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Abstract
Most research on speech rhythm has focussed on duration. For
example, [1] suggested the normalised pairwise variability in-
dex for vocalic intervals (nPVI-V) in order to measure the vari-
ability of vocalic durations. This paper argues that speech
rhythm research should also take into account other correlates
of prominence as well as their interaction. The duration-based
nPVI, or nPVI-V(dur), is supplemented by an nPVI that mea-
sures variability in average loudness, nPVI-V(avgLoud). These
two metrics account for variability in duration and loudness, but
cannot measure if loudness and duration reinforce each other
by varying simultaneously in the same direction. This simul-
taneous variability is accounted for by the combined nPVI-
V(dur+avgLoud), which is higher than the average of the other
two measures if vocalic intervals that are longer than average
are also louder than average. The three metrics are subsequently
applied to recordings of a reading task performed by 20 speak-
ers of Indian English (IndE) and 10 speakers of British English
(BrE). Results indicate that IndE has less variability in duration
and less variability in loudness than BrE. In addition, IndE has
less simultaneous variability in duration and loudness than BrE.
This indicates that duration and loudness are less often used to-
gether as cues to prominence in IndE compared to BrE.
Index Terms: speech rhythm, duration, loudness, Indian En-
glish, British English

1. Introduction
Early definitions of speech rhythm held that languages fall into
discrete rhythm classes: English, for example, was said to be
stress-timed [2], as opposed to the syllable-timed rhythm of
French [3]. However, a more nuanced view of varieties of En-
glish around the world resulted in descriptions of only some,
mainly more established varieties such as British English (BrE)
and American English, as stress-timed. By contrast, many of
the younger national varieties of English (such as Indian, Nige-
rian and Singapore English), which are used in administration,
education and as a national link language in their respective
countries, have been classified as syllable-timed. This is often
explained with transfer from the local syllable-timed languages
[4–6].

The categorical view of rhythm with two separate classes
of languages has in the last years given way to a gradient anal-
ysis. Accordingly, languages can be placed at any point on
a continuum between a prototypically stress-timed and a pro-
totypically syllable-timed pole. This analysis is supported by
quantifications of rhythm based on the durations of vocalic in-
tervals, consonantal intervals and syllables, and their variability,
as suggested by [1,7–15]. One widely used rhythm metric is the
normalised pairwise variability index for vocalic intervals, or

nPVI-V [1]. It is computed by calculating the mean of the dif-
ferences between successive vocalic intervals divided by their
sum, multiplied by 100:

nPV I � V = 100 ⇥

m�1X

k=1

����
dk � dk+1

(dk + dk+1)/2

����

m � 1
; (1)

where m is the number of vocalic intervals

and dk is the duration of the kth vocalic interval

Some of these rhythm metrics have been shown to predict
language discrimination in perception experiments [16]. Com-
parisons of vocalic and consonantal metrics by [17, 18] suggest
that vocalic, speech rate normalised metrics are the most reli-
able measures of speech rhythm. However, even these metrics
are influenced by variation between speakers, texts and tran-
scribers. It is therefore recommended to use phonetically bal-
anced or large samples from a greater number of speakers, and
adhere to a clearly defined set of transcription rules. How cru-
cial these suggestions are is demonstrated by [19], who was un-
able to replicate the results of [17, 18], perhaps because (1) she
relied on samples from each language that were not represen-
tative but specifically designed to elicit sentences that differed
from each other in rhythm as much as possible, and (2) because
segmentation criteria and the treatment of hesitations were not
specified and possibly not controlled for.

However, an approach that measures rhythm on the basis
of durational variability alone may present a lop-sided account
of speech rhythm. Most studies on rhythm in the last 15 years
have concentrated exclusively on duration, which means that
they considered only one correlate of prominence. Exceptions
are [20–23], who suggested rhythm metrics based on variability
in intensity, f0, and sonority. Together, these metrics may form a
multidimensional account of rhythm, as demanded by [24–26].
A comparison of two languages might show that one has less
variability in all these correlates of prominence and is therefore
more syllable-timed than the second language on all these di-
mensions. On the other hand, the first language might also turn
out to have less variability in intensity, but more in duration than
the second language. Any language might therefore have mul-
tiple co-existing and different rhythms [26], which contribute
in different ways to a succession of elements relatively similar
in prominence (syllable-timing) or relatively different in promi-
nence (stress-timing).
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2. Integrating variability in loudness and
duration

While a consideration of multiple correlates of prominence con-
tributes to a multidimensional analysis of rhythm, the metrics
suggested so far rely exclusively on acoustic correlates, not
perceptual correlates of rhythm. This is particularly important
for the relation of intenstiy, an acoustic property, to loudness,
a perceptual property. Sounds with equal intensity but differ-
ent frequencies have been shown to differ in loudness [27, 28].
Therefore, this paper suggests that loudness instead of intensity
should be considered as a perceptual correlate of rhythm.

A second shortcoming of a multidimensional analysis of
rhythm as outlined above is that different acoustic or perceptual
correlates are considered separately. In addition to an individ-
ual analysis of these correlates, their interaction should also be
taken into account. For example, if stressed vowels are both
longer and louder than unstressed vowels, then variability in du-
ration and loudness may be said to reinforce each other. By con-
trast, if stressed vowels are only longer but not usually louder
than unstressed vowels, there is no reinforcement between these
two cues of prominence.

In order to derive a measure of loudness, the computer pro-
gramme Praat can be used [29]. After extracting the relevant
vocalic interval from the recording, first its spectrum, then ex-
citation, and finally maximum loudness in Sone can be derived
(a Praat script is available from the author upon request). As a
measure of variability in loudness, a PVI can be computed by
entering these loudness values (instead of duration values) into
formula (1). This metric will be called nPVI-V(avgLoud), and
the duration measure will be referred to as nPVI-V(dur).

The next step, accounting for simultaneous variability in
loudness and duration necessitates a change to the PVI formula.
For every pair of successive vocalic intervals, the difference in
duration and in loudness are computed separately and divided
by their sum. These relative differences in duration and loud-
ness are then added and squared. Squaring this sum of relative
differences in duration and loudness gives an advantage (higher
values) to simultaneous in- or decreases in both correlates of
prominence, and a disadvantage to cases where duration in- but
loudness decreases (or the other way around).

nPV I � V (dur + avgLoud) = (2)

100 ⇥

m�1X

k=1

2 ⇥
✓

dk � dk+1

dk + dk+1
+

lk � lk+1

lk + lk+1

◆2

m � 1
;

where m is the number of vocalic intervals,

dk is the duration of the kth vocalic interval

and lk is the loudness of the kth vocalic interval

For example, if the second vocalic interval is twice as long
and twice as loud as the first, then the square of the differences
is ( 1�2

1+2
+ 1�2

1+2
)2 = 0.444. By contrast, if the second vocalic

interval is twice as long as the first, but equal in loudness to
the first, then the square of the differences is lower: ( 1�2

1+2
+

1�1
1+1

)2 = 0.111. And if the second vocalic interval is twice
as long as the first, but half as loud as the first, the square of
the differences is zero: ( 1�2

1+2
+ 1�0.5

1+0.5
)2 = 0. The measure

therefore accounts for whether loudness and duration increase
(or decrease) simultaneously, thereby reinforcing each other in
the generation of prominence, or whether one decreases and the

other increases, which causes them to offset each other in the
generation of prominence.

3. Indian English
IndE is a postcolonial variety of English used mainly in public
contexts such as education, administration, business and poli-
tics, but also by Indians who travel or reside in a region whose
local language they do not speak. English is the primary domes-
tic language for only a small minority, although many others
use it at home when discussing topics belonging to the pub-
lic domain, as for example when a parent asks their child what
happened at school that day. Around 23 % of the population
of India have at least basic knowledge of English, and 4 % are
fluent [30]. Based on the 2011 census [31], this means there are
50 million fluent speakers.

Although standard IndE still lacks full official recognition,
it is the de facto standard taught in schools and universities is
standard IndE [32, 33]. Nevertheless, this standard has not yet
been fully codified, and in such a context the kind of language
used by educated speakers can be used as a yardstick for what
is considered acceptable by the speech community [34–36].
The phonology of IndE differs in several respects from that
of BrE [37–42], likely due to transfer from Indian languages
[43]. While they belong to several different language families,
these languages have converged over time in several respects
and form a sprachbund [44–46].

IndE has been suggested to be syllable-timed or more
syllable-timed than BrE [32, 43, 47–52]. On the basis of
these descriptions, the present paper hypothesises that IndE
has lower variability of vocalic durations, lower variability
in average loudness in vowels, and lower simultaneous vari-
ability in duration and loudness in IndE compared to BrE.
This suggestes that nPVI-V(dur), nPVI-V(avgLoud) and nPVI-
V(dur+avgLoud) are all smaller in the IndE group than in the
BrE group. Additionally, it is expected that duration and loud-
ness as correlates of prominence also reinforce each other less
often in IndE than in BrE, even when lower levels of variability
in loudness and duration (considered separately) are taken ac-
count of. This suggests that the difference between the group
means for IndE and BrE in nPVI-V(dur+avgLoud) is greater
than both the differences between the group means in nPVI-
V(dur) and nPVI-V(avgLoud).

4. Data
Recordings of a text read by 10 speakers or Standard South-
ern BrE and 20 speakers of IndE were used. The BrE data
was taken from the DyViS database [53]. The IndE speakers
were recorded by the present author reading the same text. All
speakers were university students at the time of recording. The
IndE speakers were equallly divided between four different L1
groups, and had either Hindi or Bengali (both Indo-Aryan lan-
guages), or Telugu or Malayalam (both Dravidian languages)
as first languages. L1 was determined on the basis of a soci-
olinguistic interview involving questions on when speakers first
started using what language. They were between 20 and 28
years of age, and, with the exception of one speaker each, had
exclusively attended English-medium schools and universities,
and had not resided outside of India.1

1Only one speaker did not attend English-medium schools trough-
out, but went to a Telugu-medium primary and English-medium sec-
ondary school. Another speaker spent several years in an Arab country,
but had only interaction with the local South Asian expat community in
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Figure 1: Group averages and standard deviations for variabil-
ity in average loudness (x-axis) and in duration (y-axis).

Two thirds of the reading passage, or 392 words, were
segmented according to the recommendations provided by
[17, 18, 54]. nPVI-V(dur), nPVI-V(avgLoud) and nPVI-
V(dur+avgLoud) were computed individually for utterances
comprising at least three vocalic intervals, excluding the final
interval. Next, for each individual speaker, the median of the
rhythm scores of all utterances produced by this speaker was
computed.

5. Results
Variability in duration was significantly lower in the IndE group
(55.4) than in the BrE group (61.9, p<0.0001, t-test). Average
variability in duration was 10.5 % lower in IndE than in BrE.
Variability in average loudness was also signifcantly lower in
the IndE group (34.5) than in the BrE group (42.7, p<0.0001).
Average variability in loudness was 19.0 % lower in IndE than
in BrE. The average values for variability in loudness and dura-
tion for both groups are shown in figure 1.

Scores for individual speakers are shown in figure 3, with
crosses for IndE and circles for BrE speakers. Using both met-
rics, separation between the two groups is relatively good, al-
though there is some overlap between the two groups. Two BrE
speakers have less variability in duration and loudness (nPVI-
V(dur) and nPVI-V(avgLoud)) than the other BrE speakers and
are close to some of the IndE speakers. Likewise, there are two
IndE speakers who have high values for variability in duration
and loudness so that they are similar in this respect to the BrE
group.

Combined variability in duration and average loudness was
significantly lower in IndE (46.3) than in BrE (67.3, p<0.0001).
The average combined variability in duration and loudness was
31.2 % lower in IndE than in BrE, which means that the differ-
ence in combined variability in duration and loudness (nPVI-
V(dur+avgLoud)) was higher than the variability in either vari-
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Figure 2: Group averages and standard deviations for variabil-
ity in average loudness (x-axis) and simultaneous variability in
duration and average loudness (y-axis).

ability in duration (nPVI-V(dur)) or average loudness (nPVI-
V(avgLoud)). The average values for variability in loudness
and simultaneous variability in duration and loudness for both
groups are shown in figure 2.

Scores for individual speakers are shown in figure 4. Con-
sidering simultaneous variability in loudness and duration, there
are again two IndE speakers (crosses) with values for variabil-
ity similar to the BrE group. There is also one BrE speakers
(circles) with a variability slightly lower than the IndE speakers
with the highest variability.

6. Discussion
The results have shown that IndE has

• significantly less variability in duration

• significantly less variability in loudness and

• significantly less simultaneous variability in duration and
loudness

than BrE. Crucially, the difference in simultaneous variability in
duration and loudness between IndE and BrE was higher than
either the difference in variability in loudness or duration. This
result shows that a measure of simultaneous variability in dura-
tion and loudness, the nPVI-V(dur+avgLoud) suggested in this
paper, captures an important aspect of variability in prominence
between successive vocalic intervals. If variability in duration
on the one hand, and variability in average loudness on the other
hand, were both randomly distributed, one would expect that the
difference between IndE and BrE in the simultaneous variabil-
ity in loudness and duration were equal to the average of the
difference between the two varieties in loudness, and in dura-
tion (i.e. 14.75 %). However, this was not the case. Instead,
the difference in combined variability in loudness and duration
turned out to be much higher than the variability in either loud-
ness or duration taken separately. This result also implies that in
BrE, vocalic intervals that are longer than average also tend to
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Figure 3: Variability in average loudness (x-axis) and in dura-
tion (y-axis) for individual speakers of IndE (crosses) and BrE
(circles).

be louder than average, and vice versa. By contrast, in IndE, vo-
calic intervals that are longer than average are not as frequently
and to the same extent also louder than average, and vice versa,
as in BrE.

This comparison of variability in duration, loudness and si-
multaneous variability in loudness and duration also contributes
to a better understanding of how speech rhythm is realised in
different dimensions, using different acoustic and perceptual
correlates of prominence. Duration is but one of these corre-
lates of prominence. Loudness is another, and the simultaneous
in- or decrease of loudness and duration is a third, and separate,
aspect that needs to be considered within a multidimensional
model of speech rhythm.

The results also substantiate previous descriptions of IndE
as more syllable-timed than BrE [32,43,47–52]. Such a descrip-
tion, using a relative expression (”more syllable-timed”) ap-
pears to be adequate since syllable- and stress-timing are prob-
abaly better regarded as poles of a continuum, and perhaps as
ideals that are rarely or never realised in actual speech.

Furthermore, a small number of outliers with values for
variability similar to the other group occured. This shows that
differences in variability in duration, loudness and simultaneous
variability in loudness and duration do not constitute a categor-
ical contrast between IndE and BrE. However, the differences
are highly significant. Taking into account that a relatively long
text of 392 words was used, it is very likely that the results
can be generalised to other speakers of BrE and educated IndE.
Considering the background of the IndE speakers, who were all
engaged in university studies, it is likely that they speak a va-
riety of IndE that is a good example of the emerging standard
of IndE. This standard appears to involve a rhythm that is more
syllable-timed than BrE speech rhythm.
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Figure 4: Variability in average loudness (x-axis) and simulta-
neous variability in duration and average loudness (y-axis) for
individual speakers of IndE (crosses) and BrE (circles).
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