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Abstract

Disfluencies and phonetic reduction are natural features of spo-
ken communication. It has been shown that several linguistic
factors influence their production, with speech rate considered
as a strong indicator of phonetic variation and also related to
the occurrence of various types of disfluencies. In this study,
we explore the relationship between speech rate, disfluency, and
phonetic reduction in spontaneous Italian speech. As expected,
our results indicate that higher speech rates generally correlate
with fewer disfluency occurrences and with more frequent pho-
netic reductions. However, these phenomena are subject to lim-
itations: after a certain threshold, further increases in speech
rate no longer significantly reduce disfluencies, and at the same
time, the rate at which phonetic reductions increase slows down
at higher speech rates.'

Index Terms: reductions, speech rate, methodology

1. Introduction

The online processes of speech production often result in ut-
terances that are characterized by the occurrence of disfluen-
cies and phonetic reduction. The former refers to heteroge-
neous phenomena that delay or interrupt the speech flow, such
as pauses, fillers, repetitions, and corrections (see [1] for an
overview). The latter refers to phonetic segments that are under-
specified in the acoustic signal, ranging gradually from vowel
centralization or consonant lenition to the deletion of entire seg-
ments or syllables [2]. Both phenomena may be partially related
to speech rate (henceforth SR), defined as an overall measure
that includes articulation rate and pause time [3]. Indeed, SR
is considered a robust predictor of phonetic variation [4], and
it has been shown to affect the occurrence of different types of
disfluencies, with faster speech generally leading to more rep-
etitions, though not more fillers [5]. Furthermore, the type of
disfluency also plays a role in modulating phonetic variation.
For instance, [6] investigated the role of disfluencies as a con-
textual variable in word form variation in English conversation,
focusing on monosyllabic functional words. While such words
frequently undergo reduction due to high frequency and high
contextual predictability, the study found that when adjacent to
disfluencies — particularly those with a prospective function
— they tend to be longer or have a fuller form, which reflects a
speaker’s difficulty in planning upcoming content. On the other
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hand, [7] analyzed the relationship between informational re-
dundancy and pronunciation variants in self-repairs in Dutch
speech by measuring SR and segmental reduction in both the
reparandum and the repair stretch. Despite the potential infor-
mational load of repair stretches, they were produced at higher
SRs and with greater segmental reduction than reparanda, sug-
gesting that speakers prioritize resuming discourse fluency po-
tentially as a face-saving strategy to move past the error and its
correction as quickly as possible. Based on this framework, the
main aim of this study is to provide a preliminary exploration
of the relationships between SR variations, disfluencies, and
phonetic variation phenomena in spontaneous Italian speech.
Specifically, we address the following research questions:

Q1: How are variations in SR related to the occurrence of dis-
fluencies?

Q2: How is SR related to phonetic reduction?

Despite the fact that surveying these RQs may yield predictable
results, we will assess these research questions with a complex
quantitative methodology to detect whether these relationships
are always consistent throughout different levels of SR.

2. Methodology
2.1. Corpus

The analysis was conducted on the “Modokit-FROG” corpus?,
consisting of audio-visual recordings of 10 Italian university
students, recorded by a Zoom H5 microphone and a profes-
sional camera Nikon D7000. We have taken a sub-set of this
original corpus, comprising data from 4 speakers from Teramo.
The limited sample of speakers is justified by the detailed pho-
netic analysis required, which involves a comprehensive multi-
tier manual annotation with the aim of capturing various types
of disfluencies and phonetic reductions. Furthermore, this paper
is intended to establish methodological foundations and iden-
tify patterns that warrant further investigation with an expanded
speaker sample in future research. Following the Modokit pro-
tocol [8], participants were divided into two groups, each tasked
with narrating the picture book “Frog, ;where are you?” by
Mercer Mayer (1969) through both oral and written produc-
tions. The book narrates the story of a young boy and his dog
who are looking for a frog that had escaped. The oral rendition
consisted in a speaker who actively participated by telling the
story to a silent interlocutor, who was unaware of the story’s
content. For the written rendition, participants were asked to
write a description of what they observed in each image. The
first group of speakers (PSO1 and PS05) completed the oral nar-
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ration before the written task, whereas the second group (SP09
and SP10) started with the written narration, followed by the
oral one.

2.2. Reduction Quantification

Reduction phenomena have been quantified (see [9]) by man-
ually editing syllable segmentation in Praat [10] on the ex-
pected (phonologic) and observed (phonetic) levels, following
the Sonority Sequencing and Maximum Onset Principles. The
alignment between the sequence on both levels was evaluated
using SCLITE, which is a tool included in the Speech Recog-
nition Scoring Toolkit (SCTK) provided by the American Na-
tional Institute of Standards and Technology (NIST). The eval-
uation output reports the following cases:

* “Deletion”, a phonetic syllable is found in place of two
phonological ones;

* “Substitutions”, a phonetic syllable is different from the cor-
responding phonological one.

2.3. Disfluency Annotation

Disfluency phenomena have been annotated with ELAN [11]
according to a multilevel annotation scheme that provides in-
formation at formal and functional levels [12]. The first level
concerns the macro-structures of the disfluencies in which sev-
eral regions are delineated, namely, the region to be repaired
(RP), the repaired one (RS), and the one in which the delay
occurs (IM). The second level focuses on the micro-structure
of disfluency, providing detailed information about the specific
type of disfluency phenomenon. At the third level, each item
is assigned its macro-function, categorized as either Backward-
Looking (BLD) or Forward-Looking disfluency (FLD) [13]. On
a fourth level, Forward-Looking items are associated with more
specific possible functions based on their context of occurrence:

¢ Word Searching (WS) for items that show difficulties retriev-
ing the target word.

* Structuring (STR) for items involved in structuring discourse
at a syntactic and informative level.

* Focusing (FOC) for items preceding semantically relevant el-
ements.

» Hesitative (HES) is the label assigned to items not involved
in any of the other specified cases and just associated to a
generic speech planning function.

2.4. Prosodic Annotation

To test the aforementioned hypotheses in operational units, the
corpus was divided into intonational phrases (in the senses of
[14, 15, 16]). In the annotation of the boundaries between in-
tonational phrases, a series of acoustic cues were taken into ac-
count namely pitch declinations after the realization of a fully-
fledged contour, pitch resets, final lengthenings, and severe in-
terruptions of the phonation flow (breathing pauses or inhala-
tions). Aware of the discretionary nature of the task, we per-
formed an inter-annotator agreement task (as advocated by [17]
for the annotation of intonational phrases). Based on the crite-
ria mentioned above, two trained phoneticians annotated sepa-
rately ~3 minutes of the corpus on Praat TextGrids. In compar-
ing both annotations, a tolerance of 0.05 seconds was observed
to account for minimal fluctuations in the boundary placement.
Cohen’s x coefficient showed a good agreement between the
two annotators (x = 0.62, Z=11.17 , SE = 0.06, p < .05). Fol-
lowing this validation step, the remaining data was annotated by

one of the authors using the same guidelines.

2.5. Analysis

To investigate how SR is related to the occurrence of disfluency
and reduction phenomena in the observed Italian data, SR was
defined as the number of expected syl/s and computed per in-
tonational unit. Note that we considered SR where phonation
started, i.e. by excluding long breaks or pauses between into-
national units. SR values were then normalized per speaker to
account for speaker specificity. To answer Q1 and Q2, we fit-
ted different models in R. Given that we are using the number
of disfluencies and reductions as dependent variables, we fitted
Poisson regressions. Note, however, that there were several in-
tonational units with no disfluencies, leading to potential issues
in the estimation of coefficients for Poisson regressions. To cir-
cumvent this limitation, we initially fitted zero-inflated Poisson
regressions. However, upon checking the statistical assump-
tions of the models, the relationships between variables (num-
ber of disfluencies, reductions and SR) emerged as non-linear,
leading to a poor fit. Hence, we have decided to use Generalised
Additive Mixed Models (GAMMs) with a Zero-inflated Poisson
family distribution (ziP) by deploying the R library mgcv [18].
GAMMs provide a more stable methodology for capturing non-
linear effects.

3. Results

The dataset consists of approximately 35 minutes of recordings.
Table 1 outlines the duration and the occurrences of disfluency
and reduction phenomena for each speaker.

Speaker | Dur (m) | Dis(n) | Red (n) | SR & SD (syl/s)
PSO1 10.26 378 314 63+ 1.8
PS05 10.05 216 175 46+ 1.3
SP09 06.59 191 81 494+ 1.3
SP10 06.27 155 107 49+ 1.1

Table 1: Duration (Dur), number of disfluencies (Dis), reduc-
tion phenomena (Red), average Speech Rate (SR) and SR stan-
dard deviation (SD) for each speaker in the corpus

Among the total number of disfluencies, N = 940, only 99 fell
within the category of Backward-looking disfluencies (BLD),
showing an imbalance in the data. Hence, we have decided
to consider the number of disfluencies without splitting in sub-
categories.

3.1. Number of disfluences

The first GAMM examined the relationship between the num-
ber of disfluencies in each intonational phrase and SR. The SR
of each intonational unit was normalized for each speaker to oft-
set individual differences. Finally, we also included a random
intercept for the speaker. To sum up, we fitted a model with the
formula in 1.

gam(no-disfl ~ s(SR_Norm)+ s(Speaker,bs = re) (1)

The key statistical assumptions for the model were checked with
the function gam_check and they were met satisfactorily. The
effective degrees of freedom (edf), corresponding to 4 for SR,
confirm the non-linearity of the effect. The results of the model
are reported in Table 2.



Parametric _ coefficients 3.2. Number of reductions
Estimate  Std. Error  z value  Pr(>|z|) .
(Intercept) 051 0.08 6.10 < 001 The sgcond GAMM was fitted to prgdlct the number ?f
Approximate _ significance _ of smooths reduf:tlon's as an depending on the normalized SR. The. model’s
odf Refdf Chisq  p-value specification follgwed the same struct.ure as the previous one
S(SR Norm) 2.00 297 24,49 < 001 and the assumptions were satlsfactor.lly‘met for this case as
s(Speaker) 257 3.00 2751 < 001 well. The smooth for the SR had a significant effect, proving
Table 2: GAMM model with number of disfluencies Parameiric  coolficients
Estimate  Std. Error  zvalue  Pr(>|z|)
(Intercept) 0.48 0.16 2.96 < .001
Approximate  significance  of smooths
Effect of SR_Norm on the number of disfluencies edf Ref.df Chj.sq p—value
s(SR_Norm) 2.37 2.98 28.07 < .001
s(Speaker) 2.79 3.00 44.70 < .001

Effect

0
SR_Norm

Figure 1: The GAMM model of number of disfluencies and SR.
The Y-axis represents the fitted effect, the X-axis represents the
normalized SR

The effect of the smooth SR_Norm is exemplified in Figure 1,
which shows an overall negative and significant effect of SR
on the number of disfluencies, as shown by the fitted falling
curve. However, it should be noted that after a certain thresh-
old, the effect stabilizes (see the region between the normalized
SR 0.5 and 1). The fitted curve seems to show an apparent in-
crease towards the higher SR, this may be due to the difficulty
of maintaining speech at extreme SR levels. However, it should
be noted that the confidence interval, represented in Figure 1
as the green band, crosses the zero, indicating statistical uncer-
tainty on the estimation of the effect in this region. A possible
cause for this effect may be the limited number of intonational
units with such a high SR.

By extracting the model’s parameters and using first derivatives,
we calculated the minimum of the fitted curve, corresponding to
the point where the negative trend changes. This corresponds to
the normalized x-value x = 0.66. By applying in reverse this
normalized minimum to the range of each speaker, we can esti-
mate that this effect arises around 5.6 syl/s per speakers PS05,
SP09, SP10 and 7.5 syl/s for speaker 1. To sum up, SR has a
negative effect on the number of disfluencies until a certain high
value is reached. From this value onwards, the effect is stable
or difficult to establish.
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Table 3: GAMM model with number of reductions

that it can predict reliably the number of reductions. In
particular, by looking at Figure 2, we can observe that the effect
of SR is positive throughout the model. However, it should
be noted that also here after a certain threshold, we observe a
change in the fitted curve. As SR_Norm increases towards zero,
the effect gradually diminishes, stabilizing. This indicates that
beyond a certain threshold of rapid speech, additional increases
in SR yield only marginal increases in phonetic reduction. This
threshold roughly corresponds to 4.8 syl/s for speakers 5, 9, 10
and 6.3 for speaker 1.

Effect of SR_Norm on Reductions

Effect

2 El 0 i 2
SR_Norm

Figure 2: The GAMM model of number of reductions and SR.
The Y-axis represents the fitted effect, the X-axis represents the
normalized SR

4. Discussion

Our results indicate that variations in SR are associated with
both the occurrence of disfluencies and phonetic reduction
phenomena. These findings reveal complex and non-linear
relationships that merit deeper theoretical consideration, since



they can reflect fundamental constraints in speech planning and
execution.

Specifically, higher SRs tend to correlate with fewer disfluency
occurrences (compare the discussion in [19] on whether SR
can be seen as a precipitator of disfluencies in a clinical
context). However, this effect appears to be limited to a certain
threshold (on average about 6 syl/s), suggesting a saturation
point. Beyond this saturation point, further increases in SR
do not substantially reduce the number of disfluencies. The
stabilization of this effect is particularly intriguing and may
indicate a floor effect in disfluency production. Whether this
effect is due to the scarcity of data in extremely high SR or
it reflects a real cognitive constraint needs to be addressed in
future and more robust studies.

We can be more confident on the effects of reduction. Higher
SRs are generally linked to increased occurrences of phonetic
reduction phenomena. These findings align with theoretical
expectations in speech production models, whereby faster ar-
ticulation rates create conditions that favor phonetic reduction
processes, while slower, more careful speech tends to preserve
fuller phonetic forms [20]. However, the rate of increase
in reduction occurrences diminishes at very high SRs. This
suggests that even when speakers increase their rate of speech,
there is a limit to how much phonic material can be simplified.
This ceiling effect may be due to a biomechanical limit to how
much articulatory simplification can occur while maintaining
intelligibility. With this in mind, the point around 4.8 and 6.3
syl/s (depending on the speaker) may represent an optimality
point where speakers have maximized articulatory efficiency
without compromising intelligibility.

5. Conclusions and Future Research

In this study we have examined the complex relationship be-
tween SR and disfluencies on the one hand, and SR and reduc-
tion on the other. Our results are in line with our general hy-
potheses, namely a higher SR correlates with a smaller number
of disfluencies and a higher frequency of reductions; however,
these results show a non-linear relationship, where the effects
reach a threshold point. The presence of the latter might de-
rive from cognitive factors. On a higher level, both results may
reflect the interplay between cognitive planning and articula-
tory organization. Sustained speed may be made possible by
a smaller cognitive load and a faster motor planning, which is
reflected in a lower number of disfluencies. However, in the
current state of knowledge, the highest SR values do not neces-
sarily imply the complete disappearance of disfluencies, which
are therefore unavoidable. Vice versa, slower processing and
planning are detectable with a slower SR and with an increased
number of disfluencies. To corroborate these points, we would
need to include other factors in our models, such as syntactic
and prosodic complexity, intonational units’ length, accessibil-
ity of information and other cognitive factors (as advocated by
[7, 19] among many others).

Besides these considerations, our study has highlighted the fact
that these three dimensions are connected in a non-linear fash-
ion, requiring further cognitive investigation to understand pre-
cisely what are the causes of the changes in trends.
Furthermore, as an initial investigation into the relationship be-
tween disfluencies, phonetic reductions and SR, this study does
not allow us to establish the cause-and-effect relationship be-
tween these phenomena. Future research will further focus on
the relationship between disfluency and reduction and see SR

11

as a mediating variable between these two aspects of sponta-
neous speech production. A bigger corpus would also allow
us to specify the current analyses for each disfluency or reduc-
tion type in order to ascertain whether these effects are cross-
categorically consistent.
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