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Abstract

This paper develops the concept of rhythmic classes through the approaches based on metrics designed to
quantify speech rhythm. The emergence of a number of PC software packages, that considerably facilitate the
analysis of a speech signal, inspired linguists to renew their interest in speech rhythm which waned when
Rhythm Class Hypothesis did not prove to be supported with experimental data. New approaches to speech
rhythm study are based on the so-called rhythmic metrics — the Deltas, the PVIs and those based on voice timing
which are viewed as acoustic rhythmic correlates. Thus, the idea of the paper is to test within the scope of one
study the validity of all the three methods using the material of Australian English. The paper also aims at
analyzing rhythmical patterns of Australian English, comparing the obtained data with the results on other
varieties of English and finding out whether the gender factor has any influence on Australian English speech
rhythm. The evaluation of the research data testifies to the ability of each of the three methods to be quite
reliable in quantifying speech-rhythm differences. The profiles of the metrics provide acoustic evidence for
gender differentiation in Australian English speech rhythm with female speech being more stress-timed.
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IIpocoagnyeckuii puTM B aBCTPAJIMHCKOM BapUaHTe
AHIVIMICKOIO SI3bIKA (Te€HIEPHBbIN ACIEKT)

AHHOTALUSA

B pabore pa3BuBactcs uuest pa3ieicHUS S3bIKOB Ha PUTMHYCCKUC KIIACCHI, B OCHOBE KOTOPOH JIEKAT TOAXOMIBI,
OCHOBaHHbIE Ha METOJIMKAaX, MPeAHA3HAYEHHBIX JIJIsI U3MEPEHUS PeYeBOro puTMa. Pa3BuTHE KOMIBIOTEPHBIX TEX-
HOJIOTUH TIO3BOJIMJIO CO3/IaTh MPOTPAMMBI, KOTOPbIE OTKPBHIBAIOT HOBBIE BO3MOXKHOCTH B HCCIICIIOBAHHH PEUH.
OTO0 BO3POAMIIO MHTEPEC JTMHTBUCTOB K M3YUCHHIO PEUEBOTO PHTMA, YTacIIero, Korja CTajo sICHO, YTO THIOTe3a
[Naiika-AGepkpoMOH O TUTIOJOTHYECKOM PA3JIMYHU PUTMHYECKUX KJIACCOB HE OBLIA MOAKpEIUIeHa SKCIIePUMEH-
TaJbHBIMH JaHHBIMA. HOBBIC TOAXOMBI K U3YUCHHUIO PEUCBOTO PUTMA 0A3HMPYIOTCS HA TaK HA3bIBAEGMBIX PUTMH-
YECKUX METpUKax — JaenbraXx, PVI um meTpukax, BBIYUCICHHBIX Ha OCHOBE MEPHOAOB 3BOHKOCTH, KOTOPbHIE
paccMaTpUBAKOTCS KaK aKyCTHUSCKHE KOPPEJISTHI PEYeBOro puTMa. B cBsi3u ¢ 3TM B paboTe Ha Marepuaie aB-
CTPAJMHACKOTO BapuaHTa aHTIIMKACKOTO SI3bIKa MPEANPUHUMAETCS MOMBITKA MPOBEPUTH B PaMKaxX OIHOTO HCCIie-
JOBaHUS HAAESKHOCTh KOKAOH M3 TPEX METOAWK. B mccineoBaHNM TakKe TMPOBOAUTCS CPaBHEHHUE MOTYYCHHBIX
Pe3yIBTaToOB C JAHHBIMHU IO APYTHM BapHaHTaM aHTIUHCKOTO sI3bIKa. AHAJIH3 U COIOCTABIICHHE SKCIIEPUMEH-
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TaNBHBIX JAHHBIX ITO3BOJITIOT TOBOPHUTE O HAIEKHOCTH KXKION M3 TPEX METOAMK IS U3MEPEHHUS PEUCBOTO PUTMA.
3HaYCHUS PUTMUYCCKUX METPHK TAK)KE CBUICTEIBCTBYIOT O TCHICPHOHN MU PEepeHIHAIII PATMA aBCTPATHICKOTO
BapHaHTa aHIIMHACKOTO SI3bIKA: SKCIICPUMCHTAIBHBIC TAHHBIC TOBOPSAT O 0OJiee BEIPAKCHHOM TaKTOCYUTAFOIIEM Xa-
pakTepe >KEHCKOM pedH.

KuiroueBble ciioBa: pUTM, TEHJAEP, ABCTPATUHCKUNA BapHaHT AHIIUHCKOTO sI3bIKa, METpUkH, PVI, nembTsl,
NepUOAbI 3BOHKOCTH
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1. Introduction

The current research sets out to investigate Australian English speech rhythm.
Australian English (AusE) is a major variety of the English language. It differs from other
English speaking varieties in vocabulary, grammar, spelling and of course, pronunciation.
While phoneticians have already described AusE segmental phonology, its suprasegmental
level, including rhythm, has so far been poorly investigated.

With evolving computer technology there appeared new software designed for
studying speech and thus new methods of analyzing speech rhythm, namely, the Deltas, the
Pairwise Variability Index and the method based on voice timing, have been developed. The
paper is an attempt to apply the mentioned approaches to AusE rhythm and assess their
validity. The research also focuses upon gender differences in AusE speech rhythm.

2. Typological approach in the study of rhythm

A classical view on speech rhythm maintains that languages fall into two distinct
rhythm classes, namely stress-timed and syllable-timed. The terms were evidently coined by
Pike [Pike, 1945] to describe the rhythm of Romance languages on the one hand, and
Germanic languages on the other hand. The -timed component here points to an isochronous
repetition of an element. In syllable-timed languages such an element is a syllable, so
successive syllables, whether stressed or unstressed, are supposed to be of equal duration. In
stress-timed languages such an element is an interstress interval, so time periods between
stressed syllables are said to be equal.

Pike’s ideas were later developed by his British follower Abercrombie who claimed
that the two types of timing are strictly categorical, that is, there are two and only two types of
rhythmic classes. And “...every language in the world is spoken either with one kind of
rhythm or with the other” [Abercrombie, 1967, p. 97].

The ideas put forth by Pike and Abercrombie marked the beginning of a typological
study of speech rhythm.

The theory of the two types of speech rhythm was suggested by the authors on the
basis of their authority impressions, but later experiments failed to provide any acoustic
evidence for the isochrony of the mentioned intervals [Roach, 1982].

However, the idea has already become appealing to linguists and appeared to be
backed by perceptual data. This has obliged some researchers to retreat from 'objective
isochrony' in favour of 'subjective isochrony'. Isochrony became to be accepted as a concept
that relates to speech perception. And it is possible to say that “... every language in the world
is perceived with one kind of rhythm or with the other...” [Cauldwell, 2002, p. 18].
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Some linguists [Dauer, 1983, among others] attributed the impression of stress- or
syllable-timing to phonotactic properties of a language: the syllabic structure and the degree
of vowel reduction. It is common knowledge that stress-timed languages allow for a greater
complexity in syllable onsets and codas. Syllable-timed languages have a very limited number
of syllable types with consonant clusters being rare. Vowel reduction is a property of stress-
timed languages. In syllable-timed languages there is practically no vowel reduction.

Dauer also advocates a continuous model of rhythm. This suggests that there exists a
variety of rhythmic types that could be viewed as a continuum on which languages may be
placed depending on how syllable- or stress-timed their rhythm is. Thus, it is not the duration
of certain units as Pike and Abercrombie supposed, but rather the syllable complexity and
vowel reduction that are especially relevant to rhythmic differences.

3. Rhythmic acoustic correlates

At the turn of the XXI century the distinction between two rhythmic classes received
renewed interest. Up-to-date approaches to speech rhythm are based on the so-called
rhythmic metrics which, as linguists believe, are able to measure speech rhythm and compare
it in different languages. The metrics are derived from the segmentation of speech into vocalic
and consonantal intervals.

3.1. The Deltas

One of the approaches was initiated by Ramus and his co-workers [Ramus et al.,
1999]. They measured the duration of consonantal and vocalic segments and calculated three
parameters (or metrics): the standard deviation of consonantal intervals (marked AC), the
standard deviation of vocalic intervals (marked AV) and the proportion of vocalic intervals in
a sentence (marked %V). These parameters were later called ‘the Deltas’.

The standard deviation of consonantal intervals (AC) is expected to point to syllable
complexity: the more complex the syllabic structure the higher the value of the metric. So
stress-timed languages are expected to have higher values of this parameter.

The standard deviation of vocalic intervals (AV) is expected to point to the degree of
vowel reduction in unstressed syllables, so stress-timed languages are supposed to have a
higher value of this parameter too.

The vocalic percentage (%V) points to both the presence/absence of vowel reduction
and the complexity of the syllabic structure. This parameter is thought to be higher in
syllable-timed languages.

The researches computed these metrics for some languages and in order to better
visualize the results put the data on three planes: AV-AC, %V-AC and %V-AV.

The correlation %V-AC in figure 1' appeared to be most illustrative for language
discrimination.

Figure 1 shows that the languages are not scattered randomly in the plane, they form
groups that resemble rhythmic classes. British English and Dutch (stress-timed) cluster
together in the left upper part of the plane. French, Italian and Spanish (syllable-timed) cluster
together too, but away from stress-timed languages. Though the languages form two groups,
the values of their metrics within each group are slightly different which means that there is a
weak rhythmical distinction between them and this distinction is gradual.

! Figure 1 is a modified version of Figure 1 from Ramus et al. (1999).
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3.2. Pairwise Variability Index

Another research designed to quantify speech rhythm was carried out by Grabe and
Law [Grabe, Law, 2002]. They evolved an approach to speech rhythm analysis based on a
different metric which they called “The Pairwise variability index — PVI”. The PVI is also
based on the segmentation of speech into vocalic and consonantal intervals.
To calculate the index they worked out the following equation:
m—1
rPVI=Y|d,~d, |[/(m—1)
k=1
where m is the number of items in an utterance and d is the duration of the kth item.
To eliminate the effect of speaking rate the linguists used a normalised version of the
Index which they applied to vocalic intervals. The equation for this version, nPVI, is

—1
Z A= di /(m—1)
k=1 dk+1)/2

The researchers suppose that there is no need to normalize the index for speech rate
while calculating it for consonantal intervals (rPVI), as their duration mostly depends on the
character of articulatory gestures, necessary for consonant production.

PVI shows the level of variability in neighbouring syllables. In the so-called stress-
timed languages where unstressed vowels are heavily reduced and the syllable structure is
varied, the value of the index is supposed to be high. And in the so-called syllable-timed
languages, which do not allow for vowel reduction, and where the syllable structure is rather
limited, it is expected to be low. Then the researchers computed the values of the indexes for
several languages and put them on a plane (fig. 22).

In figure 2, three stress-timed languages — British English, Dutch and German — are
grouped close to each other in the upper part of the plane, whereas two syllable-timed
languages — French and Spanish — are located in its lower part. The position of the data
projections in the planes (fig. 1 and fig. 2) clearly illustrate that rhythmic distinction between
languages is not strictly categorical, as Pike and Abercrombie assumed, but rather gradual as
Dauer supposed.

nPVI =100X

2 Figure 2 is a modified version of Figure 1 from Grabe, Low (2002).
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Figure 2. Distribution of languages over the rPVI-nPVI plane

The new approaches to speech rhythm mean a conceptual shift in its analysis. Pike and
Abercrombie believed that the type of rhythm is a categorical concept with the members of
the same category being equal. The new approaches assume that there exists a diversity of
rhythms. The distinction between them has a gradient character, i.e. one language may be
more or less stress-timed than another.

These rhythmic metrics (the Deltas and the PVIs [Grabe, Low, 2002]) began to be
treated by linguists as acoustic correlates of speech rhythm, as units that measure rhythm. The
metrics have provided rhythmologists with a precise method for calculating, analyzing and
comparing rhythmic differences.

3.3. Indexes based on voice timing

The third line of research was initiated by Fourcin and Dellwo [Fourcin, Dellwo,
2009]. Their work was inspired by experiments with French infants' behaviour [Nazzi et al.,
1998]. These experiments have proved that infants seemed to distinguish speech in French,
[talian and Spanish from phrases spoken in Dutch and English. Fourcin and Dellwo supposed
that the ability of newborns to differentiate between rhythmic classes might mean that there
are firm signals in speech that allow drawing such kind of distinction. The researchers
assumed that the cues for language differentiation might be influenced by whether they are
physically voiced or voiceless. For this reason, they concluded that infants may prefer voiced-
voiceless variability cues to distinguish between rhythmic classes.

Using this prediction as a benchmark, the linguists changed the unit of segmentation.
They used the durations of voiced (VO-) and unvoiced (UV-) periods in the speech signal.

Fourcin and Dellwo applied the metrics developed by Ramus et al. and those
developed by Grabe and Low to voiced and unvoiced intervals. Thus, the newly derived
metrics are called:

* %V O: the percentage of total time over which speech is voiced

* AUV: the standard deviation of voiceless intervals.

*nPVI-VO: the rate normalised difference between consecutive voiced intervals.

« rPVI-UV: the non rate normalised difference between consecutive unvoiced intervals.

The main experimental advantage of this method is that the segmentation does not
depend on any linguistic knowledge about the language, and it is much less time-consuming
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than the methods based on the segmentation into vocalic and consonantal units as it relies
only on the FO measurements.

4. Gender differences in speech rhythm

Gender speech differences have lately been the subject of many researches. However,
very few works tackle the issue of gender differences in speech rhythm. Nokes and Hay [Nokes,
Hay, 2003] found proof of speech rhythm gender differentiation in the New Zealand variant of
the English language. However, Szakay [Szakay, 2006], who also considered this problem,
failed to find significant gender distinction. Callier [Callier, 2011] investigated the problem in
Chinese. The study appeared to be quite positive about rhythmic gender differences.

5. Material and tools

The research material includes 20 realizations of the same text read by ten Australian
men and ten Australian women. The recordings were taken from accent.gmu.edu, the speech
accent archive. Each sample lasts 50 seconds. The sounding material was downloaded to the
computer. To calculate the metric values, the segmentation of the text was done in Praat
(Version 6.1.01) [Boersma, Weenink, 2019].

The files annotated in PRAAT were further processed using Correlatore (2010) to
calculate the rhythmic metrics. This program does it automatically on the basis of TextGrid file.

6. Australian English speech rhythm. Results and evaluation
6.1. Delta values

As mentioned earlier, the ratio %V-AC (fig. 1) demonstrably shows the difference
between languages in speech rhythm. The larger the AC value and the smaller the %V value
the more stress-timed the language is. First, the %V and AC values for each of the 20 AusE
speakers were calculated, and then the data were averaged. The average %V value equals
42.2 points and the average AC value amounts to 5.4 points. Figure 3 presents the results.
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Figure 3. %V-AC values for 20 AusE speakers

Then the average %V-AC values for AusE were put on another plane to compare them
with those for other languages (See fig. 4). It is evident that AusE clusters with other stress-
timed languages, British English and Dutch, being more syllable-timed than BE, though.
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Since the research also concentrates on gender differences, the average AC and %V
values were computed for male and female speakers separately. The average AC value for
male speech amounts to 5.3 points vs 5.4 points for female speech. The average %V value for
male speech equals 42.5 points vs 41.8 points for female speech. Figure 5 shows the location
of the metrics on the plane together with the average data.
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Figure 5. AusE gender differences (% V- AC ratio)

The position of the values in the graph points to gender differences in AusE speech
rhythm. The figure also shows that AusE female speech appears to be more stress-timed than
male speech, as it displays slightly lower %V and higher AC values compared to male speech.

6.2. PVI values

Sections 3.1 and 3.2. made it clear that rhythmically languages form a continuum.
Even typologically the same languages display a slight difference in their metric values.
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The nPVI value (which is most informative than rPVI) appears to be larger for stress-
timed languages. ror the purpose of this study, the nPVI and rPVI data for each of the
20 AusE speakers were calculated and then the average values were obtained. Figure 6
demonstrates the results. It turned out that, the average nPVI value for AusE speech amounts
to 57.9 points and the average rPVI value equals 85.8 points.
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Figure 6.PVIvalues for 20 AusE speakers

Now it is possible to compare the PVI data on AusE with those on other English varieties,
namely, British English (BE), Singaporean English (SE) (the data are taken from Grabe, Low
2002), Pakeha English?® and Maori* English (the data are borrowed from Szakay 2006).

Figure 7 shows that British, New Zealand and Australian varieties have very close but
slightly different PVI values with AusE being somewhat more stress-timed than BE.
Singaporean and Maori English show much lower values of the index. It is known that
nativised varieties of English tend to be more syllable-timed, as they are strongly affected by
their syllable-timed substrate languages.
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Figure 7.Distribution of varieties of English over the rPVI-nPVI plane

3 Pakeha English — New Zealand English spoken by the population of European descent.
4 Maori — the aboriginal people of New Zealand.
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Average nPVI and rPVI values for male and female speakers were then computed. The
results show that the average nPVI value for AusE male speech equals 55.8 points vs 60.0
points for female speech while the average rPVI value for male speech reaches 82.1 points vs
80.0 points for female speech.
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Figure 8. AusE gender differences (rPVI-nPVI ratio)

The position of the metric values in figure 8 visualises gender differentiation in AusE
speech rhythm. Both vocalic and consonantal PVI values vary for male and female speakers.
The figure also shows that AusE female speech tends to be more stress-timed than male
speech, as its average nPVI value is higher.

6.3. Delta and PVI values based on voice timing

The research is also an attempt to test the metrics based on the voice timing
segmentation pattern [Dellwo, Fourcin, 2007]. As mentioned earlier, Fourcin and Dellwo
promote the idea of voiced (VO-) and unvoiced (UV) intervals. They are defined on the basis
of the FO measurements: intervals between two FO markers were labelled 'unvoiced' (UV),
sequences of FO markers were labelled 'voiced' (VO). The authors, however, have not
provided any data obtained when using these metrics. Thus, it does not seem possible to
compare the results on AusE with the results on other English varieties. However, we found it
reasonable to apply this method for gender differentiation.

6.3.1. Delta values based on voice timing

The measurements of the average %VO- AUV ratio were computed first. Then the
same metrics were calculated for male and female speech. The findings show, that the average
AUV value for male speech amounts to 5.2 points vs 5.3 points for female speech and the
average male %VO value equals 65.5 points vs 60.3 points for female speech.

The position of the metrics in figure 9 suggests gender differences in AusE speech-
rhythm. The figure also convincingly demonstrates that AusE female speech appears to be
more stress-timed, than male speech, as it displays lower %VO and higher AUV values
compared to the data on male speech.
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Figure 9. AusE gender differences based on voice timing (the Deltas)

6.3.2. PVI values based on voice timing

The same procedure was applied to the PVIs. The average UV-PVI value for AusE
male speech amounts to 74.4 points vs 67.2 points for female speech. The average male
VO-PVI value equals 63.8 points vs 74.5 points for female speech. The results are
presented in the UV-PVI — VO-PVI plane shown in figure 10.
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Figure 1 0.Gender differences based on voice timing (the PVIs)

Figure 10 shows that the projections of both voiced and unvoiced PVI values are
different for male and female speech with female speech being more stress-timed as its
average VO-PVI value is somewhat higher.

7. Conclusion

The computation of different sets of rhythmic acoustic correlates — %V-AC, nPVI-
rPVIL, %VO-AUV and nPVIVO- rPVIUV — aimed at quantifying AusE speech rhythm have
yielded the following results:
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1. As expected, AusE belongs to the cluster of stress-timed languages. Its metrics — the
Deltas and the PVIs — are very close to those of British English. Opposing tendencies were,
however, recorded: the Delta method defined AusE as a more syllable-timed variant, whereas
the PVI method characterized it as slightly more stress-timed than British English. The issue
needs to be investigated further.

2. The application of the three tested methods to measure gender differences in speech
rhythm led to comparable results, as at every step of the investigation the tendencies are all
consistent with each other. This attests to the reliability of the methods, at least in gender
differentiation.

3. AusE speech-rhythm has marked gender differences.

4. AusE female speech appears to be more stress-timed than AusE male speech.
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