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Abstract

Most prosodic boundaries are optional regarding their loca-
tion. Moreover, markers of prosodic boundaries such as speech
pauses show great variability in the duration of pauses as a
whole and that of breath noises occurring in these pauses. Op-
tionality and variability of pauses are particularly observable
when the speaking rate is varied. In this study we investigated
pausing behaviour in six languages of the BonnTempo-Corpus
with 46 speakers who read aloud a semantically similar short
passage at five rates, from very fast to very slow. The gen-
eral picture across languages shows that pause duration, as ex-
pected, correlates with rate, and breath noise duration correlates
with total pause duration. The optionality of pauses is reflected
by the number of pauses (within but also across rates) and by
the importance of some locations. The variability is evident in
pause and inhalation durations: pause durations and number of
inhalations decrease at faster rates, whereas both increase when
a pause is less optional at a given location in the text. We con-
sider a closer look at details of pauses to be an important step
for prosody modelling and essential for exploring and explain-
ing stylistic variation in prosodic phrasing.

Index Terms: speech pauses, prosodic breaks, speech rate

1. Introduction

Prosodic phrasing of the same text is not fixed and underlies
variation. It can vary from one speaker to another [1, 2] but
also within the same speaker (e.g. [2]). In addition, a change
of the global tempo leads to a change of the prosodic phrase
structure. Local tempo variation, which constantly happens in
the production process of reading a text, also implies changes of
prosodic phrasing. It is typical for human speech to show varia-
tions in prosodic phrasing but atypical for synthetic speech. For
the latter, a fixed orientation by punctuation is often applied — an
approach that does not satisfy the many stylistic and individual
degrees of variation of natural prosodic phrasing [3].

Using speech pauses as a proxy for prosodic boundaries
(PBs) in this study, we aim to analyse two dimensions of
prosodic phrasing behaviour: optionality, i.e. absence/presence
of a pause in a given location, and variability, i.e. variation in
pause duration and the involvement of breath noises. It must be
noted that multiple PB markers exist [4, 5, 6] of which pauses
are the most prominent cue [7], which may be why the two
terms are frequently used synonymously. PBs can be divided
into those that are obligatory, e.g. for disambiguation, and those
that are optional. In (second language) teaching, several exam-
ple sentences with obligatory PBs are used, as in (1); missing or
moving a PB to a different position would change the meaning:

(1) a) To govern | people use language.
b) To govern people | use language.

However, most PBs are optional, as exemplified in (2):
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(2) a) The president’s advisers fear | an early announcement |
would complicate his fundraising | and other activities.

b) The president’s advisers fear an early announcement |
would complicate his fundraising and other activities.

¢) The president’s advisers fear an early announcement
would complicate his fundraising and other activities.

Punctuation-based modelling of prosodic phrasing would
only predict option (2c) and ignore other options. More elabo-
rate models of prosodic phrasing (e.g. [8]) consider additional
factors, such as rhythmical balance, but still follow the "one
size/prediction fits all" paradigm.

In addition to the optionality of pause locations (and PBs
in general), huge variability in pause duration can be observed
[9, 10]. The same holds for the duration of breath (or inhalation)
noises [11]. There seems to be a link between pause duration
and the presence of (observable) breath noises: the longer the
pause, the more likely it is to involve a breath noise. Both pause
duration and inhalation are related to the length of the upcoming
inter-pausal unit [12], while the prosodic structure interacts with
length in determining pause duration [13].

Increasing speaking rate has an impact on pauses and
breathing: At faster rates, non-breath pauses tend to disappear,
breath pauses become less frequent, and breath group size in-
creases [14], although some speakers may use a different strat-
egy of shortening breath groups [15]. To some degree this can
be seen in Fig. 1 and 2 where compared to normal, breath group
durations get longer in faster conditions, due to fewer breath
pauses, but also partly in the slower conditions due to slower
articulation rate. In rates from fast to slow speech, pause dura-
tion, number of pauses and the total ratio of time spent pausing
compared to speaking were found to increase [10]. Moreover,
other PB markers, such as final lengthening, are more robust to
increasing speech rate than pauses, which are less important at
faster rates [16].

Optionality and variability of pauses can be exemplified
with the speaker in Fig. 1 who exhibits a highly consistent paus-
ing scheme using only breath pauses and reducing number and
duration of pauses as speech rate increases, although not lin-
early for individual pauses. In contrast, the speaker in Fig. 2
shows more pause diversity, in terms of optionality and vari-
ability, with non-breath pauses used here, new pauses emerging
in the slow compared to very slow rate, and some breath pauses
turning into non-breath pauses and vice versa.

Predicting PBs is at the core of prosody modelling, how-
ever, so far the optionality of PBs has not been in its focus. The
missing optionality is also reflected in the prediction of PBs in
synthetic speech which leads to the same PBs for all speech
styles and rates. The paradigm "one style fits all" still seems to
be prevalent. In this study, we focus on pauses in read speech
across speakers, across rate categories, and across languages for
semantically comparable texts.
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Figure 1: Pauses of a "text book" speaker across five rates (read
speech). White boxes: articulation time; blue boxes: breath
pause time; shaded blue: non-breath pauses; pauses connected
by dashed lines over rates: at the same location in the text.

Table 1: Overview of material used from the corpora: number
of speakers, words, and syllables by language.

speakers  words  syllables
Arabic 9 66 178
Czech 9 47 93
English 7 55 77
French 6 53 93
German 13 49 76
Italian 2 49 106

2. Methodology

We used data from the BonnTempo-Corpus (BTC) [17] for
Czech, English, French, German, and Italian, as well as the Ara-
bic Speech Rhythm Corpus [18] adding Egyptian Arabic with
BTC’s methods. The BTC versions use a short German text of
four sentences, or close translations of it, and are thus very sim-
ilar in many respects, whereas the Arabic one differs in terms
of length, content, and punctuation (cf. Table 1). The texts were
read aloud by native speakers at five intended speech rates: very
slow, slow, normal, fast, very fast. We analysed 46 speakers
producing 230 versions containing a total of 1710 pauses.

We did not use a fixed duration threshold for annotating
pauses but included all perceived pauses (e.g. via final length-
ening) that contained a silent period. We used the existing hand-
labelled corpus annotations and added our additional aspects of
interest manually, such as inhalations, additional pauses, and
preceding word number. The segmentation was clear for the
vast majority with the exception of a few cases where the breath
noise was very soft. In the original annotation when voiceless
plosives followed after pauses, around 50 to 100 ms of silence
were annotated as belonging to the plosive to account for the
acoustically silent closure phases. Parameters analysed were
pause duration and placement (with respect to the preceding
word, which we here defined as a string of letters surrounded
by whitespace or punctuation), presence and duration of breath
noise within the pauses, as well as duration of left and right
edges. The latter are short periods of silence typically found
right before and after inhalations [19, 20]. We annotated edges
for every breath pause, which can lead to some edges being very
short, as in some cases they can practically disappear at faster
rates. For the analysis, we did descriptive statistics only in this

paper.
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Figure 2: Speaker from the BTC using different options for
pause locations and more variability regarding breath pauses
and non-breath pauses. Colour coding as in Fig. 1.

3. Results
3.1. Pause location

Fig. 3 shows that some pauses are less optional than others,
visualised by dots accumulating in vertical lines: while there
is optionality for many pauses (e.g. the first eight locations in
Arabic), every language has a number of pause locations that
stand out by being preferred for pausing, tending to have longer
pauses with many exceeding 500 ms, and being more likely
to involve breathing (as e.g. location nine in Arabic). From
the original BTC versions, Czech, English and German pauses
accumulate 6 to 7 of those lines (cp. the German speaker in
Fig. 1), whereas French shows less uniform pausing behaviour
with about 10 lines, although some of them are quite short and
do not contain many breath pauses. Italian might follow the
majority of the BTC, but with two speakers the tendency is not
clear. The longer Arabic data set lead to about 10 lines and also
differs regarding pause locations and inhalations in very fast, as
here each line also includes an inhalation from that condition.

The clearer lines are closely related to punctuation <, ; .>
and conjunctions (e.g. and in English) that reflect boundaries
between larger syntactic structures. Czech and English and to
some degree Arabic and German show a larger number of ver-
tical pause lines than there are punctuation marks in the text.
The French text contains comparably many punctuation marks
(n=10), and there are few pauses that do not coincide with them.
Overall, breath pauses seem closely related to punctuation and
conjunctions and rarely appear outside of these locations.

To illustrate the relative importance of some pauses, we
looked into the three bigger pause accumulations towards the
end in Czech, i.e. locations 26 (no punctuation), 35 (full stop),
and 41 (comma). We looked at mean pause duration, number of
pauses taken compared to potential pauses here (9 speakers X 5
rates = 45), and number of breath pauses compared to number
of pauses taken in this location. Location 26 (no punctuation)
has a mean pause duration of 497 ms, 35 (of 45) pauses taken
here of which 28, i.e. 80 %, are breath pauses. At 35, mean
duration is 882 ms, 41 pauses were taken with 37 (90 %) in-
volving inhalation. At location 41, pauses have a mean duration
of 482 ms with 34 pauses taken here, of which 21 (62 %) are
breath pauses.

3.2. Number of breath and non-breath pauses

As rate increases there is a clear tendency towards fewer breath
pauses and particularly fewer non-breath pauses (Table 2).
There is much more flexibility regarding non-breath pauses
across the rates than breath pauses. There are 15 times more
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Figure 3: Pauses and their durations by location in the text, sorted by language. Pause location is determined by the number of the
preceding word. Whether a pause contains an inhalation is indicated by filled dots (inhalation) or empty, crossed dots (no inhalation).

Dashed lines indicate locations with punctuation <, ; .>.

Table 2: Number of occurrence of breath and non-breath pauses
by rate, pooled for all languages.

v. slow slow normal fast v. fast
breath pau 285 253 225 158 62
non-breath pau 314 187 110 95 21
total 599 440 335 253 83

non-breath pauses at very slow compared to very fast, but for
the same relationship in breath pauses this factor is only 4.5.
For most rates there are more breath pauses than non-breath
pauses. The ratio of breath to non-breath pauses at the normal
rate is 2:1, and 3:1 for very fast. However, for very slow there
are more non-breath pauses than breath pauses.

3.3. Duration of pauses, breath noises, and edges

Generally, as rate increases, pauses tend to be shorter. Fig. 4
shows breath and non-breath pauses and that varying rate also
has an effect on the duration of inhalation, which tends to be-
come shorter as rate increases. The pauses from faster rates are
all rather close to the reference line, i.e. the inhalation fills a
large portion of the pause. In the other conditions, pauses ap-
pear more distant from the line, too. At slower rates, pauses
can also be found at relatively short durations since participants
generally pause more when reading at a slow or very slow rate,
as can be seen in Table 2. Conversely, not all faster rate inhala-
tions are short, which might be related to participants reducing
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the number of pauses at these rates and then inhaling longer
and/or more deeply when they do pause.

Fig. 5 shows how the durations of edges around inhalations
vary by rate. When participants inhale in the faster rates, they
shorten their edges. There seems to be a difference between
right and left edge duration: while right edges rarely exceed
durations of 300 ms, left edges remain relatively frequent up to
around 600 ms.

4. Discussion

The findings concerning pause locations (Fig. 3) showed that
pausing and punctuation are related in read speech as readers
can use them as landmarks for pausing [21]. While there are
many other locations for pauses, those are rather used at normal
and slower rates. Breath pauses are more consistent in terms of
location, as they prefer grammatically appropriate places in read
speech, such as sentence, clause, or phrase boundaries [22]. The
less uniform pausing pattern in French is likely to be related to
the different usage of commas: the text contained commas after
place names (e.g. "apres Lisieux, les montagnes") resulting in
a high number of commas, which was not the case in the other
BTC languages, for example English ("after Lincoln the hills").

At the seemingly less optional locations, pauses show high
variability that seems related to speech rate. Even though
pauses do often coincide with punctuation and conjunctions like
and, simply using those as a trigger is not sufficient but needs to



very slow

slow
1.004 £

0.754
0.504

0.254

0.00 =

o normal fast
£ 1.009 - -
c
S 075
[
5 0504
30
& 0254
kS .
g0 IRV IS
= very fast 07 07 07 07 AT AT AT N @
1.004 1
Tempo
075 l . vlery slow
slow
0.504 = Ts normal
Soee ® fast
0.254 i * very fast

0.001

S PP XS PR N
SFELEPENLS

Pause duration (in s)

Figure 4: Inhalation duration relative to pause duration split by
rate for all languages. Dashed reference line: both durations
would be equally long. Dots at y=0 s: non-breath pauses.

take into account the larger syntactic structure, as exemplified
by the three cases of and in the second sentence of the English
version (location in brackets for comparison with Fig. 3): "af-
ter Lincoln the hills (21) and woods become monotonous, af-
ter Bristol the towns get boring (31) and near Saintsbury the
countryside becomes flat (38) and desolate.” This also becomes
clear in the similarity of the fourth bigger pause line in Czech
and English, which have no punctuation there, to the same lo-
cation in German, which does have punctuation. The closer
look at the last three bigger pause accumulations in Czech fur-
ther illustrated that punctuation alone is not sufficient for pause
modelling. Incorporating syntactical structures (cf. [23]) could
be beneficial, especially for cross-linguistic comparisons.

When comparing inhalation duration in relation to pause
duration (Fig. 4) to previous results in [11], the non-professional
German speakers there seemed to behave quite similarly to the
ones analysed here, although the text used there was longer. The
few long pauses (breath and non-breath) that appear along with
some shorter pauses at the fast and very fast rate might hint
at different strategies for increasing rate. This should become
clearer in longer texts, as the one used here was short and many
speakers attempted to produce very fast without any pausing.
Conversely, it should be borne in mind that participants’ inter-
pretations of intended speech rates may vary: while the faster
rates may be more naturally limited by how fast a given speaker
can produce speech, the slower ones may be less uniform and
may thus lead to very long pauses in extreme cases.

Comparing the inhalation edges (Fig. 5) to previous find-
ings in [24], the left edge tendency is not there, but those
results were preliminary and the speech analysed there was
semi-spontaneous without intended rate variations as condi-
tions, which limits comparability. Left edges tending to be
longer in the present study could be related to the breathing ap-
paratus’ elastic recoil, exerting passive force on the lungs to di-
minish in size after inhalation (e.g. [25], pp. 13f.), which makes
it harder to sustain pauses and further delay speech and exhala-
tion onset. Thus, when speakers use relatively long pauses (in
normal and slower conditions), they tend to increase inhalation
and left edge duration, while the right edge remains rather short.
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Figure 5: Duration of left vs right edge in breath pauses in all
six languages. The dashed reference line indicates equal dura-
tions. Five breath pauses (all from the same speaker) with left
edges between 1.3 s and 2.1 s. were excluded from the plot.

A similarity to the previous findings is that edges seem to be of
the same length only when short: When short, i.e. up to around
150 ms, they look relatively symmetrical but as one edge gets
longer, the other one tends to remain short in comparison.

5. Conclusions

This study has shed light on the optionality and variability of
PBs and pauses and how these may interact. Reading aloud
the same text at different rates, speakers show preferences for
certain pauses that often coincide with punctuation. These pre-
ferred pauses generally involve a highly variable pause dura-
tion that varies with speech rate. Purely punctuation-based
pause modelling misses this variability and while it may be
able to reproduce pause location selection behaviour for the
majority of pauses it would not account for other pauses that
are unrelated to punctuation or do have punctuation but not
necessarily a pause. Differences in punctuation complicate
comparability over languages, as in some languages readers
are not very constrained by punctuation while in others ortho-
graphic breaks are indicated at virtually every prosodic break.
For authentic pause modelling across languages and beyond
read speech, punctuation-independent linguistic perspectives
are needed. Furthermore, the findings on the duration of pauses,
inhalations, and edges are important for modelling pauses and
the placement of audible breaths within them.

These findings have implications for modelling pauses in
natural and synthetic speech, especially for situations or tar-
get audiences where slower speech is more appropriate. So far,
pausing in synthetic speech differs from natural speech by using
relatively short pauses (and only non-breath pauses) with a slow
articulation rate, mostly triggered by punctuation [26]. A more
human-like pausing pattern would need a better integration of
the optionality of pause locations, more variability of pause du-
ration, and a consideration of breath noises, which in turn could
benefit listeners [27, 28].
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