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Variable intergestural timing

• Intergestural timingvaries as a functionof prosodyand speech rate

• Variability in timing ismostly examinedacross segments
(e.g., CV, CC coordination)
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Beňuš & Šimko, 2014; Byrd, 1996; Byrd & Choi 2010; Cho, 2001; Katsika, 2018; 
Marin & Pouplier, 2010; Mücke, 2014; Saltzman & Byrd, 2000



Segment-internal intergestural timing

• Gestureswithina segmenthaveaparticularly highdegreeof
cohesiveness (compared to those across segments)

• This tight coupling leads to segment-specific stable coordination
pattern

• Timing is resistant to individual gestural variations?
• Timing is resistant toprosodic variations?
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Byrd, 1996; Fowler, 2015; Hoole & Pouplier, 2015; Kelso et al., 1984; 
Maddieson & Ladefoged, 1989; Munhall et al., 1994 



From Shaw et al., (2019)
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Across-vs. within-segment timing

• Consonantal sequences
• Asgestural durationvaries,
intergestural timing covaries

• Complex segments
• The lagbetweengestural onsets are
strictly coordinated, andarenot
affected by thedurationof gestures

→→ Segment timing: Lackof covariance

br pj



Transgestural gestural slowing

• In thevicinity of aphrasal boundary, gestural activation trajectories
temporally stretch

• Thisboundary-induced local slowingmay:
• Lengthengestural duration
• Reducegestural overlap (thus increase intergestural lag)
• Increase spatialmagnitude
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(Saltzman & Byrd 2000; Byrd & Saltzman 2003)

π-gesture



Timingvariability/stability

• CC# timing: malleable toprosodicmodulations

• C# timing: resistant toprosodicmodulations
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Segmental gesturalmolecule

• Segmentswithmultiple gestures

• Multiple oral gestures
/l/  /r/ /w/ /kCp/ /pj/ /kw/

• Oral andnon-oral gestures
/n/ /m/ /k’/ /ɓ/ 



Segment-specific goals

• Distinct coordinationgoalsmay serve tounderlie phonologically
contrastiveorganizationof gestures
• Thesegoalsmaybe relevant to aerodynamic, acoustic, or perceptual
goals

• Doubly-articulated stops (perceptual recoverability)

• Non-pulmonic consonants (aerodynamic goal)

• Pre-, post-nasal andnasal consonants (?)
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Goal

• Usevariations in individual gestures andprosody toprobe temporal
coordinationpatternswithin a segment

• Investigate velum-oral coordination innasal consonants to
understanda segment-speciGic goal for nasals
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Researchquestions

A. Is the lagbetween thegesturesof a segmentalmolecule relatively
insensitive to thevariationof the individual gestures (compared
to across-segment lags)?
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H1. Within-segment timing H2. Across-segment timing

The lagbetween thegestures is
not affectedby theduration and
themagnitudeof the gestures

The lagbetween thegestures
increaseswith thedurationand
magnitudeof the earlier gesture



Researchquestions

B. Howdoprosodic effects play a role in segment-internal gestures
and their timing?
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π-gesture
H. Segment-timing stability

Intergestural lag remains stable
acrossprosodic variations

Segment
internal
coupling



Methods

• Data acquisition
• Mid-sagittal vocal tract speech imagingdatausing real-timeMRI

• Subjects
• FivenativeKorean speakers

• Target items
• Codanasals at boundaries:/n#p/ /n#t/ /n#n/ 

• Prosodic conditions
• Wd,AP,AP+focus, IP (7/8 reps each)
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Stimuli example

- Wdboundary SUBJECT,ADV AP[NOUNnumber] VERB
- Sam slowly cleaned [four chalkboards].

- APboundary SUBJECT, AP[ADJNOUN] AP[number] VERB
- Sam cleaned four [large chalkboards].

- APboundary+focus SUBJECT, AP[ADJNOUN] AP[number] VERB
- Sam cleaned four [large chalkboards].

- IPboundary SUBJECT, AP[ADJNOUN], IP[......]
- This film called [large chalkboards], ......
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Boundary
strength



Data analysis

• Oral gesture (TT)
• ROIanalysis

• Velumgesture (VEL)
• Centroid tracking analysis
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TrackingVEL lowering (/ɑmɑ/)

Centroids

(Oh & Lee, 2018) 
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Measurements

TTconstrictionmagnitude

VEL loweringmagnitudeVEL

TT
Onset lag

TTconstrictionduration

VEL loweringduration
• All measures are z-scored within speaker
• Significance level is set as p < .01
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DurationxMagnitude

• Positive correlationbetweendurationandmagnitude

VEL
TT
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Relative timingxDuration

• Onset lag in/n/ increaseswith thedurationof theVELgesture
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VEL

TT

Shaw et al., (2019)



Relative timingxMagnitude

• Onset lag in/n/ increaseswith themagnitudeof theVELgesture
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Onset-to-target lag

• TTonset toVEL target lag in/n/ isnot affectedby thedurationand
magnitudeof gestures
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TT



Onset-to-target lag

• TTonset toVEL target lag in/n/ isnot affectedby thedurationand
magnitudeof gestures
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VEL
TT



Segment-speciDic timing

• Korean codanasals
• Oral onset to velumtarget lag showsconsistencyover gestural
duration/magnitude
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Duration / Magnitude



• Boundary& focus effects onTTduration& magnitude
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Prosodic effects on theoral gesture



• Boundary& focus effects onVELduration& magnitude
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Prosodic effects on thevelumgesture



• Noeffect of prosodyongestural lags
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Prosodic effects on the timing



Individual lag variation

26



Summary

• Segment-speciGic timing
• Theo-t lagbetweengestures is independent
of theduration and themagnitudeof the gestures

• Theeffect of π-gestureon timing?

• Stable relative timing acrossprosodic variations
• This crucial timing stability distinguishes strong segment-internal coupling
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Conclusion
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Thankyou
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