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Abstract: This research paper addresses the challenge of providing effective feedback on spontaneous
speech produced by second language (L2) English learners. As the position of pauses and lexical
stress is often considered a determinative factor for easy comprehension by listeners, an automated
pipeline is introduced to analyze the occurrences of pauses in speech, the placement of lexical stress
in polysyllabic plain words, and the degree of prosodic contrast between stressed and unstressed
syllables, on the basis of F0, intensity, and duration measures. The pipeline is applied to 11 hours of
spontaneous speech from 176 French students at B1 and B2 proficiency levels. It appeared that B2
students make fewer pauses within phrases but more pauses between clauses than B1 speakers, with
a large diversity among speakers for intra-phrasal pauses at both proficiency levels. Overall, lexical
stress is correctly placed in only 35.4% of instances, with B2 students achieving a significantly higher
score (36%) than Bl students (29.6%). However, a great variation among speakers is observed, ranging
from 0% to 68%. Stress typically falls on the last syllable regardless of prosodic expectations, and
stress placement is significantly influenced by duration. Only proficient speakers show substantial FO
and intensity contrasts.

Keywords: Rhythm, Spontaneous speech, Pause positions, Lexical stress, Syllable prominence,
Comprehensibility, Computer assisted language learning (CAPT)

1. Introduction

Effective communication in a foreign language requires the ability to speak and be eas-
ily understood in real-life situations. However, students often have limited opportunities
for speaking practice and feedback within the classroom, primarily due to time constraints
and insufficient teacher training (Derwing and Munro 2015). Integrating automated tools
to assist language learners can address this challenge by providing enhanced practice and
feedback, reducing reliance solely on teachers as the reference both inside and outside
the classroom. While numerous tools exist for practicing pronunciation, especially for
English learners, most of them focus on segmental evaluation of read speech, using prede-
termined texts and limited scope (Coulange 2023). Several high-stake language assessment
companies have developed tools for scoring spontaneous speech pronunciation, such as
SpeechRater and Pearson Versant Speaking Test, which excel at predicting proficiency
levels. However, these tools are not designed to offer feedback and only provide abstract
information that is challenging to convert into pedagogical feedback, as they primarily
depend on surface speech features like articulation rate, length of utterance, or pause
frequency (Evanini and Zechner 2019). In a training context, learners require insights into
their specific pronunciation phenomena that make their speech more difficult to under-
stand, i.e., phenomena that hinder their comprehensibility, to help them prioritize areas for
improvement.
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Assessing comprehensibility requires involving listeners and is challenging to achieve
outside real communication situations, as the effort required by the listener to understand
depends on their familiarity with the speaker’s pronunciation, selective attention, motiva-
tion to listen, and the communication situation(Lickley 2015; Munro and Derwing 2015).
Nevertheless, certain speech phenomena are often identified as causes of poor speech com-
prehension by listeners and can be automatically measured. This offers learners valuable
assistance in enhancing their comprehensibility in various situations.

Among these phenomena, speech rhythm plays a major role in structuring speech and
helping the listeners in processing it. Speech rhythm is often characterized by perceiving
successive patterns of weak and strong elements (Gibbon and Gut 2001), but its definition
can be broadened to encompass the succession of pauses that punctuate the speech flow.
In English, hesitation marker positions, as well as lexical stress placement and the degree
of contrast between stressed and unstressed syllables, have often been highlighted as key
features impacting comprehensibility (Adams 1979; Cutler 2015; Field 2005; Isaacs et al.
2018; Tortel 2021).

This paper presents initial findings from an ongoing PhD research endeavor that
aims to quantify the contribution of pause positions and syllable acoustical prominence
to the comprehensibility of second language (L2) speech. The authors have developed an
automated pipeline to transcribe and identify pause positions and syllable prominence
in non-native spontaneous speech. This pipeline was applied to 176 French learners of
English at CEFR B1 and B2 proficiency levels, with B2 proficiency being widely recognized
as a threshold for achieving a certain level of fluency. The next step of this research will
involve presenting selected recordings of prototypical speakers to native listeners for a
dynamic rating task to explore the relationship between perceived effort to understand and
pause and stress patterns.

Pause position analysis included conducting a constituency analysis on the transcribed
text. Pause positions were categorized into inter-clause, inter-phrase, or intra-phrase classes,
and learners’ tendencies to pause in specific lexical contexts were further investigated.
Speaker profiles were established by co-clustering speakers on the basis of their pause
patterns in the most frequent syntactic contexts. The analysis of lexical stress involved
examining fundamental frequency (F0), intensity, and duration measures for each syllable
of polysyllabic plain words in the corpus. Both the prominent syllable position and the
degree of acoustic contrast between stressed and adjacent syllables were explored.

The rest of the paper is organized as follows. Section 2 aims to provide a definition
of pauses and lexical stress, elucidate their significance as fundamental components of
speech, and explore how language learners may inadvertently misuse them. Details about
the corpus will be given in Section 3. Section 4 outlines the methodology relative to the
pause position analysis and stress analysis. The results of the pause position analysis and
lexical analysis will be presented in Section 5. Section 6 will be dedicated to the discussion
of these results and the limitations of the current pipeline.

2. Related work

Pauses are commonly described as interruptions of phonation (Grosman et al. 2018).
The duration at which such an interruption is considered a pause varies significantly across
studies, typically ranging from 100 to 400 milliseconds (Tavakoli 2010; Trouvain 2004).
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, hesitation,
grammatical, or stylistic (Grosman et al. 2018). Two major types of pauses are identified:
structuring and non-structuring pauses (Candea 2000). Structuring pauses aid in segment-
ing and structuring discourse, while non-structuring pauses are typically preceded by
hesitation and serve the purpose of self-correction or finding the appropriate following
word. These pauses can add to the listener’s cognitive load.

The relationship between pause position and syntax has been studied for several
decades and seems to be significant. Tauberer (2008) uses part-of-speech (POS) information
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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
information yielded better predictions compared with using solely word-level information.
Most pauses tended to appear near conjunctions, fillers, or before pronouns, and subjects.
In contrast, pauses were unlikely to occur after subjects, between verbs and the particle "to,"
between verbs and prepositional phrases, or between prepositions and noun phrases. Cao
and Chen (2019) analyzed the speech of "successful speakers," including both native and
non-native English speakers delivering political speeches or short TED talk-style speeches.
They found that, apart 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 structuring speech flow. In addition to
their duration and frequency, analyzing the positions of pauses within an utterance is
important to determine whether their distribution reflects a higher level of proficiency in
the L2 language.

In addition to pauses, word stress also plays an important role in speech segmentation.
Lexical stress characterizes languages, like English, German, or Spanish, where the stress
position within words may differ, unlike fixed stress languages like Finnish, Polish, or
French, where it consistently falls on the first, penultimate, or last syllable, respectively
(Cutler and Jesse 2021).

In English, lexical stress manifests as modifications in both prosodic and segmental
aspects of the vowel. Stressed syllables are typically longer, louder, higher in pitch, and
feature greater FO movement, featuring full vowel quality, compared with unstressed
syllables (Cutler 2015). Furthermore, the stress on a syllable affects the surrounding
unstressed syllables, leading to shortened, centralized, and relaxed vowels (Tortel 2021).

The primary role of lexical stress is word segmentation and lexical disambiguation.
Content words generally bear stress, whereas function words are typically reduced (Tortel
2021). Lexical stress also plays a crucial role in derivational morphology, as it frequently
changes with word category ("PERson" vs. "perSONify") and helps distinguish words
within the same category ("PHOtograph" vs. "phoTOgrapher"). Nouns and adjectives tend
to carry stress on the first syllable, while verbs tend to be stressed on the second syllable.

In second language contexts, speakers are often influenced by the prosodic rules of
their native language. For example, French exhibits a fixed stress on final syllables and con-
sistent vowel quality in plain vowels. Consequently, French speakers of English frequently
transfer stress to the word endings and avoid reducing unstressed syllables (Tortel and
Hirst 2010). Additionally, because stress in French does not serve a disambiguation role
as it does in English, French learners of English are often unaware of stress patterns and
may find it challenging to recognize their own final lengthening and word stress in general.
(Dupoux et al. 1997) coined the term "stress deafness" to describe this limited ability to
perceive and be conscious of stress, noting that speakers from languages with fixed stress
encounter more difficulties compared with those from lexical stress languages. Moreover,
intentionally modifying the rhythm and intonation can be psychologically demanding,
given their deep-rooted nature from childhood and close association with one’s personality
and culture (Calbris and Montredon 1975). Consequently, misplaced word stress and
non-reduced unstressed syllables can significantly impede word recognition for listeners
(Cutler 2015). (Tortel 2021) emphasizes that French learners of English should prioritize
improving their lexical stress position, contrast between stressed and reduced syllables,
avoiding lengthening of unstressed final syllables, and reducing function words.

Numerous studies have investigated automated lexical stress classification since the
early 2000s. Most systems utilize FO, intensity, and duration measures along with various
machine learning algorithms to predict the stress patterns of words (Chen and Wang
2010; Chen and Jang 2012; Deshmukh and Verma 2009; Johnson and Kang 2015; Li et al.
2018; Tepperman and Narayanan 2005). A number of systems also incorporate segmental
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information, like cepstral coefficients (Ferrer et al. 2015; Li et al. 2007). However, these
tools require substantial training with annotated data and necessitate large input vectors of
values for each syllable, rendering their outcomes challenging to interpret. Additionally,
none of these systems measure the degree of contrast between stressed and unstressed
syllables.

3. Data

Our dataset comprises the L2 English speech of 176 French learners, recorded during
the oral interaction speaking task of the CLES!, a national, government-certified test of
language proficiency in France. This task involved a 10-minute role play where two or
three candidates engaged in an argumentative discussion on a controversial topic, such as
e-cigarettes, security cameras, or the use of technology in the classroom. Each participant
underwent evaluation by two experts, who assessed them across various dimensions and
assigned a final speaking proficiency level of either B1 or B2, in accordance with the CEFR
(Council of Europe 2020). The speaking proficiency distribution among the students was
66% (117 speakers) at level B2 and 34% (59 speakers) at level B1. The gender distribution
was evenly divided, with 53% female and 47% male participants. All 176 students indicated
French as one of their native languages.

4. Methodology

The automated processing pipeline” involved several steps: neural speaker diarization
using Pyannote (Bredin and Laurent 2021), speech recognition and force alignment using
WhisperX (Bain et al. 2023), morphosyntactic analysis using SpaCy (Honnibal et al. 2020),
and constituency analysis using the Berkeley Neural Parser (Kitaev et al. 2019). The record-
ings were segmented into mono-speaker continuous speech segments using Pyannote’s
voice activity detection, with a threshold set at 1 second. Segments lasting 8 seconds or less
were excluded to eliminate short utterances. This led to a corpus of 11 hours of continuous
speech. The average duration of speech per speaker was 3'44" (min 0'32", max 6'51", SD
1'20"). The transcribed text was annotated with POS tags and aligned to the corresponding
audio signal, with an empty interval tagged as "<p:>" separating the left and right words.

4.1. Methodology relative to the pause position analysis

The pause position analysis involved investigating the locations of pauses within the
constituents of each utterance, as well as before and after specific word categories. We
extracted all <p:> segments from the corpus, along with the largest ending and starting
constituents (if present) identified through constituency analysis, as well as left and right
POS tags. Pauses were defined as <p:> segments lasting 180 milliseconds or more. <p:>
segments could either be silent or contain phoneme lengthening, hesitation, laughter, etc.,
which explains why some segments exceeded 1 second in duration. <p:> segments longer
than 2 seconds, often resulting from inaccurate word alignment, were excluded.

Our approach involves conducting a comparative analysis of pause distribution within
the syntactic structure of each utterance for both B1 and B2 proficiency groups. Additionally,
we examine pausing patterns in the most frequent 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 number of pause occurrences between word categories that
typically do not expect pauses, such as between prepositions and determiners, determiners
and nouns, or pronouns and verbs. Conversely, we expect fewer pauses before or after
conjunctions.

1
2

See https:/ /www.certification-cles.fr/english/.
The complete processing pipeline is open-source and freely available here:
https:/ / gricad-gitlab.univ-grenoble-alpes.fr/lidilem /plspp.
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4.2. Methodology relative to the stress analysis

The analysis of lexical stress involved comparing word-level prosodic shapes with
their expected shapes from the dictionary and quantifying the contrast between stressed
and unstressed syllables. Each syllable was represented by three speaker-normalized
measures: FO and intensity at the syllable nucleus position, and syllable duration estimated
from the midpoints of neighboring syllable nuclei and/or word boundaries. Syllable nuclei
were extracted using the Praat script presented in de Jong et al. (2021), which detects
syllable nuclei on the basis of intensity peaks. A bandpass filter at 300-3300Hz was applied
beforehand to minimize the effect of non-voice-related events. For each transcribed word,
the expected number of syllables was extracted from the CMU pronouncing dictionary”
and compared with the number of syllables detected within the word boundaries. Only
words with the correct number of syllables were included in the analysis. When a given
word had multiple possible syllable counts, such as "camera" or "chocolate," the word was
considered if syllable count corresponded to one of the dictionary options. This method
enables to filter words with poor alignment precision, or syllable detection. With the current
settings, only 41% of the polysyllabic plain words are included in the analysis (refer to
the Discussion section for possible improvements). To compute the speaker-normalized
value for each prosodic feature, the absolute F0, intensity, and duration values for each
speaker were ranked within the dataset. Absolute prosodic values were replaced by their
corresponding speaker percentile value, thus providing a relative measure of prominence
within the context of the speaker’s own performance. In each dimension, the "observed
stress syllable’ corresponds to the highest centile value, while other values were categorized
as ‘unstressed syllables’.

Acoustic stress was inferred to be the most prominent syllable within the word for
each dimension, and these three dimensions were merged with equal weight to obtain a
single global representation. Stress position was analyzed through a binary representation
of syllables, with "O" representing the stressed syllable and "o" representing the other
syllables in the word. For example, the prosodic shape of "student” was expected to be
"Oo," with the stress on the first syllable while the last one is reduced; "potential" was
expected to be shaped as "00o0," with the stress on the middle syllable. Notably, we did not
differentiate between secondary stress, unstressed, and reduced syllables, focusing on the
position of the most prominent syllable.

In Figure 1, an example output is presented with POS tags and text on tiers 1 and 2,
syllable nuclei on tier 3, expected prosodic shape from the CMU dictionary on tier 4, and
the observed global prosodic shape on tier 5, which is a merge of F0, intensity, and duration
values from tier 6. Note that only a binary stress representation is shown here, but there is
a centile value behind each "o/QO" symbol. In this example, only two syllables are detected
within the boundaries of the word "exactly," which expects three syllables according to
the CMU dictionary; thus, this word is excluded from the analysis. The last syllable in
both target words "cosmetic" and "products" appears to be prominent, although stress is
expected on the second and first syllable respectively.

We anticipate that lexical stress will predominantly occur on the last syllable, regardless
of the expected prosodic shape of words. This stress is likely to be primarily influenced
by lengthening, with minimal impact from F0O and intensity. Additionally, we expect B2
proficiency speakers to demonstrate more accurate stress positions and a greater acoustic
contrast between stressed and unstressed syllables compared with B1 speakers.

5. Results
5.1. Pause position analysis

This section analyzes the 72,594 <p:> segments in the corpus. Among them, 21,942
have durations ranging from 180 milliseconds to 2 seconds, qualifying them as pauses.
After briefly comparing the frequency and mean duration of pauses among B1 and B2

3 This dictionary is available at http:/ /www.speech.cs.cmu.edu/cgi-bin/cmudict.
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Figure 1. Example of output from our pipeline showing POS tags (1), transcribed text (2), syllable nuclei (3),

expected prosodic shape (4), observed prosodic shape (5) merged from FO, intensity and duration shapes (6)

proficiency groups, we will explore their distribution within the syntactic tree and word
categories.

The duration of speech per speaker is similar for both the Bl and B2 student groups,
as indicated by the non-parametric rank test (Wilcoxon Mann Whitney) that reveals no
significant difference. However, the speech rate of B2 students is faster (median at 110
tokens/minute) compared with Bl students (97 tokens/minute), with a significant dif-
ference at p < .0001. Additionally, B2 students exhibit more pauses (median at 34.3
pauses/minute/speaker) compared with Bl students (30.7), with a significant difference at
p < .01. However, the mean duration of their pauses is shorter (592 ms) compared with Bl
students (615 ms) at a significance level of p < .01. The ratio between the total pause dura-
tion and the speech duration for each speaker is similar between the two groups (median
at 33% for both, with no significant difference). In summary, B2 students produce more
frequent yet shorter pauses compared with Bl students, maintaining the same proportion
of silence.
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Figure 2. Absolute number of inter-clause (left) and intra-phrase (right) pauses per speaker.

To further analyze the structural aspects, the number of pauses between clauses and
within phrases was examined. Unexpectedly, B2 students make on average more pauses
between clauses (47 pauses) compared with Bl students (42), demonstrating a significant
difference at p < .05. Nonetheless, they display the same quantity of pauses within phrases
(14 and 15 pauses, respectively). Figure 2 shows that at an equal number of tokens, students
can have a significantly varied number of intra-phrase pauses (such as 10 or 36 pauses at
500 tokens for two B2 students). However, the variation for inter-clause pauses is much
narrower.

When comparing the proportion of pauses to mitigate the effect of speech quantity,
the difference between B1 and B2 disappeared for clause boundaries (with a median of
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Figure 3. Proportion of inter-clause and intra-

phrase boundaries with a pause per speaker. pause for Bl (yellow) and B2 (black) speakers.

10.9% for B1 and 10.6% for B2, exhibiting no significant difference), but is significant for
pauses within phrases (4.2% for Bl and 3.4% for B2 at p < .005). Figure 3 shows that there
is no observable correlation between the proportion of pauses between clauses and within
phrases for both groups.

Furthermore, the pausing patterns at the lexical level between B1 and B2 were analyzed.

We now focus on the immediate syntactic context of pauses within the top 15 most frequent
consecutive POS pairs noted in the corpus. The proportion of occurrences with a pause
was calculated for each pair within both the B1 and B2 subcorpora. This analysis enabled a
comparison of pausing tendencies between B1 and B2 students within each context. Despite
a subtle difference, the results show that B2 students generally make fewer pauses than
B1 students within 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 pronouns (-3.4 points). Notably, these contexts are likely to be
clause boundaries, which contradicts the hypothesis that B2 students make more pauses
between clauses to enhance speech structure. However, B2 students noticeably make more
pauses than Bl students in two contexts: between nouns and prepositions (ADP, +4.2
points) and between verbs and determinants (DET, +2.7 points), which likely indicate
phrase boundaries.

AUX VERB

NOUN ADP
PART VERB

Cluster 0 Cluster 1

Cluster 2

Proportion
of pause

[7100%

SCONJ PRON
VERBADP ~_ ']
VERB DET

VERB PRON

23%

{ &

ADJ NOUN
ADP DET
ADP NOUN ~
DET NOUN
PRON AUX
PRON VERB

Ve 0%

NOUN CCONJ
NOUN PRON

54% 53%

Figure 5. Clustering output of pausing patterns in top 15 POS contexts, speakers in columns, POS
pairs in rows, with the mean value of each block. Darker areas mean fewer pauses.

The unsupervised co-clustering method (Singh Bhatia et al. 2017) was applied to
students and their pausing patterns within the 15 analyzed contexts. As a result, three
distinct student clusters were identified, as depicted in Figure 5. These clusters exhibit
two predominant profiles that are primarily differentiated by the overall frequency of
pauses (clusters 1 and 2). Additionally, there is an additional cluster (cluster 0, on the
left) consisting of students with extreme values, likely due to insufficient observations in
certain contexts, leading to a less structured grouping. Cluster 2 demonstrated a higher
frequency of pauses across all 15 contexts, and encompassed 53% of B2 students and 42%

Figure 4. Proportion of POS pairs containing a
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of B1 students. In contrast, cluster 1 included 28% of B2 students 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.

However, while cluster 2 has almost half the number of students compared with cluster

1, the distributions of pause frequencies per context showed wider ranges of values (cf.

Figure 6).
bloc (1,1) bloc (1,2) bloc (1,3)
8- 8- 8-
2% 2% 2%
2a4- 24- 2 4-
000 )25 050 075 100 " 75 1.00 ch 00 025 050 075 10
bloc (2,1) bloc (2 2) bloc (2,3)
8- 8- 8-
26" 26 26
24- 2 4- 2 4-
L N I s, 8. Id‘
“obo 035 obo  ors 1o " 1.00 “-C' 00 025 050 075  1.00
bloc (3,1) bloc (3 2) bloc (3,3)
8- 8- 8-
é‘ 6- é 6- é’ ;
2 4- 2 4- 24
’ ’ ;_A. ’
2- 2-

val ) ‘\‘/\aly ) val
Figure 6. Distributions for each block of the clustering shown in Figure 4. In columns from left to
right: student clusters 0, 1, and 2.

When plotting the proportions of inter-clausal and intra-phrasal pauses for each
speaker from clusters 1 and 2 (cf. Figure 7), it is evident that there is no significant
correlation between both types of pauses among students from cluster 1. However, there is
one among those of cluster 2, in which students who make more inter-clausal pauses tend
to make fewer intra-phrasal ones (R = —.3, p < .05).

cluster 1 == 2

[any
o
>

=
~
»
>

[any
N

=
o

[ee]

o

Proportion of inter—clause pauses (%)

25 5.0 75
Proportion of intra—phrase pauses (%)

Figure 7. Proportion of inter-clause and intra-phrase pauses per speaker from clusters 1 (red) and 2
(blue), correlation for cluster 1 is not significant, that for cluster 2is R = —.3 p < .05.

5.2. Lexical stress analysis

This section investigates the position and quality of the prominent syllables among the
6,350 polysyllabic plain target words in the corpus. Among these words, nouns constitute
57%, verbs 18%, adverbs 13%, and adjectives 12%. The majority of these words consist of
two syllables (74%), while 20% are composed of three syllables, 5% of four syllables, and
1% of five syllables. B2 proficiency learners, due to their higher speech rate, demonstrate a
significantly higher number of target words compared with B1 learners (median at 47 words
at the B2 level and 32 at the B1 level, with a significant difference at p<.001). However, the
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difference in the proportion of target words given the number of plain tokens per speaker
is not statistically significant (25% for B2 and 24% for B1). As a result, the word recognition
rate does not vary significantly between the two groups.

The initial inquiry explored the proportion of words pronounced with the expected
stress position, revealing that only 35.4% of the corpus exhibited an alignment between ex-
pected and observed word shapes. When examining this rate for each speaker individually,
it ranged from 0% to 68.4% with a median value of 33.3%.

The second investigation aimed to determine whether B2 learners achieve a higher
stress position score compared with Bl learners. While both groups’ distribution are widely
dispersed and significantly overlap, on average, B2 learners significantly outperform B1
group, with expected stress position rates of 36% compared with 29.6%, and a significant
difference at p<.0001. Figure 8 shows a projection of each speaker on the basis of their stress
position score and number of target words. Only two B1 speakers surpassed 50%, while 26
B2 speakers (representing 22% of the B2 group) achieved this level.

68.4

601

401

201

Proportion of words with expected stress position (%)

0 25 50 75 100
Number of target words

Figure 8. Proportion of target words with expected stress position per speaker.

The percentage of words with incorrect stress position increases proportionally with
the number of syllables: 62% for 2-syllable words, 70% for 3-syllable words, 79% for 4-
syllable words, and 81% for 5-syllable words. In Figure 9, the production of each expected
word shape by all speakers can be observed. Notably, 85% of 2-syllable words are expected
to have stress on the first syllable; however, only 31% of these occurrences carry stress on
the first syllable, while 69% receive stress on the last syllable. Conversely, the majority of
expected 0O-shape words (79%) are correctly stressed. A similar pattern emerges for 3- and
4-syllable words, where most words are effectively stressed on the last syllable, despite this
being relatively rare in English, as stress is predominantly expected on the second or first
syllable.

Comparing the production of each expected shape by Bl and B2 speakers did not
reveal significant differences between the two groups. Along with the proficiency level,
correct stress position increases by 12 points for expected 0Oo-shape, 7 points for expected
Oo-shape, and 6 points for expected Ooo-shape words. Interestingly, there is a slight 5-point
decrease in correct stress position for expected 0O-shape words, which could be attributed
to over-correction.

The analysis of correctly stressed words within each POS category indicates a 12-point
improvement for verbs from Bl to B2 proficiency. However, the improvement is less
noticeable for other categories (7 points for nouns, 1 point for adverbs, and -3 points for
adjectives, refer to Figure 10).

Note that 14 out of the 20 most frequent words with correct stress position also appear
among the top 20 most frequently mispronounced words. Frequent words, in most cases,
continue to be incorrectly stressed.

323
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Figure 9. For each expected shape in columns, the number of words for each observed shape in
shown.

NOUNS VERBS ADVERBS ADJECTIVES

B 42% 39% 37%
speakers
Stress position:

1 25%
expected
W unexpected
B2 32% 40% 34%
speakers 54%

Figure 10. Proportion of target words with correct and incorrect stress position by POS and by

Y

proficiency level.

Figure 11 shows the average contrast between stressed and unstressed syllables in s
words produced by two B2 proficiency level speakers. Speaker A correctly stressed 65% of  saz
her words, while speaker B achieved only 16% accuracy in stress placement. The number s
inside each circle refers to the speaker-normalized centile value of prominence (the higher, 4
the most prominent). For speaker A, the expected stressed syllables were on average 30  sso
points higher in FO compared with the adjacent syllables, along with a 17-point higher s
amplitude, while the duration remained almost unchanged (-4 points). This resulted ina s
mean acoustic contrast of a 14-point increase for the expected stressed syllable. In contrast, ss
speaker B demonstrated a negative contrast due to the tendency to emphasize the wrong s
syllable (often the last one). The expected stressed syllable was on average 21-point shorter s
and 11-point lower in FO, with no noticeable change in intensity (+3 points). This pattern sse
was also observed with other speakers scoring high or low in stress position. The former sz
group accentuated words primarily by increasing the FO, then intensity, with no significant sss
change in duration, while the latter group consistently increased the duration of unstressed  sso
syllables, along with an FO increase and no noticeable change in intensity. 360
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Figure 11. Mean centile value of prominence for expected
stressed (first circle) and reduced (second circle) syllables in
each dimension for speaker A and speaker B.
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Figure 12. Mean acoustic difference between expected
stressed and reduced syllables per speaker.
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Figure 13. Mean centile value of prominence for each syllable of two- and three-syllable words for all speakers together. Regardless of

the expected prosodic shape, the last syllable appears to be prominent because of a longer duration.

For all speakers, regardless of their stress position score, the prominent syllable is
mainly characterized by a longer duration (increase of +20% and +32% for expected Oo
and 0O shapes, and +23%, +18%, and +33% relative to the mean duration of unstressed
syllables for expected Ooo, 000, and 000 shapes). The changes in FO and intensity are
less pronounced, with increases of +6% and +8% in F0, and +2% and +10% in intensity for
expected Oo and 0O shapes, respectively, and +1%, +6%, and -12% in FO, and +2%, +5%,
and +6% in intensity relative to the mean of unstressed syllables for expected Ooo, 0Oo,

and 000 shapes, respectively.
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The difference in the mean acoustic contrast between expected stressed and unstressed
syllables among the B1 and B2 proficiency groups is statistically significant (median at -7
for Bl and -3 for B2 speakers, with p<.0001), and strongly correlated with the proportion of
words with the expected stress position for both proficiency groups (R = .82, p < .0001, cf.
Figure 12).

6. Discussion

We analyzed the position of pauses and lexical stress, along with the degree of prosodic
contrast between stressed and unstressed syllables, in the spontaneous English speech of
176 French students at B1 and B2 speaking proficiency levels. As expected, B2 students
exhibited a significantly lower proportion of pauses within phrases (which are more likely
to impede the speech), while showing a higher absolute number of pauses between clauses
(which are more likely to aid in structuring it). The absence of a significant difference in
the proportion of inter-clause pauses might be attributed to the more complex syntax in
B2 speech, leading to an increased number of clause boundaries (significant difference at
p < .001 for both proportion and absolute number of clause boundaries). Interestingly,
the frequency of pauses within phrases varied considerably among speakers, irrespective
of their proficiency level. Additionally, both Bl and B2 students demonstrated a similar
distribution of pauses across the 15 most frequent parts-of-speech contexts, with slightly
fewer pauses observed for B2 students, even in contexts where pauses are expected to have
a positive structuring effect.

We used unsupervised clustering to group students on the basis of their pause fre-
quency in each context. This clustering approach revealed clusters comprising a mix of
B1 and B2 students, distinguished primarily by the overall frequency of pauses. Specif-
ically, students in cluster 2 exhibited substantially more pauses than those in cluster 1,
demonstrating a negative correlation between inter-clause and intra-phrase pauses. This
correlation was not evident among students in cluster 1, nor when considering all students
collectively or when comparing B1 and B2 groups.

Regarding lexical stress, our analysis showed that only 35.4% of the 6,350 polysyllabic
plain words in the corpus had stress placed on the expected syllable. There was a significant
range of variation among speakers, spanning from 0% to 68.4%. Notably, B2 students
achieved a significantly higher score (36%) in accurate stress placement compared with Bl
students (29.6%). As expected, we observed a consistent pattern of stress predominantly
falling on the last syllable of words, irrespective of the expected prosodic shape and syllable
count. Furthermore, stress placement was significantly influenced by syllable duration,
with substantial variation in FO and intensity principally among speakers demonstrating a
strong stress placement rate.

One main limitation of our current work is that we amalgamated the three prosodic
dimensions into a single global "observed shape" without weighting them, potentially
overlooking their varying contributions to prominence. Considering previous theories, like
Bolinger’s Pitch theory of accent (1958), which assigns a predominant role to FO patterns
in determining stress position, it may be prudent to assign more weight to FO than the
other dimensions. Nevertheless, duration also emerges as a significant feature, given
its characteristic variation among syllables in stress-timed languages like English (Grabe
and Low 2002). When considering FO alone to determine stress position, approximately
42% of words had expected stress placement (36% for B1 speakers, 44% for B2 speakers).
Alternatively, using intensity alone increased this percentage to 45% (39% for B1, 48% for
B2). However, relying solely on duration resulted in a decrease to 30% (for both B1 and B2
speakers).

Another limitation concerns the extraction of prosodic features. Our current approach
involves recording FO at syllable nuclei positions, but we did not consider its variation
within the vowel. Because stressed syllables typically show wide pitch movement, it would
be beneficial to explore additional measures such as minimum, maximum, mean, and
direction of FO variation within the vowel segment. Moreover, to enhance accuracy, it
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would be more appropriate to consider only the vowel duration rather than the entire
syllable. Consonant presence, especially lengthening of final fricatives, could affect the
syllable duration.

Regarding the precision of automated annotations, one of the authors manually evalu-
ated 28 random files and 100 target words. The results indicated a correct word recognition
rate of 92%, 95% accuracy in their temporal alignment, and satisfactory syllable nuclei
detection and alignment for 87% of the words. While evaluating whether prosodic shapes
aligned with actual stress perception, an 80% precision rate was achieved. However, the
subjective nature of this task suggests that multiple raters should assess prosodic shapes
to ensure robustness. It seems that WhisperX word alignment tends to trim the edges of
words, resulting in shortened initial and final syllables (or often missing the first syllable
nucleus, excluding the word from the analysis). To improve the precision of the stress
detection system, we plan to implement the Montreal Forced Aligner (McAuliffe et al.
2017), whose word boundaries more accurately encompass initial and final consonants.
Moreover, its phoneme-level alignment will enable to extract prosodic features within the
vowel segments, along with syllable nuclei detection to guarantee better results.

7. Conclusion

This paper introduced an automated pipeline to analyze pause positions, lexical stress
placement, and quality in spontaneous English speech, presenting a comprehensive com-
parison of results obtained from French Bl and B2 proficiency speakers. The pipeline
showed potential for enhancing stress placement estimation accuracy. Moreover, it suc-
cessfully measures pause quantities between clauses and within phrases, along with the
proportion of polysyllabic plain words with expected stress position. It also evaluates the
prosodic contrast degree between stressed and unstressed syllables across three prosodic
dimensions: FO, intensity, and duration.

The focus on pause positions and stress parameters stems from their theoretical impact
on the listener’s ease of comprehending the speaker. Our next research step involves
investigating the actual relationship between perceived effort to understand and the pres-
ence/absence of pauses at specific positions, the expected /unexpected placement of lexical
stress, and the high/low prosodic contrast between stressed and unstressed syllables. To
accomplish this, we plan to recruit approximately 50 native English listeners and use a
button-clicking signal to indicate instances where they perceive a particular effort in under-
standing the speaker while listening to selected recordings. These recordings will include
extreme speakers representing different parameters, and the pipeline will facilitate a precise
examination of the co-occurrence of targeted phenomena and perceived effort signals. Our
test protocol is inspired by de Kok (2013) and shares similarities with the approach used by
Nagle et al. (2019), although in our case, it will involve unidirectional and non-incremental
judgment.

If a noticeable correlation is observed between comprehensibility and pause and lexical
stress patterns, the processing pipeline will be modified to enable individual learners to
record themselves through a web application and receive immediate feedback about their
speech rhythm performance. This feedback will indicate which pause or stress patterns
might affect the ease or difficulty of understanding their speech.
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