50~7,99 (1.00)
8,00-8.49 (1.233)
1.24 (0,90)
8,50~8,99 1.30
9.00-9,49
phrases: 200 30 60 40

Table 3. The body of the table gives the average number of consonants
uttered per syllable for all phrases in the stated rate classes, Values

in parenthesis are for classes where only 1-3 phrases occurred,



Intraphrase articulation rate

sylls/sec/phrase
Informant 6.50~6,99 7.00~7,49 7 .50~
A (5.Br.Eng.) 1.30(2) 1.35 (3) 1,17 (2)
& (G,Am,Eng. ) 1.68 (7) 1.44 (5) 1,25 (12)
F (W,Gr.Esk, ) 1.65 (8) 1.70 (1) 1.39 (6)
H (Swahili) 1,00 (158) 0.98 (12) 0.96 (4)

Table 4. The body of the table gives the average number of consonants

per syllable in phrases uttered in the stated rate ranges. The number

of phrases is given in parenthesis.
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The proportion of phrases spoken faster than

the stated rate,
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Fig, 1. Cumulative frequencies of intraphrase articulation rate in the continuous speech
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sylls/sec
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Fige 2. Intraphrase articulation rate in successive phrases in the
continuous speech of three speakers,

phrase
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Fig. 3., Intraphrase articulation rate in successive phrases in the
continuous speech of one speaker,








