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Phonotactic knowledge
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Infants show sensitivity to phonotactic patterns of their native language as
early as 5 months of age!'!, long before they produce their first words.

[1] Sundara & Briess, 2026



Testing phonotactic knowledge in infants

Head turn preference procedures

5-month-olds successfully
distinguish high- vs. low-probability nonwords
across varying levels of phonotactic contrast

« Strong unigram contrast
 Weak unigram contrast
 Both unigram and bigram contrast

Image from
Brooks & Kempe (2012)

[1] Sundara & Breiss, 2026



How do infants acquire phonotactic knowledge? 3

Infants learn phonotactics from: Mommy 8
M ; l eat
ommyedatisana e
y pp apple &
—
Pre-lexical Protolexical Strong lexical
hypothesis[?-4] hypothesis!>-7] hypothesis[&-]
unsegmented word-Llike units extracted via lexical words that
utterances statistical learning, without have been associated
association with referents with referents

[2] Adriaans & Kager, 2010; [3] Brent & Cartwright, 1996; [4] Daland & Pierrehumbert, 2011; [5] Jusczyk et al., 1999; [6] Ngon et al., 2011; [/] Kim & Sundara,
2021; [8] Walley, 1993; [9] Metsala & Walley, 1998



How do infants acquire phonotactic knowledge? 3

Infants learn phonotactics from:
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unsegmented word-like units extracted via lexical words that
utterances statistical learning, without have been associated

association with referents with referents
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[2] Adriaans & Kager, 2010; [3] Brent & Cartwright, 1996; [4] Daland & Pierrehumbert, 2011; [5] Jusczyk et al., 1999; [6] Ngon et al., 2011; [/] Kim & Sundara,
2021; [8] Walley, 1993; [9] Metsala & Walley, 1998; [10] Sundara et al., submitted
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Benchmarking computational models against infant phonotactic learning 3

did not take the roles of stress and prosody into
account, which infants may use to divide speech
Input into chunks to form a proto-lexicon

Protolexical
hypothesis!>-’]

word-like units extracted via
statistical learning, without
association with referents

Some
proposals

[2] Adriaans & Kager, 2010; [3] Brent & Cartwright, 1996; [4] Daland & Pierrehumbert, 2011; [5] Jusczyk et al., 1999; [6] Ngon et al., 2011; [/] Kim & Sundara,
2021; [8] Walley, 1993; [9] Metsala & Walley, 1998; [10] Sundara et al., submitted



Infants use stress and prosody for speech segmentation 4

Infants rely on rhythmic and prosodic information to segment speech into
linguistically significant units to support language acquisition (cf. Metrical
Segmentation Strategy!'], Prosodic Bootstrapping Hypothesis!!?])

Around 6-8 m/o, infants could segment speech based on:

» strong-weak stress pattern in English!!?]

e acoustic correlates of prosodic boundaries (e.g., pitch, silent pause, pre-
boundary lengthening) [14-16l

[11] Cutler & McQueen, 1995; [12] Nazzi & Ramus, 2003; [13] Jusczyk et al., 1999; [14] Seidl, 2007; [15] Johnson & Seidl, 2008; [16] Wellmann et al., 2012;



Modeling prosody in speech segmentation 5

Computational models incorporating prosodic information from infant-directed
speech did not uniformly improve accuracy in identifying word boundaries 171,

-> Infants may be sensitive to prosodic boundaries, but do not necessarily
Incorporate them into their segmentation strategies.

 Benchmark against gold-standard word segmentation from adult knowledge

* Focus on word segmentation per se rather than functional support for language
acquisition

* Do not consider lexical stress

[17] Ludusan et al., 2022



Research question

To what extent does a proto-lexicon built

upon stress and prosody segmentation

support phonotactic learning in 5-month-
@ old infants?

g / * |nvestigate the facilitatory roles of
s prosodic units in language acquisition
(e.g., phonotactic learning)

* Benchmark the models against infant
behavior



Method 7

lvag
infant-directed :
speech tvag
Benchmark:
.. : high- vs. low-
0 A 2vag probability nonword
v : .
stimuli in [1
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eee List 1: Strong unigram contrast
stress and prosody List 2: Weak unigram contrast
segmentations ‘ List 3: Both unigram and
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[1] Sundara & Breiss, 2026; [10] Sundara et al, submitted



Infant-directed speech with various segmentations

» 5801 utterances from the Providence corpus!!®l

Baselines

e.g., Those are three walruses

Gold-standard

e.g., Thosearethreewalruses

Unsegmented

[18] Demuth et al. (2006)



Infant-directed speech with various segmentations

» 5801 utterances from the Providence corpus!!®l

e.g., Thoseare three walruses

Stress

VTR Tl g VL SAR0Z

[18] Demuth et al. (2006)



Infant-directed speech with various segmentations

» 5801 utterances from the Providence corpus!!®l

Automatic detection of prosodic breaksl[9-20]::

e.g., Thosearethreewalruses

e.g., Thoseare threewalruses
S rq . -~ , y RA
e.g., Thoseare threewalruses \ DHOWI1 Z ERO THRIYI W AAI L 0

[18] Demuth et al. (2006); [19] Ludusan et al., 2022; [20] Ludusan & Dupoux, 2014




Infant-directed speech with various segmentations 10

» 5801 utterances from the Providence corpus!!®l

Automatic detection of prosodic breaksl[9-20]::

e.g., Thosearethreewalruses

Silence gap
e.g., Thoseare threewalruses EI > 100ms
e.g., Thoseare threewalruses DH OW1 Z THRIYI WAAIL S AHO Z

[17] Ludusan et al., 2022; [18] Ludusan & Dupoux, 2014



Infant-directed speech with various segmentations 10

» 5801 utterances from the Providence corpus!!®l

Automatic detection of prosodic breaksl[9-20]::

Pitch reset

e.g., Thosearethreewalruses _
8- I fo difference I
O © o O
S © e
Silence gap
e.g., Thoseare threewalruses > 100ms
e.g., Thoseare threewalruses DHOWI1Z JERO THRIYI W AAI L S AHO Z

—> Obtain scaled prosodic scores to determine boundaries based on S, P, or SP

[17] Ludusan et al., 2022; [18] Ludusan & Dupoux, 2014



Infant-directed speech with various segmentations

» 5801 utterances from the Providence corpus!!®l

Stress &
Prosody

e.g., Thoseare three walruses

Stress + S

e.g., Thoseare three walruses

Stress + P

e.g., Thoseare three walruses

Stress + SP

DHOWI1 Z ERO THRIYI WAAIL - /(} SAHO Z



Infant-directed speech with various segmentations 11

» 5801 utterances from the Providence corpus!!®l

Stress &
Prosody

Pitch reset

f0 difference I
)
Stress + S “ © e o e

e.g., Thoseare three walruses |

Silence gap
e.g., Thoseare three walruses -

Stress + P

Stress + SP i i 1 1




Modeling pipeline 12

Providence
corpus[S] Gold-standard Stress Stress + S
, , Unsegmented P Stress + P
infant-directed
speech SP Stress + SP
*Kach corpus was divided into five splits, each randomly sampling 80% of
unique utterance types to simulate input variation
I
v
UCI Phonotactic Calculatorlzl]: Bayesian nonword | predicted actual
positional unigram and bigram scores logistic regression , _
. . FUWTH high high
for lists of nonwords in SB2026!1] © ©
: : [Full] Label ~ scale(PosUnigramP) * G IY TH high
nonword pos i Score pos_bi_score scale(PosBigramP) + (1 | RandomSplitNum)
FUWTH 1.08822886 1.00088958 Z1YTH
G IY TH 1.09693078 1.00090016 [Null] Label ~ 1
7 1Y TH 1.06630209 1.00177915
brms with 5-fold cross validation to compare prediction accuracy

[21] Mayer et al. (2

025)



Accuracy

Results - baselines, stress-only, prosody-only, and stress+prosody segmentations
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Accuracy

Results - baselines, stress-only, prosody-only, and stress+prosody segmentations 13

Baselines

Credible interval
of the null model

List 1: strong unigram contrast

List 2: weak unigram contrast

List 3: both unigram and bigram contrast
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gold-standard unsegmented

gold-standard unsegmented

gold-standard unsegmented

gold-standard segmentation:
outperform the null model across all the lists

unsegmented utterances:
no better than the null model across all the lists



Accuracy

Results - baselines, stress-only, prosody-only, and stress+prosody segmentations
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Results - baselines, stress-only, prosody-only, and stress+prosody segmentations
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List 1: strong unigram contrast

List 2: weak unigram contrast

List 3: both unigram and bigram contrast

1.00

0.75

0.50

0.25

0.00

stress
+SP

stress
+P

stress
+9S

stress
+SP

stress
+P

stress
+9S

stress
+ SP

stress
+ P

stress
+9S




Results - baselines, stress-only, prosody-only, and stress+prosody segmentations
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Results —stress-only and stress+prosody segmentations
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Results —stress-only and stress+prosody segmentations
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Conclusion 15

5-month-olds rely primarily on English’'s common strong-weak stress pattern
to segment speech into units that support phonotactic learning.

* Stress bootstraps learning of phonological sequencing restriction for
robust contrasts between high- vs. low-probability nonwords such as
strong unigram contrast (List 1) and both unigram and bigram contrast
(List 3).

* Silence gaps, but not pitch resets, within utterances may provide modest
support for phonotactic learning on top of stress.



Conclusion 16

A proto-lexicon built upon prosodic units, particularly stress-segmented
chunks, is sufficient to support phonotactic learning to some extent.

While stress-driven segmentationl!-13] may “start the engine” for infants to
find more robust contrasts, iterative refinement of this “stress-based proto-

lexicon” may be needed for them to distinguish subtler contrasts (e.g., weak
unigram contrast in List 2).

[11] Cutler & McQueen, 1995; [13] Jusczyk et al., 1999



Future direction

Evaluate the role of prosodic boundaries in phonotactic learning using
human-annotated break indices!'” 22,

Incorporate stress and prosody into a maximum entropy model (e.g.,JPSD
algorithm!?3)) to define a joint probability distribution over all possible
segmentations along with segmental information.

[17] Ludusan et al., 2022; [22] Beckman, M., & Hirschberg,J. (1994); [23] Johnson et al. (2015)

17
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