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Introduction to Phonology

Lecture 2



Work this week and other announcements

* Recitation: Thursdays, beginning today, 4-dpm, room being negotiated.
* Problem set 1 due Tuesday, before class.
* This week read Hayes 2009 chapters 2-3

in Ganvas module: Features, Contrast, Inventories

* Chap.l in Hayes 2009, also included, is an introduction to phonetics.
* DS office hours this week: Thursday 2-3.



1ypo mn PS1

belaun belaum- -e dog

belaun belaum-bet [belaun-e dog

‘Thanks, Ro'nikonhkatste!



Notation and IPA sources

* square brackets indicate phonetic transcription: [bo [9z], [paks]
* 1italics or angle brackets indicate spelling: bushes, <bushes>

* can mix them: bush[oz]

* slanted lines indicate URs: /bo [z/, /pakz/

* you can deviate from this but define any new notation you use.

* More sources of IPA fonts:

https://www.internationalphoneticassociation.org/content/ipa-fonts#

http://wstylerucsd.edu/posts/ipa_with osx.html

https://www.gouskova.com/2016/09/04/international-phonetic-alphabet-fonts-and-
keyboards/
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Continuing Tuesday’s class:
Back to detecting ambiguity

How did listeners decide that [...rampiks...] is ambiguous?



Summary of last class

* We argued for the combination below (‘H2’) in analyzing prefix N-alternations:
UR: /m/ (in-) (/Xn/ for other prefixes)
Rule: (informal) an alveolar nasal copies the place features of following C
* Some N-rule 1s needed in non-prefix contexts (inside roots, between words).
* The rule of H2 generalizes correctly to those other contexts.
* The rules required by alternative URs (H3-5) do not generalize.

* Therefore: this H2 rule yields a simpler grammar.



An argument from 1implicational universals

* The study of place assimilation across languages reveals a general law:

If labials (m, m) or velars () undergo place assimilation then so do alveolars.

* The converse doesn’t hold.
* An implicational unwersal: the presence of X in a language implies that of Y.
* The presence of place assimilation targeting labials or velars in a language

implies that of place assimilation targeting alveolars.

* 'To be consistent with this law, the rules required by the hypotheses H3-H5 would
have to include also the possibility of place assimilation targeting /n/.
H2 is consistent with the law without modification.



Writing place assimilation in English

* alveolar nasal — [a place]/__ Gy jjace
‘alveolar nasal copies the place of articulation of following C’
* [ak];....[aF]; = "segment; has the same F value as segment;’

» Assume the feature [place] — the site of an obstruction to airflow —
has n values, where n the number of C sites observed in the language.



Back to ambiguity in [1ampiks]

* We were 1n the process of showing that people rely on the assimilation
rule of H2 when they decode spoken English.

* Fact: [m#p] (#= word boundary), as in [1ampiks],
1s at least 2 ways ambiguous: /... m#p.../ and /...n#p.../.

* The assimilation rule of H2 predicts that [m#p] 1s indeed ambiguous.

* H3-H) don’t predict this: #eir rules work only 1t limited to prefixes. No
prediction made about word sequences.



How does speech perception lead to
judgments of ambiguity?
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Analysis by synthesis: Halle and Stevens 1961

Morris Halle Kenneth Noble Stevens

1924-2013, Building 36

1923-2018; Building 20

A recognition process that formulates hypotheses about production (= synthesis)
and compares them to input data, until only one hypothesis produces a match.

( = between speech signal and lexical items in the message)
11
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To 1dentity lexical items 1n a surface string %, in language L, listeners
consider divisions of X into substrings ®; ®, ...®, such that

(1) each one of ®; ®, ...®, corresponds to a word in LL

(1) when the string ®; ®, ...®
2 1s a possible output.

, 1s an mnput to the grammar of L,
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Alternative: the Stmilarity Hypothesis

* Fact: m and n are similar, esp. not before V (Hura et al. 1992, Benki 2003).
* A possible Similarity Hypothesis:
To find lexical items in a surface string X, listeners consider
(1) divisions of X into substrings that correspond to actual words, or
(11) divisions of 2 mto substrings sumilar to actual words, 1ft each such

substring ® corresponds to an actual word W,
and the similarity of ® to W meets a specified similarity threshold.
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How the Similarity Hypothesis derives our ambiguity

Parse (1) [okwikrampiksjuap] = [9] [kwik] [ram] [piks]| [ju] [ap]
Parse (11) [okwikrampiksjuap]| = [o] [kwik] [ran] [piks] [ju] [ap]

Suppose [ram] and [ran] meet the similarity threshold.

Then both Parse (i) and (i1) are valid under this hypothesis.

The sentence 1s 2-ways ambiguous, as observed. This doesn’t bear on H2.

Can we distinguish the Analysis by Synthesis vs. Similarity interpretations?
What 1s a possible test case?

Critical: if’ x 1s similar to v, y 1s similar to x.

14



Ambiguous?

[okwikrandazjogod]

...a quick run does you good...

... a quick rum does you good ...

15



Unmbiguous

[okwikrandazjogod]

...a quick run does you good...

...quick ru ood ...

16



Comparison

Hypotheses Predicted lexical ambiguities

[mp] [nd]

Analysis by synthesis: /np/ or /mp/ only /nd/

grammar guides search for URs  (arule n »m/_p) (no rule turns x —n)
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Comparison

Hypotheses Predicted lexical ambiguities

[mp] [nd]

Analysis by synthesis: /np/ or /mp/ only /nd/

grammar guides search for URs  (arule n »m/_p) (no rule turns x —n)

Stmalarity hypothesus:
similarity guides search for URs /np/ or /mp/ (nd/ or /md/

18




Discussion

* When interpreting a spoken utterance, listeners search for candidate
lexical entries corresponding to strings they hear.

* These lexical entries contain URs.
* The URs could differ from the forms they hear in running speech

* To interpret the spoken utterances, listeners experiment with undoing
phonological processes,

* only 1f they know those processes apply in their language.

19



Possible conclusion

* Place assimilation of /n/ to bilabials exists in English

* Place assimilation of /m/ to alveolars does not exist in English

* Listeners undo only phonological rules that could have applied in thewr language,
because they use their phonological grammar to access their lexicon.

* In a language with both rules, perhaps [ranteiks] would be ambiguous.

2/5/26 20



Implications: how learners choose between analyses

* In Part I we discussed English alternations in prefixes.
* Many possible analyses
* A way to choose 1s to invoke a simplicity standard.
* That standard favors /m/ over /mm, 13/ etc.
* Because the rule chosen to map UR to SRs also explains restrictions on NG
sequences 1n simple words.

* But one can wonder if learners reason in this way.

* In Part IT we found that the analysis favored by simplicity is used by
people who decide if a phrase 1s ambiguous (< place assimilation).

* The simplicity standard, which chooses H2, is not in the data
* But people apparently use it.

21



Phonological knowledge has practical value

* It detects ambiguity; and lack of it.
* Knowledge of phonology helps listeners access lexicon fast.
* Multi-ingual speakers use it to make foreign words sound natwe.

2/5/26
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Dubious vowels

* How many vowels in Enuly, famuily, homily? desperate? please?

In some languages, knowing the grammar tells the speakers
that in some context there must always be a V; or never a V.
(Same for C’s. It word begins as [kote. . .|, must something follow?)

The information predictable from the grammar makes some acoustic
info superfluous. This can speed up lexical access.

Speakers seem to 1gnore the predictable info 1in speech perception:

could be evidence that they use their grammar.
2/5/26 23



Phantom vowels 1n Japanese (Dupoux et al. 1998)

* Irench and Japanese differ on how predictable Vs are as a function of
surrounding Cs. Experiments tests if speakers know this.

* Japanese CC sequences: only NC (nd, mb, ng; + nt, mp, gk, ns in loans)
* French: lots of diverse CCs.

* The question: do J speakers use this knowledge about their phonology to
speed up lexical access?

2/5/26 24



Experiment

* Japanese and French participants listen to VGGV nonce words, e.g.

[ebzo]. Stimuli are edits of [(C)VCGuCV] as spoken by French speaker.
* A continuum of 6 [ebzo]-stimuli, 0-100ms [u]
lebzo] ...[eb"z0]...[ebuzo]...[ebuzO]
* Task for all participants is: did you hear [u]?

25



Japanese always hear an [u] in [ebzo]
French reaction based on |[u]-duration

100

80

60

40

20 |

2/5/26

; G
Other No Oms. 14ms. 29ms. 44ms. 58 ms. Full

_ | Japanese
+

...............

% [u] judgments

No = there never was an [u] in the original stimulus

0 = [u] was there, originally; it was completely excised
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Discussion: Japanese

* Speakers of J. know that after any C (except after N), there 1s some V.
Consequence: they disregard acoustic evidence for CC, if CC # NC

* The grammatical knowledge 1s helpful: allows speakers to anticipate an
upcoming sound.

2/5/26 27



Discussion: French vs. Japanese

* French allows all sorts of CC, including bC. Plus, all CV sequences.
abri, abject, abdomen, absent.... bis, abbé, habit

* But there 13 no [bz] in French words.

* [bz] 1s non-native to both French and Japanese.

* Japanese subjects ‘repair’ [bz], but French speakers do not. Why?

* French listeners can’t predict there will be a V after & They must
process the acoustic information, instead of inferring what comes next.

* Japanese speakers can predict V i1s coming.

* They can ignore some of the stimulus.

2/5/26 28



Significance

* The ebuzo experiment gives evidence that listeners predict the next
sound based on thewr grammatical knowledge.

* These predictions are so confident that they override information in the
acoustic stimulus.

2/5/26 29



Adapting L2 words to L1

2/5/26
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Adapting L2 words to 1.1

* Bilingual speaker English (I.2)-Japanese (LL1)

Speaking to L2 listener ~ Speaking to L1 listener

'wp [1ton] 'wa [Tntox]
[anda-son]| landazson]
'be&dminton]| 'badominton]
‘masof usot] ‘masatf usétsu]

Adaptation reflects knowledge of properties of L1 grammar. In Japanese:
* no CGC except nasal+stop with identical place of articulation (mb, nd, 5g)
* no final C other than y

* no du tu: dzu, tsu instead

* accent typically on penultimate syllable if the final or penult ends in G

2/5/26



Loan adaptation as rule application

‘n—n/_# (# = word boundary sign)
O —o/ {t,d} _{C, #} (D — o = ‘insert 0)
c ) —u/C_{C, #} ({x,y} = ‘xory)

* Stress penultimate syllable
[@ndason] — [anda:soy]

ba&dmimnton] —  [badomintoy)]

meaesof isos] —  [masafuséttsu]

2/5/26
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None of these are rules of L1 Japanese.
But all apply in 1.2 — L1 adaptation.
How come Japanese adapters converge on these rules?
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2 kinds of knowledge in loan adaptation

1. What sound sequences are excluded in L1 (= grammar of L.1)

2. How to turn excluded sequences into acceptable ones.

* Some options in making .2 words sound L1.

|beédmmton| — [badomintoy],[badamintoy]| [baminto], [badzumintonu]|

[masoffiso] —  [masaf usettsu],[masaf usettso] [masaf use]...

Selection 1s probably based on the perceived similarity between the
sequence forbidden in L.l and modified versions of it.

The most ssmilar version wins.

2/5/26 34



2/5/26

* One can think about L1 rules in the same terms.
* Some sound sequence 1s excluded:
it poses a difficulty for speakers, or uncertainty for listeners.
* The grammar records the prohibition.
* The grammar also selects a substitute for that sequence.

* Selection of the substitute involves finding an output that is
maximally similar to the original

35



Appendixl: tests of (non)ambiguity
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Testing ambiguity (Gaskell & Marslen-Wilson 2001)

* Is ru|mp|icks actually ambiguous?
Is ru[nd]oes actually unambiguous?

* A way to tell: priming experiments

37



Priming

e Prime: earlier occurrence of a stimulus.

Later presented 1n a task. Some primes facilitate the task.

* A lexical decision task: "is X a word?"
{...dog, find, bzark, nut, mask, sphey, crank,...}

38



Lexical decision, primed stimulus
* (1) masks; (1) {...dog, find, bzark, nut, sphey, crank,...}
prime primed stimulus

* A primed stimulus can yield a faster or more accurate response.

» Compare responses to primed vs. unprimed stimuli.

39



Gaskell & Marslen-Wilson's 2001 experiments

Lexacal task: s X a word?

Prime Stimulus
... run does ... run
...rum pucks. .. rum
...rum picks... run
...run does... rum

40



Gaskell & Marslen-Wilson's 2001 experiments

Prime Stimulus | Analysis by Synthesis predictions

...rum picks... |run [mp| can come from /np/.
‘Then rum can prime run

...run does... |rum [nd] can’t come from /md/.

Then run can’t prime rum

41




Gaskell & Marslen-Wilson's 2001 experiments

Prime Stimulus | Similarity Hypothesis predictions
...rum picks... |run [mp] 1s similar to [np].

‘Then rum can prime run
...1un does...  |rum [nd] 1s similar to [md].

Then run can prime rum

42




Gaskell & Marslen-Wilson's 2001 results

Prime Stimulus | Reaction Time (ms) | Error rate
... run does ... |run 513 (25) 2.5
...rum picks... |rum 512 (26) 1.6
...rum picks... |run 522 (16)
...run does...  |rum 561 (2) 11.0
Control Tun 538 4.2

rum 563 0.3
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Gaskell & Marslen-Wilson's 2001 results

Prime Stimulus | Reaction Time (ms) | Error rate
... run does ... |run 513 (25) 2.5
...rum picks... |rum 512 (26) 1.6
...rum picks... |run 522 (16) 4.0
...run does...  |\rum 561 (2) 11.0
Control Tun 538 4.2

rum 563 0.3
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