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Abstract

Disfluencies are a regular feature of spontaneous speech, and
much has been learnt about the effects of various linguistic fac-
tors on their production. Speech usually occurs within dialogue,
yet little is known about the influence of an interlocutor’s speech
on a speaker’s own fluency. It has been shown that speakers tend
to align on various levels, converging, for example, on lexical,
and syntactic levels. But we know little about convergence in
rate of speech or disfluency. Little is also known about the ef-
fects of speech rate on fluency in a speaker’s own speech. In
this paper, we examine these effects through analysis of speech
rate, hesitation and error correction in a corpus of task-oriented
dialogues (the HCRC Map Task Corpus). Our findings demon-
strate that different types of disfluencies can be influenced in
different ways by speech rate. Furthermore, the probability of
an interlocutor being disfluent appears to affect the speaker’s
own likelihood, raising the possibility that interlocutors may
“align” on disfluent, as well as fluent, speech.

Index Terms: articulation rate, alignment, accommodation the-
ory, dialogue

1. Introduction

Spontaneous speech is rarely fully fluent. Natural dialogue is
peppered with disfluencies such as repairs, repetitions and fillers
(e.g. uh and um). While much has been learned about various
linguistic factors which influence the production of disfluencies
(e.g. [1, 2]), relatively little attention has been paid to how, on
the one hand, rate of speech and the speech and, on the other,
the speech of the interlocutor may affect fluency. This study
explores these factors and their interaction.

Common in many theories of language production (e.g. [3])
is that the process involves a series of stages. In conceptualisa-
tion, a general plan for the utterance is formed; in formulation,
the lexical forms are selected and ordered, in articulation, motor
commands are sent to the articulatory mechanism. A delay at
any of these stages, whether through indecision or error and re-
pair, may result in a need for the speaker to pause, as the rate of
motor execution exceeds the rate of planning. Various strategies
are possible: The speaker could simply elect to remain silent
until the next chunk of speech is ready (though this seems to
be the least preferred option); they could maintain some form
of vocalization, either by prolonging the previous sound (if the
pause is mid-utterance), or by producing a filler (e.g., um/uh);
or they may elect to restart the current phrase, thus producing a
repetition (cf. [4]).

If restarts are the consequence of the articulator executing
one plan before it is able to formulate the next then in the case
of fast speech, where we may expect to see a greater incidence
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of the articulator “out-pacing” the components upon which it
draws from, speakers may be more likely to produce repetitions.
Repetitions may not, however, be the only strategy available,
and we may expect to see other forms of disfluency produced as
a consequence of the articulator stalling for time while it awaits
new input. A possible alternative would be to produce a filler, a
superficially meaningless sound which could occupy the delay.

Where articulation rate has been indirectly manipulated it
has been shown that faster speech is more likely to contain rep-
etitions [5], but not likely to contain more fillers. Participants
were asked to describe the path taken by a dot around a network
which contained images of everyday objects. In half of these tri-
als, the speed of the dot’s movement was increased and analysis
showed a corresponding significant increase in the articulation
rate. This faster condition also saw a higher frequency of errors
and error repairs.

It should perhaps come as no surprise that when forced
to accelerate our speech, which the dot’s faster movements
require, participants made more errors. However within this
paradigm it is not clear where exactly causality lies. Do par-
ticipants make more repairs, and repetitions, because they are
speaking faster? Or is this increase in errors a consequence of
the time pressures caused by having to keep up with the speed
of the dot’s movements?

In the absence of pressure we may expect there to be no
difference in the volume of disfluencies produced by naturally
faster and slower speakers. Why, after all, would a person con-
sistently speak at a rate which impaired their ability to maintain
fluency? The map task corpus [6] affords us the chance to ex-
plore the effects of a naturally occuring range of articulation
rates on the production of disfluencies without the confound of
having to place pressure upon speakers to produce differences.

The conversational nature of the map task also allows us to
explore what effects, if any, an interlocutor may have on both
articulation rate and disfluencies. Possible interactions between
the speech rates of interlocutors have already received consid-
erable theoretical attention [7]. Accommodation theory sug-
gests that speakers’ speech rates may be sensitive to those of
their interlocutors: when speaking to an interlocutor who speaks
slower, a speaker may tend to reduce their own speech rate in
order to converge with their partner.

Recent years have seen a change in our ideas about commu-
nication, with the gap between production and comprehension
continuing to narrow [8]. While it has been suggested that pro-
duction and comprehension rely upon one another in order to
ensure the alignment of representations between interlocutors
in dialogue necessary for successful communication, little con-
sideration has been given to the effects upon production of the
disfluent speech that speakers regularly hear from their inter-



locutors.

In the present study we will investigate the influence of
speaker’s articulation rate upon their likelihood of producing
substitutions, repetitions and fillers, before exploring if inter-
locutors show a tendency to align on articulation rate and their
production of disfluencies.

2. Method
2.1. Corpus

Materials came from the HCRC Map Task corpus [6]; tran-
scribed and annotated dialogues recorded between 64 Univer-
sity of Glasgow students (32 male, 32 female) taking part in
a cooperative task. Participants took turns to direct their part-
ner along a path which used labelled images of objects as land-
marks. Each participant had their own map which their partner
could not see. Participants were split up into quads, each con-
sisting of two pairs of friends (although each pair was unfamil-
iar to the other). In addition, half of all quads performed the task
with a screen preventing them from seeing each other at all. All
coding has been converted to XML which can be queried using
the NITE XML Toolkit [9].

2.2. Unit of analysis

The markup of the corpus is segmented into individual units,
known as timed units, which correspond to individual words or
silences. Each timed unit has a corresponding unit for its part
of speech, one of which being fillers, which include: eh, ehm,
er, erm, uh and um.

For disfluencies which did not correspond to individual
units we used Lickley’s [10] taxonomy of editing disfluencies,
as this forms the basis for the disfluency coding which appears
in the corpus. Editing disfluencies come in four forms but we
will only focus on two of these, with examples of both given
in (1): (la) substitutions, which correspond to what are com-
monly called repairs; and (1b) repetitions, where one or more
words are repeated immediately following their first mention.
The structure of each disfluency follows that set out by Levelt
[11], with each containing a reparandum, an interruption point
and a repair.

(1la) Idon’t suppose you’ve got [the balloons] the
baboons

(1b) Right [there’s a] there’s a line about quarter of
the way down

All timed units were extracted from the corpus, with the
exception of those silences where the participant was listen-
ing to their partner, and non-vocal noises, creating a data set of
174,049 units. Each of these units were then coded for whether
or not they were disfluent (either a filler, or a reparandum word).
Variables were subsequently created for individual types of dis-
fluency (fillers, substitutions, repetitions, insertions and dele-
tions) and each unit was coded appropriately.

2.3. Analysis

As our dependent variables of interest in the present study
were binomial (whether or not a unit was disfluent), likelihood
was modelled using logit mixed-effects models [12, 13]. Logit
mixed-effects models provide an advantage over ordinary logis-
tic regression in that they allow us to include random effects in
models, removing the need for separate by-participants and by-
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items analyses. All analyses were performed in R [14], using
the Ime4 package [15].

Prior to analysing the effect of articulation rate and inter-
locutor disfluency on our dependant variables, ‘““‘control models”
were constructed containing participants and the map being de-
scribed as random effects. Both linguistic and non-linguistic
factors were tested for inclusion in these models. In order to
control for the finding that disfluencies are associated with the
production of longer utterances, a measure of utterance length
was required. As it is difficult to get a measure of utterance
length in a unstructured dialogue (see [16] for a discussion of
these difficulties), the length of each move was used as an ap-
proximate analog.

As each individual word of a reparandum was considered,
it was possible that speakers who tended to produce longer
reparanda may produce spurious results. To control for this,
the mean lengths of each speaker’s reparanda within each con-
versation was included. In order to control for the fact that the
more a participant said the greater opportunity they had to pro-
duce disfluencies, the word count for each conversation was first
added. This figure included reparandum words and fillers, in ad-
dition to fluent words, however word fragments were excluded.
Both word count and mean reparanda length were converted to
Z-Scores.

The following non-linguistic factors were subsequently
tested for inclusion in the model: speaker’s role (giver, or
follower, of instructions), interlocutors’ ability to make eye-
contact, interlocutors’ familiarity, and finally speaker’s gender.

These control models were then compared with “full mod-
els” containing potential predictors of interest: speaker’s artic-
ulation rate, partner’s articulation rate and the probability of the
partner producing each type of disfluency. Articulation rate was
measured in syllables per second. The number of syllables in
the 100 most used words in the corpus (accounting for 75% of
all speech) were counted. Considering only these 100 words,
the total number of syllables produced by each speaker in each
conversation, was divided by the summed duration of each of
these words. Finally, probabilities were obtained by dividing
the total number of each disfluency a speaker produced by the
total number of words they produced in each conversation.

Once all predictors had been tested, the Wald statistic was
used to assess if the estimated slope for each predictor was sig-
nificantly different from zero. Where the addition of a predictor
was found to improve the fit of a model its coefficient will be
reported alongside the odds ratio (OR; €®).

3. Results
3.1. Articulation Rate and Disfluency

All control models constructed include utterance length, mean
reparandum length and word count where they significantly im-
prove model fit. Where other predictors were included they are
reported (see [16] for a full account of the construction of these
models).

3.1.1. Substitutions

In order to examine the likelihood of words appearing in
the reparanda of substitutions a control model was first
constructed, which included the speakers role, giving log-
likelihood —8390.8. The addition of the speaker’s articulation
rate did not improve upon the fit of the model, with a log-
likelihood of —8390.8 (x*(1) = 0.012,p < 1), suggesting
that articulation rate has no effect on speaker’s substitutions.
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3.1.2. Repetitions

A control model was constructed containing interlocutors’ abil-
ity to make eye-contact and an interaction between gender and
role, with a log-likelihood of —13484. This model was found
to be improved by the addition of articulation rate, giving log-
likelihood —13481 (x*(1) = 4.8296,p < .05), suggesting
that faster speakers were more likely to produce repetitions
(8 =0.130,p < .05; OR = 1.138).

3.1.3. Fillers

In order to model the probability of speakers producing a filler,
a control model was constructed which included speaker’s role,
and provided a log-likelihood of —9578.9. The addition of ar-
ticulation rate significantly improved the fit of the model, giving
a log-likelihood of —9575.0 (x*(1) = 7.778,p < .01). This
finding suggests that faster speakers are less likely to produce
fillers (8 = —0.180,p < .01; OR = 0.835).

3.2. Alignment of Articulation Rate

To assess the effect of interlocutor’s articulation rate we mod-
elled speaker’s articulation rate with linear mixed-effects mod-
els, with Markov chain Monte Carlo sampling over 10,000
simulations to estimate coefficients. A control model was
constructed containing word count, speaker’s role, familiarity,
speaker and partner’s genders; with log-likelihood of —215.83.
The addition of the interlocutor’s articulation rate was found
to improve the fit of the model, with log-likelihood —213.22
(x*(1) = 5.216,p < .05), suggesting that talking to faster
speakers increases one’s own articulation rate. However, we
must be cautious in interpreting this finding as role may be con-
founded with utterance length.

Additionally, our model was further improved by the in-
clusion of an interaction between speaker’s role and the ar-
ticulation rate of their partner, with log-likelihood —211.02
(x*(1) = 4.420,p < .05). This suggests that while all speak-
ers are sensitive to their interlocutor’s articulation rate, the effect
is increased for instruction followers.

3.3. Alignment of Disfluency

The alignment of articulation rates suggest that aspects of a
speaker’s production appears sensitive to corresponding aspects
of their interlocutors’ speech, and we may rightly question if
disfluencies behave similarly. However, as articulation rate may
influence certain forms of disfluency, we will test the effect of
interlocutor’s articulation rate on our models before consider-
ing their own likelihood of being disfluent. For all types of dis-
fluency, the best fitting models constructed in section 3.1 were
used as controls. Estimated probabilities for each type of dis-
fluency are shown in Figure 1.

3.3.1. Substitutions

The addition of interlocutor’s articulation rate was not found
to improve model fit, giving a log-likelihood of —8390.5
(x*(1) = 0.579,p < 1); however including the probabil-
ity of an interlocutor producing a substitution did significantly
improve the model, with log-likelihood —8386.2 (x2(1) =
9.230,p < .1). This suggests that speakers are more likely to
produce substitutions when speaking to people who are them-
selves more likely to produce substitutions (8 = 13.597,p <
.01; OR = 803437).
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Figure 1: Relationship between speaker’s and interlocutor’s
likelihood of production substitutions, repetitions and fillers.
Where models include word count, mean reparandum length or
articulation rates, mean values were used.
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3.3.2. Repetitions

Similarly to substitutions, interlocutor’s articulation rate was
not found to improve our model of likelihood of producing
repetitions, log-likelihood —13481 (x?(1) = 0.996,p < 1).
However, speakers were found to be less likely to repeat words
when their interlocutor had a greater tendency to repeat (3 =
—5.631,p < .05; OR = 0.004), with the addition of interlocu-
tor probability improving model fit, giving a log-likelihood of
—13478 (x*(1) = 5.809,p < .05).

3.3.3. Fillers

Including interlocutor’s articulation rate was found to improve
upon the fit of our control model, giving a log-likelihood of
—9571.3 (x*(1) = 7.280,p < .01), suggesting that partici-
pants were less likely to produce fillers when talking to faster
speakers (8 = —0.123,p < .01; OR = 0.884). Furthermore,
the probability of a participant producing a filler increased when
their partner was more likely to (8 = 8.073,p < .05;OR =
3207.484), log-likelihood —9568.7 (x?(1) = 5.294,p < .05).

4. Discussion

Our results suggest that different types of disfluencies may be
influenced in different ways by articulation rate, and the likeli-
hood of one’s interlocutor being disfluent:

e Faster speakers were more likely to produce repetitions;
however they were less likely to produce fillers, and no
effect was found with substitutions.

e Participants’ articulation rate increased with faster
speaking partners, particularly when the participant had
the role of follower.

e Participants tended to be more likely to produce substitu-
tions and fillers with interlocutors who were themselves



more likely to produce these two types of disfluency,
while they produced fewer repetitions when speaking to
a partners who were more prone to repeating.

Our finding that faster speakers were more likely to produce
repetitions appears consistent with Blackmer & Mitton’s [4]
idea of an articulator possessing an autonomous restart capa-
bility. Increasing the rate of articulation may increase the likeli-
hood of the articulator becoming “out of sync” with the compo-
nents which precede it, and the prediction that in these situations
speakers will tend to repeat the most recent plan appears to be
borne out. While speakers may choose to stall through repe-
tition, our finding that faster speakers are, in fact, less likely to
produce fillers suggest that they are not used as a similar stalling
mechanism.

While it appears that participants’ articulation rate is vari-
able, particularly in response to the articulation rate of their
partner, it does not seem that they allow themselves to speak
at such an accelerated rate that they are more prone to make the
sorts of errors which require substitutions to resolve. This sug-
gests that Oomen & Postma’s [S] finding that errors occurred
more frequently when a speaker was under time pressure may
be due solely to the greater demand of having to keep up with a
faster moving dot in order to describe its path, rather than being
a consequence of speaking too quickly.

The alignment of articulation rates between partners pro-
vides evidence for the convergence of linguistic factors sug-
gested by accommodation theory. However deeper understand-
ing of this phenomena requires closer examination of variations
in articulation rate across not only conversations, but also across
conversational turns, which is beyond the scope of the present
study.

It is not clear how the disfluencies of one’s interlocutor may
influence our own likelihood of being disfluent, with converging
upon disfluencies seeming unlikely to bring a benefit. One pos-
sibility may be that hearing a conversational partner produce a
greater number of errors makes one more comfortable in being
error prone, reducing the care one takes in being fluent. This
account would hold despite the same pattern not emerging with
repetitions, as repetitions may reflect a different type of prob-
lem to those solved with substitutions. However it would offer
no explanation for why the opposite pattern was found when we
observed the effects of repetitions.

Similarly, an explanation is lacking for why one is less
likely to produce fillers when speaking to a faster partner, even
after one’s own articulation rate has been taken into account.
If fillers are used as signals for turn-taking, as has been sug-
gested (e.g. [17, 18]), then we may speculate that engaging in
a dialogue with someone who often uses fillers may lead one
to employ them more often themselves in order to manage their
side of the conversation, which may explain the link observed
between our participant’s likelihood of using fillers and their
interlocutor’s.

Future research may explore further how both linguistic
and non-linguistic features of dialogues may influence speaker’s
likelihood to be disfluent, and how these factors may interact.
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