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Traversing what?

® But I'm a phonologist (morphologist, syntactician, ...)!
Why should | be interested in all that low-level stuff?

® Phonology is/ought to be part of a larger model of human
speech production and perception, and interface issues
should be taken into account the design of any module

® Recent advances in instrumental phonetics. . .

¢ indicate that there is more low-level stuff than has
sometimes been assumed

¢ suggest that much of phonology is ultimately grounded
In phonetics
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Extra-linguistic processing

® Some aspects of the phonology-to-sound mapping are
outside the scope of linguistic control:

¢ Individual pulses of the vocal folds (van den Berg, 1958)

¢ Cochlear mechanics (Lyons, 1982)
¢ Reflex adjustments of coordinated articulators (e.g.,

Saltzman & Munhall 1989)
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Extra-linguistic processing

® The representations/instructions at the interface between
the peripheral auditory/articulatory systems and linguistic

processing are not discrete at anywhere near the phone
level, since

¢ Speakers have fine-grained control over phonetic
parameters in online speech production (e.g. pitch,
vowel reduction)

¢ Fine-grained crosslinguistic differences in the realisation
of ‘identical’ phonological categories, e.g. English vs.
Danish [i] (Disner, 1983; Bradlow, 1995)

¢ Phonological categories are usually more than 1 JND
apart
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Extra-linguistic processing

® Therefore linguistic competence includes knowledge of
speech sounds that is best represented on continuous
scales

® The need for scalar features is acknowledged in SPE
(Chomsky & Halle, 1968); such features are also allowed
postlexically in Lexical Phonology (Kaisse & Shaw, 1985;
Mohanan, 1986)

® But be aware that an LP postlexical rule is not necessarily
a gradient rule
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Linguistic phonetics and phonology

® According to a model associated with much (early) work
In Laboratory Phonology, the ‘phonetic grammar’ consists
of two distinct modules:

1. The phonology, which operates on discretely-valued
(typically unary/binary) features!;

2. The (linguistic) phonetics, which operates on continuously
valued features

'The term operate is not meant to imply that the algorithms in either of the two
models are necessarily procedural; thus the MESM is fully consistent with declarative
models such as Optimality Theory
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Linguistic phonetics and phonology

® The interface between these two modules is conceived
as a mapping that translates phonological features into
phonetic ones
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Linguistic phonetics and phonology

® Pierrehumbert (1994) labels the core principle behind
the model of the phonetic grammar sketched up to here
Modified Extended Standard Modularization (MESM)
(see also Pierrehumbert et al. 2000)
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Linguistic phonetics and phonology

® Example 1. a rule mapping /i/ into the appropriate
phonetic values for a Dutch [i] (male speaker; values in
Bark):

" thigh | F: 3.5
PY -low FQI 14
—
-back Fs: ...
-round
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Linguistic phonetics and phonology
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Linguistic phonetics and phonology

® Example 2: Phonological vowel harmony

® Phonology:

+high |
-low

-back
-round ]

~+high
-low

+back
+round

~+high
-low

-back

‘4 round ]

® Phonology-phonetics interface:

+high
-low
-back

+round ]

~+high
-low
+back

+round ]

[ Fy: 3.5
FQI 12.5
F32 S

+high
-low

+back
+round |

[ Fy: 3.5 ]
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Linguistic phonetics and phonology

® Example 2: Vowel-to-vowel coarticulation

® Subtle variations in the place of articulation of /s/ in
/bV1b bV,/ frames

® whereV=/i/, /a/, /u/
® Measured center Fq, F, of V4, V5 and target /a/

® Example utterance
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Linguistic phonetics and phonology

F, (Bark)

6 7 8 9 0 11 12 13 14
F, (Bark)
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Linguistic phonetics and phonology

® Phonology (no change):

-high
-low
+back
-round |

+high |
-low

-back
-round ]

-high
-low
+back

-round

® Phonology-phonetics interface:

-high
-low
+back

-round

+high |
-low
-back

-round

I Fli 4.5
Fo: 10.5
F3! 0 o

+high |
-low

-back

-round
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Linguistic phonetics and phonology

® | inguistic phonetics (coarticulation):

[ Fy: 4.5 | [ Fy: 3.5 ] [ Fy: 4.2 ] [ Fy: 3.5 ]
FQZ 10.5 FQZ 14 FQZ 11.5 FQZ 14
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Linguistic phonetics and phonology

® | inguistic

- Fi: 4.5
Fo: 10.5
F3I 0 o o

phonetics (coarticulation):

FQZ 14

ng

C Fq: 3.5 ]

Fll 4.2
FQZ 11.5
F32 6 o o

[ Fy: 3.5

FQZ 14

Fg:

® For a real-life example of the distinction between VH and
V-V coarticulation, see Zsiga (1997)
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Linguistic phonetics and phonology

® The phonology processes
¢ representations containing lexically contrastive information
(includes intonational tunes)
® The linguistic phonetics is responsible for:
¢ gradient processes (which vary with e.g., style, rate,

physical pauses)

® But how about subphonemic but phonetically categorical
(and clearly perceptible) phenomena, such as English

[]~[1]7
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Linguistic phonetics and phonology

F; (Bark)

0.
v

ACTL October 15, 2004

19



An alternative to MESM

® | exical items/underlying forms consist of scalar phonetic
features



An alternative to MESM

® | exical items/underlying forms consist of scalar phonetic
features

® and contain both lexically contrastive and redundant
Information



An alternative to MESM

Lexical items/underlying forms consist of scalar phonetic
features

and contain both lexically contrastive and redundant
Information

categorical (neutralising) processes are stated over
scalar features, just as ‘low-level’ phonetic rules



An alternative to MESM

® | exical items/underlying forms consist of scalar phonetic
features

® and contain both lexically contrastive and redundant
Information

® categorical (neutralising) processes are stated over
scalar features, just as ‘low-level’ phonetic rules

® Example: Articulatory Phonology (Browman & Goldstein
1986 et seq.)
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® Example 1: neutralising vowel harmony: /i/ — [y]/ /u/

[ Fq: 3.5 ] [ Fq: 3.5 ] [ Fi: 35 [ Fq: 3.5 ]
O F2: 14 FQI 8 R FQZ 12.5 FQZ 8
F32... F32... F32... F32...
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An alternative to MESM

® Example 2: Vowel-to-vowel coarticulation

¢* N.B.: a proper formulation of the mechanism is much
more general

[ Fqi: 45 " Fqi: 3.5 ] [ Fq: 4.2 ] [ Fqi: 3.5 ]
O F2: 10.5 FQZ 14 N F2: 11.5 FQZ 14
F32... ng... Fg:... F31...
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An alternative to MESM

® Advantages of the alternative model:

¢* No more duplication of (contrastive) information

¢® Problems surrounding delimitation of phonology and
phonetics dissolve

¢ Accounts for data indicating that lexical representation
contains detailed phonetic information (Frisch, 1996;

Bybee, 2000)
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An alternative to MESM

® However, to avoid overgeneration, the alternative model
needs to invoke functional constraints on phonological
processes:

¢ Perceptibility/contrast maintenance
¢ Effort minimisation
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Incomplete Neutralisation

® The phenomenon of incomplete neutralisation calls for
a further revision of the nature of the interface between
phonology and phonetics

® |ncomplete neutralisation effects have been observed for
a number of phenomena that were previously thought to
be neutralising phonological rules

® final devoicing is a particularly well-investigated topic in
this area, e.g., (Baumann, 1995; Charles-Luce, 1985,
1993; Port, 1996; Port & Crawford, 1989; Fourakis &
lverson, 1984)
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Incomplete Neutralisation

® Some studies of this phenomenon show clear intraparadigmatic
effects in the production and perception of neutralisation
targets (e.g., Ernestus & Baayen 2003)

® This suggests that multiple forms of the same root are
stored In the lexicon and interfere in the production of
words containing them
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Incomplete Neutralisation

(Rad, ‘wheel’) (Rat, ‘advice’)
[Rrat-] [red-] [Rat-]
‘Phonetic SN v
grammar [Rat] [rat]
Cochlear/
articulatory
mechanics

Speech sounds
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