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ABSTRACT

Spontaneous speech is full of hesitations, such as
fillers, word cut-offs, repetitions and segmental
extensions. Automatic identification of such
hesitations has several applications; however, it is
a challenging research problem. In this paper
acoustic-phonetic ~ properties  of  hesitation
phenomena are explored in order to identify and
annotate some of these events in a spontaneous
speech corpus of Portuguese broadcast television
news. Based on pitch, energy, spectral and
durational characteristics of the filled pauses and
segmental extensions during their production, we
intend to characterize the acoustic-phonetic
regularity of the phenomena. A speech recognition
sys-tem was used to help locating the filled pauses
and extensions. The events detected were then
manually validated. Our preliminary results
suggest that there are regular trends in the
production of these hesitation events, which could
distinguish them from other events within the
structure of Portuguese. Our purpose with this
work is to improve acoustic modeling for
spontaneous speech recognition systems. Some
insights into the process of human speech
communication for Portuguese are gained as well.

Keywords: filled pauses, extensions, acoustic-
phonetic features, Portuguese spontaneous speech

1. INTRODUCTION

Spontaneous and read speech have diverse
structures both acoustically and syntactically. The
presence of hesitations such as filled pauses,
extensions, repetitions and word cut-offs is very
common in spontaneous speech and plays an
important role in the structuring of speech [14]14,
24]. Hesitation events can be used to identify the
idiosyncrasy of the speakers and also to improve
the performance of automatic speech recognition
systems. In this study we concentrated on both the
filled pauses (FPs) and extensions (EXSs), present
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in spontaneous Portuguese speech. FPs comprise
all sounds that phonetically belong to the
Portuguese language but do not occur in the
context of a complete word (e.g., uum, aaa, eee).
With EXs we mean the phonetic prolongation into
both functional and lexical words (e.g. [e] in
<para> or the [u] in <do>). FPs and EXs for En-
glish and other languages is an issue that has been
widely addressed by the scientific community (e.g.
in[4, 5, 6, 8 12, 24]). Nevertheless for Portuguese,
only a few language studies focus on this problem.
Although the main topic of the work by Freitas [9]
and Delgado-Martins [7] is not FPs phenomena,
they show that duration features and syntactic
information are responsible for the distinction
between spontaneous speech, oral and reading
presentations. In Mata [15], following Moniz and
her colleagues [18], FPs characteristics are
presented to demonstrate the contribution of the
fundamental frequency trend for on-line planning
efforts both in spontaneous speech and in oral
reading. An important report about the distinction
between fluency and disfluencies in the
communication process within a teaching context
is presented by Moniz in [19]. Despite interesting
conclusions, the study was based on a sample that
is scarcely representative of the phenomenon.
Updates made in [18] and [21], exploring prosodic
cues in an attempt to classify (dis)fluency, seem to
confirm the limited representativeness of the
phenomenon.

The acoustic-phonetic characterization of FPs
and EXs will certainly lead to improved speech
recognition systems. In fact, the presence of
hesitations in speech signals negatively affects the
performance of the automatic speech recognition
(ASR) systems. Dealing with this problem beco-
mes a challenge to the recognizers and various
techniques have been proposed to find hesitations
in the speech signal, including FPs. Some studies
deal with identifying the strict location in time of
the hesitation event (e.g. [2, 16, 28]), while others
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analyze specific properties of the hesitations [1, 11,
27, 30]. The study reported here intends to study
the acoustic-phonetic cues that could be considered
to detect FPs and EXs, such as pitch, energy,
spectral and durational characteristics, as well as
their relation with phones.

The remainder of the paper is organized as
follows. In section 2 the acoustic-phonetics
characteristics described in this study are
presented. Section 3 presents data and shows how
hesitation events were automatically detected. The
achievements found related to the acoustic
parameters studied are also described. Finally,
conclusions are drawn in section 4.

2. ACOUSTIC-PHONETIC
CHARACTERISTICS

This section describes the acoustic-phonetic cues
for each hesitation type. Vocal tract resonances
(i.e. the formants), pitch, spectral and durational
structure of FPs and EXs were investigated in a
first stage and analyzed at a second stage. These
acoustic-phonetic characteristics are used in most
studies for detecting hesitation events. Shriberg et
al, [25, 26], have obtained information about the
variation in the FO value and other duration and
voicing based features. The work carried out by
Masataka and al. [13] and Garg and al. [10]
provided some specific features of FPs as general
indicators of their presence in speech: they showed
that FPs have a flat pitch and a constant energy
which falls towards the end of the utterance.
Audhkhasi, [2], argued that formant based features
are better identifiers than pitch based features for
FP detection. Kaushik and his colleagues [11]
proposed the computation of previous features
including duration, pitch and spectral and formant
based features to carry out an algorithm for
identifying (and removing) FPs in spontaneous
speech. In the study reported here the phonetic
properties are derived from the European
Portuguese phonology background [18, 22]. The
analysis of the hesitation events into the three-
region surface structure, such as the reparandum,
the editing phase and the repair (terms adapted
from Levelt [13] and used by Shriberg in her
studies) have not been considered yet.

Several hesitation detectors have been proposed
(e.g. [2, 10, 11, 31]) using acoustical cues. The
performance of the detectors depends on a suitable
characterization of the hesitation units in acoustical
terms and can only be achieved if a suitable
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database of the events is available. We start by
using a Portuguese phone multi speaker recognizer
to provide some cues about probable localization
of FPs and EXs in the speech signal.

3. FILLED PAUSES AND EXTENSION
CORPUS

In order to explore the acoustical-phonetic features
of FPs and EXs, a large number of examples of
both occurrences is necessary. Since there is no
public European Portuguese database with this
kind of annotated events, we collected podcasted
television news, resulting in around 22 hours of
non-annotated speech. Because hesitations occur
mainly in spontaneous speech, almost only the
parts with interviews have hesitations. However,
annotating FPs and EXs present in the audio signal
by an expert is a time-consuming task and so a
semi-automatic procedure was employed. For that
we used a phone recognizer with several
restrictions in terms of phone sequences and
durations in order to give probable hypothesis of
FP or EX events. These events were later manually
accepted or rejected.

3.1.

Multimedia signals from podcasts of television
news were collected and the audio converted to a
16 kHz sampling rate. In order to recognize events,
the speech was analyzed according to the
recognizer front-end: 12 Mel-frequency cepstral
coefficients, plus log energy, and their first and
second order regression coefficients, at a frame-
rate of 100Hz. The phone acoustic models are
defined in terms of Hidden Markov Models
(HMM), which were previously built using HTK
3.4 [29] and the TECNOVOZ database, [15]. A
HMM decoder is applied to speech segments
between detected pauses, providing an optimal
phone sequence. The phone sequence is then
analyzed to locate FPs or EXs. A hesitation
candidate was hypothesized when:

e a vocalic phone was longer than a pre

defined threshold,;
e sequences of similar phones occur, such as:

Data collection and annotation

o [d], [w], [u], [&], [1], [j];
o [o], [a], [3], [0], [W];

o [e], [¢], [];

o [em];

e unvoiced phones may also occur among
voiced ones if their duration is short.
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A 350ms threshold for vocalic phone duration
was chosen considering the average duration of
Portuguese vowels. This duration threshold agrees
to the value suggested in [3]. The event detector
implements also a confidence measure based on
the phone durations in each candidate segment.
The detector is built such that an insertion (false
alarm) will be preferred to a miss. The target is not
a detector with very good performance, but one
that does not miss FPs or EXSs present in the signal.
The output of this system is a sequence of possible
hesitation events. A human expert then validates or
rejects the hesitation proposals and assigns a
phonetic label to each validated event. Our
estimation is that this semi-automatic procedure
reduced the duration of the annotation task by at
least 4 times, compared to the completely manual
annotation process.

Table 1: EX (extensions) and FP (filled pauses)
occurrences.

Label [#Occurrences
F) 53
198
21
70
61
25
37
13
58
20
61
18
14
35
je 6
& 8
BW 18

Hesitation Type

oral
vowels e

nasal

FPs

<
3

oral

vowel

EXs

nasal

c|o|o|c|o|=o|m|o|c |0

oral

diphthong

nasal

The FP and EX corpus of transcriptions thus
obtained includes about 800 event annotations.
Extensions are more frequent than FPs, covering
62% of the annotated events. 15 different labels for
FPs, were found but they rely mainly on two FPs:
[2] and [e], representing respectively 17.8% and
66.4% of the total number of occurrences. The
remaining FPs include [ee], [ej], [a], [], [e], [em],
[i], [2], [u], although there are only a few examples
of each. 33 different labels were set to EX;
nevertheless, we discarded labels with few
occurrences, so for this study only 14 were
considered. Table 1 presents the EXs and FPs
based on the phonetic label assigned to the event.

The most frequent EX is [9], followed by [e]
and [u]. The extension of the [i] is also common in

spontaneous Portuguese, representing the fourth
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more frequent EX. The open and open-mid vowels,
such as [a], [e] and [o] were not recognized as so

frequent. An interesting fact is the lengthening of
the diphthongs (both oral and nasal), in which the
most frequent is the diphthong [eW]. In the
diphthong category, we considered both the rising
and falling diphthongs.

We have verified that EXs occur mainly in
prepositions and on the last syllable. Sometimes
the difference from FP or EX is not obvious and is
distinguished only in the phonetic context.

Figure 1: Histograms of the gradient of FO and energy
during hesitations.
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3.2. Data analysis

From the hesitation events we computed several
acoustic parameters to characterize hesitation
segments, namely FO (pitch), energy and spectrum.
We are interested mainly to confirm characteristics
known for other languages, namely the constancy
of these parameters during the events. For each
event an average value of pitch and energy, as well
its deviation is computed. The gradient of these
parameters was also considered as the linear
regression coefficient of its variation within the
segment. Equivalent values for spectrum were
computed using 32 frequency bands (on a mel
scale) and its deviation from the average spectrum
in the segment.

The gradients of FO and energy in hesitation
segments present, most of the times, negative
values, which means that they decay smoothly
during hesitations (Figure 1). However, these
values have small variation: the standard deviation
of FO is on average around 15 Hz and standard
deviation of energy is on average around 2.7 dB.
The parameter based on standard deviation of
spectral band energies show a similar behavior.

Also observed is that these characteristics do
not separate well between FP and EX hesitations,
which agrees with the fact that perceptually their
distinction is also ambiguous without a context.
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4. CONCLUSION

This paper addresses the problem of collecting a
database of filled pauses and extensions in
spontaneous speech from broadcast news using a
phone recognizer. Although it is not the optimal
method, it proved to be useful for semi-automatic
annotation. The detected events were characterized
phonetically and acoustically. In the near future we
intend to explore hesitations within utterances
using the three-region surface structure.
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