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Automated assessment of L2 and
Comprehensibility



(Babbel) (Busuu) (Rosetta Stone) LingoChampELSA

...

For a wider review: 
Coulange (2023). Computer-aided pronunciation training in 2022: When pedagogy struggles to catch up. Proc. EPIP7

Apps offering automated pronunciation feedback
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https://hal.science/hal-04159763v1


ELSA
Speech Analyzer
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“Intelligibility”

“Comprehensibility”

Isaacs, T., Trofimovich, P., and Foote, J. A. (2018) Developing a user-oriented L2 comprehensibility scale for english-medium universities. Language Testing 35(2), 193–216.
Jenkins, J., Baker, W., & Dewey, M. (Eds.). (2017) The Routledge Handbook of English as a Lingua Franca (1st ed.). Routledge. 
Frost, D., O’Donnell, J. (2018) Evaluating the essentials, the place of prosody in oral production. In J. Volín (ed.). Pronunciation of EFL.
Council of Europe (2020) Common European framework of reference for languages. Strasbourg, France.
Walker, R., Low, E., & Setter, J. (2021) English pronunciation for a global world. Oxford: Oxford University Press

Native speaker
as a target

Be (easily) understood
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From nativelikeness to intelligibility



Isaacs, T., Trofimovich, P., and Foote, J. A. (2018) Developing a user-oriented L2 comprehensibility scale for english-medium universities. Language Testing 35(2), 193–216. 7

Isaacs et al (2018) 
Second Language English Comprehensibility Global and Analytic Scales, Version 1.0



● Hesitation markers position  (pauses, false starts, repetitions…)

● Lexical stress  (presence, position, quality)

● Speech rate  (not too fast, not too slow)

● Pitch variation  (make the speech sound lively and engaging)

● Phonemes quality  (depending on their functional load)

Parameters related to L2 English comprehensibility:

Isaacs, T., Trofimovich, P., and Foote, J. A. (2018) Developing a user-oriented L2 comprehensibility scale for english-medium universities. Language Testing 35(2), 193–216.
Jenkins, J., Baker, W., & Dewey, M. (Eds.). (2017) The Routledge Handbook of English as a Lingua Franca (1st ed.). Routledge. 
Frost, D., O’Donnell, J. (2018) Evaluating the essentials, the place of prosody in oral production. In J. Volín (ed.). Pronunciation of EFL.
Council of Europe (2020) Common European framework of reference for languages. Strasbourg, France.
Walker, R., Low, E., & Setter, J. (2021) English pronunciation for a global world. Oxford: Oxford University Press
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From nativelikeness to intelligibility



● Hesitation markers position  (pauses, false starts, repetitions…)

● Lexical stress  (presence, position, quality)

Université Grenoble Alpes (France) - 3rd year

Doshisha University (Japan)                            

Semi-automatic diagnosis of spontaneous English as a foreign language: 
the role of rhythm in speaker comprehensibility

Parameters related to L2 English comprehensibility:

From nativelikeness to intelligibility
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Enlgish L1 vs. L2: Pause patterns

● Pauses allows to regulate speech flow and structure the discourse (Dodane & Hirsch 2018)

● Pause = silent or filled interruption of speech (hums, false starts, repetitions)

● Various duration thresholds from 100ms (Trouvain 2004) to 400ms (Tavakoli 2011) 

● More pauses in L2 (Fauth & Trouvain 2018)
● More pauses at lower proficiency (Fauth & Trouvain 2018)

● Most pauses arise at expected positions (Candea 2000)

● Pauses at inadequate junctures →Low comprehensibility (Isaacs et al. 2017)

● Pauses at strategic junctures →High comprehensibility (Isaacs et al. 2017)

Candea, M. (2000). Contribution à l’étude des pauses silencieuses et des phénomènes dits «d’hésitation» en français oral spontané. Ph. D. thesis, Paris 3.
Dodane, C. & Hirsch, F. (2018). L’organisation spatiale et temporelle de la pause en parole et en discours. Langages, 211, 5-12.
Fauth, C., & Trouvain, J. (2018). Détails phonétiques dans la réalisation des pauses en Français : étude de parole lue en langue maternelle vs en langue étrangère. Langages, 
N°211(3), 81–95.
Isaacs, T., Trofimovich, P., Foote, J. (2018). Developing a user-oriented second language comprehensibility scale for english-medium universities. Language Testing 35(2), 193–216.
Tavakoli, P. (2010). Pausing patterns: differences between L2 learners and native speakers. ELT Journal 65(1), 71–79.
Trouvain, J. (2004). Tempo Variation in Speech Production: Implications for Speech Synthesis. Ph. D. thesis, Saarland University.
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Enlgish L1 vs. L2: Pause patterns

Rarest (left) and most frequent (right) pause contexts 
in L1 spontaneaous English (Tauberer 2008:407)

L1:  (Switchboard corpus, Tauberer 2008)

● Pauses unexpected between S*VP, Prep*Det, Prep*NP, S*
● Pauses expected next to hesitations, conjunctions, before subjects

Successful public speakers: (Cao & Chen 2019)

● Most pauses between main and subordinate clauses

Pause position in successful public speakers’ speech 
(Cao & Chen 2019:2050)

Disclaimer:
● Pause often used for emphasize (Cao & Chen 2019)
● Pause use is highly linked to phonostyles 
● Pause often used for dialogue management
● One pause might have several purposes/causes
● Acoustic pauses ≠ Perceived pauses (Dodane & Hirsch 2018)

Cao, Y., Chen, H. (2019). World englishes and prosody: Evidence from the successful public speakers. APSIPA ASC, 2048–2052.
Dodane, C. & Hirsch, F. (2018). L’organisation spatiale et temporelle de la pause en parole et en discours. Langages, 211, 5-12.
Tauberer, J. (2008). Predicting intrasentential pauses: is syntactic structure useful? In Speech Prosody 2008, pp. 405–408. 11



Word-level stress

Lexical stress Fixed stress

PERson   perSONify

PHOtograph   phoTOgrapher   photoGRAphic

adMIRE   admiRAtion

Cutler, A., & Jesse, A. (2021) “Word stress in speech perception.” John Wiley & Sons, Ltd.
Tortel, A. (2021) “Le rythme en anglais oral : considérations théoriques et illustrations sur corpus.” Recherche et pratiques pédagogiques en langues - Cahiers de l’APLIUT.

English, German, Spanish… Finnish, Macedonian, Turkish, French…

perSONNE   personniFIER

photograPHIE  photoGRAPHE  photograPHIQUE

admiRER   admiraTION

Ooo                oOoo                   ooO           ooO

Oo                       oOoo

Ooo                                 oOoo                                 ooOo

oO                       ooOo

oO                       oooO

oooO                                 ooO                                    oooO

ooO                        oooO

Enlgish L1 vs. L2: Lexical stress
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Cutler, A., & Jesse, A. (2021) “Word stress in speech perception.” John Wiley & Sons, Ltd.
Cutler, A. (2015) “Lexical stress in english pronunciation.” In The handbook of english pronunciation. (pp. 106–124). Hoboken, NJ:John Wiley & Sons, Inc.

Roles of lexical stress

● Word segmentation

● Grammatical disambiguation

● (Word disambiguation)

         Plain words → stressed
Functional words → unstressed

it was COLD, and the LIttle FISH TWISted and TUMbled in the WAter; 
the BIRDS were ALL QUIet, and the PROUD LIons ROAred.

PERson vs. perSOnify

Lexical stress

PERson   perSONify

PHOtograph   phoTOgrapher   photoGRAphic

adMIRE   admiRAtion

English, German, Spanish…

Oo                       oOoo

Ooo                                 oOoo                                 ooOo

oO                       ooOo

Enlgish L1 vs. L2: Lexical stress

DEsert vs. deSSERT
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Tortel, A., & Hirst, D. (2010) “Rhythm metrics and the production of English L1/L2.” Speech Prosody 2010, Paper 959.
Dupoux, E., Pallier, C., Sebastian, N., & Mehler, J. (1997) “A Destressing Deafness in French?”. Journal of Memory and Language, 36: 3, 406-421.
Tortel, A. (2021) “Le rythme en anglais oral : considérations théoriques et illustrations sur corpus.” Recherche et pratiques pédagogiques en langues - Cahiers de l’APLIUT.

in   for   MA  tion

ˌɪn      fə   ˈmeɪ    ʃn

Expected pronunciation:

ɪn     fɔʁ   meɪ   ˈʃən

Observed pronunciation:

in   for  ma TION

● Stress shift to the final syllable

● No vowel reduction

● Stress deafness

Case of French speakers of English
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Enlgish L1 vs. L2: Lexical stress



Pauses and Lexical Stress
Processing Pipeline

(PLSPP)
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*The full pipeline is available here: https://gricad-gitlab.univ-grenoble-alpes.fr/lidilem/plspp 　

De Jong, N. H., Pacilly, J., Heeren, W. (2021) “Praat scripts to measure speed fluency and breakdown fluency in speech automatically.” Assessment in Education: Principles, Policy & Practice, 28, 456-476.

Pipeline*

● Speech detection and neural 
speaker diarization (Pyannote)

● ASR & Forced Alignment (WhisperX)

● Morphosyntactic analysis (SpaCy)

● Localisation of pauses with POS context 
and constituency analysis (Benepar)

● Syllable nuclei detection (De Jong et al., 2021)

● Syllabic parameter extraction 
(intonation, intensity, duration ; speaker normalization)

● Comparison of prosodic shape of nouns, 
verbs, adjectives with a reference dictionary

Pauses and Lexical Stress Processing Pipeline (PLSPP)
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https://gricad-gitlab.univ-grenoble-alpes.fr/lidilem/plspp
https://github.com/pyannote/pyannote-audio
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File: jan2023-301_019-086_SPEAKER_01_7
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http://i3l.univ-grenoble-alpes.fr/~coulangs/languages2023/SpeakerB__jan2023-301_019-086_SPEAKER_01_7.ogg


File: jan2023-301_019-086_SPEAKER_01_7
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Preliminary studies

● Spont. speech by French univ. students (Coulange, Kato, Masperi, Rossato)

● Recitations by Japanese primary school students (KimuraDoshisha)
● Read speech by Korean and Japanese univ. students (SugaharaDoshisha)
● Read speech by French univ. students (FrostGrenoble)
● Spont. speech by Japanese univ. students (KonishiWaseda)



CLES official website: https://www.certification-cles.fr/english/
Raw data is available for research: coordination-nationale@certification-cles.fr 
See Coulange, S., Fries, M.-H., Masperi, M., Rossato, R. (submitted). A corpus of spontaneous L2 English speech for real-situation speaking assessment. Proceedings of the 2024 
Joint International Conference on Computational Linguistics, Language Resources and Evaluation (LREC-COLING 2024), 20-25 May, Torino, Italy.

Current PhD experiment

Hypothesis:

● Pauses:
● More random pauses with B1
● More structurant pauses with B2

● Stress:
● Stress position accuracy B2>B1
● Stress shift to last syllable
● Stress mainly by duration change

● F0 and intensity used mainly 
by high proficiency speakers

Corpus:
✔ L2 English spontaneous speech from 

176 French learners recorded during 
CLES certification speaking session.

✔ Situation: 2 or 3 candidates discussing 
a polemical topic (role play) during 
10min.

➢ Total 11 hours of continuous speech
(per speaker: mean 3’44’’, min 32’’, max 6’51)

➢ Speaking B1 level: 34%, B2 level: 66%

➢ Speech duration: B1≈B2, Nb tokens: B1<B2, 
Nb pauses: B1<B2, Silence proportion: B1≈B2
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https://www.certification-cles.fr/english/
mailto:coordination-nationale@certification-cles.fr


176 B1/B2 French native speakers, 6 350 target words, 21 831 pauses

28



Where do students pause?
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Focus on:
● Inter-clause pauses
● Intra-phrase pauses

30



Where do students pause?

Absolute number of inter-clause and intra-phrase pauses per speaker
Proportion of inter-clause and intra-phrase 

pauses per speaker (nb pauses / nb tokens)

Results from the structural analysis:
 Great variation of number of intra-phrasal pauses, less with inter-clausal pauses;
 B2 speakers make less intra-phrasal pauses than B1 speakers;
 ...but difference between B1 and B2 is small;
 No correlation between intra-phrasal and inter-clausal pause proportions.
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Where do students pause?

Results from the lexical analysis:
 Pauses in same proportions for B1 and B2 for top15 most 

frequent POS contexts;
 B2 speakers make generally less pauses in these contexts.

Proportion of pause for the 15 most 
frequent part-of-speech contexts

Clustering output of pausing patterns in top 15 POS contexts
(speakers in column, contexts in rows, with mean value of each block)

Grouping speakers according to pausing patterns:
 Ultimate segmentation is 3x3 groups;
 B1 and B2 speakers are mixed together in each group;
 Clusters 1 and 2 differenciate by overall frequency of 

pauses, Cluster 0 contains speakers with extreme 
values (too few occurrences).

Absolute number of inter-clause (left) and intra-phrase (right) pauses per speaker32



Where do students pause?

Discussion:

● Limited contrast between B1 and B2 speakers;

● Instead, large inter-speaker diversity in pausing pattern, especially within phrases;

● Need for investigating intra-speaker variability;

● Need for investigating the relationship between pause position and comprehensibility.
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Stress position

Expected pattern 　 →

Observed patterns
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Stress position

Expected pattern 　 →

Observed patterns
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Stress position

Expected pattern 　 →

Observed patterns
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B1 speakers
spk=59
words=1873

B2 speakers
spk=117
words=4551

Stress position
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Rank test B2>B1
p<0.0001

Stress position accuracy per speaker

➢ Mean stress position accuracy: 
35.4  ％😮

➢ Stress accuracy per speaker: 
0   ％〜 68.4％

➢ Stress accuracy per CEFR level:
B1＝ 29.6 　％ B2＝ 36  ％（＋ 6.4, p<.0001）✅
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全ての話者（ 176人）

Stress quality: dimension
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Speaker jan2020-001_020-022_SPEAKER_00
● 42 target words
● Stress position accuracy: 19%
● Mean prosodic contrast: -9 points

Stress quality: dimension
Expected Ooo
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Stress quality: contrast

42

SpeakerA SpeakerB

http://i3l.univ-grenoble-alpes.fr/~coulangs/languages2023/SpeakerA__dec2022-004_013-020_SPEAKER_01_5.ogg
http://i3l.univ-grenoble-alpes.fr/~coulangs/languages2023/SpeakerB__jan2023-301_019-086_SPEAKER_01_7.ogg
http://i3l.univ-grenoble-alpes.fr/~coulangs/languages2023/SpeakerA__dec2022-004_013-020_SPEAKER_01_5.ogg
http://i3l.univ-grenoble-alpes.fr/~coulangs/languages2023/SpeakerB__jan2023-301_019-086_SPEAKER_01_7.ogg


Stress quality: contrast
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65% 58% 60% 21% 16% 19%
Stress position accuracy:

Stress quality: contrast
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Discussion



Wrap up

● Creation of the Pauses and Lexical Stress Processing Pipeline 

● Analysis of B1 and B2 speaking level French-L1 university students
11 hours of speech 　 6350 target words 　 21 831 pauses

➢ Lexical stress position:
○ Mean stress position accuracy: 35.4  ％😮
○ Stress accuracy per speaker: 0   ％〜 68.4％
○ Stress accuracy per CEFR level: 

B1＝ 29.6 　％ B2＝ 36  ％（＋ 6.4, p<.0001）✅
○ Frequent stress shift to the last syllable ✅

➢ Lexical stress quality:
○ Low accuracy speakers: lengthening of the last 

syllable  ✅
tendency to make it higher 
No change in intensity ✅

○ High accuracy speakers: the expected syllable is 
higher in F0 and intensity
No change in duration 

➢ Pause position:
○ Great variation of number of intra-phrasal pauses, less with inter-clausal pauses 
○ B2 speakers make less intra-phrasal pauses than B1 speakers ✅
○ Difference between B1 and B2 is small 
○ High intra-speaker variability 
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Next step

● High number of intra-phrase pauses
● Low number of inter-clause pauses
● Low lexical stress position accuracy
● Low stress contrast

Comprehensibility
？

Click when you make an effort
to understand what the speaker says

Incremental judgment (yuck response)

I’m struggling

de Kok, I.A. (2013). Listening Heads. Ph. D. thesis, University of Twente.
Nagle, C., Trofimovich, P., Bergeron, A. (2019). Toward a dynamic view of second language comprehensibility. Studies in Second Language Acquisition 41(4), 647–672. 47



de Kok, I.A. (2013). Listening Heads. Ph. D. thesis, University of Twente.
Nagle, C., Trofimovich, P., Bergeron, A. (2019). Toward a dynamic view of second language comprehensibility. Studies in Second Language Acquisition 41(4), 647–672.
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Next step

● High number of intra-phrase pauses
● Low number of inter-clause pauses
● Low lexical stress position accuracy
● Low stress contrast

Comprehensibility
？
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Ongoing studies using PLSPP
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Stress awareness vs. 
stress production: 
Comparison of 
primary stress 
assignment to English 
words between 
Japanese and Korean 
university students

M. Sugahara
(Doshisha Univ.)

54 speakers
Read speech (carrier 
phrases)

Prosody, intelligibility 
and communication: 
pronunciation 
assessment before 
and after a training 
session

D. Frost 
(U. Grenoble Alpes)

280 speakers 
(corpus PIC)
Read speech (text)

A corpus of 
spontaneous L2 
English speech by 
Japanese university 
students

T. Konishi
(Waseda Univ.)

Similar conditions with 
the CLES corpus

Lexical stress 
realization
in recited speech by
Japanese-L1 
elementary
school students

T. Kimura 
(Doshisha Univ.)

8 speakers
Recited speech (text)
10 English native 
raters



Thank you!

Sylvain COULANGE
sylvain.coulange@univ-grenoble-alpes.fr 

Link to the pipeline: https://gricad-gitlab.univ-grenoble-alpes.fr/lidilem/plspp
To get the public part of the corpus: coordination-nationale@certification-cles.fr 

mailto:sylvain.coulange@univ-grenoble-alpes.fr
https://gricad-gitlab.univ-grenoble-alpes.fr/lidilem/plspp
mailto:coordination-nationale@certification-cles.fr


Word-recognition Word-alignment Syllable-detection Prosodic-shape

First step of PLSPP evaluation

28 random files
100 target words, manual verification

Currently ongoing: manual transcription of random files by Master students



Implementation of MFA

● Better word-level alignment

● Acoustic parameter extraction on the vowel interval 
instead of syllable nuclei

● Consider F0 variation within the vowel

● F0 interpolation for devoiced vowels

● No more influence from final consonant lengthening

Whisper
+

Montreal Forced Aligner
+

Parameter extraction on
vowel intervals

Linear interpolation if no 
F0 value at syllable point



改善したパイプラインにおける韻律特徴量抽出



改善したパイプラインにおけるワードアライメント
Better consideration of initial phoneme

Final consonant included until it ends

Good alignment vowel-to-syllable nucleus in general

General alignment needs to be improved 
(especially with spontaneous speech)

Stress analysis even if inadequate nb of syllable nuclei

Extra nuclei might be present (hesitation, epenthesis, 
bad recognition…)
→possibility to filter in order to keep only words with adequate nb of 
syllable nuclei



Word alignment precision

Number of target words with totally wrong alignment,
among the first 200 plain target words in the visualization interface:

plspp : 7 target words

plspp_mfa : 42 target words

4%

97%

21%

79%

4%

97%

100%

Corpus PIC (Frost, D.)
(280 speakers Read speech 
~1min20s/spk)

Plspp: 0 words

plspp_mfa: 7 words



話者正規化
Speaker: jan2020-001_020-022_SPEAKER_00

正規化
一人の話者の全ての音節の基本周波数の分布

※  インテンシティも継続時間も
 同様に正規化を行う



話者正規化
Speaker: jan2020-001_020-022_SPEAKER_00

正規化

87.7Hz

91.9Hz

82.0Hz

centile 30

centile 58

centile 11

一人の話者の全ての音節の基本周波数の分布

※  インテンシティも継続時間も
 同様に正規化を行う



話者正規化
Speaker: jan2020-001_020-022_SPEAKER_00

87.7Hz

91.9Hz

82.0Hz

正規化

centile 30

centile 58

centile 11

Speaker: dec2022-204_083-088_SPEAKER_01

~125Hz

~133Hz

~119Hz



話者正規化 正規化
抽出エラー



Task 
description…

Requirements

start

Brief questionnaire

I’m struggling

Click when you make an effort
to understand what the speaker says

Global rating

Thank you!

I’m struggling

Audio 1 / 4 Playing cursor

Struggling marks

Click when you make an effort to understand what the speaker is 
saying



Task 
description…

Requirements

start

Brief questionnaire

I’m struggling

Click when you make an effort
to understand what the speaker says

Global rating

Thank you!

Contact info...

Audio 1 / 4

Very poor 
pronunciatio

n

Very good 
pronunciatio

n

Tell us about your global impressions:

Overall pronunciation 
accuracy

Very hard 
to 

understand

Very easy to 
understand

The speaker was...

Very 
poor 

fluency

Very fluent

Overall fluency

next

Optional: what did disturb you most in the student 
speech?



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
0

5

10

time (s)

n
b

 o
f c

lic
ks

Expected output (all raters together):

stres
spauses

Pipeline output:

● Nb words with inapopriate stress pattern
● Prosodic contrast stressed vs. unstressed syllables
● Nb of pauses, nb of intra-phrase pauses

...Then compare 
normal vs red zones
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