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Summary
The study of normal voice in family groups can reveal shared, possibly genetic, characteristics.  Vocal aging in particular may be governed by genetic mechanisms, occurring at different rates in different families.  Appropriate tasks, measures, and statistical frameworks for detecting such phenomena have yet to be resolved.  We report here some methodological advances for detecting rates of vocal aging in family groups using statistical processing of multivariate acoustic analyses of maximum duration sustained phonations.

The project (funded by NIH grant 1-R01-DC 04068-01) records phonation samples from a number of large 3-generation families who are subjects in the Utah Genetic Reference Project (UGRP), a multidisciplinary study designed to map genes for a wide range of human traits.  Many vocal tasks are being recorded. Currently, maximum duration sustained “ah” phonations are being analyzed for a large variety of acoustic measures, and the first 5 seconds of these phonations are being presented to listeners for judgments of perceived age.

To date, the largest dataset has been obtained from approximately 200 subjects utilizing automatic acoustic measurement systems (Kay Elemetrics’ MDVP and Michaelis et al.’s HD program).  Participants in the study have ranged in age from 17 to 90 years, but only a few were geriatric (median age: 35).  Extraneous sources of variability therefore need to be minimized to detect aging effects.  In the acoustic processing, segments affected by subharmonic patterns that would artifactually inflate perturbation measures have been removed.  Another source of problematic variability has been due to performance factors in maximum duration phonations such as self-selected f0 and length of phonation.  Upon funding, protocols were formalized to emphasize maximum performance.  However, comparing quality measures before and after this standardization showed that many were influenced by these performance factors.

Tables 1 and 2 present gender-specific correlation matrices among quality measures, the performance variables of f0 and phonation length, and age and age-squared variables (the latter representing curvilinear trends).  Negative associations with the performance variables can be noted (correlations significant at the 0.05 level, not corrected, are shaded in the probability matrices).  Affected measures were subsequently adjusted for the influence of f0, length, or both (f0 covariates were deviations from expected values for age and gender, and length covariates were deviations from gender-expectation only).  Tables 3a and 3b report regression results on the gender groups, revealing several age-relations.  While no strengthening of the women’s results was produced by the performance adjustments, several of the men’s measures were enhanced in their age-sensitivity, particularly by f0 adjustments.
Figure 1 is derived from a mixed regression model analysis of the f0 adjusted f0 variability measures.  The mixed model assesses age effects while correcting for dependency within family groups.  The age effect remained highly significant, and the figure illustrates the different regression slopes obtained for family groups.  The result is particularly evocative of our long-term goal, which is to discover different vocal aging rates in families.  We propose to present more such results on additional acoustic and perceptual measures.
Table 1a.  Women  Pearson correlation matrix

	
	AGE
	AGESQ
	FO
	VAM
	NHR

	AGE
	1.0000
	
	
	
	

	AGESQ
	0.9847
	1.0000
	
	
	

	FO
	-0.2438
	-0.2446
	1.0000
	
	

	VAM
	0.1892
	0.2109
	-0.4667
	1.0000
	

	NHR
	0.1370
	0.1469
	-0.3685
	0.1014
	1.0000
	VTI
	SPI
	IRREG
	NOISE
	LOGRAP

	VTI
	-0.1483
	-0.1643
	0.1020
	-0.1298
	0.3939
	1.0000
	
	
	
	

	SPI
	0.2287
	0.2025
	-0.3382
	0.1793
	-0.2667
	-0.4115
	1.0000
	
	
	

	IRREG
	-0.0483
	-0.0266
	-0.1821
	0.2080
	0.4644
	0.0535
	-0.2205
	1.0000
	
	

	NOISE
	0.0320
	0.0205
	-0.2553
	0.0336
	-0.0436
	-0.2971
	0.5730
	0.1333
	1.0000
	

	LOGRAP
	0.0544
	0.0633
	-0.2720
	0.1547
	0.2094
	-0.1450
	0.3356
	0.4862
	0.4409
	1.0000
	LOGVF0
	LOGAPQ

	LOGVF0
	0.3612
	0.3749
	-0.5051
	0.3377
	0.3110
	-0.1809
	0.2185
	0.4548
	0.2687
	0.6589
	1.0000
	

	LOGAPQ
	-0.0496
	-0.0142
	-0.3077
	0.2981
	0.5352
	0.0543
	-0.1921
	0.8086
	0.1320
	0.5451
	0.5130
	1.0000

	LENGTH
	-0.0397
	-0.0186
	0.1040
	-0.1647
	-0.2083
	-0.0225
	0.0614
	-0.2631
	-0.2408
	-0.1587
	-0.1598
	-0.2860


Table 1b. Women  Correlation probabilities
	
	AGE
	AGESQ
	FO
	VAM
	NHR

	AGE
	0.0000
	
	
	
	

	AGESQ
	0.0000
	0.0000
	
	
	

	FO
	0.0145
	0.0142
	0.0000
	
	

	VAM
	0.0594
	0.0352
	0.0000
	0.0000
	

	NHR
	0.1741
	0.1448
	0.0002
	0.3157
	0.0000
	VTI
	SPI
	IRREG
	NOISE
	LOGRAP

	VTI
	0.1408
	0.1024
	0.3125
	0.1981
	0.0001
	0.0000
	
	
	
	

	SPI
	0.0221
	0.0433
	0.0006
	0.0742
	0.0073
	0.0000
	0.0000
	
	
	

	IRREG
	0.6331
	0.7929
	0.0699
	0.0378
	0.0000
	0.5972
	0.0275
	0.0000
	
	

	NOISE
	0.7517
	0.8394
	0.0104
	0.7403
	0.6667
	0.0027
	0.0000
	0.1861
	0.0000
	

	LOGRAP
	0.5906
	0.5319
	0.0062
	0.1244
	0.0365
	0.1500
	0.0006
	0.0000
	0.0000
	0.0000
	LOGVF0
	LOGAPQ

	LOGVF0
	0.0002
	0.0001
	0.0000
	0.0006
	0.0016
	0.0717
	0.0289
	0.0000
	0.0069
	0.0000
	0.0000
	

	LOGAPQ
	0.6239
	0.8883
	0.0018
	0.0026
	0.0000
	0.5913
	0.0556
	0.0000
	0.1905
	0.0000
	0.0000
	0.0000

	LENGTH
	0.6948
	0.8543
	0.3033
	0.1014
	0.0376
	0.8243
	0.5438
	0.0082
	0.0158
	0.1149
	0.1121
	0.0039


Number of observations: 100

Table 2a.  Men.  Pearson correlation matrix

	
	AGE
	AGESQ
	FO
	VAM
	NHR

	AGE
	1.0000
	
	
	
	

	AGESQ
	0.9817
	1.0000
	
	
	

	FO
	0.1278
	0.1393
	1.0000
	
	

	VAM
	0.1431
	0.1960
	-0.1900
	1.0000
	

	NHR
	0.0379
	0.0691
	-0.0371
	0.2812
	1.0000
	VTI
	SPI
	IRREG
	NOISE
	LOGRAP

	VTI
	-0.1136
	-0.1261
	0.1057
	0.0953
	0.5451
	1.0000
	
	
	
	

	SPI
	0.0202
	-0.0027
	-0.2434
	-0.0252
	-0.3428
	-0.4407
	1.0000
	
	
	

	IRREG
	0.2587
	0.2888
	-0.4628
	0.4864
	0.2285
	0.0107
	0.0356
	1.0000
	
	

	NOISE
	0.1892
	0.1962
	-0.1396
	0.0997
	-0.0312
	-0.3660
	0.6530
	0.1112
	1.0000
	

	LOGRAP
	0.4057
	0.4376
	-0.0640
	0.1446
	-0.0628
	-0.2436
	0.4457
	0.3878
	0.5970
	1.0000
	LOGVF0
	LOGAPQ

	LOGVF0
	0.4727
	0.5029
	-0.2440
	0.4286
	0.0714
	-0.1521
	0.2828
	0.4622
	0.4339
	0.6563
	1.0000
	

	LOGAPQ
	0.1591
	0.1888
	-0.5100
	0.4439
	0.1776
	-0.0305
	0.0607
	0.8857
	0.1816
	0.4016
	0.4693
	1.0000

	LENGTH
	-0.0736
	-0.1043
	0.0053
	-0.2250
	-0.0744
	-0.0670
	-0.0081
	-0.2560
	0.0837
	-0.0792
	-0.0978
	-0.2422


Table 2b. Men.  Correlation probabilities
	
	AGE
	AGESQ
	FO
	VAM
	NHR

	AGE
	0.0000
	
	
	
	

	AGESQ
	0.0000
	0.0000
	
	
	

	FO
	0.2223
	0.1831
	0.0000
	
	

	VAM
	0.1712
	0.0597
	0.0682
	0.0000
	

	NHR
	0.7186
	0.5106
	0.7242
	0.0063
	0.0000
	VTI
	SPI
	IRREG
	NOISE
	LOGRAP

	VTI
	0.2783
	0.2284
	0.3132
	0.3636
	0.0000
	0.0000
	
	
	
	

	SPI
	0.8473
	0.9798
	0.0187
	0.8103
	0.0008
	0.0000
	0.0000
	
	
	

	IRREG
	0.0123
	0.0050
	0.0000
	0.0000
	0.0276
	0.9191
	0.7349
	0.0000
	
	

	NOISE
	0.0694
	0.0594
	0.1821
	0.3417
	0.7664
	0.0003
	0.0000
	0.2884
	0.0000
	

	LOGRAP
	0.0001
	0.0000
	0.5420
	0.1666
	0.5498
	0.0186
	0.0000
	0.0001
	0.0000
	0.0000
	LOGVF0
	LOGAPQ

	LOGVF0
	0.0000
	0.0000
	0.0184
	0.0000
	0.4962
	0.1455
	0.0060
	0.0000
	0.0000
	0.0000
	0.0000
	

	LOGAPQ
	0.1277
	0.0699
	0.0000
	0.0000
	0.0885
	0.7718
	0.5634
	0.0000
	0.0816
	0.0001
	0.0000
	0.0000

	LENGTH
	0.4833
	0.3196
	0.9600
	0.0301
	0.4788
	0.5232
	0.9385
	0.0133
	0.4249
	0.4503
	0.3509
	0.0193


Number of observations: 93
Table 3a.  Women.  F statistics from regressions on age.
	
	Raw
	F0 Effects Removed
	Length Effects Removed
	Both Effects Removed

	Measure
	Age
	Age2
	Age
	Age2
	Age
	Age2
	Age
	Age2

	Length
	ns
	ns
	
	
	
	
	
	

	F0
	5.97* (-)
	6.05*
	
	
	
	
	
	

	VF0
	14.65***
	15.74***
	12.35***
	13.33***
	
	
	
	

	Log RAP
	ns
	ns
	ns
	ns
	
	
	
	

	Log VAM
	ns
	4.20*
	ns
	ns
	ns
	4.27*
	ns
	ns

	Log APQ
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	NHR
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	VTI
	ns
	ns
	
	
	
	
	
	

	SPI
	5.37*
	4.14*
	ns
	ns
	
	
	
	

	Irreg
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	Noise
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns


Table 3a.  Men.  F statistics from regressions on age.

	
	Raw
	F0 Effects Removed
	Length Effects Removed
	Both Effects Removed

	Measure
	Age
	Age2
	Age
	Age2
	Age
	Age2
	Age
	Age2

	Length
	ns
	ns
	
	
	
	
	
	

	F0
	ns
	ns
	
	
	
	
	
	

	VF0
	19.12***
	23.02***
	30.40***
	36.73***
	
	
	
	

	Log RAP
	13.78***
	17.19***
	16.75***
	20.80***
	
	
	
	

	Log VAM
	ns
	ns
	4.33*
	7.10**
	ns
	ns
	ns
	6.07*

	Log APQ
	ns
	ns
	6.18*
	8.23**
	ns
	ns
	5.29*
	6.68*

	NHR
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	VTI
	ns
	ns
	
	
	
	
	
	

	SPI
	ns
	ns
	ns
	ns
	
	
	
	

	Irreg
	3.95*
	5.17*
	7.78**
	9.87**
	ns
	4.31*
	7.00**
	8.44**

	Noise
	ns
	4.04*
	5.55*
	5.90*
	ns
	ns
	5.19*
	5.42*


Figure 1.
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