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ABSTRACT

Speech intensity is one of the main prosodic cues,
playing a role in most of the suprasegmental phe-
nomena. Despite this, its contribution to the sig-
nalling of prosodic hierarchy is still relatively under-
studied, compared to the other cues, like duration or
fundamental frequency. We present here an inves-
tigation on the role of intensity in prosodic bound-
ary detection in four different languages, by testing
several intensity measures. The statistical analysis
performed showed significant correlates of prosodic
boundaries, for most intensity measures employed
and in all languages. Our findings were further
validated with a classification experiment in which
the boundary/non-boundary distinction was learned
in unsupervised manner, using only intensity cues.
It showed that intensity range measures outperform
absolute intensity measures, with the total intensity
range being consistently the best feature.

Keywords: prosodic boundaries, intensity, unsuper-
vised learning.

1. INTRODUCTION

The prosodic hierarchy is often marked by multi-
ple prosodic cues and, among them, duration, fun-
damental frequency and intensity are considered to
be the most important ones. The first two, duration
(including the duration of silent pauses) and funda-
mental frequency have been extensively studied and
their role in signalling the prosodic structure are well
understood [17, 12, 16].

As for the role of intensity, only few studies inves-
tigated its role in marking prosodic boundaries (e.g.
[6], [2], [9]). In a study of prosodic boundary detec-
tion using acoustic cues [2], the authors also perform
a statistical analysis of the same cues on part of their
English news corpus. They show that two of their
intensity measures, end value and convexity, are sig-
nificant for predicting the boundary/non-boundary
distinction. A study of a corpus of conversational
English [9] analysed the boundaries transcribed by a
group of naive listeners, in terms of the acoustic cues

signalling them. The mean intensity was successful
in discriminating only part of the vowels analysed in
terms of their position relative to a prosodic bound-
ary. Other studies (e.g. [5]) have performed a more
limited analysis, looking only at the intensity of syl-
lables preceding different levels of phrase bound-
aries, but without analysing non-boundary syllables.

Several cues, among which the mean intensity,
were investigated in the vicinity of prosodic bound-
aries, in a corpus of spontaneous Mandarin Chinese
[6]. The authors found that intensity levels were,
on average, lower in pre-boundary words as the
prosodic boundary level increased, with an inverse
effect being observed for post-boundary words. Fur-
ther evidence on the role intensity plays in prosody
organization, in Mandarin, was offered by means
of a statistical model [15]. The authors showed
that their intensity regression model correlated bet-
ter with the original data when information about
higher prosodic units was added to the model, al-
though it did not perform as well as the other cues
used (syllable duration and pause).

For a better understanding of the role of intensity
in signalling prosodic structure, we have performed
an investigation on four different languages: En-
glish, Japanese, Spanish and Catalan. Our investiga-
tion looked at different languages and several mea-
sures of intensity in order to be able to give a more
general account of the issue at hand. For the same
reason, we performed an exhaustive analysis of all
the syllables in the corpora (not only pre- and post-
boundary syllables) and we employed large datasets,
with a combined 23 hours and more than 460,000
analysed syllables, across the four languages.

2. MATERIALS

We have chosen four typologically distinct lan-
guages for our study: English, Japanese, Spanish
and Catalan and we considered as prosodic bound-
aries all boundaries equivalent to those of intona-
tional and phonological phrases [10]. The two lev-
els were then collapsed into one level, which was
used as a ’gold standard’ for boundaries in our ex-
periments. We tried to use similar type of materi-



Table 1: Summary of the statistical analysis performed for English and Japanese. For each language we illustrate
the mean and standard deviation of the intensity measures used, for the accented (A) and unaccented (N) syllables,
as well as the boundary/non-boundary T-test value.(∗p < .05; ∗∗p < .01; ∗∗∗p < .001).

Intensity
measure Cond.

English Japanese
Boundary Non-bound. T-test Boundary Non-bound. T-test

mean stdev mean stdev mean stdev mean stdev

mean A 67.95 4.74 68.58 4.83 -4.20(∗∗) 68.37 4.67 68.04 4.98 0.79
N 65.3 5.58 66.44 4.87 -3.09 (∗) 65.01 6.85 65.14 6.42 -0.77

max A 70.16 4.37 70.17 4.46 -1.47 71.60 4.89 70.03 5.03 6.27(∗∗∗)
N 67.64 5.11 67.99 4.67 -0.81 67.94 7.01 67.26 6.30 3.50(∗∗)

min A 62.58 6.52 64.65 6.48 -6.16(∗∗) 59.89 6.84 62.76 6.05 -6.52(∗∗∗)
N 60.38 7.43 63.01 6.00 -4.82(∗∗) 57.37 7.72 60.14 7.18 -9.85(∗∗∗)

max-mean A 2.21 1.54 1.59 1.55 7.12(∗∗∗) 3.23 2.07 1.99 1.28 9.82(∗∗∗)
N 2.34 2.00 1.56 1.40 4.72(∗∗) 2.93 1.92 2.12 1.57 10.9(∗∗∗)

mean-min A 5.37 3.93 3.93 3.46 5.88(∗∗) 8.47 5.07 5.28 3.43 9.53(∗∗∗)
N 4.92 4.14 3.42 2.88 5.51(∗∗) 7.64 5.08 5.01 3.57 15.7(∗∗∗)

max-min A 7.58 5.02 5.52 4.71 6.33(∗∗) 11.70 6.82 7.28 4.51 9.93(∗∗∗)
N 7.27 5.74 4.98 4.05 5.26(∗∗) 10.57 6.67 7.13 4.81 14.5(∗∗∗)

als, with the English, Spanish and Catalan data con-
taining news recordings, while for Japanese we had
academic speech. Also in terms of speakers, we bal-
anced between male and female speakers. Further
details are given in the following sections.

2.1. English

The Boston University radio news corpus [11] was
chosen for English. The corpus was partly annotated
for prosody using the ToBI standard for American
English [13] and we employed in our studies level 3
and level 4 breaks, roughly corresponding to inter-
mediate and intonational phrase boundaries. From
the entire corpus we have chosen all the recordings
having both segmental annotation and level 3 and
level 4 break annotations, which gave us about 3
hours of data. It contained speech from 6 speakers,
3 males and 3 females and a total of 49,419 syllables
(out of which 8,516 boundary syllables).

2.2. Japanese

The Japanese data used is an 8 hours subset from
the core part of the Corpus of Spontaneous Japanese
[7] and includes recordings from 12 females and 14
males. The prosody was annotated using the X-
JToBI standard [8] and we have chosen all level 2
and level 3 breaks (equivalent to accentual and into-
national phrase boundaries). Similar to the English,
the material chosen has both prosodic and segmen-
tal information. In terms of number of syllables an-
alyzed, we had 33,932 and 126,891 boundary and
non-boundary syllables, respectively.

2.3. Spanish

For Spanish, we employed the news part of the
GLISSANDO corpus [3]. The corpus was aligned
at the segmental level and it also has annotations for
minor and major prosodic boundaries. The Spanish
subset used consists of 8 speakers (4 males, 4 fe-
males) and a total of just over 6 hours of recordings.
From a total of 131,015 syllables, 18,368 are found
at boundary positions.

2.4. Catalan

As in the previous section, the Catalan data also be-
longs to the news subset of the GLISSANDO cor-
pus. It is similar to the Spanish data, containing 6
hours of recordings from 8 speakers (4 males, 4 fe-
males). It has a total of 21,157 boundary syllables
and 98,594 non-boundary syllables.

3. METHODS

The intensity of all the recordings was first com-
puted using Praat [1]. Then, we extracted, for each
syllable nucleus, several acoustic measures related
to the intensity. The measures contained the fol-
lowing: the average (mean), minimum (min) and
maximum (max) intensity over the nucleus, respec-
tively. We have also extracted several range mea-
sures (computed as differences in decibel scale), the
idea being that such measures should be less affected
than absolute measures by variations due to speak-
ing style or recording conditions. These were, re-
spectively, the difference between maximum and av-



Table 2: Summary of the statistical analysis performed for Spanish and Catalan. For each language we illustrate
the mean and standard deviation of the intensity measures used, for the accented (A) and unaccented (N) syllables,
as well as the boundary/non-boundary T-test value.(∗p < .05; ∗∗p < .01; ∗∗∗p < .001).

Intensity
measure Cond.

Spanish Catalan
Boundary Non-bound. T-test Boundary Non-bound. T-test

mean stdev mean stdev mean stdev mean stdev

mean A 71.70 4.36 72.05 3.70 -0.64 71.16 5.18 73.10 3.48 -4.90(∗∗)
N 67.81 6.45 70.60 4.08 -3.85(∗∗) 67.40 7.34 71.38 3.88 -7.10(∗∗∗)

max A 74.17 3.81 73.71 3.57 1.25 74.06 3.81 74.69 3.27 -3.30(∗)
N 71.20 5.52 72.33 3.80 -2.00 71.29 5.27 72.99 3.63 -7.76(∗∗∗)

min A 65.95 7.63 68.15 5.48 -4.21(∗∗) 64.64 9.96 69.13 5.52 -6.81(∗∗∗)
N 59.93 10.14 66.58 6.18 -9.60(∗∗∗) 59.67 12.62 67.58 6.05 -11.6(∗∗∗)

max-mean A 2.47 2.18 1.66 1.36 6.27(∗∗∗) 2.89 3.35 1.59 1.45 4.99(∗∗)
N 3.39 2.96 1.74 1.56 8.72(∗∗∗) 3.89 4.47 1.61 1.56 5.80(∗∗∗)

mean-min A 5.75 5.12 3.90 3.46 8.76(∗∗∗) 6.52 6.34 3.97 3.53 8.20(∗∗∗)
N 7.88 5.80 4.02 3.62 17.0(∗∗∗) 7.73 6.92 3.79 3.65 20.2(∗∗∗)

max-min A 8.22 6.97 5.57 4.62 8.76(∗∗∗) 9.42 9.26 5.56 4.77 6.93(∗∗∗)
N 11.27 8.34 5.75 5.02 18.5(∗∗∗) 11.62 10.87 5.40 5.05 12.3(∗∗∗)

erage intensity (max−mean), average and minimum
intensity (mean−min), and maximum and minimum
intensity (max−min).

Since intensity may be influenced by stress in
three of the languages used in this study, and its
role in marking Japanese pitch accent is not gener-
ally agreed upon [14], we have decided to perform
separate analyses for stressed (English, Spanish and
Catalan)/pitch accented (Japanese) syllables (there-
after called condition A) versus unstressed/no pitch
accented syllables (thereafter called condition N),
for both boundary and non-boundary cases.

In a first step, descriptive statistics on the bound-
ary versus non-boundary syllables were computed
and two-tailed paired t-tests were applied to test the
significance of the difference between the two cases.
The analysis was done separately for each language,
for each of the six intensity measures computed and
for the two conditions we considered (A and N).

Next, we performed a boundary/non-boundary
classification task run on one intensity measure (one
syllable) at a time. This was done by first training
in unsupervised manner a Gaussian binary classi-
fier, obtained after fitting two Gaussians by means of
the expectation maximization (EM) algorithm. The
implementation used for the EM algorithm was the
one offered by the Weka toolbox [4]. Two types
of experiments were performed: for the first one,
similar to the statistical analysis, we classified sepa-
rately the syllables belonging to the A and N condi-
tions. This would be equivalent to applying before
the classification a stress/pitch accent detector hav-
ing an accuracy of 100%. In the second case instead,
we combined all the syllables together and classi-

fied them. Thus, we will be able to see which is the
performance cost for not having any knowledge of
stress/pitch accent.

4. RESULTS

4.1. Statistical analysis

The results of the statistical analyses performed are
illustrated in Table 1, for English and Japanese, and
Table 2, for Spanish and Catalan. It appears that
mean and max intensity are non-reliable indicators
of prosodic boundaries, their corresponding differ-
ences having been found non-significant in at least
two languages. Interestingly, the variation of the
max intensity goes even in the opposite direction for
several conditions (Japanese A and N, Spanish A),
with respect to the other absolute measures. The re-
maining absolute measure, min, seem to be highly
significant in all the four languages tested. Also the
three range measures were found to be highly signif-
icant in all the languages, although the variation di-
rection was different from that of the absolute mea-
sures (a larger range for boundary compared to non-
boundary syllables).

4.2. Unsupervised classification

We present the classification performance of each
of the six measures in Table 3. For the evalua-
tion of the results we used the area under the re-
ceiver operating characteristic (ROC) curve (AUC).
The ROC curve is obtained by varying the thresh-
old for the class probability estimates and plotting



Table 3: Area under the ROC curve results obtained for the classification of boundary/non-boundary syllables, for
different languages and intensity measures. An EM-based classifier was employed and three cases were considered:
only accented syllables (A), only non-accented syllables (N), or all the syllables (All) were clustered.

Intensity English Japanese Spanish Catalan
measure A N All A N All A N All A N All

mean .531 .565 .543 .520 .506 .510 .514 .615 .593 .596 .643 .589
max .513 .528 .523 .566 .539 .525 .512 .545 .531 .530 .564 .522
min .605 .610 .599 .624 .607 .620 .566 .689 .660 .626 .672 .630

max-mean .616 .634 .628 .698 .641 .646 .599 .671 .654 .623 .652 .633
mean-min .615 .613 .609 .689 .655 .654 .589 .696 .670 .608 .659 .634
max-min .627 .629 .625 .700 .657 .658 .598 .695 .672 .618 .659 .636

for each value the resulting true positive rate versus
false positive rate. The AUC can be interpreted as
the probability of making a correct choice in a forced
choice task where one is given a random pair of to-
kens, one instantiating a boundary, and the other a
non-boundary. Since the chance level for the AUC
is 0.5, the measure is especially useful when com-
paring databases of different sizes and distributions
of boundaries and non-boundaries, as in our case.

The AUC results show that both mean and max
are close to chance level, for at least two languages
each, while the other measures perform better. The
range measures perform better, with the best perfor-
mance obtained (0.7) for the Japanese, max−min,
in the A condition. The results obtained when
no knowledge about stress/pitch accent is available
seem to be similar to the average of the performance
between the A and N conditions.

5. CONCLUSIONS

We have performed here an investigation into the
role of intensity in marking prosodic boundaries in
four languages. The main finding of this paper is
that intensity correlates with the presence of bound-
aries across the analysed languages. Furthermore,
the unsupervised classification experiment showed
that intensity can be used as a cue for unsupervised
boundary detection with a modest, but better than
chance, performance. Averaging across the four lan-
guages, intensity range measures outperform the ab-
solute measures, with the total range (max − min)
being the best feature for both accented, unaccented,
and pooled syllables. Since, in the latter case, we do
not need to take into account the stress value of the
syllable, in order to exploit the intensity range cues,
these measures seem to be particularly suitable to be
used in a bottom-up approach.

There are several directions which we can take to
build upon the current study. First, we would like
to explore whether there are differences between the

different levels of phrase boundaries in terms of in-
tensity, as previous studies have shown mixed results
for this [6, 9]. At the same time, we envisage us-
ing new measures of intensity, spanning neighbour-
ing syllables, in order to capture some local context.
This appears to be important in light of the find-
ings by Liu and Li [6] that pre-boundary syllables
tend to have decreasing intensity with the increase
in boundary strength, and the post-boundary sylla-
bles exhibiting the inverse trend.

Finally, in this work we investigated the intensity
as a cue of prosodic boundaries in isolation. While
this is a good initial step, allowing us to discover
its potential in marking prosodic boundaries, such
boundaries are usually marked by more than one
cue. We would like to expand out study to take into
account also the interaction between intensity and
other correlates, like presence of pause or f0 reset.
We are interested to see whether the information car-
ried by intensity is complementary to the one given
by the other cues, or whether it would become re-
dundant when in combination.
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