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• Infants must extract the canonical 
form of a segment from a set of 
surface variants in their input, infant-
directed speech (IDS)

• Infants must also learn the rules that 
govern the variants, e.g. positional 
allophony, such as:

– intervocalic tapping: 
/bʌtɛɹ/ → [bʌɾɛɹ]

– syllable initial aspiration: 
/pɪt/ → [pʰɪt]

• Previous work largely focused on 
canonical IDS
o Comparing naturalistic IDS to 

adult-directed speech [1-5]

o Computationally modelling 
phonemically-transcribed IDS[6-7]

1) Phonetically transcribe a corpus 
of naturalistic IDS

2) Quantify the extent of phonetic 
variation in the corpus

3) Determine how much of this 
variation is explained by position-
sensitive allophonic rules

• Phonetically annotated ~7,000 
utterances from IDS recordings from 
the Providence Corpus[8]

o Utterances force-aligned[9] by 
orthographic transcript, 
boundaries hand-checked by 3 
phonetically-trained native 
speakers of English and phonetic 
realizations transcribed

o 31,245 coronal segments 
analyzed: /t, d, s, z, n/ (excluded: 
2,006)

o Inter-rater reliability: 74.13%

• Comparing distribution of phonetic 
variants to that of naturalistic ADS

• Phonetically annotating and 
analyzing the remaining consonants 
(and vowels) in English

• Infant perception experiment on 
sensitivity to canonical vs. variant 
forms

This work was supported by NSF BCS-
2028034 and the UCLA COR Grant awarded
to MS. We thank our RAs: AJ Yoo, Oliver
Huang, Irene Chou, Dianely Mendoza, Dylan
Ross, Sam O’Brien, Theo Chen, and Thu
Phan.

[1] Ferguson (1964). American anthropologist, 66(6-2), 103–
114. [2] Bernstein Ratner & Luberoff (1984). Cues to post-
vocalic voicing in mother-child speech. [3] Burnham,
Kitamura & Vollmer-Conna (2002). Science, 296(5572),
1435-1435. [4] Lahey, & Ernestus (2014). Language
Learning and Development, 10(4), 308-327. [5] Buckler,
Goy, & Johnson (2018). Journal of Phonetics, 66, 45–62. [6]
Phillips & Pearl (2015). Cognitive science, 39(8), 1824-1854.
[7] Feldman, Griffiths, Goldwater & Morgan (2013).
Psychological review, 120(4), 751–778. [8] Demuth,
Culbertson, & Alter (2006). [9] Rosenfelder, Fruehwald,
Evanini, Seyfarth Gorman, Prichard & Yuan (2014). FAVE
(forced alignment and vowel extraction) program suite v1.2.2
10.5281/zenodo.22281. [10] Ladefoged & Johnson (2014) A
Course in Phonetics.

CONCLUSIONS
• We generated one of the first 

phonetically transcribed naturalistic 
IDS corpora and quantified the 
frequency of phonetic variants in 
coronal segments

• We found that:
1) the canonical form is the most 

frequent form for each segment 
2) morphologically-conditioned t 

and d are overwhelmingly 
canonical 

3) variant forms are not 
predictable solely from basic 
positional allophony rules

Figure 4: Expected vs. realized variants for /t/ (left) and /d/ (right). Expected allophones are generated 
based on Ladefoged & Johnson (2014). 

Word-final -t and -d are largely non-canonical

Morphemic word-final -t and -d are more canonical

Variants are often not rule-governed

• Word-final /t/ is most likely to be a glottal stop, whereas 
word-final /d/ is most likely to be deleted

Figure 2: Phonetic variation in word-final /t/ and /d/

Figure 1: Phonetic variants for /t/, /d/, and /s/
Figure 3: Phonetic variation in word-final /t/ and /d/ as a function of morphology

Canonical forms are most frequent for all segments

• If phonetic variation is as  
expected based on 
positional allophony 
(Ladefoged & Johnson 
2014), dark cells should 
only occur on the diagonal

• Instead, unexpected 
variants are common in IDS
o Occasionally equally 

frequent as expected 
variant (unaspirated and 
aspirated /t/) 

• Regular past tense -t and -d overwhelmingly canonical

t d


