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Abstract
The purpose of this paper is to study and ana-

lyze both the non-lexical �lled pauses and intended

responses in conversational spontaneous speech,

and how this can be useful in both automatic

speech recognition and speaker identi�cation systems.

Through experiments, it was found that we are able

to distinguish between words and non-lexical words

in spontaneous speech using prosodic features. Con-

sequently, a pre-recognition of such pauses using a

decision-tree based CART classi�er is evident. Thus,

for ASR of spontaneous speech, such pauses can be

either totally omitted or considered as words to be

added to the dictionary of the ASR system, conse-

quently improving the performance of such an ASR

system.

1 Introduction

The growing advance of di�erent speech applications

such as automatic speech recognition, speaker iden-

ti�cation and veri�cation over telephone (lines) net-

works has addressed the increasing need for studying

variabilities in the behavior of such signals over these

networks. The inter- and intra-speakers' variabili-

ties in speech sounds are often referred to as speak-

ing styles, which result in two main categories: read

speech and spontaneous speech. These two types of

speech di�er not only in the way they are produced,

but also in the way they are perceived [1]. However,

in both cases, speakers include certain information

in the speech that enables listeners to recover words,

and listeners apply what they know about the spoken

language in order to understand such spoken speech.

Several cues for word perception are used to recognize

words. These cues include: the word itself, syntax

and semantics, in addition to prosodic features. In

this paper we focus on the study of the non-lexical

words in spontaneous speech.

Several speech groups have been working on the

detection of back-channel responses in spontaneous

speech [2, 3]. The goal of such research is to de-

velop more natural human-computer interfaces and

improve the performance of ASR systems of sponta-

neous speech. Other speech groups such as BBN con-

siders the �lled pauses as words in the dictionary of

their ASR system in order to improve its performance

[4]. In this proposed study, we tackled the problem

di�erently by considering the conclusions of Nakatani

et al. in [5]. In their study, experiments on re-iterant

speech showed that we can hear words without really

listening to the real words. Based on such results, we

considered such non-lexical �lled pauses and intended

responses in spontaneous speech as reiterant speech.

Through experiments, it was found that we are able

to distinguish between words and non-lexical words

in spontaneous speech using prosodic features. Con-

sequently, a pre-recognition of such pauses using a

decision-tree based CART classi�er is evident. Thus,

for ASR of spontaneous speech, such pauses can be

either totally omitted or considered as words to be

added to the dictionary of the ASR system, conse-

quently improving the performance of such an ASR

system. Analysis is performed on di�erent speech sig-

nals uttered by males and females from the SWITCH-

BOARD database [7]. Preliminary experiments have

shown that we are able to distinguish non-lexical �lled

pauses from intended responses, and recognize the

context of such pauses based on their prosodic be-

havior.

The outline of this paper is as follows. In section 2, we

describe the problems associated with spontaneous

conversational telephone speech, di�erent speaking

styles and associated disuencies. Then, we pro-

ceed with a description of the database under study:

SWITCHBOARD in section 3. Next, in section 4,

we show the experimental results using this database

and analyses of such results. Finally, in section 5 we

conclude and discuss our work.

2 Spontaneous Conversational
Telephone Speech

The growing advance of di�erent telephone-speech

applications has addressed the need for studying the

di�erent variabilities of the behavior of spontaneous

speech over these networks. Examining such sig-
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nals show that the noise sources in spontaneous con-

versational telephone speech can be classi�ed into

several categories as follows: (1) o�ce environment

noise, (2) channel distortions, (3) transportation

noises (4) room acoustics and reverberation and (5)

speaker's noise such as the Lombard e�ect, unco-

operative speakers, lip smacks, breath noises, pops,

clicks, coughs, laughter, sneezes, and inter- and intra-

speakers' variabilities such as the di�ering speaking

styles, speaking modes, speaker stress.

The inter- and intra-speakers' variabilities in speech

sounds or simply speaking styles result in two main

categories: read speech and spontaneous speech.

These two types of speech di�er not only in the way

they are produced, but also in the way they are per-

ceived. This was proven in di�erent studies by show-

ing that listeners can di�erentiate between the two

speech types, even when lexical, syntactic, and se-

mantic structure are identical [1]. Although the per-

ceptual distinction of the two types of speech is quite

evident, it is not clear which perceptual cues enable

such distinction.

2.1 Disuencies

In general, read speech is characterized by its

monotony, uency and correct syntax; however spon-

taneous speech produces a rhythmic sensation and

could be disuent. Such disuencies include: more

hesitations and pauses, repetitions and repairs, false

starts, �lled pauses, laughter and coughs and longer

and nonuniformly-distributed un�lled pauses. Beside

disuency, spontaneous speech is more characterized

by: pronunciation variation due to accents, coar-

ticulation and speaking mode, phoneme deletion or

phonemes shortened, vowel reduction, sentence stress

of some important words in terms of: pitch move-

ment, variation of spectral characteristics (intensity)

and lengthening.

2.2 Filled Pauses

Generally in speech, pauses have both linguistic and

nonlinguistic origins. Linguistic pauses occur at

syntactic boundaries and at similar places, whereas

nonlinguistic pauses, which are known as hesitation

pauses can occur at either appropriate or inappropri-

ate syntactic places [8]. Hesitation pauses are more

frequent in spontaneous speech than in read speech.

Such pauses can be divided into either �lled (vocal-

ized) pauses or un�lled pauses (silent). Then �lled

pauses may be categorized as either unlexicalized,

e.g., uh, um, etc .., or lexicalized, e.g., as well.., like..,

and you know.. [9, 10]. Studies in [11] showed that

a �lled-pause rate correlates neither with the rate of

disuent sentences nor with the speech rate; however,

it correlates with gender. Generally, men produce

higher rates of �lled pauses than women. These re-

sults characterize �lled pauses from other types of

disuencies. Also, it was shown that speakers who

produce higher rates of �lled pauses, produce less er-

rors.

2.3 Re-iterant Speech

In dialog acts, spontaneous speech su�ers not only

from the above-mentioned disuencies, but it is

also accompanied by non-lexical intended responses,

which resemble reiterant speech [5]. This is speech

obtained when a syllable is substituted for every syl-

lable of a meaningful word or sentence, while main-

taining most of the rhythmic and melodic features

[5, 6]. Although that the reiterant speech does not

exist in written language, listeners are able to un-

derstand it. This is apparently due to the use of

the prosodic features of the uttered words such as

the rhythm and the stress pattern of such utterances.

Preserving both the rhythm and the intonation of an

utterance permits the listener to understand even if

such an utterance is not a known word. Based on

the above-mentioned de�nition, we proposed in this

study to consider the non-lexical intended responses

in SWITCHBOARD such as: \uh-uh", \um", \uh-

huh", \huh" and \huh?" as reiterant speech that re-

places the lexical ones such as: \no", \yes", \what?",

etc..

3 Database: SWITCHBOARD

SWITCHBOARD is a corpus of spontaneous conver-

sations which were collected at Texas Instruments

with funding by DARPA and addressed the growing

need for large multispeaker databases of telephone

bandwidth speech. It includes about 2430 conversa-

tions (over 240 hours of recorded speech) averaging 6

minutes in length. SWITCHBOARD contains about

3 million words of text spoken by over 500 speakers of

both sexes from every major dialect of American En-

glish. SWITCHBOARD waveform �les were recorded

into two channels directly from the T1 digital tele-

phone circuits, at a 8 kHz sample rate and 8-bit mu-

law quantization. Complete orthographic transcrip-

tions were made for each conversation, with codes to

identify overlapping portions (both speakers talking

at the same time), certain non-speech events (laugh-

ter, coughs, etc), and interruptions/hesitations. For

more details, see [7].

4 Analyses

As mentioned in section 1, our aim in this study is

to identify whether a spontaneous conversation ut-

terance is a back- or main-channel and to recognize

such pauses in order to prevent their negative e�ects

on the recognition accuracy of either a speech or a

speaker recognition system. This is accomplished us-

ing the prosodic cues of the non-lexical �lled pauses



and intended responses in such utterances. Prelimi-

nary analysis of SWITCHBOARD shows that non-

lexical �lled pauses are not uniformly distributed

across sentences and never occur within words. Also,

such �lled pauses are used -sometimes- as back chan-

nel. Hence, several aspects related to such disuency

have been examined. We examined (1) the position

of such pauses with respect to both word and sen-

tence boundaries, (2) the position of the �lled pauses

with respect to other kinds of disuencies that could

be found in their vicinity, and (3) the variation of

the prosodic features of these pauses such as their

pitch contour, spectrum and energy content, preced-

ing and succeeding the pauses, that is relative to

similar real-conversation aspects, and also across the

pauses themselves. Also, their duration across the

di�erent speakers of SWITCHBOARD was examined.

Beside duration, other features such as: formants, av-

erage amplitude spectra in broad channels of 500 Hz

each, LPC, and cepstral coe�cients have been exam-

ined.

4.1 Filled Pauses

Duration patterns play an indispensable role in

speech perception. Such patterns reect speaker's

mood, speaking rate and the locations of the em-

phasized materials. In addition, duration serves as

a cue to identify phonetically the di�erent types of

segments. Moreover, the duration of a gradually-

variant speech event (e.g., formant transition) deter-

mines whether a vowel, glide or stop will be heard

[12].

Among 1259 conversations, which consist of about

1,254,450 words we found that the �lled pauses: \uh",

\uh-uh" \huh", \uh-huh", and \huh?" occur about

40,556 times, that is about 3.23% and \um" occurs

about 2,492 times. The minimum duration of \uh"

is found to be about 20 msec, whereas its maximum

duration is 580 msec. Duration of \uh-huh" varies

between 100 to 600 msec. Typical examples of non-

lexical �lled pauses are illustrated in Figs. 1 and 2.

These �gures show \Uh" after the vowel I, and \Um"

respectively, uttered by two di�erent speakers and

the corresponding pitch contours. Studying the pitch

pattern of such a pause shows that this �lled pause

tends to show a slightly falling pitch pattern when

such a pause is preceded by a vowel while following

the surrounding intonation of this vowel as shown.

However, the falling pitch pattern does not occur if

the same pauses were uttered in back channels.

4.2 Intended Responses

We repeated the same analysis on the intended

responses of some �les extracted from SWITCH-

BOARD. Fig. 3 illustrates the intended response

(backchannel) \Uh-huh" and the corresponding pitch
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Figure 1: The time-domain waveform of the �lled
pause \Uh" uttered by amale speaker after the vowel
I; and the corresponding pitch contour (Hz).

contour. For such a response, the maximum, the min-

imum, the mean and the standard deviation values of

Fo are: 228.3900, 171.2678, 194.7834 and 10.1368,

respectively. We repeated the same experiments on

other �lled pauses uttered by the same speaker in

the same conversation. The obtained results show

the variation of the Fo contour around its mean, but

without a tendency of a falling pattern. Also, the

comparison of the backchannel prosodic patterns of

\yes", \no", etc.. to the corresponding lexical ones

of \uh", \uh-uh", etc.. of several examples extracted

from SWITCHBOARD shows a big resemblance as

mentioned in [5]. It must be noted also that the

other features such as: the energy, the average ampli-

tude spectra in broad channels of 500 Hz each, LPC,

formants and cepstral coe�cients play also an im-

portant role in distinguishing such non-lexical pauses

[13]. Thus, such results show that a pre-recognition

of such pauses using a decision-tree based (CART)

classi�er is evident.

5 Conclusion

In this paper, we have studied and analyzed the non-

lexical �lled pauses and intended responses in sponta-

neous conversational speech. Several features such as:

duration, prosody, formants, average amplitude spec-

tra in broad channels (0-500 Hz, 500-1000 Hz, etc.),

LPC, reection and cepstral coe�cients have been in-

vestigated. It was found that each feature is able to

distinguish between words and non-lexical words in

spontaneous speech. The obtained results show that

a pre-recognition of such pauses using a decision-tree

based CART classi�er is evident. Thus, for ASR of
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Figure 2: The time-domain waveform of the �lled
pause \Um" uttered by a male speaker; and its pitch
contour (Hz).

spontaneous speech, such pauses can be either totally

omitted or considered as words to be added to the dic-

tionary of the ASR system, consequently improving

the performance of such an ASR system.
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