Relations between language rhythm and speech rate
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and thus he argues that “[tjhe usefulness of versabuch
ABSTRACT as[...] AC may well be limited to corpora where speech

rate is strictly controlled” (p. 117). He furtharspects that
The interaction between speech rate and rhythmagpia AC and %V may by affected by speech rate in differen
that has hardly been studied in respective modéls o proportions, while these proportions may vary asros
language rhythm though its potential significancas h different languages.
recently been addressed: since both of these pmsod _
parameters are to a great extent dependent ontspieirog ~~ OUr research makes an attempt to study the prioperof
they are suspected to interact to a great degtee present ~ Variance for %V and\C in relat!on to speech rate within
research studies the influence of speech ratemudbalic ~ @nd across languages. If the different results rab€ and
and intervocalic measures %V aad that have been LOW [4] are really based on the fact that they haee
discussed widely in the recent past as measureghinh controlled speech rate across languages, we wogplece
language rhythm classes may be distinguished. Resul that in a controlled experiment W|th_d|fferent lalages,
show that\C is extremely speech rate dependent while %V Where different speech rates are simulated, thetests
remains rather stabile across different speechs.rate OPtained by Ramus et al. [6] should be visibleHetween
Different results may be obtained according to ey language versions of comparable syllable rate ey t
speech rate is controlled across languages. Amattee ~ Should break up when syllable rate varies signifiga
model for a cross language rate control will beppsed in

this context. 2 EXPERIMENT

1 INTRODUCTION Our. spgech production ,experiment. involves the
manipulation of speakers’ (Ss) reading tempo by

Acoustic correlates in the speech signal that supipe encouraging them to read a small text at diffespeteds.

well known rhythmical distinction between stressed Speakers 16 Ss took ; ; ;
. 3 part in the experiment, 5 native
languages (StLgs) and syllable-timed languages ¢SyL speakers of English (E) (2 from the Edinburgh ragid

[cf. 1, 4] have very often been searched for; Ugusith — giqtand and 3 from Mid-West America), 4 nativealees
little Success. Most recently Ramus etal. [6]psed such of French (F) from the south-western area of Fraamzk7
an acoustic correlate that is based on the pemgené native speakers of German (G) from the mid-westeea

vocalic intervals (%V) as well as the standard dten of of Germany. Mean Ss age is 28.4 years (SD = 565)0@k
consonantal intervaldC) in the speech signal. According part in the experiment voluntarily and were paignaall

to these two dimensions StLgs and SyLgs clustenrao  g,hense allowance. None of the Ss reported anyaort
different areas (henceforth: the cluster hypothesis language impairment, nor could this be detectegnip of
To what extent %V and\C really represent language the Ssduring the course of the experiment.

rhythm is currently a question of heavy debate 26f3]. gy jorimental material: A German text from a novel by B.

Grabe and Low [3], for example, who tried to repl€the  gepjink @elbs Betrug, 1994, p. 242) of 76 syllables in 3
findings of Ramus et al. [6] for their data, COM® t gontences (4 main and 3 sub-clauses) was useddinge
significantly different resuits that do not suppitwe cluster  aterja| for the current experiment. The text wasslated
hypothesis. Thus they co_nclude that. the m_easur;mope:d by philologically educated native speakers intolEShg76

b_y _Ra”_‘“?f et al. [6] is not reliable in respect to syllables, 3 sentences: 4 main and three sub-cpase
distinguishing language rhythm classes. French (93 syllables, 4 sentences: 4 main and 4

In a reply to Grabe and Low [4], Ramus [5] suspéiotd sub-clauses).
amongst other factors (e.g. speaker typical inftesh the

non-existence of a control method for speech ratg mave recorded in a sound proof booth at the Institute fo

led to the different results in [4]. In contrast[] who  commynication Research and Phonetics (University of

normalise speech rate in their data with a Pairwiseg,nny Recordings were carried out with a condenser
Variability Index, Ramus et al. [6] control speewtte by ieroohone directly on PC. Ss were given the texheir

averaging sentence duration (3 sec.) and the number native language and were asked to familiarise tithy

syllables per sentence (15 to 19). Ramus [5] suspbat o4 ing it aloud several times. After familiarisatiSs were
%V andAC may be affected by speech rate in great degreggcorged performing the task to read the textivag they

Reading instructions & recording procedure: All Ss were



considered ‘normal reading’. After that Ss wereoreed
twice, the first time being instructed to read ttext
‘slowly’ and the second time to read the text ‘egtower’.
In a third step Ss were recorded under the instnudb
read the text ‘fast’ and were consecutively encgedato
read the text ‘faster’ until they considered thelves
having reached a maximum reading speed or untilinga

all ISR versions (note that for presentation reasah
values forAC have been multiplied by 100 in the following
thus absolut&C figures will be in centi-seconds (csec)).

3.1 SPEECH RATE

Values for LSR (diagram 1) show a strong positive

performance became so poor that recordings werecorrelation with ISR for each language which mehas Ss

terminated. Acceleration steps varied according tamm 3
to 8.
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Diagram 1: Laboratory measured speech rate (LSR;
exact values next to each respective entry) in
syllables/second vs. intended speech rate (ISR).

Labelling procedure: In order to receive values for the
durations of vocalic and consonantal intervals al as
syllable durations the version recorded at ‘normediding
speed o orthe norm) the first deceleration attempt (s1; s =
slow), the second deceleration attempt (s2) as agethe
first acceleration attempt (f1; f = fast) and thastl
acceleration attempt (f2) were labelled using kibitory
and visual cues according to the criteria set ug6in
Labelling was performed by both authors. Half-auttim
label correction software programmed by the fitghar as
well as a final control procedure was carried oot t
minimize individual influences of the labellers dhe
labelling process.

3 RESULTS

Two types of speech rate will be distinguished e t
following: Intended speech rate (ISR) which referghe
reading speed that Ss intend to reach accordintheo

experimental instructions (see above) and laboyator

measured speech rate (LSR) which refers to the auofb
syllables that Ss produce per second (syl/sec). kSR
henceforth represented by the five labelled vessitor
each S (see above). LSR, 94 have been calculated for

intention to speed up or slow down their readingespis
realized by a respective change in syllable rateofding

to mean values of LSR in diagram 1 (superimposed) F
reaches the highest value. G and E are ratherlgdpgddw

this value with E slightly above G. This pattermiso valid

for all ISR versions from s2 to fl1. The fact th&iet
connection lines between languages from s2 to fi ru
nearly parallel indicates that the proportional refes in
speech rate between these ISR versions are rathal fer
each language. Between sl and s2 this paralle¢rpatt
breaks up, thus there is a difference between the
proportions to which Ss of a language are abledcease
syllable rate. Ratios calculated for no:s2 of elarilyuage
show this proportion in detail: E = 1: 1.38; F =1163; G =
1:1.52. This means that Ss of F are most abled®ase
their syllable rate from the norm while speaker€oére
least able to do so. Ss of G lie well in the midoégween
these two extremes.

3.2%V ANDAC IN RELATIONTO ISR

According to diagram 2 values for StLgs E and Gstdu
around an area in the upper left part of the diageand
values for SyLg F cluster in an area in the lorignt of the
diagram. Since %V andC vary in complex fashion they
will be treated separately in the following. To reakithin
language variation of %V amdiC according to speech rate
comparable across different languages, ratios
s2:s1:n0:f1:f2 have been calculated (cf. tabled Z)with

the norm being set to 1.
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Diagram 2: %V (in %) vs.AC
(in csec) at five ISR versions.

%V: Ratios for %V (table 1) show that values for this
measure are rather stabile across all ISR verdmmall



languages. For E and G the deceleration and aatele
attempts seem to correlate with a slightly lower ¢agart
from E at f1). For F this tendency seems to be reak
(apart from f1). Absolute mean values for %V arghler
for F (5.7 %-points) and E (2.5 %-points) than tmes
obtained by Ramus et al. [6]. Range values for .B $-

points) and for F (2.3 %-points) reveal that witlinguage
variation is sometimes higher for our results titais in

Ramus et al. [6] for between language variatiog. (2.5 %-
points between Dutch and Spanish), though thigigrne

for the languages under investigation, E and F,revhe

difference in Ramus et al. [6] are 3.5 %-points.

group value <2 sl no f1 f2
G %V 40.6 405 42.0 415 41.2
ratio 097 096 1 0.99 0.98
E %V 415 421 428 434 421
ratio 097 098 1 1.01 0.98
F %V 50.6 50.5 485 48.3 49.0
ratio 1.04 104 1 1.00 1.01

Table 2 %V in % for G, E and F at all
different ISR versions with respective ratios.

AC: Ratios forAC values show a negative correlation with

ISR (cf. table 2) apart from E at f2 where thera ismall
relative increase iIAC compared to f1. This means tiA«i
in the fastest ISR version of E does not vary mirch
relation to the first acceleration step. AbsolM€ mean
values are slightly lower for F (- 0.43 csec) aighbr for E

(+ 0.47 csec) than mean values for these languages

Ramus et al. [6].

group value 2 sl no fl f2
G AC 9.28 8.77 7.17 6.46 4.61
ratio 1.29 122 1 0.90 0.64
E AC 720 657 557 481 4,95
ratio 129 118 1 0.86 0.89
= AC 5.04 447 4.01 368 261
ratio 1.26 1.12 1 0.92 0.65

Table 2: AC in csec for E, F, and G at all
different ISR versions with respective ratios.

4 DISCUSSION
4.1 SPEECH RATE

According to the relations between ISR and LSR we

interpret our findings as revealing language chargstics
on the one hand and speaker universals on the other

Characteristic for each language is the numbesykdbles
that speakers are able to produce per second awegiage
basis. This value will be highly influenced by theguage
individual phonetic, phonologic and phonotacticlatyle

structures. Characteristic for languages in oua dafalso
the way in which they allow their Ss to increasegillable
rate. In this respect F seems to provide the gsefitedom,
Ss of E seem to be most restricted in syllable irateease

while G lies somewhere in the middle between these
extremes.

The fact that LSR values change in proportiondieysame
way for each language from s2 to f1 may revealeaker
universal feature. The finding leads us to assurae$s of
all languages under investigation in the currempesixnent
have a notion of a normal speech tempo in theguage
and a common notion of what it means to speak gi¢stl),

slower (s2) and faster (f1) than the norm when taesy
requested to do so (cf. reading instructions ahove)

4.2%YV and AC

The obtained values for %V afXC are on a general basis
well in accordance with the ones obtained by Raetus.
since values for E are in the upper left cornghefdiagram
while F lies further below to the right of Bince G, which
has traditionally been categorised as a StLg, etastith E

in our data, we additionally found a supportingragée for
the hypothesis that the vocalic and intervocaliasuees
%V and AC do distinguish linguistic rhythm classes.
AbsoluteAC mean values for E and F agree well with the
ones obtained by Ramus et al. [6]. The fact that%w
values for F and E are higher than in Ramus ¢§6hand
that within language variation in respect to speexth is
sometimes higher for our values than it is for s@ames of
between language variation in Ramus et al. [6], rhay
related to differences in our experimental mat&aad will
not be regarded as evidence that could undermige th
general pattern.

So our results do support the findings in Ramual.ef6]
and more importantly: our findings do support Ramiual.

[6] at all speech rates. Even if we compared ISRigas
for F with versions of E or G with different LSR weuld
find that the clusters are not mixed up. Thus wa ca
conclude that speech rate seems to have an inéu@nthe
values proposed by Ramus et al. [6] (especialldGh but

it may not be so strong that it could underminedhuster
hypothesis according to which StLgs and StLgs elust
around different areas (cf. introduction).

According toAC two values in our results for E and F
match almost exactly with values obtained by Rarttus.
AC for E at the norm (here: 5.57; Ramus: 5.39) andrfat
sl (here: 4.47, Ramus: 4.39). As it has been pbiote in
the introduction, LSR in Ramus et al. [6] has beetched

across languages by choosing sentences of roughly 3

second durations consisting of 15 to 19 syllabtes (L7)
which results in an LSR of 5.67 syl/sec (17 sykabl3
seconds). This value again matches almost exadthytie
LSR value obtained by us whe matches, i.e. E at the
norm (5.78 syl/sec) and F at s1 (5.86 syl/sec)diefgram
1). In other words, according to our data, Ramual.€i5]
compared a syllable rate of English speakers tioaidvbe
considered as normal by its Ss with a syllable s&terench
that its Ss would consider as being slow speech.

! Sentence variability is for example controlled onr
material while Ss uttered different sentences im&aet al.



43ANALTERNATIVE SPEECH RATE
CONTROL

Since our data and discussion on speech rate hesled
that Ss may have a notion about a normal, slowast f
speech tempo in their language and since we shthagdh
this respect Ramus based his analysis for E and two
unequal ISR versions for these languages, we want t
introduce a model in which speech tempo is notrotlet

on the basis of LSR but on ISR. Since LSR A@for E at
the norm and F at s1 match so well with resultstiiese
languages in Ramus et al. [6] we want to hypotleesiz
(regarding our data) what would have happenedrifitRaet

al. [6] had controlled speech rate on the basISBf: The
main change in the results in Ramus et al. [6]eeh that
AC in the case of F had even been lower (4.01 ¢kas)it
had moved even clearer away from the cluster ofStlf
this was the case for all other SyLgs then thersd¢ipa of
the clusters would possibly have become even dleare
provided that the LSR of 5.67 syl/sec matcheswesldSR
for the other SyLgs as well. Provisional data thst
analyzed for one lItalian speaker supports this viear
StLgs a tendency of a clearer separation of thetels is
visible in the case of G. If we controlled syllaléde for G
with 5.67 syl/sec we would chooA€ rather at the ‘fast’ G
version (f1) where syllable rate is 5.94 syl/sed A€ 6.46
csec. A tempo control on the basis of matching 8RR
norm version would lead to &C of 7.17 csec which is a
move into a direction away from the area where SylLg
cluster.

Regarding these findings, the areas where StLgSghds
cluster along the two dimensions %V aA€ may be
differentiable more clearly on the basis of an I&Rtrol
across languages. But of course, there are moretiinae
languages to study. The tendency may well provéeo
incorrect once more languages will be added tartbdel.
The authors are currently working on enlargingrtiata in
this respect.

4.4 PERSPECTIVES

A model of speech rate control based on matchirig IS
across languages of course requires that we have a
extensive knowledge of the ISR characteristicsalbthe
languages under investigation. But apart from #ut fhat

it is questionable that a text of approximatelysgllables
read at different tempo versions by 4 to 7 speakeay

thatAC in F is lower at this ISR than in G or E. 80 has to
be made comparable across different syllable rates
relation to the mean value of consonantal inter@igach
language. A proposal that the authors are currevahking
on is to calculate a variation coefficient (varéar) AC that
we define as the percentageAf of the mean value for
consonantal intervals (vark€ = (AC * 100)/ meanC).
Provisional results for varkaC calculated upon our data
seem to reveal new interesting results. While vaAfko
stays constant across all syllable rates for Faities
strongly in complex fashion for G and E. We areenily
working on interpretations for these findings.

5 CONCLUSION

Results from the current experiments show tendencie
rather than trends but still the tendencies supploet
hypothesis that StLgs and SyLgs are distinguishay sV
andAC. More data will show, whether the proposed model
of speech rate control will be a stabile support tiee
cluster hypothesis in the future.
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