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Abstract

This study attempts to acoustically characterize the most
common filled pause vocalizations (or vocalic fillers) in
spontaneous speech in European Portuguese: the near-open
central vowel [å] and the mid-central vowel [ə]. For this
purpose we analyzed the spectral information of the
vocalic fillers by estimating their first two formant
frequencies as well as their duration properties. The vocalic
fillers are taken from a large corpus of European
Portuguese broadcast news’ speech. We also compared the
vocalic fillers with lexical vowels possessing similar timbre.
No formant variation trend was attained for the vocalic fillers
and a great overlap of formant values is observed. These
results provide a base of information for understanding the
most common vocalic fillers in European Portuguese
spontaneous speech.
Index Terms: filled pauses, vocalic fillers, formant
estimation, spontaneous speech, hesitations.

1. Introduction
The interest in studying events that characterize the
spontaneity of the speech has been increasing as the
development of speech technologies grows. In this context,
several studies on hesitations (so-called disfluencies) as
well as vowel reductions have gained importance over the last
years ([2,7,5,8], and [17,18] as examples, respectively).
Among various hesitation phenomena, such as repetitions,
truncated words or word extensions, filled pauses are, the ones
more widely encountered in world's languages, mainly on
spontaneous speech, [10], [19]. Relatively stable vocalic
segments mostly fulfill these pauses. Occurring commonly
without any lexical support, we refer to this type of fillers
as vocalic fillers (VFs). Representing an insertion at any
moment during spontaneous speech, VFs carry multiple
functions, such as announcing upcoming discursive topics or
planning and delaying speech, [2–4,9].
Although some works on VFs can already be found for
Portuguese [6,10,11,13] and other languages [5,12,19], the
most part of studies conducted on large spontaneous speech
corpora comprises English or French languages. This paper
presents a study which attempts to acoustically characterize
the two most common vocalic fillers that occur in European
Portuguese: the vocalic filler representing a similar timbre to
the near-open central vowel [å] and the one close to the
timbre of the mid-central vowel [ə].
We chose the two first formant frequencies, F1 and F2,
and filler duration as phonetic and prosodic parameters in
search of reliable patterns of this type of fillers. Although
all the studies mostly agree on characterizing these fillers as
long and stable vocalic segments [10,19], their
characterization for European Portuguese still needs further
study. Additionally, we compare the vocalic fillers with the
corresponding lexical vowels (LVs) possessing similar timbre,

which are vowels produced in a context of complete words,
in a similar way that was done for different languages, such
as French, American English and European Spanish [16],
[20,21]. Even though it has been noted that vocalic fillers
manifest acoustical language-dependent characteristics, in
fact they may not be necessarily acoustically equal to the
lexical vowels with similar timbre, and, at least in some
contexts, they appear to possess slightly different average
positions in the triangle vowel area.
On the characterization of vocalic fillers, this study is an
extension of our previous study [10] for European Portuguese
where fundamental frequency and energy of VFs are
presented. A better understanding of the structure of speech
as well as insights on how to obtain filler acoustic models for
use in automatic spontaneous speech recognition are
ultimate goals of this work. We also believe that this work also
promotes awareness of vocalic fillers in the phonetic studies
of the language.
The rest of the paper is organized as follows. In the next
section we briefly describe database selection. In section 3
we show how the estimation of formant frequencies of the
sounds [å] and [ə] belonging either to fillers or to lexicon
was performed. In section 4 we present the main discussion
of the achieved results. Finally, in section 5 the main
conclusions are drawn and envisioned work is foreseen.

2. Database
For the present study we used two corpora: a corpus of
hesitation events, the HESITA Database [22], and a European
Portuguese corpus with no hesitations collected for control.
The corpus of hesitations was used to study filled pauses,
which were manually annotated. This corpus comprises 30
daily news programs collected from a European
Portuguese television channel podcast (about 27 hours of
speech). It consists of 1152 vocalic fillers, exemplifying
sounds similar to the near-open central vowel [å] (808) and
to the mid-central vowel [ə] (344). These two VFs were the
most common in the database and the ones chosen for
analysis. The next most common was the nasal [å‚ ] , with
155 occurrences.
The control corpus was used to estimate the acoustic
characteristics of the vocalic sounds [å] and [ə] occurring in
a context of a complete word (the LVs): e.g. [å] in <para>
[pårå], (‘for’ in English) or [ə] in <devolver> [dəvolver]
(‘to give back’). It consists of recordings from 7 European
Portuguese native adult speakers of sentences and command
words, taken in a small office room. In each recording
session, the same common set-up was used, which consists of
a laptop computer and three microphones. For each session,
a segmentation and phone-level transcription were
automatically performed through forced alignment using
in-house tools. The total number of extracted vocalic
segments was 7426, in which we count 4411 [å] and 3015 [ə].
Table 1 summarizes the overall [å] and [ə] distribution by
database and gender.
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Table 1: Relative frequency (#) of VFs and LVs by gender
and timbre.
Type
VFs
LVs

Gender

#[å]

#[ ə]

Male
Female
Male
Female

605
203
2674
1737

301
43
1771
1244

the method described, although with much more restrictive
ceilings. They were included to show the centrality of [å]
and [ə]. Averagely, F1 is higher and F2 is lower for VFs
than for LVs, but their distributions overlap. LVs show the
biggest variances, which could be explained by the high
dependence of phonetic context (and related coarticulation
phenomenon) in both word and sentence production.

3. Formant frequencies determination
The first (F1) and second (F2) formant frequencies of the
[å] and [ə] vocalic fillers were automatically extracted using
the Praat tool [14]. The base recommended ceilings for
estimating five formants are 5500 Hz for female speakers and
5000Hz for male speakers but, through observation, these
values can’t always successfully estimate F1 and F2. A
similar method to [15] was then applied, given the
foreknowledge that different vowels and speakers need
different formant ceilings for the automatic calculation. An
iterative calculation of formants was performed in 10 ms
steps using ceilings in the 4000–5500Hz range (for males) or
4800–6500 Hz (for females) in 50 Hz steps, followed by a
selection of the optimal ceiling. As we do not keep speaker
information for most of the news broadcast VFs, they were
considered as if each belonged to a different speaker.
Therefore, the ceiling that was selected as optimal for a given
VF was the one that provided the smallest variance of the F1
and F2 pairs of values of that VF, calculated as the sum of the
variances of 20log(F1) and 20log(F2). We empirically
observed that wrong ceilings would usually fail on F1 or F2
for a couple of points, leading to sudden jumps and a larger
variance than intrinsic F1 and F2 variations. One problem
of this method is that a very high ceiling would provide
smooth F2 values where the third formant frequency (F3)
should be, and pass as optimal; but this was already taken
into consideration and countered with the selected ranges
of ceilings.
Other restrictions were applied before and after formant
calculation. Utterances with high clipping of the audio
signal were discarded. For each utterance, only the formant
values where the energy level was above 10% of the
maximum energy were considered, to specifically remove
unvoiced transcription limits. Finally, utterances with highly
variant formant values, probably indicating a failure in
detecting F1 and F2 were not considered.
The same analysis was conducted for the lexical vowels
[å] and [ə] with an additional restriction of only
considering segments of duration larger than 50 ms.

Figure 1: Normalized histogram of
the duration of VFs and LVs.
The variation trend of F1 and F2 during each vocalic segment
was also analyzed. Although their change can be non-linear, a
linear fit was applied to each sequence of values and the
variation rate was extracted from this fit. Fig. 4 shows
these rates for F1 and F2, and it is observable that
behaviors are highly variant, either positive or negative.
Although the average is for a small negative change, no
trend can be discerned. Furthermore, no correlation exists
between F1 and F2 simultaneous variation. LVs also prove
to be less stable than the noted VFs, as they achieve
much higher variation rates.
The presented results also point out that [å] and [ə] are
often hard to distinguish. Each speaker could have its
own personal preference on how to fill a pause vocalically.
Choosing mainly sounds of the central vowels system,
speakers appear to adapt the production with their own
specific production, possibly even in a middle point of [å]
and [ə]. It would be interesting to perform an in-depth
perceptual study to confirm that some vocalic fillers can be
understood differently with and without context or for
different listeners, which could coincide with most of the
cases that overlap so far.

4. Results and discussion
After applying the restrictions mentioned in section 3, the
number of vocalic segments kept was 520 [å] and 244 [ə]
VFs and 1517 [å] and 385 [ə] LVs. A very large number of
lexical vowels were cut from analysis; mostly the smallduration or low-energy segments, barely recognized during
alignment and more drastically occurring for [ə], as a
consequence of the nature of continuous speech that almost
eliminates the already reduced vowel [ə] in certain cases.
The durations of VFs and LVs are shown in Figure 1 and,
as expected, VFs are generally longer.
Figures 2 and 3 place the extracted F1 and F2 mean
values on a logarithmical scale for male and female speakers
respectively, as usually done in similar cases [15]. The
‘triangle’ of [i], [E], [a], [ç] and [u] vowels come from
the median values of F1 and F2 taken from the read speech
corpus. These values were calculated in a similar fashion to
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Figure 2: Male speakers: F1 and F2 means and concentration
ellipsoids for [ə] (blue) and [å] (green) for VF and LV,
including the male vowel 'triangle' from the LVs database.
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distinguish and each speaker could have its own specific
production and may be strongly dependent on linguistic
context. A perceptual study to confirm that some vocalic
fillers can be understood differently with and without context
or for different listeners would be interesting as future work.
We plan on extending this study to vocalic extensions,
which are another class of filled pauses, as they may
have similar behaviors in duration and formant frequencies
as vocalic fillers. Based on the knowledge attained from this
study, we also intend to develop an automatic detector of
fillers and extensions from continuous speech.
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