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中 文 摘 要 ： 本研究旨在探討於聽覺反饋受到干擾的情況下老化及音頻高低對於
聲音穩定度的影響。老化聲音的聲學特色也顯示在延長母音發音時
會有較多的抖動與閃爍、以及較低的諧躁比。這顯示出年長者的聲
音與年輕人的聲音相比來說較不穩定、也較為嘈雜。然而，電聲門
比一般聲學測量更能正確偵測不規律的聲帶震動。電聲門使用貼在
脖子上的兩片電極來測量發聲時的電阻變化。本研究的結果顯示女
性年長者在發音時比女性年輕人有較多的聲帶接觸及較高的音頻變
異情形。另外，發中間音頻時聲帶接觸情況較小，顯示中間音頻的
發音較為輕鬆。
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英 文 摘 要 ： This study examines the effect of aging and pitch height on
vocal stability under perturbed auditory feedback. Aging
voice in vowel prolongation is acoustically characterized
by higher jitter, greater shimmer, and decreased harmonic-
to-noise ratio, indicating that elderly adults have less
stable and noisier voice than young adults. However, more
accurate results of irregular vocal fold vibration could be
obtained from electroglottograph (EGG), where two
electrodes are placed on either side of the neck to capture
transverse impedance during phonation. The EGG results show
that elder females have greater vocal fold contact and F0
deviations than young females. Smaller contact quotient was
found in the mid F0 voices, indicating vocalizing the mid
pitch is less effortful.
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Abstracts	
This	study	examines	the	effect	of	aging	and	pitch	height	on	vocal	stability	under	

perturbed	 auditory	 feedback.	 Aging	 voice	 in	 vowel	 prolongation	 is	 acoustically	
characterized	by	higher	jitter,	greater	shimmer,	and	decreased	harmonic-to-noise	ratio,	
indicating	 that	 elderly	 adults	 have	 less	 stable	 and	 noisier	 voice	 than	 young	 adults.	
However,	 more	 accurate	 results	 of	 irregular	 vocal	 fold	 vibration	 could	 be	 obtained	
from	electroglottograph	(EGG),	where	two	electrodes	are	placed	on	either	side	of	the	
neck	 to	 capture	 transverse	 impedance	 during	phonation.	 The	 EGG	 results	 show	 that	
elder	 females	 have	 greater	 vocal	 fold	 contact	 and	 F0	 deviations	 than	 young	 females.	
Smaller	contact	quotient	was	found	in	the	mid	F0	voices,	indicating	vocalizing	the	mid	
pitch	is	less	effortful.	 	

	

摘要	

本研究旨在探討於聽覺反饋受到干擾的情況下老化及音頻高低對於聲音穩定度

的影響。老化聲音的聲學特色也顯示在延長母音發音時會有較多的抖動與閃爍、以及

較低的諧躁比。這顯示出年長者的聲音與年輕人的聲音相比來說較不穩定、也較為嘈

雜。然而，電聲門比一般聲學測量更能正確偵測不規律的聲帶震動。電聲門使用貼在

脖子上的兩片電極來測量發聲時的電阻變化。本研究的結果顯示女性年長者在發音時

比女性年輕人有較多的聲帶接觸及較高的音頻變異情形。另外，發中間音頻時聲帶接

觸情況較小，顯示中間音頻的發音較為輕鬆。	

	
Keywords:	aging,	vocal	stability,	electroglottograph	(EGG)	

關鍵字：老化、聲音穩定度、電聲門	
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1.	Introduction	 	
	 Age	 is	an	 important	 factor	 in	vocal	stability.	Age-related	changes	 in	vocal	 tissues	
involve	atrophy	of	mucosal	glands	and	intrinsic	laryngeal	muscles,	loss	of	collagenous	
and	 elastic	 fibers,	 and	 increased	 fibrosis	 (Aronson,	 1990;	 Gracco	 &	 Kahane,	 1989;	
Kahane,	1981a,	1981b,	1983,	1987).	Structural	changes	in	larynx,	such	as	ossification	
and	calcification	of	the	thyroid	cartilage	and	articular	cartilages,	may	occur	as	a	result	
of	 aging	 (Aronson,	 1990;	 Colton,	 Casper,	 Leonard,	 Thibeault,	 &	 Kelly,	 2006;	 Kahane,	
1987).	 Vocal	 fold	 vibration	 becomes	 more	 irregular	 and	 unstable	 in	 elderly	 adults.	
Elderly	speakers	tend	to	have	greater	jitter	(cycle-to-cycle	fluctuation	in	fundamental	
frequency	 (F0)),	 higher	 shimmer	 (cycle-to-cycle	 variation	 in	 intensity	 of	 voice),	 and	
decreased	harmonic-to-noise	ratio	(HNR)	(i.e.,	 increased	noise	levels	in	the	harmonic	
structures)	(Ramig	&	Ringel,	1983;	Shipp	&	Hollien,	1969;	Wilcox	&	Horii,	1980;	Xue	&	
Deliyski,	 2001).	 Aging	 effect	 also	 appears	 in	 the	 compensatory	 vocal	 responses	 to	
pitch-shifted	voice	feedback,	where	elder	adults	produced	larger	amplitudes	and	more	
unstable	F0	responses	(H.	Liu,	Russo,	&	Larson,	2010).	The	compensatory	responses	to	
pitch	 perturbations	 tap	 into	 how	 our	 brain	 models	 sensorimotor	 relationships	 in	
speech	 and	 how	 feedforward	 command	 and	 feedback	 loop	 interact	 to	 accomplish	
speech	production	(Abbs,	Gracco,	&	Cole,	1984;	Chang,	Niziolek,	Knight,	Nagarajan,	&	
Houde,	2013;	Hickok,	Houde,	&	Rong,	2011;	Houde	&	 Jordan,	1998,	2002;	Lalazar	&	
Vaadia,	 2008;	 Villacorta,	 Perkell,	 &	 Guenther,	 2007).	 This	 research	 will	 explore	 the	
effect	of	aging	on	vocal	stability	under	perturbed	auditory	feedback.	The	scope	of	the	
research	will	be	extended	from	simply	looking	at	F0	changes	in	pitch-shift	responses	to	
widely	examining	dynamic	variation	in	voice	under	perturbed	auditory	feedback	with	
the	use	of	both	acoustic	and	electroglottographic	measurements.	
	 Acoustic	 measurements	 that	 are	 used	 to	 investigate	 age-related	 differences	 in	
voice	 involve	 F0,	 jitter,	 shimmer,	 and	 harmonic-to-noise	 ratio	 (HNR).	 Mean	 F0	
decreases	with	advancing	age	in	females	but	increases	in	males	(Awan	&	Mueller,	1992;	
Brown,	 Morris,	 Hollien,	 &	 Howell,	 1991;	 Brown,	 Morris,	 &	 Michel,	 1989;	 Dehqan,	
Scherer,	Dashti,	Ansari-Moghaddam,	&	Fanaie,	2013;	Higgins	&	Saxman,	1991;	Linville,	
2000;	 Linville	&	 Fisher,	 1985;	Ma	&	 Love,	 2010;	 Russell,	 Penny,	&	 Pemberton,	 1995;	
Xue	&	Deliyski,	2001).	The	decrease	in	mean	F0	of	aged	females	may	be	attributed	to	
the	 vocal	 fold	 edema	 caused	 by	 the	 endocrinal	 changes	 after	menopause	 (Higgins	&	
Saxman,	1991),	while	the	increase	in	mean	F0	of	aged	males	may	be	due	to	atrophy	of	
the	laryngeal	muscles	(Kahane,	1983;	Linville,	1996;	Mueller,	1997;	Pontes,	Brasolotto,	
&	Behlau,	2005).	In	other	words,	males	and	females	tend	to	become	more	alike	in	their	
fundamental	frequency	as	they	age	(Hollien,	1987).	 	
	 Jitter	 and	 shimmer	 measure	 cycle-to-cycle	 variations	 in	 F0	 and	 amplitude,	
respectively.	It	has	been	well	documented	in	literature	that	elderly	adults	had	greater	



 

 3 

jitter	values	 (Dehqan	et	 al.,	 2013;	Linville	&	Fisher,	1985;	Ma	&	Love,	2010;	Orlikoff,	
1990a;	 Wilcox	 &	 Horii,	 1980;	 Xue	 &	 Deliyski,	 2001),	 and	 higher	 shimmer	 levels	
(Dehqan	et	al.,	2013;	Orlikoff,	1990b;	Ramig,	1983;	Ringel	&	Chodzko-Zajko,	1987;	Xue	
&	Deliyski,	2001)	than	young	adults.	On	the	other	hand,	the	harmonic-to-noise	ration	
(HNR),	which	 is	 an	 average	 ratio	 of	 inharmonic	 energy	 to	 harmonic	 energy	 in	 voice	
signal,	decreased	 in	elder	 speakers,	 suggesting	 that	 there	 is	more	 spectral	noise	and	
perceptual	roughness	in	aged	voice	(Decoster	&	Debruyne,	1997;	Dehqan	et	al.,	2013;	
Ferrand,	 2002;	 Mueller,	 1997;	 Ramig	 &	 Ringel,	 1983;	 Xue	 &	 Deliyski,	 2001).	 With	
increasing	age,	the	vocal	fold	becomes	stiff	and	the	laryngeal	epithelium	thickens.	The	
anatomical	change	may	account	 for	 the	vocal	 instability,	manifested	by	the	 increased	
fluctuations	in	voice	frequency	and	amplitude	and	lower	HNR,	in	aged	speakers.	 	
	 Although	the	acoustic	measurements	can	indicate	the	instability	of	voice	in	aged	
population,	 more	 accurate	 results	 of	 vocal	 fold	 vibration	 can	 be	 obtained	 from	
electroglottography	 (EGG).	 EGG	 is	 a	 noninvasive	 and	 indirect	 measure	 of	 vocal	 fold	
contact	during	phonation.	By	attaching	one	pair	of	transducer	to	either	side	of	the	neck,	
the	EGG	measures	 the	electrical	 impedance.	The	amount	of	 transverse	 impedance	at	
the	 laryngeal	 level	 decreases	 as	 the	 degree	 of	 vocal	 fold	 contact	 increases,	 and	 vice	
versa.	In	the	EGG	waveform	(Figure	1),	the	upward	growth	represents	increased	extent	
of	glottal	contact.	As	EGG	is	more	directly	related	to	the	vocal	fold	contact,	it	provides	
more	information	on	the	stability	of	vocal	control	than	acoustic	waveform	does	(Kiliç	
et	al.,	2004;	Orlikoff,	1995).	 	
	

	
Figure	1.	The	EGG	waveform	
	

One	common	measurement	of	the	degree	of	vocal	fold	contact	is	contact	quotient	
(CQ),	a	ratio	of	the	duration	of	the	contact	phase	to	one	glottal	cycle	period.	The	open	
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quotient	 (OQ	 for	 short,	 or	 called	 duty	 cycle),	 on	 the	 other	 hand,	 is	 a	 ratio	 of	 the	
duration	of	opening	phase	to	the	entire	glottal	cycle	period.	The	EGG	research	on	aging	
using	vowel	prolongation	task	has	shown	that	elder	 females	had	 increased	vocal	 fold	
contact	 (i.e.,	 greater	 contact	 quotient	 and	 smaller	 duty	 cycle)	 than	 young	 females,	
whereas	 elder	 males	 had	 a	 less	 degree	 of	 vocal	 fold	 contact	 (i.e.,	 smaller	 contact	
quotient	 and	 greater	 duty	 cycle)	 than	 young	males	 (Bier,	Watson,	 &	McCann,	 2014;	
Higgins	&	Saxman,	1991;	Ma	&	Love,	2010).	This	gender	difference	in	contact	quotient	
may	 also	 be	 attributed	 to	 the	 anatomical	 change	 in	 aged	 speakers	 (the	 vocal	 fold	
edema	in	older	females	and	the	atrophy	of	laryngeal	structures	in	older	males).	Gender	
difference	 in	vocal	 fold	contact	also	happens	 in	middle-aged	adults.	During	sustained	
vowel	phonations,	females	had	a	longer	opening	phase	than	males,	which	may	be	due	
to	the	presence	of	a	glottal	chink	in	females	(Y.	Chen,	Robb,	&	Gilbert,	2002).	 	
	 Vocal	stability	can	also	be	examined	when	speakers	are	given	perturbed	auditory	
feedback.	 Auditory	 feedback	 (i.e.,	 hearing	 your	 own	 voice	 during	 speech)	 plays	 an	
essential	role	in	vocal	pitch	control	during	language	development	and	throughout	life	
because	 it	 provides	 information	 for	 the	mismatch	 between	 speech	motor	 goals	 and	
feedback	signals	(Cowie	&	Douglas-Cowie,	1992;	Jones	&	Munhall,	2002;	Smith,	1962).	
Pitch-shift	 paradigm	 in	 which	 a	 short	 and	 artificial	 change	 in	 pitch	 is	 fed	 back	 to	
speakers	 during	 vocalization	 has	 been	 used	 to	 investigate	 how	 sensory	 information	
affects	 the	 way	 we	 control	 our	 speech	 motor	 activities	 (Bauer	 &	 Larson,	 2003;	
Behroozmand	&	Larson,	2011;	Burnett	&	Larson,	2002;	S.	H.	Chen,	Liu,	Xu,	&	Larson,	
2007;	 Hain,	 Burnett,	 Larson,	 &	 Kiran,	 2001;	 Larson,	 Burnett,	 Bauer,	 Kiran,	 &	 Hain,	
2001;	Larson,	Burnett,	Kiran,	&	Hain,	2000;	H.	Liu	&	Larson,	2007;	Xu,	Larson,	Bauer,	&	
Hain,	2004).	By comparing the pitch-altered feedback with a target pitch in the internal 
model established by memory or efference copy, speakers would get tricked into thinking 
they have made an error in the vocalization. Speakers	 typically	 respond	 to	 the	 pitch	
stimulus	 by	 shifting	 the	 fundamental	 frequency	 of	 their	 voice	 in	 a	 compensatory	
direction,	in	order	to	correct	the	error.	The	pitch-shift	response	(i.e.,	vocal	responses	
to	auditory	perturbation)	 is	a	reflex-like	auditory-vocal	response	elicited	by	artificial	
shifts	 in	auditory	 feedback.	Research	has	shown	that	older	speakers	produced	 larger	
pitch-shift	responses	than	young	adults	(H.	Liu	et	al.,	2010;	P.	Liu,	Chen,	Jones,	Huang,	
&	 Liu,	 2011).	 The	 larger	 responses	 indicate	 that	 older	 speakers	 could	 not	 stabilize	
their	voice	F0	in	the	face	of	perturbation.	In	other	words,	the	accuracy	of	vocal	control	
decreased	with	advancing	age.	
	 The	 current	 research	 aims	 to	 investigate	 the	 effect	 of	 aging	 on	 vocal	 stability	
under	perturbed	auditory	feedback.	Traditional	analyses	of	pitch-shift	responses	focus	
on	the	onset	and	(peak)	amplitude	of	F0,	lacking	a	holistic	perspective	of	how	the	voice	
changes	 over	 time.	 It	 is	 highly	 likely	 that	 intensity	 and	 vowel	 quality	 will	 also	 be	



 

 5 

affected	 when	 pitch	 in	 auditory	 feedback	 is	 altered,	 particularly	 in	 elder	 speakers.	
Therefore,	this	study	will	measure	jitter,	shimmer,	harmonic-to-noise	ratio,	and	contact	
quotient	of	pitch-shift	response,	in	addition	to	F0,	to	capture	the	variation	in	voice.	The	
acoustic	and	electroglottographic	measurements	will	provide	more	information	on	the	
process	of	how	speakers	try	to	stabilize	or	suppress	the	deviation	 from	the	 intended	
vocal	 production.	 It	 is	hypothesized	 that	 elder	 speakers	may	 be	more	 susceptible	 to	
perturbed	auditory	feedback	than	younger	adults,	and	thus	demonstrate	higher	jitter	
values,	greater	shimmer	values,	decreased	harmonic-to-noise	ratio,	and	variant	contact	
quotient	in	their	pitch-shift	responses.	 	
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
2.	Methods	

2.1	Participants	
	 Three	groups	of	female	participants	were	recruited,	including	13	young	adults	(age	
range:	 20~44),	 13	middle-aged	 adults	 (age	 range:	 45-64),	 and	 13	 elderly	 adults	 (age	
range:	65~85).	A	self-report	screening	test	and	a	hearing	test	with	use	of	an	MAICO	pure	
tone	audiometer	(model	MA	25)	were	administered	to	all	participants.	No	participants	
reported	a	history	of	vocal	or	hearing	problem.	The	participants	passed	a	hearing	test	at	
25	dB	hearing	level	bilaterally	at	500,	1000,	2000,	and	4000	Hz.	 	

2.2	Apparatus	
Participants	 sat	 in	 a	 sound	 booth	 and	 be	 recorded	 with	 a	 Glottal	 Enterprises	

EG2-PXC2	 electroglottograph.	 The	 dual-channel	 electrodes	 were	 placed	 externally	 on	
the	participant’s	neck	on	each	side	of	the	thyroid	lamina.	An	unidirectional	microphone	
was	placed	in	front	of	the	participants	in	order	to	collect	acoustic	data	simultaneously.	
The	pitch-shift	paradigm	was	monitored	by	a	Behringer	firewire	audio	interface	(model	
FCA610)	and	an	Eventide	Ultra-Harmonizer	 (model	H7600).	MIDI	 software	 (Max/MSP	
v.7	by	Cycling	74)	was	be	used	to	control	the	timing,	duration	and	magnitude	of	the	pitch	
shifts	via	 the	Eventide	Ultra-harmonizer.	The	participant’s	voice	 signal	were	amplified	
with	an	ALTO	HPA6	Headphone	Amplifier.	The	participant’s	voice,	vocal	fold	vibration,	
altered	feedback	signal,	and	pitch-shift	events	(transistor	transistor	logic	(TTL)	pulses)	
were	recorded	using	WinDaq-Pro	and	Vocal	Assessment	software.	 	

2.3	Materials	and	procedures	
	 Participants	produced	sustained	/a/	vowels	for	5	seconds	at	three	different	pitch	
levels	(low,	mid,	high)	within	their	vocal	range.	The	pitch	levels	were	self-determined	
by	the	participants.	For	each	level	of	pitch,	the	participants	produced	30	vocalizations	
with	 normal	 auditory	 feedback,	 and	 30	 vocalizations	 with	 perturbed	 auditory	
feedback.	This	leads	to	a	total	of	180	vocalizations.	In	the	perturbed	auditory	feedback	
condition	 (see	 Figure	 3),	 the	 participants’	 voice	 F0	 was	 shifted	 either	 upward	 or	
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downward	(at	random)	2	times	per	trial.	Within	each	trial,	the	first	pitch-shift	stimulus	
appeared	with	a	delay	of	500~1000	ms	after	vocal	onset	and	the	second	shift	occurred	
with	 an	 inter-stimulus	 interval	 of	 1000~1500	ms.	 The	 pitch-shift	 stimulus	 duration	
was	fixed	at	200	ms	and	the	magnitude	was	held	constant	at	100	cents	(=1	semitone).	 	

2.4	Data	analysis	
The	raw	signals	 in	 the	production	were	 imported	to	MATLAB	and	Praat.	The	F0	

values,	 jitter	 values,	 shimmer	 values,	 HNR	 values,	 contact	 quotient	 values	 were	
analyzed.	Repeated	measures	ANOVA	was	employed	 to	 investigate	 the	effects	of	AGE	
and	 PITCH	 HEIGHT	 on	 the	 vocal	 output.	 To	 evaluate	 the	 predictability	 of	 F0,	 jitter,	
shimmer,	HNR,	 and	contact	quotient	on	aging	voice,	 linear	discriminant	analysis	 and	
kernel	support	vector	machines	(SVM)	were	used	to	build	a	classifier,	which	explored	
the	importance	of	the	voice	measurements	on	classifying	age	group.	 	
	
3.	Results	and	discussion	

The	 contact	 quotient	 for	AGE	 and	PITCH	HEIGHT	 are	 displayed	 in	 Figure	 2	 and	
Figure	3.	There	was	a	significant	main	effect	of	AGE	(F(2,342)=30.003,	p<.001)	and	of	
PITCH	 HEIGHT	 (F(2,342)=3.439,	 p<.05)	 on	 contact	 quotient.	 Post-hoc	 comparisons	
with	 Tukey’s	 Honestly	 Significant	 Difference	 method	 (95%	 family-wise	 confidence	
level)	 on	 AGE	 show	 that	 greater	 contact	 quotients	 were	 found	 in	 both	 the	 old	 and	
middle	 age	 group	 than	 in	 the	 young	 age	 group	 (OLD=MIDDLE>YOUNG).	 Smaller	
contact	 quotients	were	 found	 in	 the	mid	 pitch	 voice	 than	 in	 the	 high	 and	 low	 pitch	
voices	(HIGH=LOW<MID).	This	suggests	that	less	effort	was	involved	in	the	mid	pitch	
voice.	 	

	
Figure	2.	The	contact	quotients	for	the	young,	middle,	and	old	age	groups	
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Figure	3.	The	contact	quotients	for	the	high,	mid,	and	low	voice	F0	
	

A	 significant	 interaction	AGE	 x	 PITCH	HEIGHT	was	 discovered	 (F(4,342)=199.5,	
p<.05)	 for	 contact	 quotient.	 Simple	 main	 effect	 analyses	 show	 that	 for	 the	 elder	
speakers,	vocalizing	the	low	pitch	was	no	more	effortful	than	the	high	pitch	or	the	mid	
pitch.	 This	 result	 may	 echo	 the	 claim	 that	 elderly	 female	 speakers	 have	 reduced	
fundamental	 frequencies	 compared	 to	 younger	 female	 speakers.	 The	 decline	 in	 F0	
makes	the	elderly	female	speakers	comfortable	in	vocalizing	a	low	pitch.	 	

	

Figure	4.	The	interaction	effect	of	AGE	and	PITCH	HEIGHT	on	contact	quotient	
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	 As	 for	 the	 standard	 deviations	 of	 F0,	 there	 was	 a	 main	 effect	 of	 AGE	
(F(2,342)=6.150,	p<.01).	Pairwise	comparisons	indicate	that	the	old	group	had	a	larger	
standard	deviation	than	the	young	group	(OLD	>	YOUNG),	as	shown	in	Figure	5.	This	
suggests	that	the	elderly	speakers	were	less	stable	in	the	vocalizations.	No	significant	
main	effect	of	PITCH	HEIGHT	and	interaction	were	found	on	the	standard	deviation	of	
F0.	 	

	
Figure	5.	The	standard	deviations	for	the	young,	middle,	and	old	age	groups	
	

As	for	the	HNR,	there	was	a	main	effect	of	AGE	(F(2,342)=7.160,	p<.001).	Pairwise	
comparisons	indicate	that	the	middle	age	group	had	a	significantly	lower	HNR	than	the	
old	age	group	and	the	young	age	group	(YOUNG	=	OLD	>	MIDDLE),	as	shown	in	Figure	
6.	This	suggests	that	our	middle	age	speakers	has	a	less	degree	of	periodicity	than	the	
young	age	group	and	 the	old	age	group.	No	 significant	main	effect	of	PITCH	HEIGHT	
and	interaction	were	found	on	the	HNR.	 	

	

Figure	6.	The	HNR	for	the	young,	middle,	and	old	age	groups	
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	 No	 significant	 results	were	 found	 in	 jitter	 and	 shimmer.	 In	 the	 next	 step,	 linear	
discriminant	analyses	were	applied	to	the	16	voice	measurements	displayed	in	Table	1.	
The	results	show	the	first	discriminant	function	(LD1)	can	account	for	the	variance	in	
CQ,	SHIMMER_LOCAL,	SHIMMER_LOCAL_DB,	and	NOISE_TO_HARMONICS.	The	second	
discriminant	function	(LD2)	accounted	for	the	rest	of	the	measurements.	 	
	
Table	1.	The	voice	report	extracted	from	Praat	

	 LD1	 LD2	

CQ	 -0.807696	 0.134891	
MEDIAN_F0	 1.16665	 -2.30268	
MEAN_F0	 -1.73362	 1.90475	
STD_F0	 -0.0560908	 0.159884	
JITTER_LOCAL	 2.5019	 7.97236	
JITTER_RAP	 267.117	 -460.03	
JITTER_PPQ5	 -0.669606	 -1.0261	
JITTER_DDP	 -269.922	 453.343	
SHIMMER_LOCAL	 -6.39561	 5.20017	
SHIMMER_LOCAL_DB	 4.39395	 2.43581	
SHIMMER_APQ3	 -0.837883	 1.5312	
SHIMMER_APQ5	 1.64223	 -3.99215	
SHIMMER_APQ11	 -1.15934	 -1.35383	
SHIMMER_DDA	 2.27084	 -3.75676	
HAR_TO_NOISE_DB	 -0.744718	 0.804848	
NOISE_TO_HAR	 0.694829	 0.0707598	
	

Kernel	SVM	classifier	built	with	the	two	linear	discriminant	functions	were	fit	to	
the	 training	 set.	 To	 predict	 the	 classification	 of	 AGE	 on	 the	 test	 set,	 the	 fitted	 SVM	
classifier	 was	 applied.	 The	 results	 show	 that	 75%	 of	 the	 cases	 can	 be	 correctly	
predicted	in	terms	of	their	age,	as	displayed	in	the	confusion	matrix	in	Table	2.	
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Table	2.	The	confusion	matrix	

	 YOUNG	 MIDDLE	 OLD	

YOUNG	 24	 5	 0	

MIDDLE	 5	 17	 3	

OLD	 3	 2	 12	

	
However,	 judging	 the	 model	 performance	 accuracy	 only	 on	 one	 test	 set	 is	 not	

relevant.	 To	 fix	 this	 variance	 problem,	 we	 used	 k-fold	 cross	 validation.	 The	 mean	
classification	accuracy	after	the	cross-validation	was	68	%.	

The	visualization	of	the	classification	results	are	depicted	in	Figure	7	and	Figure	8.	
The	 figures	 show	 that	 LD1	 separates	 YOUNG	 from	 MIDDLE	 and	 OLD	 while	 LD2	
separates	MIDDLE	and	OLD.	

	

	
Figure	7.	The	classification	of	the	training	set	
	

YOUNG 

MIDDLE 

OLD 
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Figure	8.	The	classification	of	the	test	set	 	
	
	 In	 sum,	 both	 the	 ANOVA	 and	 LDA	 show	 that	 contact	 quotient	 is	 efficient	 in	
detecting	the	females’	aging	voices.	When	age	increases,	the	contact	quotient	increases	
as	 well.	 On	 the	 other	 hand,	 harmonicity	 is	 important	 in	 detecting	 the	 aging	 voices.	
When	age	increases,	the	harmonicity	decreases.	This	may	have	to	do	with	ossification	
of	 cartilage,	 degeneration	 of	 muscle	 and	 connective	 tissue	 as	 well	 as	 respiratory	
changes	in	the	elderly	speakers.	Although	there	were	no	significant	ANOVA	results	on	
the	jitter	and	shimmer,	the	LDA	shows	(i)	shimmer	is	important	in	separating	YOUNG	
from	MIDDLE	and	OLD	and	(ii)	jitter,	particularly,	is	important	in	separating	MIDDLE	
and	 OLD.	 The	 advantage	 of	 using	 the	 machine	 learning	 approach	 (multivariate	
statistics)	is	that	we	are	able	to	consider	all	the	factors	at	the	same	time	and	figure	out	
the	relation	among	the	factors.	As	for	pitch	height,	unlike	the	previous	study,	we	found	
higher	contact	quotient	in	both	HIGH	and	LOW	pitch	voices	(not	simply	for	HIGH).	The	
MID	pitch	voices	had	the	smallest	contact	quotient,	showing	that	the	MID	pitch,	close	
to	their	comfortable	F0	level,	is	less	effortful	in	vocalizations.	 	
	
	
	

YOUNG 

MIDDLE 

OLD 
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