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Research question

Given a list of words (no meaning, no paradigms),
how can a learner determine:
** which surface segments are allophones of the
same phoneme
% the phonological grammar for allophony

We offer a computational system for phonemicization
e inspired by earlier work: Peperkamp et al. (2006),
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The model in more detail

Input: list of words in narrow transcription

v

Step 1: Form the sketch phonotactics

= output of UCLA Phonotactic Learner (Hayes and Wilson
2008).

in Stratal MaxeEnt OT

The model applied to Pseudo-Russian

Data pattern
= [y] is an obligatory allophone of /x/.
=> environment: before voiced obstruents

We made up 2182 words
e 5 vowels and 14 consonants
e Wwith the allophonic distribution just given
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Simplicity is essential

Experiment: try to prove that English [0] is allophone of /3/.
Method:

(1) Remove pairs like bathe ~ beige from the training set.

(2) Allow for additional constraint discovery at Stratum 2, e.qg.

*3/a1___ # ([8]in lithe, blithe, writhe, scythe, tithe, no [3])

v With enough ad hoc constraints, the grammar becomes

Rasin & Katzir (2016), Wilson & Gallagher (2018),
Gouskova (2024)

Step 2: Locate phonetically similar pairs {A, B} : more accurate than the correct two-phoneme analysis.
ALL = +85.8 improvement

X But simplicity penalty is huge: worse by 227.3

Step 1: Sketch phonotactics

Similarity metric used here: single-feature difference

Goals |

Criterion of success *
: Step 3: Test each pair in both directions :

i.e. /A/ — [B] and /B/ — [A]. For /A/ — [B]:

30 constraints, e.g. *[+voice, -son]#, *CCC
Critically includes *[-voice][-son, +voice]

Thus, as in earlier work, phonemic analysis depends on a
blend of accuracy and simplicity.

Pattern

True allophony 1. No /y/in UR
Pseudo-Russian 2. Find key markedness

_ constraint:
/X — Y [ __ [-Son,+VOICG] *[-voice][-son,+Vvoice]

Outranks Ipent(voice)

Step 2: Find phonetically similar pairs
{X, ¥}, also {p, b}, {t, d}, {k, g}, {e, i}, {0, u}, {I, 4}

a. Enforce the phonemic inventory at Stratum 1 ¢
Add *B to this stratum, weighted very high :

Broader context: phonemicization solves

problems in OT

Wrong direction Step 3, as applied to /x/— [y] v/ Wilson and Gallagher’s “patchwork problem”

Pseudo-Russian with /y/ as the
underlying phoneme.

b. Re-represent the lexical entries at Stratum 1

Replace all [B] at stratum 1 with /A/. This is
phonemicization.

By (3a), *y is weighted high at Stratum 1, forbidding [y]
at the phonemic level. [ayba] is now /axba/ (3b).

Reject this v Gouskova (2024): the Russian [y] allophone cannot be

derived in single-stratum OT.

v Trims an otherwise-vast search space for learning
alternations (Wang and Hayes, in press)

v Matches experimental work suggesting phonemes are
cognitive categories (e.g.,Gudschinsky et al. 1970,
Jaeger 1980, Derwing et al., 1986; see review In
Kazanina et al., 2018).

Pairs that are phonemic

Maintain as separate Candidate sets (3c): /axba/:
Pseudo Russian /p/, /b/

phonemes, rendered | - Ia/-
faithfully : c. Set up mini-candidate sets at Stratum 2 -

In order to derive allophones, we assign every /A/ two
candidates: [A] and [B].

[axba], =" [ayba]
= [xa], [ya]

(3d): The pair {="[xa], [ya]} tells the system to weight
IDENT(VOICe) high at Stratum 2.

The pair {[axba], =" [ayba]} tells the system to select
*[-voice][-son, +voice] at Stratum 2 and weight it even
higher than IbenT(voice).

Parallel allophones defined
on natural classes;

Pseudo Quechua Find the general analysis d. Form a Stratum 2 grammar

/i, u/ — e, o] /adjacent to . Find the Markedness constraints in the sketch
uvulars phonotactics that distinguish between [A] and

E B].
How our model works : Il. Weight them against applicable IDENT constraints.

These are problems for OT because its classical version,
with Rich Base and Lexicon Optimization, rejects
phonemicization.

Pseudo-Russian results: right grammar wins

Phonemicization: refinement of phonotactic learning Where to go from here?

(e.g. Hayes and Wilson, 2008; Wilson and Gallagher, 2018)

Accuracy Complexity

e. Stratum 1 clean-up
|. Remove (vacuous) constraints targeting [B].
Il. For constraints that no longer hold true (note:
/axba/ is now licit), re-express with the simplest

(baseline) (baseline)

Sketch phonotactics

: Optional allophones necessitate more powerful
X — [y

learning systems
e allophony is learned in tandem with the lexicon

Sketch phonotactics Improvement: 2.6 Improvement: 7.8

Stratum 1 . ) . : o | |
from MaxEnt learning markedness-only availaple “repair. - 'Wrong UR /y/ — [X] Worse: 231 Worse: 119.0 e Key challenge: what distinguishes optional allophony
phonotactic grammar , - Reweignt © Phoneme as allophone | Worse: 548.2 Worse: 222.0 (cat [keet] ~ [keet]) from lexical doublets (pecan
based on phonemes : * - |/p/ — [b] [pa kan] ~ [pa kaen])?
I . .

Dual-source allophones. Bloch (1941): [r] is derived
e from /i1 / after [B] (three [Ori])

Refine into two strata Step 4: Grammar selection

(Stratal OT (Bermudez-Otero 1999,

Generality testing: Pseudo-Quechua /i, u/

Stratum 2 Of the many grammars constructed, select the best

. : e from /t/ intervocalically (butter [ bara-).
Kiparsky 2000) IN MaxEnt derives allophones one using the Bayesian Information Criterion (BIC), Accuracy Complexity
Version (Nazarov and Pater 2012)) using suitably weighted which here takes the form . . . Thanks to Gillian Gallagher for providing the Quechua
markedness and e -2LL + Zw?/0” + k In n (k = number of constraints) Sketch phonotactics (baseline) (baseline) data, and to the anonymous reviewers for feedback.
faithfulness constraints o L[ (log likelihood) is accur, =il penalty /i, u/ — [e,0] Improvement: Improvement: Code, data and model outputs will be released with the
e other terms are the complexity penalty adjacent to uvulars 8.8 32.3 AMP proceedings paper.

Annual Meeting on Phonology, Oct. 10, 2026, University of Maryland

For copies of this poster, please visit yangwangthelinguist.github.io or brucehayes.org


https://www.posterpresentations.com/how-to-change-the-research-poster-template-colors.html
https://www.posterpresentations.com/how-to-change-the-research-poster-template-colors.html

