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Motivations
Phonological Context

“Classic” Evidence

• Alternations / Static Distributions.

• Drawn from introspection / Small number of informants.

LabPhon

• Experimental Measures (acoustic, articulatory, judgments).

• Drawn from standard pools of experimental subjects.

• Frequently expressing concerns about the validity of Classic
phonological evidence.



Introduction Phonology-Phonetic Interface Identifying Phonological Processes Conclusion

Motivations
Sociolinguistic Context

Linguistic Theory

• Variable Rules

• Lexical Phonology (Guy, 1991a;b)

• Exemplar Theory (Bybee, 2002)

Variation Theory

• What is changing where, and how?

• What can influence variation?

Social Theory

• How does one construct and project their identity?
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Motivations
Using Variation for Phonological Argument

Andries Coetzee

∼ Frequency biases in phonological variation, NLLT (w/ Shigeto
Kawahara)

∼ The place of variation in phonological theory, The Handbook
of Phonological Theory. 2nd Edition (w/ Joe Pater)

∼ . . .

Ricardo Bermúdez-Otero

∼ Cycles and continua: on unidirectionality and gradualness in
language change Handbook on the history of English (w/
Graeme Trousdale)

2007 Diachronic phonology The Cambridge handbook of phonology

∼ . . .
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Goals

• Identify how sociolinguistic data can be used for phonological
theory building.

• Identify how sociolinguistic data can be used for identifying
and specifying phonological phenomena.

• Identify the ways in which sociolinguistic data achieves these
goals uniquely.
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Data Sources

Philadelphia Corpus

Automatically extracted vowel measurements from 272
Philadelphia speakers interviewed between 1973 and 2010. Dates
of birth ranging from 1888 to 1991.

Atlas of North American English

Acoustic vowel measurements from survey respondents in the Atlas
of North American English.

Sociolinguistic Literature

Various accounts of sound change in progress from the
sociolinguistic literature.
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Philadelphia Corpus
FAAV Project

Forced Alignment and Automatic Vowel analysis

+ transcription + forced alignment

transcription

∨

>

forced alignment

P2FA

∨

> extractFormants

∨

Labov & Rosenfender (2011)
NSF# 921643
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Phonology-Phonetic Interface

Options

• Universal Phonetic Implementation

• Langauge Specific Phonetic Implementation

• Exemplar Theory
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Phonology-Phonetic Interface

Linking Hypothesis

All I have to work with is phonetic measurements, so settling on a
PH-interface model is crucial in order to make any connection to
phonological theory at all.
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Phonology-Phonetic Interface
Continuous Change
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Phonology-Phonetic Interface
Continuous Change
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Phonology-Phonetic Interface

Options

• Universal Phonetic Implementation

• Langauge Specific Phonetic Implementation

• Exemplar Theory
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Phonology-Phonetic Interface
Category Shifts

The parallel fronting of /uw/, /ow/ and /aw/ in North America,

r = 0.57
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Labov, Ash & Boberg (2006)



Introduction Phonology-Phonetic Interface Identifying Phonological Processes Conclusion

Phonology-Phonetic Interface
Category Shifts

Canadian Shift

on this shift, said that /E/ and /I/ lowered as a result of the merger (see Figure 14), and
this was also the description of the shift in the ANAE.

I

E

æ a

O

The Canadian Shift was first described as being more accurately called a parallel shift
by Boberg (2005), and nearly every subsequent study in various dialects has followed suit.
The gap filling behavior of /æ/ is a classic phonetic reaction, and easily explained within
an exemplar theoretic framework.

However, the subsequent retraction of /e/ and /i/ cannot be explained as being a
similar gap filling reaction. Instead, it seems as if what started off as a phonetic pressure
on /æ/ has generalized to the phonetic implementation of [−back]. This isn’t a change
in the phonological status of [−back], but rather in the phonetic implementation function
mediated by [−back].

I think it is necessary, given the relationship of elements in the Canadian Shift, to
say that phonemes as atoms can have some particularized phonetic realization. That is,
the gap in the low-back space triggered /æ/ as a whole to become retracted. Then, this
retraction generalized out to the other members of the natural class /æ/ belongs to, which
is defined along the dimension along which /æ/ is moving. That is, the retraction of /æ/
was reanalyzed as being partially due to the implementation function for [−back].

4.3 Spirantization

For some hypothetical language:

• k → x

• t → T

• p → f

The change of [k]→ [x] and [t]→ [T] both involve undershoot of the tongue to reach a stop
target. The spread of this spirantization to [p], a bilabial stop, involves spreading along a
more abstract dimension, of something like [−continuant]

4

Figure 14: Canadian Chain Shift

This kind of chain shift is amenable to a gap creation and filling usage based model.
However, the Canadian Shift does not just take the form of a chain shift. Boberg (2005)
found that in Montreal, the effect of /æ/ retraction on the other short vowels is parallel
retraction of /E/ and /I/. Durian (2009) reports the same kind of parallel retraction in
Columbus Ohio.

I

E

æ a

O

The Canadian Shift was first described as being more accurately called a parallel shift
by Boberg (2005), and nearly every subsequent study in various dialects has followed suit.
The gap filling behavior of /æ/ is a classic phonetic reaction, and easily explained within
an exemplar theoretic framework.

However, the subsequent retraction of /e/ and /i/ cannot be explained as being a
similar gap filling reaction. Instead, it seems as if what started off as a phonetic pressure
on /æ/ has generalized to the phonetic implementation of [−back]. This isn’t a change
in the phonological status of [−back], but rather in the phonetic implementation function
mediated by [−back].

I think it is necessary, given the relationship of elements in the Canadian Shift, to
say that phonemes as atoms can have some particularized phonetic realization. That is,
the gap in the low-back space triggered /æ/ as a whole to become retracted. Then, this
retraction generalized out to the other members of the natural class /æ/ belongs to, which
is defined along the dimension along which /æ/ is moving. That is, the retraction of /æ/
was reanalyzed as being partially due to the implementation function for [−back].

4.3 Spirantization

For some hypothetical language:

• k → x

• t → T

• p → f

The change of [k]→ [x] and [t]→ [T] both involve undershoot of the tongue to reach a stop
target. The spread of this spirantization to [p], a bilabial stop, involves spreading along a
more abstract dimension, of something like [−continuant]

4

Figure 15: Canadian Parallel Shift

What is clear is that the phonetic motivation for either form of the Canadian Shift acts
upon /æ/. Whether it is due to the phonetic gap created by merger, or a consequence
of listening and speaking to merged speakers in one’s speech community, as suggested by
Bigham (2009), only /æ/ is directly affected. In the parallel forms of the Canadian Shift,
however, the same phonetic change of backing happens to /E/ and /I/. Durian (2009)
called this generalization a classic four-part analogy:

(19) (a) æ : æffl :: E : X (= Effl)
(b) E : Effl :: I : X (= Iffl)

While it is clear that the retraction of /E/ and /I/ is a generalization of the phonetic pressure
on /æ/ of some sort, without accounting for the phonological relationship between these

25

Boberg (2005)
Durian (2009)
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Phonology-Phonetic Interface
Category Correlation

Correlation of Philadelphia Vowels

• For the vowel means for each speaker, I calculated the
correlations for every pairwise vowel comparison across
speakers, once for F1, once for F2.

• For each pairwise comparison, I also coded for whether the
two vowels also shared phonological specifications for height
(3 degrees) or backness (2 degrees).
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Phonology-Phonetic Interface
Category Correlation
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Phonology-Phonetic Interface
Category Correlation

Correlation of Philadelphia Vowels

• This result is suggestive that inter-speaker phonetic variation
(due to change or any other reason) is relatable to
phonological features, not just atomic phonemes.

• May also be used as a phonological diagnostic.
• The above analysis categorized /ow/ and /uw/ as [−back],

since they are undergoing a change of fronting.
• What would it look like of they were categorized as [+back]?
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Phonology-Phonetic Interface
Category Correlation
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Phonology-Phonetic Interface

Options

• Universal Phonetic Implementation

• Langauge Specific Phonetic Implementation

• Exemplar Theory
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Phonology-Phonetic Interface

Phonology uw→ [+back]/ l

Language Specific Implementation

∨
[+back]→ 3 on F2

Kingston & Diehl, 1994; Boersma & Hamann, 2008

Phonetic Alignment

∨
tũ:n

Cohn, 1993; Zsiga, 2000
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Phonology-Phonetic Interface

In phonetic change...

• The phonological representation remains stable (ish).

• The phonetic implementation of the phonological
representation changes.
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Outline

Introduction
Motivations
Goals
Data

Phonology-Phonetic Interface
Universal Phonetic Implementation
Exemplar Theory
Language Specific Phonetics

Identifying Phonological Processes
Utilizing Data on Phonetic Change
Philadelphia /ey/
The Unique View of Diachrony

Conclusion
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Identifying Phonological Processes

Follow

• Phonological Unity → Phonetic Unity

• ¬Phonetic Unity → ¬Phonological Unity

Don’t follow (but likely)

* Phonetic Unity → Phonological Unity

* ¬Phonological Unity → ¬Phonetic Unity
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Philadelphia /ey/
Past description

• The peripheralization of /ey/ in non-word-final contexts was
identified as a new and vigorous change in progress (Labov,
2001).

• The primary distinction that has been made is word final /ey/
versus other.

• pay [pEI]
• make [mefiik]
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Philadelphia /ey/
Past Description
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Questions

• Are any other syllabic
structures relevant?

• Are there any other
phonological effects?

• How does it interact with
morphology? (i.e. How does
pays behave?)
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Philadelphia /ey/
Past Description
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Questions

• Are any other syllabic
structures relevant?

• Are there any other
phonological effects?

• How does it interact with
morphology? (i.e. How does
pays behave?)
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Philadelphia /ey/
Coding

• 4 syllable types

1. Open
2. Closed
3. Final
4. Hiatus

• Surface and “Underlying” Syllabification

• 5 Morphological Contexts

1. Null pay
2. Inflectional pays
3. Derivational payment
4. Compounding paycheck
5. Contraction they’d
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Philadelphia /ey/

Underlying
Closed Open Hiatus Final

Surface

Closed came – – days
Open later neighborhood – playground
Hiatus – – mayor saying
Final – – – they
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Philadelphia /ey/
Syllabic Context

First, only words with the same surface and “underlying”
syllabification.
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Philadelphia /ey/
Syllable Results

formula: Diag ∼ (DOB/10) * Syllable + (Syllable | Speaker)

reference level: closed

Estimate t-value

Intercept 0.57 11.1
DOB 0.11 12.6

open -0.14 -2.9
final -0.04 -0.7

hiatus -0.21 -0.6

DOB× open 0.02 2.9
DOB× final -0.08 -9.1

DOB× hiatus -0.16 -2.6

Slope Estimates
closed 0.11=0.11
open 0.13=(0.11 + 0.02)
final 0.03=(0.11 - 0.08)
hiatus -0.05=(0.11 - 0.16)
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Phonology-Phonetic Interface
Segmental Context

Following segment for closed and open syllables.

DOB
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1900 1920 1940 1960 1980

Manner

stop

lateral

affricate

fricative

nasal
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Philadelphia /ey/
Manner Results

formula: Diag ∼ (DOB/10) * Manner + (Manner | Speaker)

reference level: stop

Estimate t-value

Intercept 0.56 10.9
DOB 0.11 13.2

fricative -0.08 -1.3
nasal -0.03 -0.5

lateral 0.38 2.8

DOB×fricative 0.02 1.5
DOB×nasal 0.00 0.2

DOB×lateral -0.09 -3.8

Slope Estimates
stop 0.11=0.11
fricative 0.13=(0.11 + 0.02)
nasal 0.11=(0.11 + 0.00)
lateral 0.02=(0.11 - 0.09)
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Philadelphia /ey/
Interim Description

Non-undergoers Undergoers

Word-final Everything Else
Pre-hiatus
Pre-/l/

Options

• Undergoers and
Non-undergoers are
phonemically distinct.

• There is an active
phonological process which
differentiates undergoes and
non-undergoers.
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Philadelphia /ey/
Morphological Interaction

What effect does inflectional morphology have on otherwise word
final /ey/?
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Philadelphia /ey/
Morphological Results

formula: Diag ∼ (DOB/10) * Morphology + (Morphology |

Speaker)

reference level: Null

Estimate t-value

Intercept 0.52 12.2
DOB 0.03 4.2

-ed -0.09 -0.8
-s -0.12 -1.3

-ing -0.46 -3.7

DOB×-ed 0.05 2.7
DOB×-s 0.11 6.8

DOB×-ing -0.04 -2.2

Slope Estimates
final 0.03=0.03
-ed 0.08=(0.03 + 0.05)
-s 0.15=(0.03 + 0.02)
-ing -0.01=(0.03 - 0.04)
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Philadelphia /ey/
Final Pattern

All unaffixed, or affixed inflectional morphology in 4 contexts:
Word-final, Pre-hiatus, Pre-l, and elsewhere.

DOB

D
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Philadelphia /ey/
Phonological Description

Phonological Process

ey → [+peripheral]/ C. . . ]word

Phonetic Change

1. ey+periph → 0.1 peripherality

2. ey+periph → 0.2 peripherality

3. . . .

Phonetic Alignment

• [eyl] → more peripheral

• [ey#] → less peripheral
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Philadelphia /ey/
Phonological Description

Phonological Process

ey → [+peripheral]/ C. . . ]word

/l/ is not a C?

• /l/ undergoes extreme vocalization in Philadelphia. (Ash,
1982)

• Intervocalically (balance)
• Initial Clusters (floor)

• Triggers offglide deletion in /aw/.
• Powel = pal
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The Unique View of Diachrony

Would a study without a view of the changing state of the speech
community have come to the same conclusions?
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The Unique View of Diachrony

If you had done a study of college aged Philadelphians in 2002, this
is what you would have seen.

Context

D
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●

●

●

●

final /l/ hiatus closed

Context

● final

● /l/

● hiatus

● closed
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The Unique View of Diachrony

If you had done a study of Philadelphians aged 18 to 70 in 2002,
this is what you would have seen.

Age
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Conclusion

Details

• The data on phonetic variation and change support a model
of language specific phonetic implementation along with fairly
abstract phonological categories.

• There is a process of peripheralization of /ey/ in Philadelphia
which is triggered by a following segment within the same
word.

• /l/ does not act as a trigger to this process.
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Conclusions

• Sociolinguistic data can be used for phonological theory
building.

• Sociolinguistic data can be used for identifying and specifying
phonological phenomena.

• Sociolinguistic data can achieves these goals uniquely.
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