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Pause position analysis in spontaneous speech
for L2 English fluency assessment *

Sylvain COULANGE?, Tsuneo KATO?
(*LIDILEM/LIG, Université Grenoble Alpes; ¥'2SLPL, Doshisha University)

1 Introduction

Within the realm of language teaching and lin-
guistics, fluency is often associated with the smooth-
ness of speech flow and is considered a crucial as-
pect to ensure listener comprehension [1]. While
fluency is mainly a perceived impression by the lis-
tener [2], it is possible to measure some acoustic
phenomena in the speech that can potentially in-
fluence the listener’s ease of understanding. In the
context of assessment of spontaneous speech, au-
tomated tools often analyze disfluencies, phenom-
ena that may disrupt the smoothness of speech, and
mainly deal with the frequency and average dura-
tion of pauses [3]. Although pauses may become
detrimental when they occur at unexpected posi-
tions, they are not inherently problematic and can
help segment a speech flow or convey ideas when
strategically used.

This paper presents an automated pipeline for
transcribing and identifying pause positions at both
the structural and the lexical level in non-native
spontaneous speech. At structural level, we con-
ducted constituency analysis on the transcribed
text and categorized the pause positions into inter-
clause, inter-phrase, and intra-phrase classes. In the
lexical analysis, we classified the pause positions in
accordance with the part-of-speech (POS) of preced-
ing and following contextual words, and further con-
ducted co-clustering of POS and speakers to iden-
tify how each student tends to pause in the most
frequent syntactic contexts, regardless of their pro-
ficiency level.

The pipeline was used to analyze the spontaneous
argumentative speech of 176 French learners of En-
glish at the CEFR B1 and B2 proficiency levels, in
which the latter is widely recognized as a threshold
for achieving a certain level of fluency. We hypoth-
esize that B2 students make fewer disfluent pauses
and more structural ones than B1 students, thanks
to a greater ability to plan and structure their speech
and retrieve vocabulary.

The rest of the paper is organized as follows. In
Section 2, we review previous studies on pause posi-
tion analysis in both native and non-native English
speech. Section 3 presents the speech corpus used
in our analysis and Section 4 provides a detailed ex-
planation of the processing pipeline. The results are
presented in section 5, followed by a discussion.

2 Related work

First, it is necessary to define pauses. Silent
pauses are commonly described as interruptions of

phonation [4]. The duration at which such an in-
terruption is considered a pause varies significantly
across studies, typically ranging from 100 to 400 mil-
liseconds [5, 6]. Pauses can also be filled by phoneme
lengthening, or filler words like “uh.”

Furthermore, pauses can be categorized on the
basis of their functions, such as respiratory, hes-
itation, grammatical, or stylistic [4]. Two major
types of pauses are identified here: structuring and
non-structuring pauses [7]. Structuring pauses aid
in segmenting and structuring discourse, while non-
structuring pauses are typically preceded by hesita-
tion and serve the purpose of self-correction or find-
ing the appropriate following word, and can add to
the listener’s cognitive load.

The relationship between pause position and syn-
tax has been studied for several decades and ap-
pears to be significant. [8] utilized POS infor-
mation and syntactic structures to predict intra-
utterance pauses in spontaneous English speech of
native speakers from the Switchboard corpus. He
concluded that combining both types of informa-
tion yielded better predictions than using solely
word-level information. Most pauses tended to ap-
pear near conjunctions, hesitation fillers, before pro-
nouns, or subjects. Conversely, pauses were unlikely
to occur after subjects, between verbs and the parti-
cle “to,” between verbs and prepositional phrases,
or between prepositions and noun phrases. To ex-
clusively examine priori structuring pauses, [9] ana-
lyzed the speech of “successful speakers,” includ-
ing both native and non-native English speakers de-
livering political speeches or short TED talk-style
speeches. They found that, aside from emphasizing
particular words, pauses primarily occurred between
clauses, often around subordinate conjunctions such
as “which,” “that,” and “when” with no discernible
difference between native and non-native speakers.

Pauses therefore play an important role in struc-
turing the flow of speech and, in addition to its du-
ration and frequency, it is important to study its
position in an utterance to determine whether its
distribution reflects a better mastery of the L2 lan-
guage.

3 Data

Our dataset consists of the L2 English speech
of 176 French learners recorded during the oral
interaction speaking task of the CLES (See
https://www.certification-cles.fr/english/), a na-
tional, government-certified test of language profi-
ciency in France. This task involved a 10-minute
role play where two or three candidates engaged
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in an argumentative discussion on a controversial
topic, such as e-cigarettes, security cameras, or the
use of technology in the classroom. Each participant
was evaluated by two experts, who assessed them
on various dimensions and assigned a final speaking
proficiency level of either B1 or B2, in accordance
with the CEFR [10]. The overall proficiency distri-
bution of the students was 56% at level B2 and 44%
at level B1 (based on the global score obtained from
the CLES exam), while speaking proficiency was at
B2 for 66% and at B1 for 34% of the participants.

4 Methodology

The automated processing pipeline involved sev-
eral steps: neural speaker diarization using Pyan-
note [11], speech recognition and force alignment
using WhisperX [12], morphosyntactic analysis us-
ing SpaCy [13] and constituency analysis using the
Berkeley Neural Parser [14]. The recordings were
segmented into mono-speaker continuous speech
segments using Pyannote’s voice activity detection,
with a threshold set at 1 second. Segments with a
duration of 8 seconds or less were excluded to avoid
short utterances. This resulted in a corpus of 11
hours of continuous speech. The average duration of
speech per speaker was 3’44” (min 0’32”, max 6’517,
SD 1°20”). The transcribed text was annotated in
POS tag and aligned to the corresponding audio sig-
nal, with an empty interval tagged as “ <p:>" sep-
arating the left and right words. From this data, all
<p:> segments, along with their left and right POS
tags, as well as the largest ending and starting con-
stituents identified through constituency analysis,
were extracted. Pauses were defined as <p:> seg-
ments with a duration equal or greater than 180 mil-
liseconds. <p:> segments could either be silent or
filled with phoneme lengthening, hesitation, laugh-
ter, etc., which explains why several segments ex-
ceeded 1 second in duration. <p:> segments longer
than 2 seconds, often resulting from inaccurate word
alignment, were excluded. This paper will focus on
the analysis of the 21,942 pauses extracted from the
72,594 <p:> segments of the corpus.

Our approach encompasses conducting a compar-
ative analysis of the distribution of pauses within
the syntactic structure of each utterance for both
B1 and B2 proficiency groups, then looking at paus-
ing patterns in the most common lexical contexts.
We posit that B1 students are more likely to exhibit
pauses in unexpected contexts, specifically within
phrases, as opposed to at clause junctures where
pauses are typically anticipated. In terms of lexical
patterns, we anticipate a higher occurrence of pauses
between word categories that normally do not ex-
pect pauses, such as between prepositions and de-
terminers, determiners and nouns, or pronouns and
verbs. Conversely, we expect fewer pauses before or
after conjunctions. At the syntactic level, we ex-
pect to observe a greater frequency of pauses within
phrases, and a lesser frequency between clauses.
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Fig. 1 Number of inter-clause (left) and intra-
phrase (right) pauses per speaker.

5 Results

This section compares students from the B1 and
B2 speaking proficiency levels. The duration of
speech per speaker is similar for both groups, as in-
dicated by the non-parametric rank test (Wilcoxon
Mann Whitney) that shows no significant differ-
ence. However, the speech rate of B2 students
is faster (median at 110 tokens/minute) compared
with B1 students (97 tokens/minute), with a sig-
nificant difference at p < .0001.  This indi-
cates that B2 students convey more content within
the same duration of speech time. Additionally,
B2 students make more pauses (median at 34.3
pauses/minutes/speaker) compared with Bl stu-
dents (30.7), with a significant difference at p <
.01. However, the mean duration of their pauses is
shorter (592ms) compared with B1 students (615ms)
at a significance level of p < .005. Note that the pro-
portion of silence per speaker is similar between the
two groups, with no significant difference (median
at 33% for both groups).

5.1

To further analyze the structural aspects, the
number of pauses between clauses and within
phrases was examined. The total number of clause
and word boundaries with pauses was counted for
each speaker. The results reveal that B2 students
make on average more pauses between clauses (47
pauses) compared with B1 students (42), with a sig-
nificant difference at p < .05. Regarding the distri-
bution of pauses within phrases, B1 students demon-
strate a wider range, although no significant differ-
ence is observed between the two proficiency levels.
It is important to keep in mind that the absolute
number of pauses strongly correlates with the quan-
tity of speech. Nevertheless, Figure 1 shows that at
an equal number of tokens, students can make a very
different number of intra-phrase pauses (such as 10
and 36 pauses at 500 tokens for two B2 students, re-
spectively). However, the variation for inter-clause
pauses is much narrower.

Comparing the proportion of pauses to mitigate
the effect of speech quantity, the difference between
B1 and B2 disappeared for clause boundaries (me-
dian at 10.9% for B1 and 10.6% for B2, no signifi-
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cant difference), but is significant for pauses within
phrases (4.2% for B1 and 3.4% for B2 at p < .005).
No correlation is seen between the proportion of
pauses between clauses and within phrases for both
groups as shown in Figure 2.
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Fig. 2 Proportion of inter-clause and intra-phrase
pauses per speaker Bl and B2, both correlations are
not significant.

5.2 Lexical analysis

Furthermore, the pausing patterns at the lexical
level between Bl and B2 were analyzed. This sub-
section focuses on the immediate syntactic context
of pauses within the top 15 most frequent consecu-
tive POS pairs observed in the corpus. The propor-
tion of occurrences with a pause was computed for
each pair in both the B1 and B2 subcorpura. This
analysis enabled for a comparison of pausing tenden-
cies between Bl and B2 students in each context.
Despite a very thin difference, the results show that
B2 students generally make fewer pauses than Bl
students in these 15 contexts, with the largest gaps
observed between nouns and pronouns (-4 points),
nouns and coordination conjunctions (-3.5 points),
and subordinate conjunctions (SCONJ) and pro-
nouns (-3.4 points). These contexts are likely to
be clause boundaries, which contradicts the hypoth-
esis that B2 students make more pauses between
clauses to enhance speech structure. However, B2
students noticeably make more pauses than B1 stu-
dents in two contexts: between nouns and prepo-
sitions (ADP, +4.2 points) and between verbs and
determinants (DET, +2.7), which are likely to be
phrase boundaries.

The unsupervised co-clustering [15] of students
and their pausing patterns in the 15 analyzed con-
texts, resulted in the identification of three distinct
student clusters shown in Figure 4. These clusters
exhibit two predominant profiles that are primar-
ily differentiated by the overall frequency of pauses
(clusters 1 and 2). Additionally, there is an addi-
tional cluster (cluster 0, left) consisting of students
with extreme values, likely due to insufficient obser-
vations in certain contexts, leading to a less struc-
tured grouping. Cluster 2 demonstrated a higher
frequency of pauses across all 15 contexts. It en-
compassed 53% of B2 students and 42% of B1 stu-
dents, while cluster 1 included 28% of B2 students
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Fig. 3 Proportion of POS pairs containing a pause
for B1 (yellow) and B2 (black) speakers.

and 29% of B1 students, and cluster 0 consisted of
19% of B2 students and 29% of B1 students.

The disparity in pause frequency between clusters
1 and 2 within each context was significantly larger
than the differences observed between the Bl and
B2 proficiency levels (¢f. Figure 5). However, while
cluster 2 has almost half the number of students
of cluster 1, distributions of pause frequencies per
context showed wider ranges of values.

6 Discussion

We analyzed the position of pauses of students
from the B1 and B2 proficiency levels. At a struc-
tural level, B2 students showed as expected a signifi-
cantly lower proportion of intra-phrasal pauses, that
are more likely to hinder the speech, than B1 stu-
dents (p < .005), but both groups made the same
proportion of inter-clausal pauses, which are more
likely to help structuring it. At a lexical level, B1
and B2 students generally made their pauses in the
same proportion in each of the 15 most frequent
POS contexts, with slightly fewer pauses for B2 even
in contexts where pauses should have a positive ef-
fect. This could be explained by a better perfor-
mance in discourse planning for B2 students, but
it rather seems due to a wide diversity of pausing
profiles as shown in Figure 2.

The unsupervised clustering of students suggested
groups mixing B1 and B2 students, on the basis of
the overall frequency of pauses.

By plotting proportions of inter-clausal and intra-
phrasal pauses for each speaker from clusters 1 and 2
(cf. Figure 6), it appears that there is no significant
correlation between both types of pauses among stu-
dents from cluster 1. However, there is one among
those of cluster 2, in which students who make more
inter-clausal pauses tend to do fewer intra-phrasal
ones (R=—.3, p < .05).

In summary, B2 learners from our corpus made
in average fewer potentially disfluent pauses, but
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Fig. 5 Distributions for each block of the clustering
shown in Figure 4. In columns from left to right:
student clusters 0, 1, and 2.

not more structural ones than Bl learners. There
is a great variety of speakers in the way they are
using pauses, and this should impact the ease of un-
derstanding on the listener side. We assumed that
the absence of pauses between clauses and the pres-
ence of pauses within phrases are likely to hinder the
speech, but the pausing pattern is much more com-
plex, especially speaking situations involving mul-
tiple speakers, where pauses can be used for regu-
lating speech turns, as well as emphasizing ideas or
touches of sarcasms. We plan to conduct a percep-
tive test to try to identify when pauses are more
likely to hinder the speech, and when it helps un-
derstanding it.
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