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BACKGROUND

Phonation depends on a balance of aerodynamic and mechanical conditions (Ishizaka & Flanagan, 1972; Titze, 1994). These requirements have been formalized in the phonation threshold pressure equation:
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where


Assuming that, over short time periods during running speech, B and kt undergo minimal variation, the onset of phonation depends mainly on speakers manipulating pressure, glottal width, and aspects of laryngeal setting which may be reflected in fundamental frequency and voice source measures.  

HYPOTHESES

1)  Since many aspects of vocal-fold vibration differ, on average, between men and women, gender effects may be observed in which factors are most predictive of phonation offset and onset.

2)  Given that multiple parameters can be manipulated to achieve phonation onset or offset, individual speakers may establish unique solutions to the phonation threshold pressure equation. In other words, the parameters that are most directly correlated with voicing thresholds may differ across speakers.

3)  We expect that all subjects will show hysteresis in vocal-fold vibratory behavior: The conditions under which phonation is initiated will differ from those under which phonation ceases. 

OVERVIEW OF INVESTIGATION


*2 sets of data (aerodynamic recordings)


*Normal M and F speakers producing intervocalic /h/ 


*Measurements made of conditions at voicing offset and onset

Analysis:


*Cross-speaker comparisons of the conditions for phonation offset and onset


*Within-speaker analysis of the factors that are most predictive of phonation offset


*Within-speaker comparisons of the conditions at voicing offset and onset (i.e., quantification of hysteresis)

STUDY I METHOD (1)

[a subset of unpublished data from Koenig, 1998]

1) Speakers included 14 normal, native English-speaking adults (7 men, 7 women; age range 26-57 years). 
2) Speaking materials included the utterance /mAm´ 'hAp´/. Each speaker produced the utterance 24-50 times.

3) Signals included oral airflow (collected with an undivided Rothenberg mask) and intraoral pressure during bilabial closures (collected via a Millar catheter-tip pressure transducer). Both signals were sampled at 10kHz.  

STUDY I METHOD (2)

4) Signal processing: 


a) Flow signals were smoothed using a 5-point triangular window to remove noise. 


b) Flow signals and pressure signals were smoothed using a 133-point triangular window to remove most evidence of glottal pulses.  

5) Measurements: 


a) Times and amplitudes of the /h/ flow peak, voicing offset, and voicing onset


b)  Peak pressure during the unstressed /p/ following the /h/


c)  Pulse period and amplitude measures for the 1st two glottal periods following the /h/ peak (for fully voiced /h/) or voicing onset (for /h/ with a voicing break).


*Voicing offsets and onsets determined from DFT waterfall. 

STUDY I METHOD (3)
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STUDY I RESULTS (1): Cross-subject analysis

Who has fully voiced /h/ 

(i.e., is less likely to devoice during abduction)?
Correlating percentage of fully voiced /h/ with average measures for each subject

	
	Men
	Women
	Comb.

	Ht
	+.68
	-.18
	+.66*

	Neck circumf
	+.54
	-.27
	+.69*

	MidVf0
	-.66
	+.28
	-.74*

	Onsetf0
	-.73
	+.01
	-.80*

	Pkflow
	-.75
	-.51
	-.25

	Acflow
	-.33
	-.35
	+.18

	Pres 
	+.37
	-.31
	-.07

	Resis 
	+.46
	-.46
	-.05


*Combining the data across men & women shows patterns representative of the men only.

*Height and neck circumf. are body size measures which should correlate (somewhat) with vocal fold length.

*In men, fully voiced /h/ is most common occurs in subjects who are physically larger, and who have lower f0’s.  

STUDY I RESULTS (2): Within-subject analyses

Correlation results with duration of voicing break after /h/ peak as dependent variable. 

Showing results from the 7 speakers who produced at least 15+ tokens of devoiced /h/

	All tokens:

when do

speakers

devoice an

/h/?
	
	Women
	Men

	
	/h/ pk flow
	.273
	
	.056
	.431*
	
	.269
	-.192

	
	DC flow
	-.030
	
	-.736*
	-.267
	
	-.742*
	-.749*

	
	AC flow
	.200
	
	.245
	.380*
	
	.202
	-.380*

	
	Onset f0
	.200
	
	.496*
	.576*
	
	.837*
	.477*

	
	Pres
	.059
	
	-.185
	.142
	
	
	-.194

	Devoiced 

tokens only: 

What delays 

the time of 

voice onset?
	/h/ pk flow
	.624*
	-.149
	-.019
	.162
	.331*
	.482*
	-.397

	
	DC flow
	.052
	-.346
	-.541*
	-.471*
	-.578*
	-.206
	-.816*

	
	AC flow
	.627*
	.163
	.051
	.447*
	.242
	.201
	-.002

	
	Onset f0
	.462*
	.025
	.138
	.417*
	».365*
	.030
	.461

	
	Pres
	-.256
	-.385
	.231
	-.195
	
	
	-.136


Blue indicates subjects who produced no fully voiced /h/.

Grey indicates cases where pressure recording was unsuccessful.

»This speaker had 1 token with a pulse-long voicing break. Removing this token yielded lower markedly lower r-values for 


onset f0.

*Patterns of significance differ considerably across subjects

*Removing voiced /h/ may change the patterns of significance:  Thus, voiced and voiceless tokens show somewhat different patterns.

STUDY I RESULTS (3): Within-subject analyses
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STUDY I RESULTS (4): Hysteresis effects
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*Expected hysteresis effects are observed in all but 1 subject (2nd female): Voicing onset was further from the flow peak than voice offset, and occurred with a greater change in DC flow levels from the flow peak. The extent of hysteresis effects also differs across subjects.

STUDY I RESULTS: Average /h/ plots
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*The 2nd female, who did not show hysteresis, was unusual in having an asymmetrical ab/adduction gesture. This may explain at least the timing aspects of her onset-offset patterns.
LIMITATIONS TO STUDY I

*Because several consonants were being compared, a limited number of /h/ tokens was collected for each subject

*Several subjects, especially the men, produced few or no cases of devoiced /h/. 

*Not enough /h/ tokens were available to permit multidimensional statistical analyses needed to determine which of the interrelated factors related to voicing were most operative for a given speaker.

*Some parameters, notably subglottal pressure, underwent little variation over the course of the recording session.

*For some subjects, no measured factors correlated with voicing onset times; would additional measures show a pattern for them?




Study II was designed to remedy these issues.

STUDY II Method (1)

1) Speakers: normal, native English-speaking adults between 20-50 years of age. Preliminary data here are reported for 1 man and 1 woman.  
2) Speaking materials: 
“Papa Hopper”

[pÓAp´ 'hAp„]








“Papa Hooper”

[pÓAp´ 'hup„]








“Papa Hippie”


[pÓAp´ 'hIpi]

each produced 75 times in each of 3 self-selected loudness conditions (normal, loud, and soft). Loudness variation should induce a wider range of speaking pressures; vowel variation may affect f0, voice source, & supraglottal resistance.

3) Signals & processing: Oral airflow and intraoral pressure, sampled at 10kHz; a smoothed flow signal was derived for measurement of DC flow values. In addition, an AC flow signal (original signal-smoothed signal) was obtained.

STUDY II METHOD (2)
4) Measurements:

As before:


*Times & amplitudes of /h/ flow peak, voicing offset, and voicing onset


*Peak pressure during the unstressed /p/ following the /h/


*Pulse period and amplitude measures for the 1st three glottal periods following the /h/ peak (for fully voiced /h/) or voicing onset (for /h/’s with voicing breaks).

In addition:


*Open quotient (OQ) and speed quotient (SQ) measures were made from the inverse-filtered flow signals for utterances containing /A/.


*Voicing offsets and onsets were determined from a smoothed the AC flow signal.

STUDY II RESULTS (1): Multiple correlation analysis

Voicing onset-offset durations as a function of pressure & flow (AC, DC) amps; f0






SF (M) 





     RS(F)





Offset

   Onset



Offset


Onset





r=.141
   r=.846



r=.713

r=.846





F=.635
   F=76.175



F=31.37

F=76.175





p=.727
   p<.0001



p<.0001

p<.0001

	
	Coeff.
	p-val
	Coeff.
	p-val
	
	
	Coeff
	p-val
	Coeff
	p-val

	Intercept
	6.557
	.5076
	-3.231
	.6662
	
	Intercept
	24.450
	.0287
	39.329
	<.0001

	amppk
	-.947
	.5602
	11.902
	<.0001
	
	amppk
	1.887
	<.0001
	1.525
	<.0001

	ampoff/on
	.632
	.6955
	-12.163
	<.0001
	
	ampoff/on
	-2.208
	<.0001
	-2.440
	<.0001

	prpk1amp
	.227
	.8179
	.025
	.9712
	
	presamp1
	.380
	.5303
	.828
	.2568

	prpk2amp
	-.536
	.7372
	.247
	.8255
	
	presamp2
	1.148
	.1697
	.116
	.9078

	prpk3amp
	-.940
	.4924
	.677
	.4957
	
	presamp3
	-.649
	.3805
	-.113
	.9039

	f0 off/on
	.105
	.3139
	-.003
	.9682
	
	f0 off/on
	-.053
	.2617
	-.006
	.8642

	AC off/on
	-.764
	.3966
	.033
	.9495
	
	ACoff/on
	.730
	.2926
	.422
	.5104




V context:  a=0%; i=12%; u=19% voiceless
  V context: a=95%; i=83%; u=96% voiceless



2 (%s)=12.072, p=.0024


2 (%s)=11.246, p=.0036



ANOVA (VOTh): F=3.805, p=.0237

  ANOVA: F=64.9, p<.0001



 (a vs. u *; a vs. i p=.07, i vs. u NS)

  (all combos *)

*Male subject offsets are not predicted well by the measured parameters. The other 3 analyses show reasonably good prediction of /h/ voicing.

*Amppk parameter indicates that /h/ devoicing is related to higher peak flows (greater abduction degrees). The ampon/off parameter simply indicates that longer times between offset/onset and the /h/ peak correspond to greater differences in the DC flow change from the /h/ peak.

STUDY II RESULTS (2): Multiple correlation analysis

Voicing onset-offset duration analysis with voice source measures included (/A/ only, female speaker)







Offset:


   Onset:







r=.761


   r=.802







F=7.238


   F=9.532







p<.0001


   p<.0001

	
	Coefficient
	P-Value
	Coefficient
	P-Value

	Intercept
	39.431
	.4160
	-24.358
	.4241

	amppk
	2.174
	<.0001
	1.898
	<.0001

	ampoff/on
	-3.042
	<.0001
	-3.378
	<.0001

	presamp1
	2.012
	.0749
	-.300
	.7786

	presamp2
	.324
	.8085
	.212
	.8789

	presamp3
	-1.417
	.3265
	-.745
	.6167

	f0 off/on
	-.091
	.2726
	.101
	.0481

	AC off/on
	1.620
	.2013
	-.693
	.5090

	OQ @ h
	-13.222
	.8040
	52.053
	.1819

	SQ @ h
	-.226
	.9642
	9.236
	.0775

	OQ in V
	31.142
	.5197
	33.193
	.2212

	SQ in V
	-3.058
	.6682
	4.089
	.3353


*As before, the amppk and ampon/off parameters are predictive of /h/ voicing patterns.

*f0 emerges as a factor here 

*Some suggestion that subglottal pressure in the stressed /p/ (only) affects voicing offsets

*Some suggestion that the speed quotient immediately following voicing onset is related to voicing onset times.

STUDY II RESULTS (3): Hysteresis effects
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*Time and DC flow effects are similar to Study 1.  Here, the AC flow and f0 measures (not measured in Study 1) also show expected hysteresis effects.

Issue in determining voicing onsets: Occasional irregular oscillation around /h/ flow peak occurs in some subjects

Irregular oscillation – example 1

[image: image7.wmf]
Irregular oscillation – example 2
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Conclusions
*Cross-subject analysis suggests some gender differences in which factors predict whether a subject is likely to devoice during typical abduction. In particular, body size measures & f0 seem to be the operative effects in men, but not women.

*Within-subject analysis indicates that the parameters most significantly correlated with the presence of a voice break and/or with the time to phonation onset differ considerably across speakers.

*Hysteresis may not be observed when subjects show an asymmetrical ab-adduction gesture.

Directions for future work
*These data provide quantitative input for further modeling work: Can our models generate the observed voicing patterns of many speakers using the observed variation in input parameters, and account for the range of patterns produced by an individual?

*Some subjects show unstable oscillation around the /h/ abduction peak. Intervocalic /h/ provides a context for studying unstable vibratory behavior in normal speakers. 
*Can automatic analysis procedures be designed to determine voicing thresholds in regions of unstable oscillation?
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c=coupling stiffness


B=tissue damping


x0=prephonatory glottal halfwidth


kt=translaryngeal pressure coefficient


T=vocal fold thickness
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