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Abstract

Given that state of the art speech synthesis systems have already
reached a high naturalness level, it is time to move to talking
speech from the actual read speech framework. For this pur-
pose it is thus necessary to investigate how disfluencies can be
included in speech synthesis and even increase its naturalness.
This paper builds on a previously presented work and focuses on
finding a local model of filled pauses rhythm. A statistical study
of rhythm effects around filled pauses is presented and based on
the correlation between rhythm variables, a regression model is
proposed to predict filled pauses duration and prepausal length-
ening.

1. Introduction
Speech synthesis has already reached high naturalness, mainly
due to the use of effective techniques such us unit selection-
base systems [1] or other new arising technologies [2] based
on the analysis of huge speech corpora. The main applica-
tion of speech synthesis has been focused by now on reading
style speech as it is plausible to assess that reading style is
the most generalist style to be extrapolated to any other situ-
ation. But nowadays new applications of text-to-speech (TTS)
systems like film dubbing, robotics, dialogue systems, speech
translation or multilingual broadcasting demand different styles
as the users expect the interface to do more than just reading
information.

If synthetic voices want to be integrated in future technol-
ogy, they must speak the way people talk instead the way people
read. This objective has been already tackled in several manners
such as emotional speech synthesis [3], voice quality modelling
[4] or even pronunciation variants [5]. In our opinion, style
is more important; it is desirable synthetic speech to be more
conversational-like rather than reading-like speech. We call this
talking speech, in contrast to read speech.

Talking speech differs significantly from reading speech
due to the inclusions of a set of a variety of prosodic resources
affecting the rhythm of the utterances. Disfluencies are one of
these resources defined as phenomena that interrupt the flow
of speech and do not add propositional content to an utterance
[6]. Disfluencies are very frequent in normal speech [7] and
they in fact contain information [8] and help human communi-
cation [9, 10]. Then, it is plausible to hypothesise the need to
include this prosodic event in order to move towards to talking
speech synthesis. In the present work we focus in one kind of
disfluency: filled pauses.

There already exist published works on disfluent speech
synthesis like the one done in [11], where they presented an
algorithm for insertion of filled pauses and breathing into a text.
Also in [12], where they present a study about prosodic cues of
hesitations for speech synthesis.

We have also presented experiences on synthesising disflu-
encies (i.e. filled pauses and repetitions) in TTS systems in pre-
vious works [13], and here we present further work on the same
direction focusing on filled pauses’ rhythm. In our previous
work, we claimed that filled pauses’ pitch is lower than its seg-
mental context. However, we were not able to find any simple
model to predict the filled pause (FP) duration and a constant
value was proposed. Although the synthesis of filled pauses
reached higher degree of quality than repetition synthesis in in-
formal tests, we have detected two main drawbacks: coarticu-
lation and rhythm.

Since our work is based on a unit-selection approach, coar-
ticulation problems come from the lack of FP units in the inven-
tory and from the fact that filled pauses can be strongly coar-
ticulated, some times it is hard even to differentiate, in human
speech, filled pauses from strong vowel lengthening. The sec-
ond drawback was that the sentence rhythm was not affected by
the presence of the filled pause at all in the synthetic speech. It
was inserted into a fully fluent utterance in terms of rhythm and
it sounded unnatural.

In this paper, first of all the database used is described. Then
in;3C Section 3, the use of silent pauses to avoid coarticulation
is discussed. The study on the rhythm of sentence with filled
pauses is presented in Section 4. Afterwards, due to the similar
naturalness between filled pauses and silent pauses, the findings
of the study will be analysed in the case of silent pauses in Sec-
tion 5. Finally conclusions are summarised in Section 6.

2. Database and Synthesis
A database has been recorded specifically for unit-selection
speech synthesis of conversational speech. Two large databases
of about 10h of speech each one where recorded in order to
build a couple of high quality voices for our TTS system, a male
and a female voice. In addition, some extra sentences where
recorded to study the synthesis of disfluent speech synthesis.

Prompts to record these sentences where extracted from real
utterances from the European Parliament. They consisted on
65 sentences, which contained filled pauses, repetitions, restarts
and breathing. These 65 sentences have been recorded by the
male as well as by the female speaker. The prompt given to
both speakers contained indications of where to do filled pauses,
repetitions and others disfluent events.

In the case of filled pauses, prompts signalled when a filled
pause had to be uttered but no acoustic specifications was given
to the speaker. Therefore, the database contains a variety of
realisations: ehh, ahh, mmm, emm. However, in the present
paper all filled pauses have been considered equally.

Furthermore, the sentences have been manually segmented
at phone level. These sentences have been added to the unit-
selection inventory. The present work is focused on filled
pauses and the database contains 138 of them.
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These units, i.e. ehh or mmm, have been turned into phone-
like units that can be used in the selection and concatenation
process which need prosodic values to choose the most appro-
priate unit. Therefore, as well as for phones, prosodic models
are requested and this is the main motivation of this work.

3. Silent Pauses Insertion
In order to avoid coarticulation problems, the insertion of silent
pauses at both sides of filled pauses is proposed here. Experi-
mental observations have motivated such proposal. In Figure 1
it can be observed how both silent pauses are present at both
sides of the filled pause (ehh).

3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

l'afmeon'ajjoehhafmeek'epek

Figure 1: Audio example. It can be observed the pre-pausal
syllable lengthening (/ fa/) and also the short silences before and
after the filled pause (/ehh/).

Table 1 shows how many times in the database silent pauses
appear next to a filled pause. It can be observed that if we con-
sider both speakers together 49% of filled pauses contain at least
one of those silent pauses. This fact supports the insertion of
these silent pauses. On one hand, the female speaker do not in-
clude both of them never in the database and only one forth of
the filled pauses contain at least one SP. On the other hand, the
male speaker uses this silent pauses more often since two thirds
of the FP contains at least one SP.

Both Spk. Male Spk. Female Spk.
Combinations n % n % n %

FP 70 51% 25 32% 46 74%
SP·FP·SP 16 12% 16 20% 0 0%
SP·FP 12 9% 8 10% 5 8%

FP·SP 39 28% 28 36% 11 17%

Table 1: Number (n) and frequency of occurrences of silent
pauses together with filled pauses. Silent pauses at both sides
(SP·FP·SP), at one side (SP·FP or FP·SP), and no silent pauses
(FP) have been taken into account.

Therefore, the use of both silent pauses is not the most fre-
quent structure used by the two speakers we analyse here.

However, it is a possible structure and thus we are allowed
to use it in order to avoid coarticulation problems in the inser-
tion of FP. Therefore, the silent pauses’ length is a variable that
has to be predicted by the prosodic model.

4. Rhythm Study
In this section we will discuss rhythm implications in filled
pauses. For this purpose, a set of rhythm-related variables will
be defined. Afterwards, some summary statistics are presented
in order to identify the general behaviour of such variables.
Then, correlation between variables is explored and a regres-
sion model is proposed for prosody modelling of filled pauses.

4.1. Feature-set definition

We define “rhythm” as the mean syllable length of an utterance.
This can be done in Spanish since syllable is the basic segmental
unit for timing [14]. Since we are interested to discuss whether
the filled pause produces a rhythm change or not, three rhythm
variables are define: the total rhythm of the sentence (i.e. mean
syllable length across the whole sentence), the rhythm previous
to the filled pause, from the beginning of the sentence; and the
rhythm after the FP. We will refer to these variables as: totrh,
prerh and posrh. The filled pause duration has been excluded
and is evaluated separately (i.e. fpdur). Through experimen-
tal observations we realised that prepausal syllables were larger
than the mean syllable length. This phenomena can be observed
in Figure 1. In this audio example, the prepausal syllable (/fa/)
is significantly larger than the rest of syllables. Therefore, this
value has also been excluded from rhythm calculus and vari-
able syl

−1 will represent syllable length of syllable previous to
filled pause. Moreover, since silent pauses before and after the
FP will be part of the model, two more variables are included
in the study, they represent both silent pauses’ length: paupre
and paupos. In addition, in order to examine whether only the
prepausal length is lenghtened or not, syl

−2 was added; and
given the importance of the syllable nucleus (i.e. the vowel) in
the syllable length also its duration has been included: nuc

−1

and nuc
−2. In Summary, the set of features extracted from the

database for each filled pause are: totrh, prerh, posrh, syl
−2,

nuc
−2, syl−1, nuc−1, paupre, fpdur and paupos.

4.2. Summary statistics

Table 2 shows mean, standard deviation, lower and upper quar-
tiles for each feature corresponding to male speaker. Table 3
shows same statistics for the female speaker. It can be observed
how rhythm distributions are very similar for the total, the pre-
vious and the posterior rhythm in the case of the male as well
as for the female speaker. Hypothesis tests have shown that at
95% confidence level rhytm means are equal. This supports
our claim that filled pauses do not imply a rhythm change in
the sentence. Therefore, the prosody of the corresponding flu-
ent sentence can be modelled and rules to predict fpdur, syl

−1,
paupre and paupos could afterwards be applied. This is spe-
cially useful in our case, since the biggest part of the synthesis
inventory are built by fluently uttered sentences, while only a
small part of it contains disfluencies.

Unit:ms Mean Std Lower Upper
Name Deviation Quartile Quartile
totrh. 167 35 143 182
prerh. 173 63 149 181
posrh. 180 42 154 199
syl

−2 234 125 151 301
nuc

−2 114 83 74 112
syl

−1 394 179 280 494
nuc

−1 228 118 140 288
paupre 348 282 100 465
paupos 242 270 71 404
fpdur 464 223 294 655

Table 2: Summary statistics for the male speaker and for filled
pauses.

It can be observed how there is a significant lengthening
of the prepausal syllable. Note that mean value of syl

−1 is 2.3
times bigger than the mean syllable length of the sentences for
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the male speaker and 2.45 in the case of the female speaker. Fig-
ure 2 show the Box-and-Whisker graphic of the three rhythm-
related and the syllable duration distributions. It can intuitively
be observed how the rhythm has the same distribution before
and after the filled pause, and how the prepausal syllable distri-
bution is moved through the right in the graphics, what implies a
lengthening of the syllable with respect to the sentence rhythm.
Same effect appear for both speakers.

Unit:ms Mean Std Lower Upper
Name Deviation Quartile Quartile
totrh. 154 24 146 169
prerh. 150 35 142 167
posrh. 165 28 150 176
syl

−2 232 131 145 317
nuc

−2 108 61 71 123
syl

−1 378 140 304 424
nuc

−1 222 70 168 277
paupre 434 326 180 595
paupos 268 298 82 360
fpdur 506 184 406 629

Table 3: Summary statistics for the female Speaker and for filled
pauses.

These observations support the fact that there exists a
prepausal syllable lengthening in filled pauses. A further is-
sue will be to predict this lengthening. It can also be observed
that the FP duration is much larger than the sentence rhythm.

The filled pause duration is significantly larger than the
mean rhythm, also its standard deviation is bigger. This is re-
lated with the fact that filled pauses are used to re-plan what is
going to be said. However, experimental synthesis have shown
that not any length sounds natural. We believe that a certain re-
lation between the syllable lengthening and the filled pause du-
ration must exist, i.e. the prepausal length and the filled pause
duration will be larger for slower speeches and vice versa.
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Figure 2: Box-and-Whisker graphics for rhythm variables and
syllable lengths for filled pauses.

For these reasons in next sections we will look at the rela-
tion between the sentence rhythm and these two variable plus
silent pauses’ duration.

4.3. Correlation between variables

In order to analyse the relation between the sentence rhythm
and the syllable, silent and filled pauses duration; we have
calculated the correlation values between all variables. Since
the database is small, we have also compute the statistical sig-
nificance of the correlation values and only significant values
(P < 0.05) are given. Table 4 summarises all correlation val-
ues.

Silent pauses duration do not have significant correlation
with any other variable except for the female speaker, in this
case they are only correlated with the FP duration. However,
since the filled pause duration is an unknown variable, it can
not be used to predict the silent pause duration. Therefore, with
the approach presented here there is no way to predict the silent
pause duration.

Since we have concluded that the rhythm does not change
across the sentence, but that the rhythm across the whole sen-
tence, the one previous to the FP and the posterior follow the
same distribution instead, there are only two features left to
model: syl

−1 and fpdur.

Male Speaker Female Speaker
Variable syl

−1 fpdur syl
−1 fpdur

totrh -0.24 - -0.45 -
prerh - - -0.47 -
syl

−2 0.26 - 0.27 -
nuc

−2 0.32 - 0.56 -
syl

−1 1 0.29 1 -
nuc

−1 0.63 0.48 0.39 -
paupre - - - 0.37
fpdur 0.30 1 - 1
paupos - - - 0.39
posrh - - - 0.30

Table 4: Statistically significant correlation between previous
syllable length, FP duration a defined variables.

Significant correlation will guide us in order to find inde-
pendent variables for modelling these features. It can be ob-
served in Table 4 that both features are correlated with utter-
ances that occur in advance in the sentences. For example, syl

−1

is significantly correlated with the previous syllable and also
with the total rhythm of the sentence. In addition, fpdur is cor-
related with previous rhythm, the total rhythm, and also syl

−1

in the case of the male speaker. Unexpectedly, the fpdur in the
case of the female speaker, is correlated with the silent pauses.
However, in Table 1 in Section 3 we have seen that the female
speaker do not insert any silent pause in 74% of the utterances.

Since the database was recorded in a studio, we have ob-
served that the female speaker is less systematic in the realisa-
tion of such filled pauses, and also less natural. What would
explain the lack of significance in the correlation between fpdur
and syl

−1. However, the filled pause is significantly correlated,
in this case, with the posterior rhythm. Moreover, since the
rhythm do no change significantly across the sentences, the fact
that fpdur is correlated with the posterior rhythm implies that is
correlated with the other two rhythm variables in the study (i.e.
totrh and prerh), but that lack of data makes this correlation not
statistically significant.

In next section we will discuss the use of these correlation
between features, in order to generate a regression model for
synthesis of filled pauses.
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4.4. regression models

When trying to synthesise filled pauses within the unit-selection
framework, the first issue to take into account is what units to
be used. Here we have choose to record a small database con-
taining disfluencies. Filled pauses was one kind of disfluencies
recorded. Therefore, filled pauses units are now available in
the inventory to its use for disfluent speech synthesis (see Sec-
tion 2).

After the unit inventory issue is solved, the desired prosody
has to be generated. For this purpose our synthesiser already
have a pitch, duration and energy model [15]. However, this
model is trained on fluent speech. As we have stated in Sec-
tion 4.2, it is possible to use state of the art prosody modelling
to predict the rhythm of the whole sentence as if it was a fluent
sentence, and afterwards some local model can be applied to
modify this fluent prosody in order to achieve the desired dis-
fluent one.

For this purpose, in the case case of filled pauses, only
two variables need to be predicted: syl

−1 and fpdur (i.e. pre-
pausal syllable length, and filled pause duration). Also the silent
pauses (i.e. paupre, and paupos) should be predicted, but we
have not found any significant correlation here. Here we pro-
pose to use a multiple regression model due to its simplicity
and to that these variables are correlated with the rhythm of the
sentence.

Given results from Table 4 the prepausal syllable duration
can be predicted by means of the total rhythm of the sentence
and its previous syllable. In both cases the syllable duration and
the syllable nucleus duration are very correlated thus only one
of them is used, the one that gives a better fitting are mentioned
here. In the case of the male speaker the regression function
proposed is:

syl
−1 = 568 + 0.58nuc

−2 − 1.45totrh (1)

and it fits the data with a 106ms of mean absolute error(MAE).
For the female speaker the regression function proposed is:

syl
−1 = 692 + 0.96nuc

−2 − 1.68totrh − 1.07prerh (2)

and it fits the date with a MAE of 81ms.
The filled pause duration now can be predicted by means of

the sentence rhythm but also depends on the pre-pausal length-
ening. Since prepausal lengthening is part of the whole model
then a cumulative error effect will be produced, since the error
done on prepausal length prediction will be passed to regression
function for the filled pause duration. The proposed regression
function for the male speaker is as follows:

fpdur = 338 + 0.86nuc
−1 (3)

and for the female speaker this functions is proposed:

fpdur = 181 + 1.96posrh (4)

both functions fit the data with a MAE of 126ms.

5. Comparison with Silent Pauses
As we have said in Section 1 we also want to evaluate whether
conclusions concerning filled pauses can also be extended to
silent pauses. For this purposes, we have used the whole
databases recorded for speech synthesis, which contains about
10h of speech. Same features described in Section 4.1 have
been extracted from this database and same statistics have been

Unit:ms Mean Std Lower Upper
Name Deviation Quartile Quartile
totrh. 158 17 149 161
prerh. 162 24 149 164
posrh. 160 26 147 165
syl

−2 164 53 128 196
nuc

−2 78 27 63 88
syl

−1 237 61 200 272
nuc

−1 110 42 80 136
spdur 340 265 116 480

Table 5: Summary statistics for the male speaker and for silent
pauses..

computed. However, now 15,300 silent pauses are available to
compute statistics, what means a much larger amount of exam-
ples than for filled pauses.

Tables 5 and 6 presents summary statistics for silent pauses.
Same analysis is presented for filled pauses in Tables 2 and 3.
We can observe how again the rhythm do no change in the silent
pause, since rhythm previous to the pause and after it follow
same distribution than total sentence rhythm.

Unit:ms Mean Std Lower Upper
Name Deviation Quartile Quartile
totrh. 165 13 158 169
prerh. 167 18 158 172
posrh. 165 19 156 170
syl

−2 173 50 136 204
nuc

−2 82 24 68 96
syl

−1 245 64 195 288
nuc

−1 118 26 104 132
spdur 313 185 196 364

Table 6: Summary statistics for the female speaker and for silent
pauses.

Furthermore, the well-known prepausal lengthening is ob-
served. It can be observed more clearly in Figure 3, which
is very similar to the corresponding to filled pauses (see Fig-
ure 2). Until now, same conclusion extracted from analysing
filled pauses are extracted. This means, that it might be possi-
ble to predict sentence rhythm without taking silent pauses into
account, and afterwards the silent pause prosody (i.e. pause du-
ration plus prepausal syllable length) can be modelled locally.

Also correlations across features have been computed for
silent pauses. Table 7 shows the corresponding values. Note
that all correlations are significant since a lot more value are
given. It can be observed how syl

−2 is not correlated at all with
silent pause duration (named as spdur) neither with pre-pausal
length syllable. However, syllable length is strongly correlated
with the rhythm and the pause length. Of special interest is
the correlation value between pre-pausal syllable and pause du-
ration since it is negative. This implies that the longer the pre-
pausal syllable is the shorter the pause. These results are similar
than the ones published in [12] claiming that what is perceptu-
ally important in hesitations is the sum of the pre-pausal syllable
length plus the silent pause. We can conclude from correlations
in Table 7 that the faster this speaker talk, the pre-pausal syl-
lable is shorter but there is a longer pause. In contrast, if we
talk slowly the pre-pausal syllable is, of course, longer but the
silence is shorter.

Finally, note that results are similar than the ones presented
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Figure 3: Box-and-Whisker graphics for rhythm variables and
syllable lengths for silent pauses.

Male Speaker Female Speaker
Variable syl

−1 spdur syl
−1 spdur

totrh 0.36 -0.22 0.28 -0.15
prerh 0.37 -0.18 0.33 -0.11
syl

−2 -0.05 -0.06 -0.13 -0.04
nuc

−2 -0.04 -0.04 -0.10 -0.02
syl

−1 1 -0.28 1 -0.03
nuc

−1 0.07 -0.24 -0.10 -0.05
spdur -0.28 1 -0.03 1
posrh 0.20 -0.18 0.11 -0.13

Table 7: Statistically significant correlation between previous
syllable length, SP duration a defined variables.

here, what means that filled pauses behave in a similar way than
silent pauses, except for these negative correlations. Therefore,
it could be possible to apply same rules and regression proposed
here for filled pauses to silent ones.

6. Conclusion
In the present paper, we have studied the rhythm of filled
pauses. Filled pauses may or not contain silent pauses before
and after them. Despite in the database used here it appears in
few cases, it is plausible to insert both silences in order to avoid
coarticulation problems.

The main issue of the study presented here was to find sig-
nificant correlations between a set of rhythm features in order
to be able to predict filled pauses duration and rhythm related
effects.

It has been found that when a filled pause is produced there
is not any significant rhythm change in the sentence. However, a
prepausal lengthening similar to the one produced before silent
pauses is produced. The length of this syllable is correlated
with the sentence rhythm. In addition, the filled pauses duration
is correlated with the prepausal syllable length as well as with
the sentence rhythm.

These both findings plus the evidence that global sentence
rhythm is no affected by the filled pause presence, leaded us
to propose a duration model for speech synthesis. It is linear
regression model able to predict prepausal length based on the
sentence rhythm, and filled pause duration is predicted using the
previously predicted prepausal length and the sentence rhythm

by means of another linear regression model.
Informal tests have shown a noticeable improvement with

respect to the previously proposed method in [13].
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