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Fluency development with a dialogue system

e Project: Effectiveness of dialogue systems/dialogue-based CALL

o with Louis Escouflaire, Thomas Francois, Piet Desmet

e Theoretical challenge:

o Developing fluency with written practice with dialogue system.

o Methodological challenge:

o Precise measurement of fluency, to detect short-term gains.




Background

Utterance fluency and fluency development
Dialogue systems

Data & Methods

Dialogue-based CALL game
Speech test and semi-automatized analysis

Results & Discussion

Metrics of fluency < Proficiency
Longitudinal fluency development



Background

Utterance fluency and fluency development
Dialogue systems / Dialogue-based CALL

Data & Methods

Dialogue-based CALL game
Speech test and semi-automatized analysis

Results & Discussion

Metrics of fluency < Proficiency
Longitudinal fluency development



L2 fluency

e Cognitive fluency
e Perceived fluency

e Utterance fluency

Photos by Halacious, Erika Fletcher & Swapnll Dwivedi on Unsplash



L2 fluency

. Cosmitive
o Percetvedfluency
e Utterance fluency (performance)
o Speed fluency
o Breakdown fluency

o Repair fluency

Photos by Halacious, Erika Fletcher & Swapnll Dwivedi on Unsplash



Utterance fluency & L2 proficiency

e |Interested inrelation to L2 proficiency for
o Predicting speaking proficiency
o Fast (initial) rating of learner/user

o Detecting short-term development
= = gutonomous language learning apps
o Evaluating effects of spontaneous/interactive output on fluency

= & ouptut hypothesis/interactionist perspective



Fluency metrics to predict proficiency

. Speed fluency Length/Time

o / good differentiator between fluent/non-fluent

o Speechrate vV
o Articulation rate: V/

o Syllable duration: /




. Speed/Breakdown fluency = Runs Length/Pauses

o Length of runs (= Syllable run):
[# syllables / # silent pauses]

o Duration of runs (= Phon. run):
[phonation time / # silent pauses]

. Breakdown fluency Pauses/Time

o Duration of silent pauses: X
[total silent pausing time / # silent pauses]

o Filled pauses rate: X
[# filled pauses / total time]

o Also: Pause location: Mid-/Final-clause pause ratio
(discarted temporarily here for technical reasons)



« Repair fluency

o False starts, corrections and repetitions

o X not good proficiency differentiator, nor predicitve of comm.
adequacy or perceived fluency

e Many other metrics...




Fluency development

e Most studies on fluency gains: study abroad context

o Long-term: 3-24 months

o “Short-term” = 5 weeks
o |nstructed: 3-4 months

o = Possible to measure shorter-term gains with precise metrics?

e Fluency development < spoken interactions
o Consensus: lack of speaking practice in classroom

o = Can technology help?
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Dialogue-based CALL

e Chatbots, dialogue systems, conversational agents, talking robots, smart speakers...

e Large potential: meaningful spontaneous practice (spoken/Written)

e Low-anxiety, fully controllable environment
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Dialogue-based CALL — Fluency?

e We know very little...

o d = 0.39 in meta-analysis, but not significant

= vs.d = (.58 overall effect
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Research design
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Research design

Pretest Short Pedag. Posttest
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Correlation— Metrics selection
' Proficiency prediction

[ Vocabulary Size Test ]

Developmental sensitivity




Background

Utterance fluency and fluency development
Dialogue systems / Dialogue-based CALL

Data & Methods

Dialogue-based CALL game
Speech test and semi-automatized analysis

Results & Discussion

Metrics of fluency < Proficiency
Longitudinal fluency development



Intervention: Dialogue-based CALL game

e |nteractive practice with a dialogue system

o integrated into a video game

o sponteanous written interaction (chat) + multimodal input

o guided by microtask prompts

at to know the snails family

He: Bien le bonjour! Comment t'appefles-tu?
You: bonjour, je m'appelle Rinc

He: Enchanté de faire ta connaissance, Rinc! Rine. Rinc. Rine. Ne t'en fais pas, je ne suls pas
fou. Cest juste que je répéte ton nom pour e pas ['oublier.

You: tu B?
He does not seem to have heard you...

You: Tut' comment?

He: Moi, c'est Vincent. Eife, la-bas, c'est Angéligue. (a, c'est Delphine. Puis on # Georges
dans le coin. Et evidemment, on ne peut pas oublier les triplées : Lisette, Claudette et

2 - 4 -~ I E P P ’ .
Friendship W0i Acguaintance Yvette. Oh! Et puis fe petit li-bas, ¢’'est Louis.

Score: 423 @

== Current task (2/30) Type or say your answer:

Send your
e _ : mp!{y
@ Hepme | @ Es

conversation
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Participants

e N =164
(initially N = 228 but incomplete/problematic data)

4 schools, 11 classes

12-13y.0. (2" grade BE/8th grade US/Year 9 UK)
e L1: Dutch
e L2:French ~Al1+—A2

(but some outliers: up to B2 + heritage speakers)

Photo by Taylor Wilcox on Unsplash
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Computer-delivered speech test

o Autonomous simultaneous speaking test

o Individual, in-class & simultaneous,

o with headset, in front of indiv. computer
e 24 questions

o from basic (“How are you?’) to questions targeting
specific communicative functions (“Can you describe
your French teacher?’)

e Oral question + written transcription
o then automatically starts recording

o 30 sec limit or “Next question” button



Tier |Spectrum‘ Piteh [ Intensity [F ooooo t ‘ Pulses ‘

Automated speech analysis

e Data: >10 000 audio files ([I¥], 2-30”)
o N=228 * 24 questions * pre+post

Transcription: automated speech recognition (Google Cloud
Speech-to-text)

o Manual revision of transcriptions

e Manual annotation of filled pauses, L1/LF use, disfluencies...

e Automated detection of silent pauses & phonation time:

o Praat Syllable Nuclei detection script 10 11 1213 14

Automated computation of # syllables from transcript | -

o with different pruning alternatives .




VS1_6

Dans une démocratie, c'est le p

Validation of fluency metrics

e |Internal consistency
e Comparison of metrics for proficiency (per-participant correlation) vs1_7

. Le général |_ _ _ (oordelen) gu'il n'est pas néc
o Vocabulary Size

= quick but reliable estimate of L2 proficiency

VS1_8

o Vocabulary Size Test

Il a été condamné a une p____ (straf) de pri
= productive (gap-filling, with 1st letter + L1 translation given)
m even better correlation with speaking proficiency
vs1_s
= standardized & validated B

= 30 words, 1K frequency band (A1)
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Automated estimators vs. Manual annotation

2
Raw metrics SUAE RMSE k e
(accur.) (consist.)  (int.cons.)
Nb of syllables (auto count, manual trscpt) “truth” .92 373
> Google ASR transcript (auto count) 1.23 2.93 874 91 370

L Syllable Nuclei Praat script 4.25 | 7.60 | .585 .88 154




Pruning

Number of syllables Variant / Pruning

Unpruned (manual transcript) 134 544 | 92 |.373| .579
‘Meant’: - disfluencies (f.pauses, repet., self-corr., meta) | 12.2 | 5.10 | .92 |.443 | .597
‘Meant’, L2-only: - L1/lingua franca words 1211507 | .93 |.459| .603
‘Meant’, L2-only, - proper nouns 120|502 | .93 |.473| .609

e = Pruningimproves the meaningfulness of length-based metrics

e = ‘Harsher’ pruning increases predictive power
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Best predictors of L2 proficiency

e Speechrate? Articulation rate?

Length of runs? Duration of runs?
e Duration of silent pauses? Silent pauses rate?

e Speech-time ratio?



Length of runs is the best predictor of proficiency
r=0.628, N = 164
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Length of runs (pruned number of syllables / silent pauses)



Best predictors of L2 proficiency

e Length of runs (syll. runs), pruned* .628

e Speech rate, pruned .609
e Articulation rate, pruned 524
e Syllable duration™L, pruned 473
e Number of syllables, pruned 473
e Number of words, pruned 463
e Silent pausing rate1 428
e Duration of runs (phon. runs) 352
e Speech-time ratio 305
e Pause duration™! 197

Based on correlation with Vocabulary Size, Pearson’s r

* Pruning: removed disfluencies, repetitions, meta-discourse, L1/LF words, proper nouns
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Individual Score

Developmental Sensitivity of selected Fluency Metrics
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Speech Rate (pruned syllables/total time)
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Significant, Medium Effect on Speech Rate (partial task repetition effect)
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Conclusions

Possible to measure very short-term gains!

Automated metrics work.

Harsh pruning improves predictive power.

Best predictors of L2 proficiency:

o Length of Runs > Speech Rate > Artic. Rate

Best developmental sensitivity:

o Speech Rate > Artic. Rate > Syll. Duration™1 > Length of Runs

e Dialogue-based CALL: large potential, but needs a slightly
longer intervention



Questions, feedback &
suggestions welcome!

Serge Bibauw
[ sbibauw@uce.edu.ec]
[https://serge.bibauw.be]
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