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1. ABSTRACT 

Filled pauses in spontaneous speech present problems for models 
of speech understanding and automatic speech recognition. A 
potentially important cue to their recognition by both humans and 
machines is their typically low FO [9, 7]. The current paper dis
cusses results of a study [10] which sought to determine whether 
the FO of filled pauses is relative to, or independent of, the FO of 
surrounding lexical material. Clause-internal filled pauses and 
preceding peak FO values for speakers of American and British 
English were examined. Higher peaks were found to be systemati
cally associated with higher filled-pause values within speakers, 
supporting the "relative" hypothesis. In modeling this relationship 
it was found that a linear model, in which filled-pause FO was 
expressed as an invariant (over speakers) proportion of the dis
tance between the preceding peak FO and a speaker-dependent ter
minal low FO, produced results nearly identical to those of a two
parameter model in which the coefficients of peak and terminal 
low FO were allowed to vary freely. Analyses of additional vari
ables showed the model to be less appropriate for filled pauses 
after sentence-initial peaks, but unaffected by temporal variables. 
These results suggest that clause-internal filled pauses, while 
lower in FO than words in the message stream, nevertheless pre
serve information about the local prosodic context. Implications 
for psycholinguistics, speech recognition, and linguistic theory are 
discussed. 

2. INTRODUCTION 

Phenomena exhibited in spontaneous speech present new 
challenges for researchers in psychology, speech technol
ogy, and linguistics as the object of study shifts from care
fully prepared "laboratory speech" to natural conversation. 
An important difference between spontaneous speech and 
speech that is read or rehearsed is that spontaneous _speech 
is characterized by relatively high rates of hes1tat10n 
pauses, repetitions and reformulations [3]. Thi_s paper 
examines one of the most common types of hes1tat10n phe
nomena: the filled pause, usually realized orthographically 
as "um" or ''uh." 
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Filled pauses can present problems for models of h~an 
language understanding and automatic _speech recog~t10n. 
In the case of human perception, what 1s remarkable 1s the 
extent to which filled pauses are ":filtered out" in compre
hension. Those familiar with the task of transcribing spon
taneous speech will note that filled pauses are often missed 
in first passes at trariscription; laboratory experiments [e.g., 
5] have shown that listeners have difficulty locating filled 
pauses when monitoring for sentence content. In_ the case 
of speech recognition, :filled pauses are problematic m that 
they are often misrecognized as words having similar pho
netic features, such as "a", "an' or "and," or as syllables of 
longer words (1, 7, 9]. 

One source of information that is likely to be important in 
the successful perception and processing of spontaneous 
speech in general [see, for example, 6] and speech contam
ing filled pauses in particular, is prosody. Recent work has 
contributed to our knowledge of the prosodic features of 
filled pauses. Studies of hesitations in a database of human
computer dialog [ 4, 11] show that filled pauses tend to 
occur in the lower region of a speaker's F0 range and have 
a level or falling tone [7], and, more specifically, that their 
F0 is typically lower than that of both accented and unac
cented neighboring syllables [9]. 

For human perception, these findings may provide an 
account for the apparent perceptual separation of filled 
pauses from the message stream. The low F0 of filled 
pauses could aid automatic recognizers in distinguishing 
filled pauses from real words. In addition, linguists may be 
concerned with how to best represent these predictably 
low-F0 units in prosodic descriptions of spontaneous 
speech. 

A question relevant to each of these areas concerns the 
nature of the relationship between the low F0 of filled 
pauses and the intonation of surrounding material. There 
are three possible relationships: 1) filled pauses may be 
produced at an absolute, speaker-specific F0 value regard
less of their position within the sentence; 2) the F0 of filled 
pauses may vary within speaker, but the variation may be 
unpredictable; or 3) the F0 of filled pauses for a particular 
speaker may be predictable at better than chance, given 
knowledge about the prosodic context. 
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A study previously reported in [10] investigated the rela
tionship between filled-pause F0 and intonational context; 
the current paper discusses results of that study in further 
detail. Since the question of interest concerned prosodic 
context, the relevant filled pauses to examine would be 
those that interrupt a prosodic phrase, as opposed to those 
that initiate a speaker's turn or occur between intonation 
phrases. The task of choosing filled pauses that occur 
within a prosodic phrase poses difficulties, however, in that: 
(1) it would be unclear how to label the data prosodically, 
since existing prosodic theories are not tailored to the 
description of material surrounding hesitation phenomena; 
(2) it is not clear what level of prosodic structure would be 
appropriate to use as the relevant unit for "interruption;" (3) 
choosing filled pauses on the basis of the prosody of sur
rounding material is potentially circular in that hesitations 
may themselves influence the prosody of that material; and 
( 4) prosodic labeling requires listening to utterances and is 
time-consuming. 

The scheme adopted was to study filled pauses that 
occurred within a syntactic clause. Filled pauses were con
sidered to be "within-clause" if lexical material preceding 
the filled pause was syntactically incomplete, and strongly 
predicted continuation of the utterance after the filled 
pause. The value of the closest F0 peak preceding the filled 
pause was used as a measure of prosodic context, and the 
initial F0 value of the filled pause was used as a measure of 
filled-pause F0. 

Within-clause filled pauses from speakers of American and 
speakers of British English, in two different discourse con
texts, were examined to evaluate the three alternative 
hypotheses. The "absolute" hypothesis predicted that filled 
pauses would occur at a constant, speaker-dependent F0 
value regardless of the value of the preceding peak F0. The 
"random" hypothesis predicted that filled-pause F0 values 
from a particular speaker would vary in a manner uncorre
lated with preceding peak F0 values. The "relative" hypoth
esis predicted some form of systematic relationship 
between the peak and corresponding filled-pause F0 values. 

3. METHOD 

3.1. Subjects 

Two quite different sets of data were analyzed. The first was 
a set of 120 clause-internal filled pauses from digitized 
utterances from 29 speakers (14 male, 15 female) of Ameri
can English making air travel plans by speaking to a com
puter. The multi-site database is described in detail in [ 4]. 
The majority of examples came from "Wizard-of-Oz" sys
tems, in which a human interpreted and responded to 
requests and thus "recognition" was perfect; a small num
ber came from interaction with a Spoken Language System 
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[ 11]. The number of clause-internal filled pauses per 
speaker used in the analyses ranged from 2 to 13; 82 of the 
examples came from 12 speakers (6 male, 6 female) having 
5 or more examples each. 

The second set consisted of 87 filled pauses taken from a 
corpus of six dialog:1es recorded digitally at the Department 
of Linguistics at the University of Edinburgh. Dialogues 
involved the second author and a colleague or acquaintance; 
they were natural, spontaneous conversations on various 
topics, with no set task. The subjects were 3 male and 3 
female speakers of British English, without strong regional 
accents, who were unaware of the purpose of recording the 
conversations. The number of clause-internal filled pauses 
per speaker used in the analyses ranged from 6 to 28. 

3.2. Filled Pauses 

The goal of the study was to examine filled pauses that were 
likely to interrupt a prosodic phrase; however, because it 
would have been difficult and time-consuming to label the 
data sets prosodically in order to select the desired filled 
pauses, a method based largely on syntax was used. In gen
eral, the filled pauses selected for analysis were those that 
directly followed lexical material that would have been syn
tactically incomplete if the utterance had not continued after 
the filled pause. It was felt that this would be an efficient, 
straightforward, and easy-to-replicate method for capturing 
many of the filled pauses that did interrupt prosodic phrases, 
while avoiding the complex and time-consuming task of 
prosodic labeling. Some examples from the American data 
set are listed in Table 1. 

Table 1: Examples of Clause-Internal Filled Pauses 

Incomplete 
"Looking 

Example 
for'' 

NP N . .. the lowest [uh] fare ... 

VP (trans) NP ... book [uh] the flight ... 

pp NP .. .leave at [urn] noon ... 

AUX s Does [uh] Delta fly ... 

The researchers tried to determine whether or not a listener 
would feel it was possible that the speaker could have ended 
an utterance before the filled pause, based on a transcription 
alone, but taking semantic and pragmatic information into 
account. For example, filled pauses in utterances such as: 

Show me flights flying [uh] from Boston. 



in which material before the filled pause is not necessarily 
syntactically incomplete, but which would seem incomplete 
to a listener given the discourse context, were included in 
the analyses. 

Conversely, some utterances which could be viewed as 
meeting the syntactic expectancy requirement were not 
included in the analyses. These were cases in which the 
only item preceding the filled pause in the same clause was 
a conjunction such as "and" or "but.," a lexical filler such as 
"well" or "okay," or another filled pause. Such cases were 
excluded because of the higher likelihood of a prosodic 
boundary immediately preceding the filled pause. 

3.3. Apparatus 

The digitized waveforms were sampled at 8 or 16 kHz and 
all waveforms and pitch tracks were examined using the 
Entropic ESPS/Waves+ software on a Sun 4 workstation. 

3.4. Procedure 

The American and British data were coded independently 
by the first and second authors, respectively. For each 
within-clause filled pause having reliable pitch tracks, the 
researcher recorded five F0 values, four measures of dura
tion, and values for four additional variables. 

The F0 of each filled pause was measured at both the begin
ning and end of the filled pause. These values describe the 
F0 of filled pauses well, since most fall fairly linearly. Anal
yses in the present work used the initial filled-pause F0 as a 
measure of filled-pause F0. F0 was also recorded at the F0 
peaks most closely preceding and following the filled 
pause; results reported here used only the preceding peak as 
a measure of prosodic context. Alternative measures of 
context (for example topline, or preceding low accents) 
could also be used, but could be more difficult to measure 
and locate than F0 peaks. Peak values were restricted to 
occur on words within the clause containing the filled 
pause. In most cases, the peak was marked on a syllable 
perceived to be accented; in a few cases no accented sylla
ble was available and the highest preceding F0 value was 
used. 

A fifth F0 value, which will be referred to as the "terminal 
low F0," was measured after final lowering in a manner 
similar to that described in [2]; i.e. for utterances containing 
a terminal fall, F0 was measured at the lowest point in the 
fall, disregarding regions associated with errors in pitch 
tracking or vocal fry. The purpose of this measure was to 
provide a single, stable, speaker-dependent F0 value for 
each speaker. The underlying assumption in the present 
work was that this value should correspond to a speaker's 
lowest possible F0, as opposed to the lowest F0 realized in 
any particular utterance, since the former would be the 
more stable value given the inherently positively skewed 
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distribution of terminal low F0 values. Therefore, terminal 
low F0 values were obtained for all utterances for a particu
lar speaker that contained a terminal fall. The lowest of 
these values was then used as the estimate of the speaker's 
terminal low F0 for all speech tokens from that speaker in 
the analyses. Care was taken to assure that the lowest termi
nal F0 value did not appear to be an outlier when compared 
with the other terminal F0 values obtained for the same 
speaker. 

Four measures of duration were recorded, including the 
duration of the filled pause, that of preceding and following 
silent hesitation pauses (if any), and that of the time (and 
also the number of syllables) between the preceding peak 
and the beginning of the filled pause. 

Values for additional variables of interest were also 
recorded, including the sex of the speaker, whether or not 
the filled pause preceded a repetition, repair, or fresh start, 
whether or not the preceding peak was marked on a sen
tence-initial accent, and whether the filled pause was "um" 
or"uh." 

4. RESULTS 

Figures 1-4 show data for a male or female speaker from 
each of the data sets (American and British). Time-normal
ized F0 values are shown for the preceding peak F0, initial 
filled-pause F0, final filled-pause F0, and following peak F0 
in multiple examples of filled pauses for the particular 
speaker. Each speaker's estimated terminal low F0 is also 
indicated. 

4.1. Testing the Hypotheses: Sign Test 

The first thing to note about the plots is that, in general, the 
drop to the filled pause from the preceding peak scales with 
the peak values, so that higher peaks tend to have higher 
following filled pauses. This simple assumption was tested 
using data from all 35 speakers. The highest and lowest pre
ceding peak F0 values over all examples from a particular 
speaker were extracted and the associated filled pause val
ues compared in a Sign test. In 34/35 cases, the higher pre
ceding peak value was associated with a higher filled pause 
value, p < .0001. This highly significant result is consistent 
with the relative hypothesis and inconsistent with the abso
lute and random hypotheses. 

4.2. Modeling the Relationship 

A second observation about Figs. 1-4 is that there appears to 
be a lower bound of F0: filled pauses do not seem to go 
below the terminal F0. This suggests that filled-pause F0 
cannot be expressed as a simple subtractive function of 
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Figure 2: Peak and Filled-Pause FO for British Male 

peak FO. A third observation is that there seems to be a 
compressive effect for peaks closer to the terminal FO, with 
lower peaks producing less of a drop to the filled pause than 
higher ones. This observation suggests that filled-pause FO 
cannot be expressed as a simple multiplicative function of 
peak FO. since such a function would predict parallel 
curves. Exceptions to this trend are the filled pauses follow
ing the very highest peak examples in Figs. 1, 2, and 4, 
which do not drop as far as expected. However, these exam
ples form a special class; they correspond to filled pauses 
following peaks marked on sentence-initial accented sylla
bles which, as discussed later, appear to behave differently 
from other clause-internal filled pauses. 
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Based on these observations, we proposed a simple linear 
model, in which filled-pause FO (FO fp) is the FO value 
occurring at a fixed proportion of the distance between the 
peak FO (FO peak) and the terminal low FO (FO min): 

Fo fp = r (Fo peak· Fo miJ + Fo min 

This is a single-parameter model. since the coefficients of 
peak FO and terminal low FO are both determined by r. 

We determined the value of r empirically for each filled 
pause token from the set of American and British speakers 
with five or more examples each (18 subjects. 169 filled 



pauses.) Means for tokens broken down by American/Brit
ish and male/female are shown in Table 2. 

Table 2: Values ofr 

Subject 
#of #of Mean s.d. of 

speakers tokens r r 

American 
male 6 39 .596 .214 

female 6 43 .626 .158 

British 
male 3 55 .607 240 

female 3 32 .636 242 

Because results for the American and British data were 
remarkably similar, data were pooled for all further analy
ses. Although the value of r appears to be slightly higher for 
women in both groups, the differences are nonsignificant 
(as can be seen by comparing them to the magnitude of the 
standard deviations.) 

A linear regression with the constant term suppressed, per
formed using the raw data from subjects represented in 
Table 2, and using the mean r determined over the entire set 
(0.62), yielded a standard error in prediction of 15.41 Hz. A 
comparison of this model to two other linear models is 
shown in Table 3. Investigation of higher-order models was 
not warranted given the lack of evidence for a nonlinear 
relationship, and the potential danger of over-fitting the 
small data set at hand. The proposed model was clearly bet
ter than one in which only the peak was used to predict the 
filled pause FO. It was also remarkably close in prediction 
accuracy to results produced by a two-parameter model 
which allowed the coefficients of peak and terminal low FO 
to vary freely. 

Table 3: Comparison of Models 

Variables 
#of RMS error 

Parameters (Hz) 

peak, terminal low FO 1 15.41 

peak 1 19.58 

peak, terminal low FO 2 15.25 

4.3. Optimal Reference FO 

An issue addressed was whether, given the proposed model. 
the estimated terminal low FO values used corresponded to 
the optimal reference FO values for prediction. Ideally, 
regressions solving for the optimal rand constant for each 
speaker would allow for comparison of these results to 
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those obtained using the observed terminal low values; 
however. to be meaningful such analyses require more data 
per speaker. Nevertheless. analyses performed for a subset 
(N=6) of the 18 subjects who had the largest numbers of 
examples revealed that in each case the optimal reference 
FO was higher than the observed terminal low FO. Therefore 
a number of modifications of the observed values in the 18-
speaker data set were computed. For each modification, r 
was redetermined using the new terminal low values, and 
filled pauses were predicted using the new, overall average r 
and new low FO values. It was found that the minimum 
standard error (15.16 Hz. as opposed to 15.41 Hz for the 
original terminal low values) was produced when observed 
terminal low values were increased by roughly 10%. 

4.4. Effect of Duration 

There was no correlation between the time or the number of 
syllables from the peak to the filled pause and the drop size. 
As shown in Figure 5, the drop in FO from the preceding 
peak to the filled pause did not seem to depend on the 
amount of time elapsed between these two points. 
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Figure 5: Effect of Time from Peale on FO Drop 

In addition, there did not seem to be any relationship 
between the duration of the filled pause itself and the size of 
the fall in FO over the course of the filled pause. as shown in 
Figure 6. 
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Figure 6: Effect of Filled-Pause Duration on Filled-Pause 
Fall 

4.5. Effect of Additional Variables 

Results of regressions performed using the observed termi
nal low FO values and selecting independently for values of 
additional variables are shown in Table 4. 

Table 4: Effect of Additional Variables 

RMS 
#of 

Data in Analysis error 
tokens 

(Hz) 

all data 15.41 169 

male speaker 12.36 94 

female speaker 18.42 75 

peak on sentence-initial accent 30.30 26 

peak not on sentence-initial accent 10.90 143 

no other disfluency present 14.36 141 

filled pause precedes repetition 23.90 11 

filled pause precedes replacement 13.09 7 

filled pause precedes fresh scan 17.90 9 

filled pause is •·um .. 15.29 86 

filled pause is .• uh .. 15.20 83 

As can be seen, the factor most influencing prediction accu
racy was whether or not the preceding peak was marked on 
a sentence-initial accented syllable. Although conclusions 
cannot be drawn given the small number of tokens of this 
type. it is worth noting that the error in prediction was 
always in the same direction, with the actual filled pause 
occurring at a higher FO value than predicted by the model.
Tokens not involving disfluencies had a lower standard 
error than that observed overall;, however, results for the 
different types of disfluencies were inconclusive due to 
small sample size. Prediction error was not affected by 
whether the filled pause was "um" or "uh" (although "um" 
tokens were significantly longer in duration than "uh" 
tokens, and it should be borne in mind that the present 
model predicted only the initial FO of the filled pause.) Pre
diction accuracy was also not affected by the sex of the 
speaker; that females had a higher standard error than males 
was expected given the roughly 50% higher minal low 
FO values for the females. 

5. DISCUSSION 

5.1. Evaluation of Hypotheses 

Two different sets of spontaneous speech data were exam
ined to explore the relationship between the FO of clause
internal filled pauses and their surrounding context Results 
show that the initial FO of clause-internal filled pauses 
scales with the FO of preceding peaks, strongly supporting 
the "relative" hypothesis. 

5.2. Modeling the relationship 

Inspection of data from individual subjects revealed that in 
addition to the scaling of filled pause FO with preceding 
peak FO, there was also a lower bound of filled-pause FO 
values, and a compressive effect on the size of the drop 
from the preceding peak to the filled pause as peaks 
approached the lower portion of a speake:'s range. 
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A model of filled-pause FO was proposed to reflect these 
observations. The model was not necessarily intended to 
have any theoretical interpretation, but rather simply to pre
dict the value of filled-pause FO using other accessible val
ues of FO. Filled-pause FO was expressed as a function of 
three values: ( 1) a speaker-dependent fixed terminal low FO 
value (representing the speaker); (2) the value of the pre
ceding peak FO (representing the particular prosodic con
text); and (3) a fixed, speaker-independent scaling factor, r 
(to express the relationship between the two previous values 
and filled-pause FO). This is an extremely constrained 
model, with only one free parameter (r). In addition. the 
constant term in the model corresponds to a speaker's 
empirically measured terminal low FO, as opposed to some 



F0 value unrelated to prosodic phenomena (for example 
one outside the speaker's range). Clearly, the current model 
could also be rewritten to be expressed using coordinates 
related to a different model (for example, a declination 
model); the present model is at least as parsimonious as any 
alternative model in which the functions rewriting peak and 
terminal low F0 in terms of other variables are linear. 

One certainly cannot draw conclusions about the appropri
ateness of models based on examination of the limited set 
of data used in the present study. Nevertheless, it is impres
sive how well the proposed model was able to predict the 
data Of possible linear models (there was no evidence for a 
nonlinear relationship when data from individual subjects 
were examined) the present model performed extremely 
well, producing results only very slightly less accurate than 
a linear model with an additional parameter (in which the 
coefficients of peak and terminal low F0 were allowed to 
vary freely.) Real evidence in support of a model such as 
the present one, however, will probably have to come from 
comparison of r in the present model to scaling factors pro
posed in studies of other prosodic phenomena, for example 
low-tone scaling or the scaling of parentheticals. 

5.3. Values of r 

It was found that the average value of the parameter r, 
which expresses the proportion of the distance from termi
nal low F0 to peak F0 at which filled-pause F0 occurs, did 
not differ across the American and British data sets. This 
suggests that the intonation of clause-internal filled pauses, 
at least as measured by the relationship between preceding 
peak F0 and initial filled-pause F0, may be independent of 
factors such as dialect and discourse setting. Mean r values 
also did not differ across sex. Since speaker sex is highly 
correlated with the terminal low F0, this lack of a difference 
in r between sexes is consistent with the appropriateness of 
a linear model. 

5.4. Optimal Reference FO 

The value of terminal low F0, a speaker-dependent variable 
corresponding to the lowest observed F0 value produced 
after a terminal fall, was found to be slightly lower than the 
value which optimized prediction. The overall standard 
error over the data set was slightly decreased when the 
value of terminal low F0 was raised by 10% for each 
speaker. A larger data set, with more tokens per speaker, is 
needed in order to further investigate this finding; it sug
gests, however, that the value used to scale pitch over the 
course of an utterance is higher than the F0 measured after 
final lowering. This is consistent with proposals in the liter
ature [e.g., 8], although it does not distinguish between a 
declination model and one in which F0 falls abruptly at the 
end of an utterance. It should be noted that the decision to 
use the lowest observed terminal low F0, as opposed to 
other possible values (for example, the mean of all observa-
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tions) was made because the aim was to get a stable esti
mate for each speaker, given a positively skewed 
distribution of low F0 values. Using values such as the 
mean would therefore be inappropriate. That is, by using 
mean low F0, one cannot improve results in a principled 
way, whereas by using a stable estimate such as minimum 
low F0 (assuming however that there are enough observa
tions available to adequately estimate this value), one can 
examine the relationship between minimum low F0 and the 
F0 that optimizes prediction. For exploratory purposes, 
however, an analysis using mean low F0 values was per
formed post hoc on the present data set. Results showed a 
marked reduction in prediction accuracy, and a distribution 
of r values with much higher standard deviations. Neverthe
less, it is conceivable that an analysis using mean low F0 
values on a different set of data could produce better results 
than an analysis using minimum F0 values; such a result 
would not be meaningful, however, but would rather be due 
to the fact that mean low F0, like optimal reference F0, is 
higher than minimum low F0. 

5.5. Effect of Duration 

Results also suggest that the intonation of filled pauses may 
be independent of temporal vruiables. As shown in Fig. 5, 
there was no correlation between the size of the drop in F0 
from the preceding peak to the filled pause and the distance 
(in time or syllables) between these points; i.e. filled-pause 
F0 was unrelated to whether or not words and/or silent 
pauses intervened between the preceding peak and the filled 
pause. Also, rather surprisingly, there was no correlation 
between the duration of the filled pause and how far in F0 it 
fell, as shown in Fig. 6. Most clause-internal filled pauses 
have a slight linear fall; the fact that longer filled pauses do 
not fall to a lower F0 than shorter filled pauses implies that 
the longer tokens either start out with a shallower falling 
slope, or that they level off in F0 once they reach a point 
that is "too low" for the local prosodic range. It is also pos
sible that for long hesitations, speakers may stop the filled 
pause completely and use a silent pause when they have 
dropped too far. Future work will attempt to examine these 
issues more·closely. These results add further support to the 
notion that clause-internal filled pauses are in some sense 
"well-formed" since the range of F0 values for a filled 
pause is determined by the local prosodic context. In addi
tion, these findings suggest that prosodic regularities in 
filled pauses may be found more in F0 than in duration mea
sures; this possibility seems reasonable because hesitations, 
by definition, interrupt the temporal course of production. 

5.6. Effect of Sentence-Initial Peaks 

As shown in Table 4, prediction error of the proposed model 
was much greater for filled pauses following peaks marked 
on sentence-initial accents than for filled pauses elsewhere. 
In each case following a sentence-initial peak. the predic
tion of the model for filled-pause F0 was lower than the 



observed value; when this relatively small set of tokens was 
removed from the analyses, the overall error in prediction 
was reduced substantially. This finding is consistent with 
the notion that the F0 of filled pauses preserves information 
about the current prosodic context: filled pauses after peaks 
corresponding to extra-high sentence-initial accents are 
themselves extra-high. 

5.7. Implications for Areas of Research 

The finding that the F0 of filled pauses is relative to pro
sodic context has implications for models of human speech 
perception, automatic speech recognition, and for theoreti
cal and descriptive studies of prosody. 

The low F0 of filled pauses may help explain why listeners 
have trouble locating them with respect to words in the 
message stream; low F0 may also contribute to listeners' 
ability to filter out filled pauses in comprehension. Experi
ments designed to test these hypotheses, by using resynthe
sis to "lift" filled pauses up to the F0 of the region of the 
lexical material in an utterance, will be conducted in future 
work. These tests predict that raising the F0 of filled pauses 
will facilitate listeners' ability to locate them, and also pos
sibly impair comprehension. The finding that the F0 of 
filled pauses is relative to prosodic context suggests that 

· speakers may attempt to preserve the current prosodic range 
when hesitating, possibly to inform the listener that they 
intend to continue where they left off, rather than to aban
don a portion of the utterance preceding the filled pause. 
Thus, a question to be pursued in further work is whether 
there is a difference between filled pauses that interrupt oth
erwise fluent clauses, and those that occur at the interrup
tion point of a repair or before a fresh start, since in the 
latter cases the speaker is abandoning previous material. 
There were not enough examples of filled pauses in repairs 
or fresh starts in the present data set to address this ques
tion; however preliminary results of additional data suggest 
that very brief filled pauses, which fall rapidly in F0, often 
mark a repair (but these are not necessary features for the 
marking of a repair), and that an unexpectedly high F0 on a 
filled pause seems to be a very good indicator of a fresh 
start (essentially an F0 "reset" to begin a new utterance 
after the filled pause). 

Speech recognition systems may be able to take advantage 
of predictably low F0 in spotting filled pauses. In order to 
do so successfully however, at least in the case of filled 
pauses within a clause, these systems will need to take into 
account the intonation of the local context, rather than using 
absolute speaker-specific F0 values. Spoken language sys
tems may also benefit from knowing more about prosodic 
differences between filled pauses in different syntactic 
environments. Preliminary analyses suggest Lat whereas 
clause-internal filled pauses nearly always have a low and 
falling F0, filled pauses that occur turn-initially or between 
sentences often have a higher and level or even slightly ris
ing F0. Such information should aid attempts to recognize 
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filled pauses; in addition the recognition of filled pauses 
having these different prosodic characteristics could con
tribute information about sentence structure for natural lan
guage processing. 

As linguists move from the study of read or rehearsed 
speech to spontaneous discourse, it should become increas
ingly important for them to consider the prosody of dis:flu
encies, since as shown in the present study, some 
phenomena considered to be disfluent may exhibit prosodic 
regularities. This work also suggests that in the case of 
clause-internal filled pauses, F0, rather than duration, may 
be the most important prosodic feature to explore. It should 
prove useful for linguists to include methods for annotating 
disfluencies in systems developed for the prosodic labeling 
of spontaneous speech. 

6. CONCLUSION 

This work has shown that the F0 of one type of speech dis
:fluency, the clause-internal filled pause, is related to the 
intonation of surrounding material in the message stream. 
Further work in this area could enhance our knowledge of 
the production and processing of spontaneous speech, help 
us learn how to apply these findings to aid speech recogni
tion, and encourage the consideration of hesitations and 
other disfluencies in theoretical and descriptive work on 
prosody. 
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