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Roadmap

e “Discrete phonology, continuous phonetics”
e Coupled oscillators: timing in phonology
* Problems

e Unexpected coupling relations

e Surface timing goals

e Conclusion



Discrete phonology

Discrete behavior

 In German, voiced consonants are voiceless when they occur
at the end of words (but not elsewhere):

 Rad ‘wheel’ [rat], but plural Rader [rede]

e compare:
Rat ‘council’ [rat], but plural Rate [reto]



Intro-level phonetics

Continuous behavior

e Rat/Rad ‘wheel’ [rat] M Jﬂ

e Where does the voicing
end?
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Probabilistic discrete phonology

e In English, t/d at the end of a word sometimes isn’t there
e rift = [aft] or [auf_]; build = [bitd] or [bit]
 More likely among some groups
e More likely in some social contexts
e More likely around some sounds

e More likely in mist than in missed



e Perfect memory

e At least some “deleted”
t’s/d’s are visible in
articulation, but not
in acoustics

e (Actually it’s most)

Midsagittal sections

(Browman & Goldstein 1988, Purse 2019)
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Gestures
In Articulatory Phonology

e Abstract, hierarchical control unit for linguistically-defined
goal-directed movement poupiier 2029

 Motor equivalence

e Equifinality



A Theory of the Interface
Which units?
o “Ph()n()l()gy”

(Magic happens here)

Articulation
Acoustics

e Phonetic observables
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Which units?
» “Phonology” In which order

(Magic happens here)

Articulation
Acoustics

e Phonetic observables
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Oscillator model

(Haken et al. 1985, Saltzman & Munhall 1989, Nam & Saltzman 2003)

 Model kinematics as critically-damped mass-spring oscillator

e Asymptotically approaches target (equilibrium position)
as fast as possible 1,
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Oscillator model

(Haken et al. 1985, Saltzman & Munhall 1989, Nam & Saltzman 2003)

Activation Start position _
Note absence of target time Start time Crﬁgzg;g

Target position
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General Tau model

(Lee 1998, Elie et al. 2023)

Time

Symmetrical when x = 0.4
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Oscillator vs. Tau Models
ma + bv +k(x —C) =0

|
Interval modes

Target position

Y Coupled
Stiff as?F Oscillator
Tness/Freq| a1adel

Path to target
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“**Bimanual tapping interlude***



Oscillators

e Synchronization in non-speech and speech movements:

e “pa... pa... pa... pa.pal.../]pa.pa.pa.pa”

e “ap... ap... ap... ap.ap.l...]pa.pa.pa.pa”
 Tapping: “in-phase” more stable than “anti-phase”

(both more stable than any other phasing)
... In speech too?
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Oscillators

e Synchronization in non-speech and speech movements:

e “pa... pa... pa... pa.pal.../]pa.pa.pa.pa”

e “ap... ap... ap... ap.ap.l...]pa.pa.pa.pa”
 Tapping: “in-phase” more stable than “anti-phase”

(both more stable than any other phasing)
... In speech too?

Can we really
generalize from cyclic
to non-cyclic tasks?
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CV vs. VC syllables

In-phase
[pal
LIPS ‘Labial closure‘
ONGUE TIP

TONGUE BODY

‘ pharyngeal wide \

<" <—0

19

anti-phase
lap]
LIPS ‘Iabial closure\
TONGUE TIP
TONGUE BODY ‘ pharyngeal wide \
V------ » C
L vV ¢




CV vs. VC syllables

In-phase
[pal
LIPS ‘Labial closure‘
ONGUE TIP
TONGUE BODY ‘ pharyngeal wide \

C
V
| C |
| Y,

20

anti-phase
lap]
LIPS ‘Iabial closure\
TONGUE TIP
TONGUE BODY ‘ pharyngeal wide \

V------ » C

L v L ¢
CcC------ » C

L ¢ ¢
V------ > V

L v LV




What about clusters?

 Empirically, onset clusters overlap

/spa/ ‘spa’

LIPS ‘ labial closure \
TONGUE TIP ‘alveolar critical\
TONGUE BODY ‘ pharyngeal wide \
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What about tone?
 Empirically, V lags following C

e (In lexical tone languages only)

/pa/
LIPS [[1abial closure |
TONGUE TIP
TONGUE BODY [ pharyngealwide |
pitch (?) | high |

(Gao 2008, Niemann et al. 2011, Karlin 2014) o2



Competitive coupling account £+
 Unifies clusters and tone (neat for typology)

e Unifies syllables (and up?), contrast, and planning

a
/spa/ ‘spa’ /pa/
LIPS ‘ labial closure \
LIPS ‘ labial closure \
‘ " \ TONGUE TIP
TONGUE TIP alveolar critical TONGUE BODY - —
TONGUE BODY ‘ pharyngeal wide \ . ‘ pharyngea’ wide \
pitch (?) | high |
C\ />C C------ > T
Vv \ /
Vv
< ]
< | 7
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Roadmap

e “Discrete phonology, continuous phonetics”
e Coupled oscillators: timing in phonology
 Problems

 Unexpected coupling relations

e Surface timing goals

e Conclusion
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Predictions of Coupled Oscillator Model

» If there is a tone gesture in a syllable: N\ ./

e C-V timing like in clusters: [ Cc |
C-V lag positive, ~50ms |

e If there is no tone in that syllable:

e Simultaneous C & V:
C-V lag ~0ms |
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The perfect test case?

A language where some speakers produce tone and others don’t
(Geissler 2019, 2021)

* 4 speakers produce a tone contrast, two do not (images: /mV/)
(Geissler et al. 2021)
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EMA study <|: C o T
articulatory trajectories v \V/
[p p" m]: distance between lip sensors } C_ | ‘ ¢ |
V
| T |

[i]—[u o a]: tongue dorsum retraction
 H, L tones; 1- and 2-syllable words
e |C-V lag as diagnostic of tone

front
Tongue ! -l
Dorsum -
back

open -
"=..

msecs

(Data: Zhang, Geissler, & Shaw 2019)
21 (Mview software: Tiede 2005)




Results: C-V lag in all speakers

e There is a positive C-V lag... for speakers with and without
the tone contrast (and in both tones)

\'/
I:I contrast

. ! no.contrast
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Results: C-V lag ~ C duration

e C-V lag increases with C duration—not necessarily a problem
e But again—holds for both tonal and non-tonal speakers

contrast

C-V lag
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Cross-linguistic evidence

No tone,
no C-V lag

Arabic
Catalan
English
German
Georgian
[talian
Romanian

Tone

C-V lag
Mandarin

Thai
Tibetan

also Tibetan

Swedish
Serbian
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More unexpected tone timing
Karlin (2022)

m 1

O

 Coordination of tones in two .
BCS dialects: Belgrade and
Valjevo Serbian

e Valjevo rising accent: [0.mla] Coommees >C
target of H timed to \ /
start of V2 Vomrommeeeee :V
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A Theory of the Interface

Which units?
In which order?

(Magic happens here)

Articulation
Acoustics

Tibetan: C-V lag without tone
Serbian: target-timed tone
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A Theory of the Interface

Tibetan: not just in-phase/anti-phase Which units?
Serbian: coordinate targets, not just onsets In which order?

(Magic happens here)

Articulation
Acoustics

Tibetan: C-V lag without tone
Serbian: target-timed tone

33



Roadmap

e “Discrete phonology, continuous phonetics”
e Coupled oscillators: timing in phonology
 Problems

e Unexpected coupling relations

e Surface timing goals

e Conclusion
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A Theory of the Interface

Which units?
In which order?

(Magic happens here)

Are model parameters aqlequate? Articula’Fion
Do the curves look right? Acoustics
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Checking Tibetan results with simulations
TADA: Task Dynamics Application nam et ai. 2004)

lower lip:

36




Timing’s ok... but the shapes are off

(Geissler 2022)

e L: Tibetan [ma]; R: simulated in-phase, competitive, anti-phase

Position
Position

10 2030
Time 37 Time



(Lee 1998, Elie et al. 2023)
Q
O

General Tau model
(
&
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Fitting data with analysis-by-synthesis: <five>
e Diphthong targets can’t be separated with kinematic data

e Make a simulation, then tweak it, — 34,000 simulations
Compare to 525 tokens from X-ray Microbeam Database

Bad fit Good fit

Simulated

Real

39



Analysis-by-synthesis: <five>

(O’Reilly, Geissler, & Tang 2023)

e Diphthong targets can’t be separated with kinematic data

e Make a simulation, then tweak it, — 34,000 simulations
Compare to 525 tokens from X-ray Microbeam Database

Bad fit Good fit

4 il | ,gr'
WLz ///}////'// & "'I"I“I“I\“Il““‘““\ W] TGN -
17.5 A\ |

Simulated

Real



An a IyS i S - by- Synth es i S: <five >(O ‘Reilly, Geissler, & Tang 2023)

e Simulated four articulatory manifestations of duration

 Mostly overlap/shortening... sort of

onglide: a offglide: |
 ——— ——

Overlap . Sho.r:c.e.ning 384 352 383 392

RALLES overlap |[shortening|| overlap |shortening
/\ degree

211|352 || 27 | S

undershoot| stiffness | l[undershoot| stiffness

391 | 372 | 369 388

overlap |shortening| | overlap |shortening

location

Undershoot Stiffness 263 | 249 19 57

undershoot| stiffness | {undershoot| stiffness
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Interim findings

Analysis-by-Synthesis of <five>

« We got some results!
e [a] portion of diphthong timed to rest of word
e [1] portion more free to vary across tokens
e Still a lot to do
e Extremely computationally-intensive
 Which dimensions of variation? How much to vary?
« What’s the best way to compare curves?

42



So... endpoint timing?

 Fundamentally, capturing
duration is just much easier
when you can use endpoints

* English speech corpus

(Elie et al. 2023)

43




S0... endpoint timing? £5 coo B3 data B Tau

 Fundamentally, capturing

duration is just much easier ? 5

. & 7
when you can use endpoints =
)
. -

* English speech corpus,, ..., ,z 8 J
. O

e Tibetan landmarks & 0.

(Geissler & Nellakra 20247) o
£ 150 4

EPY.

alL

O 1 T T T
PVEL NONS PVEL2
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So... endpoint timing?

0.240

 Fundamentally, capturing 0

duration is just much easier
when you can use endpoints

0.180

0.150

leus duration (s)

* English speech COTPUS g ot ar. 2029) S 0120

e Tibetan landmarks
(Geissler & Nellakra 20247) ~ 0:090

e Dinka length contrasts 0 060

(Turk & Shattuck-Hufnagel 2020) sd—" Fin. Med. Fin Med.
(Remijsen & Gilley 2008)

Fin. Med.

S8-S0 SS-LG LS-SG LS-LG
Lexical and morphological quantity
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Roadmap

e “Discrete phonology, continuous phonetics”
e Coupled oscillators: timing in phonology
* Problems

e Unexpected coupling relations

e Surface timing goals

e Conclusion
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What have we learned?

e Timing patterns not predicted by oscillators
e Tibetan tone-like C-V lag without tone
e Oscillators miss having endpoints

e Struggle to get shapes right

 Some evidence for surface durations, _
or even gestural endpoint timing 5 i 5 ; [

£
@ 200 - .
. m "
0 . a £ 150 - : . : : .
l — . 1 3 . :
, 100 - | _|. Co °
| °
47 H | ] = ?‘é
|
I 01 .
| P\/EI| NONS P\/EI| 9




So... how articulatory is phonology?

More and less than you might think

. ¢ z In which order?
Phonology Need to specity:

- durations & endpoints {
- diverse coupling modes

(Magic happens here)

Articulation
Acoustics

e Phonetic observables
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Cautiously optimistic about Tau |
X (t) :Xo(l £ )_

Start position
 Endpoints & durations are a big Start time —
N Coordination?
Target position
help )
Target time

e Support in biology, psychology

General
Tau

Model

e Still much work to be done in
coordination *other than*
synchronous movement

e ... stay tuned! Path to target

49
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JINE D
Thank you!




51



Pocket slides



What about diphthongs?

e Can approximately describe with in-phase/anti-phase

 How do diphthongs change when they get shorter?

<five> /farv/

LIPS labiodent. critical labiodent. critical
TONGUE TIP
TONGUE BODY pharyngeal wide I palatal narrow
VELUM
GLOTTIS wide

(Goldstein et al. 2000)

53

C

Vig=-===-=====--- > C
. Vs

C

Vigmmmmmmmmm-- >C
AVz'



Articulatory study

Geissler et al. (2021), Geissler (2021ch4)
e HI: variation in timing conditioned by presence/absence of lexical tone

o speakers with tone contrast will have competitive coupling (pos. C-V
lag)
e speakers without tone contrast will have in-phase C-V timing (no C-V
lag)
e H2: timing convergence:

o all speakers will have similar coordination patterns despite
interspeaker variation in presence/absence of tone

 What kind of tone contrast is there?
o If H-©, then difference will be visible in high vs. low tone words
o If H-L, then no difference in timing by tone.
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EMA Study conclusions

e H1: variation in timing conditioned by presence/absence of lexical tone

o speakers with tone contrast will have competitive coupling (pos. C-V
lag)
e speakers without tone contrast will have in-phase C-V timing (no C-V
lag)
e v H2: timing convergence:

o all speakers have similar coordination patterns despite interspeaker
variation in presence/absence of tone

 What kind of tone contrast is there?
o If H-©, then difference will be visible in high vs. low tone words
e v If H-L, then no difference in timing by tone.
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The temporal basis of complex
segments

Shaw et al. 2019




The temporal basis of complex segments
Shaw (2019): predictions

In-phase (a) Complex segment—no lag (b) Segment sequence—no lag Anti-Phase
1 /_\
, |
1

[ 2 |

(c) Complex segment—positive lag (d) Segment sequence—negative lag

In-ph + 1 /_\ Anti-Phase - lag
n P1 dase (of?s%t) /_\ ______ . (gffset)
B Figure 1: Hypothesized gestural coordination pat- —

|—t 2 | terns for complex segments (a), (¢) and segment

sequences (b), (d)
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Shaw (2019): results

The temporal basis of complex segments
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Tibetan dialects



Tibetan . e /
pa—— Injlang Uyghur = pro hECSN
faka Autonomous Region

“archaic”/
C(C 2)
cluster -Baltj -

“innovative”/ <Purni
“non-cluster”  -Ladai

dialect
continuum

post-1959
diaspora = A TNy, 0 N

ApPDIOX. e SR Y S
extent of o S .
tone Drenjofg | ; ;

-t
:



Dialects: Natural laboratory

Written Balti Rebkong Tokpe Gola Gloss

tonogenesis (Classical) (Western) (Northeastern) (Central)
. e Tibetan

laryngeal variation B
cluster khrag [ksak] [tewy] [t"AK] ‘blood’
simplification ([t"akD)
vowel shifts, rtswa [xstsoal] [xtsa] [tsa] ‘orass’
spirantization,
retroflexion, spyang ki [spjan.'ku] [xtean.'k™]  [tfan.gu] ‘wolf’
palatalization
evidential, bcu bdun [tgub.'dun] [teyb.'dyn]  [tftp.t5] ‘seventeen’
honorifics, ([tfap.ty])

modality, etc. (Adapted from Caplow 2013)
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Tonogenesis

(tonal dialects only)

e Voiceless onsets > high tone e *p"ar ‘over there’ > H
*sa ‘earth’ > H

e Voiced onsets > low tone e *bar ‘between’ > L
*7za ‘eat’ > L
*mar ‘butter’ > L

e Sonorants with pre-initial > e *sman ‘medicine’ > H
high tone
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Laryngeal contrasts

Etymological onsets Innovative features
Orthography 3 =) y & S = SE
Old Tibetan s’pa  p"a Dba s°ba  sa zZa b°za aspiration allphonic
Northeastern and sna ho ba ~ yba  sa 72 2o cluster simplification
Western dialects P P wa aspirated/unaspirated contrast

: , h 2 . . . \ \ tonogenesis

Eastern dialects pa p'a pa ba sa za za cluster simplification
Central dialects . h 2 ha . , . . voiced clusters > voiceless

(Lhasa) pd pa pda  Ppd >d >4 >d voiced simplex > aspirated
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http://smu-facweb.smu.ca/~s0949176/sammy/

Coordinating gestures in time

 Gestural coupling modes: In_PB e énupl:ise
» In-phase coupling: (synchronous) and \
Anti-phase coupling (sequential) are most —C ‘V L ¢ L ¢
stable | v |
« Competitive coupling: combination of in- o ,
: : : Competitive Eccentric
phase and anti-phase coupling relations o e -
» Eccentric coupling: one coupling relation, \ /
just not intrinsically stable v v
¢ | [ ¢ ]
| C | | Vv
[ v ]

(Nam & Saltzman 2003, Nam et al. 2009, Goldstein 2011) .



Two systems of laryngeal contrasts

even In speakers with no FO contrast (!!!)

* Both conditioned by \ °
etymological tone category: S

e Left speaker ) "
e long VOT: only with H tone |, ©

* Right speaker: o b 2
» [prevoicing|with L tone |

¢ :l-ong VOT:With Ot tOneS 000 003 006 0.09 -0.10 -0.05 0.00 0.05 0.10

""""""" VOT VOT
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Does H have higher pitch than L?
Yes for 11/19, no for 7/19

SN
2. *+f ' "

sk X

TN

K10 K13 K14 K16 K18 K19 K20 K24 K29 K3 K32 K36 K4 K43 K46 K5 K6 K8 K9
Speaker

Tone
B H
—




Consonant and tone categories
|:|H, -SG] H, [+SGDL, [—SGDL, +SG]

-0.2 -0.1 0.0 0.1
VOT (sec)
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There’s another problem
WHEN DOES A GESTURE START

Velocity zero-crossing?
Velocity 20% of peak?
Acceleration maximum?
Divergence from repetitio

10

ns?

front
Tongue !

Dorsum back
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Articulatory simulation
TADA: Task Dynamics Application nam et ai. 2004)

lower lip:
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Images from a different study
sanity-checking the Tibetan

Articulatory simulation experiment results

. .. Geissler 2022
TADA: Task Dynamics Application wam et ai. 2004) (eissier 2023

lower lip:
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<five> study: methods

O’Rellly, Geissler, & Tang (2023)

e JIdeal test case?

e diphthongs: all four modes

e C’s with lips, V’s with tongue

e available data

(2

lllllllllllllllllllllllllllllllllllll

- b .......... |4/| syllable model
: paselline :

TADA:

editing

I A — procedure

. adjusted

. gest. scores ~g

TADA:

Task Dynamics

simulated 4
trajectories =~ prw
" best-fit i L

. gest. score |




Timing in phonology and/or phonetics?

e “Discrete Phonology” vs. “Gradient Phonetics”
e Speech timing as phonology

e Is timing intrinsic or extrinsic to phonology?

e Are gestures coordinated at beginning or end?

e Symbolic vs. phonetically-enriched representations?

73 (Turk & Shattuck-Hufnagel 2021)



