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FOREWORD 

This is the first of a series of research reports that 

will be issued by the Recording and Research Center of the Denver 

Center for the Performing Arts. In a broad sense our research 

is aimed toward the betterment of the performing arts. This 

includes an improved understanding of how the human body 

functions (or dysfunctions) when highly refined and skilled 

motor tasks are executed during rehearsal and performance. 

It includes improved. understanding of how performance is 

affected by the environment (climate, pollution, noise, archi­

tecture, etc.), and how performance is changed under conditions 
of fatigue, aging, food and drug intake and disease. 

Our initial focus is on voice production. Investigations 

of the larynx and vocal tract from the basic science point 

of view, making models and predictions of its function under 

normal and exceptional conditions, are going in collaboration 

with the University of Iowa. In addition, we are studying 

actors, singers and professional speakers in natura~ and 

controlled situations, and recording their 7oices with state­

of-the-art instrumentation. Modification (enhancement) of 

recorded voice characteristics is a further aim of this research 

group. 

We welcome comments and suggestions by our readership 

and hope that these reports will be of value to the artistic 

and the scientific community. 

Ingo R. Titze 
Director of Research 
Recording and Research Center 



THE PHYSICS OF FLOW-INDUCED OSCILLATION OF 
THE VOCAL FOLDS 

PART I. SMALL-AMPLITUDE OSCILLATIONS 

Ingo R. Titze 

University of Iowa 
and 

The Denver Center for the Performing Arts 

ABSTRACT 

1. 

A theory of vocal fold oscillation is developed on the 
basis of the body-cover hypothesis. The body (vocalis muscle) is 
represented by a single lumped mass~spring-damper, and the cover 
(mucosa) is represented by a distributed surface layer that can 
propagate a wave. Linearization of the surface-wave displacement 
along the glottis results in an autonomous differential equation 
written explicitly in terms of tissue displacement and velocity, 
and further small-amplitude approximations yield closed-form 
expressions for conditions of oscillation. It is shown that 
effective damping of the folds is reduced by reducing the mucosal 
wave velocity, by increasing the subglottal pressure, and by 
approximating the vocal folds. A three-dimensional region of 
oscillation is defined on the basis of these source parameters, 
and the effect of vocal tract acoustic loading is included by an 
additional negative damping term that is proportional to air 
inertance of the vocal tract. The treatment is harmonized with 
former treatments based on two~mass models and collapsible tubes, 
and a tutorial section is provided. A sequel paper {Part II) 
will cover limit cycles and large-amplitude oscillation. 



2. 

INTRODUCTION 

A detailed analytical treatment of vocal fold oscillation 

is found in Ishizaka and Matsudaira (1972). This treatment 

includes (1) a review of pressure~flow relationships in ducts and 

orifices under steady flow con~itions, and (2) an application of 

these relationships to a soft-walled glottal duct (represented by 

two masses and three springs) in order to demonstrate 

small-amplitude oscillation conditions. It is shown that a 

nonlinear aerodynamic reacting pressure on the lower mass 

(resulting from .a phase lag of the upper mass) leads to 

small-amplitude (linearized) negative stiffness and damping, and 

regions of stability and instability are bracketed ~n the basis 

of average flow, average glottal opening, and spring constants. 

Although the treatment serves as a major milestone in 

quantifying vocal fold vibration, its application to general 

phonatory theory has been limited because (1) the key parameters, 

individual masses and stiffnesses of the coupled oscillators have 

oeen difficult to relate to any particular anatomical structure 

of the tissue (and hence have been difficult to measure), (2) the 

oscillation conditions are stated in rather complex m~thematical 

terms because the characteristic equations are fourth-order, and 
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(3) some of the results, such as fundamental frequency dependence 

on subglottal pressure, are not in agreement with observation. 

The treatment has been clarified and tutorialized by Stevens 

(1977) and Broad (1979), but still needs more conceptual 

simplicity to be incorporated routinely into the speecn and 

hearing science literature. The more recent collapsible-tube 

analogy by Conrad (1980) does offer a more appealing 

conceptualization, but it is oversimplified in terms of tissue 

movement and acoustic loading conditions. The collapsible-tube 

problem appears to be a special case of the coupled oscillator 

problem solved by Ishizaka and Matsudaira (1972), and will also 

be shown to be a special case ·in our formulation. 

This paper, then, serves two purposes. The first is to 

present a framework of basic principles by which the mechanics of 

vocal fold vibration can be understood on limited mathematical 

terms, and the second is to rework the linearized 

(small-amplitude) analytical treatment with parameters that lend 

themselves to more direct experimental confirmation. The 

small-amplitude restriction means that the results apply only to 

growing oscillations that build around slightly abducted vocal 

folds, with no glottal closure. A by-product of this 

analytical treatment will be the unification of the two previous 

small-amplitude approaches by· Conrad (1980) and Ishizaka and 
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Matsudaira (1972). The more general large-amplitude theory, 

which involves limit cycles and special nonlinear effects due to 

vocal fold collision, will be discussed in a follow-up paper. 

Because the large amplitude theory also lends itself better to 

experimental verification, we will restrict ourselves to 

theoretical issues in this first paper, leaving a sizable amount 

of data gathered on excized larynges as part of the follow-up 

discussion. 

I. BASIC PRINCIPLES OF VOCAL FOLD VIBRATION 

The first principle to establish is that sustained vocal 

fold oscillation is flow-induced. Without airflow in the 

glottis, only transient oscillatory respon~es can be evoked by 

muscle contractions or other excitations. A continual flow of 

energy from the glottal airstream to the tissue is riecessary to 

overcome the frictional losses in vocal folds. In addition, of 

course, inertial and elastic properties (mass and stiffness) of 

the tissue provide the necesssary overshoot and restoring force, 

as needed in any mechanical oscillator. 

A positive flow of energy from the airstream to the 

tissue can be realized if the net aerodynamic driving force has a 

component in phase with the tissue velocity. Consider the 

fundamental equation of motion for a mass-spring oscillator, 
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M; + B~ + K~ = f(;,~, t) I 
( 1) 

where M, B, and K are mass, stiffness, and damping, respectively, 
.. 

; , ~ , and ; are displacement, velocity, and acceleration, 

respectively, f is the driving force, and t is time. If f is 

time-indepedent, the differential equation is said to be 

autonomous. This is the case of interest here, because it 

describes systems that self-oscillate rather than those that are 

driven into oscillation by an external source • 

. 
The dependence of f on ; is crucial. Whenever f is in 

the direction (or in phase with) the velocity, energy is· imparted 

to the mass-spring~damper system (Figure 1). Conversely, 

whenever f is opposite to the direction (or out of phase wito) 

the velocity, energy is taken out of the mass-spring-damper 

system. This kind of forcing can lead to either self-oscillation 

or driven oscillation. The key is whether or not the moving hand 

is considered part of the system. If it is, the system will be 

governed by an autonomous differential equation. Otherwise the 

differential equation is non-autonomous. 

A more interesting case is illustrated in Figure 2. The 

child on the swing must certainly be considered a part of the 
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Figure 1. Simple mechanical oscillator. Driving force is in 
direction of velocity. · 
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(a) Motion to the right. 
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(b) Motion to the left. 

FORCE, VEL IN PHASE 

Figure 2. Self-sustaining oscillations by child on swing. Restoring 
force is greater when it is in direction of velocity. 
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pendulum oscillator. Its body supplies the energy for sustained 

oscil.lation. The child learns to raise and lower its center of 

gravity such that the effective restoring force is always 

greatest when it is in phase with the velocity (Figure 2a left 

and Figure 2b right), thus pumping up the energy of the 

oscillator. Rotational energy from leg curling and stretching may 

also be transformed to translational energy if the body motions 

are properly timed. The timing (or phasing) of forces with 

velocity is critical, and is often not fully appreciated by the 

inexperienced child. 

The question now becomes, how does the glottal airstream 

in the vocal fold system supply a velocity-dependent driving 

force? The explanation often given in elementary textbooks, 

(e.g., Lieberman, 1977) that a negative Bernoulli force sucks the 

vocal folds together prior to closure, works only if we pay no 

attention to what happens on the return path. The same force 

would be in the opposite direction to the velocity just after 

glottal opening, thus cancelling the impulse imparted prior to 

closure. In analogy with the child on the swing, somehow the 

system needs to change the effective driving force on alternate 

half-cycles. 

A driving-force asymmetry in the vocal folds can be 

achieved in at least two fundamentally different ways, (1) by 
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creating different supraglottal or subglottal "loading" pressures 

during different half-cycles, or (2) by varying the glottal 

geometry to create different intraglottal pressures in different 

half cycles. These two conditions are, of course, not mutually 

exclusive, so that in normal phonation both may occur 

simultaneously. 

Consider the vocal tract loading pressures first. At 

fundamental frequencies below the first formant frequency (the 

usual case for speech), the air column in the vocal tract is 

primarily inertive, i.e., it acts like a mass of air that is 

accelerated and decelerated as a unit (Rothenberg, 1981). As the 

glottis is opening and the glottal flow is increasing, the air 

column in the vocal tract is being accelerated along with the 

glottal air. Since a· positive acoustic pressure is needed for 

this acceleration, the vocal tract input pressure Pi rises above 

atmospheric pressure (Figure 3a). The average intra-glottal 

pressure Pg rises corresondingly, pushing the vocal folds apart. 

The driving force is thus in the direction of tissue velocity, 

and energy is supplied to the vocal folds. When the glottis is 

closing, on the other hand, the supraglottal air column tends to 

maintain its forward momentum. It creates a negative 

-
supraglottal pressureP. in its wake (Figure 3b). This negative 

~ 

pressure (suction) lowers the average glottal pressure, p , 
g 
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Glottal pressures during opening and closing of the 
glottis. Due to air inertia, largest glottal pressures 
occur during opening. 
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causing the driving force on the tissue to be diminished on this 

return path. At some point prior to closure, the average glottal 

pressure may actually become negative, in which case the driving 

force is again in phase with the tissue velocity. This need not 

happen, however. The only requirement is that the driving force 

is less positive during closing than opening. 

Ib is important to recognize that this explanation 

differs markedly from traditional explanations involving only the 

(negative) Bernoulli force. The key here is the supraglottal 

inertive load. Without it, the argument about velocity-dependent 

driving forces fails. 

Consider now the second, distinctly different, condition 

under which velocity-dependent driving forces can be achieved. If 

the tissue has a normal mode of vibration that results in 

different glottal shapes over different portions of the cycle, 

and if the different glottal shapes produce different glottal 

pressure profiles, a force asymmetry can also be established. 

This is illustrated in Figure 4. In order not to complicate the 

explanation, assume that in this case there is no vocal tract 

loading. This makes the supraglottal acoustic pressure P. 
~ 

approximately zero (atmospheric). Furthermore the airstream 

emerges from the glottis in the form of a jet that experiences 
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Glottal pressures during opening and closing of the glottis 
with upward propagating mucosal wave. Larger glottal 
pressures occur for the convergent shape in (a). 
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little or no aerodynamic pressure recovery upon exit (Ishizaka 

and Matsudaira, 1972; Scherer, 1981). Within the glottis, 

however, the pressure varies with glottal area. If we assume 

Bernoulli's energy conservation law to be applicable (at least 

approximately), the glottal pressures will rise above zero from 

top to bottom for a convergent glottis (Figure 4a}, whereas the 

glottal pressures will fall below zero from top to bottom for a 

divergent glottis (Figure 4b). (Recall that, according to 

Bernoulli's energy principle and the flow continuity principle, 

an increase in duct area is accompanied by an increase in duct 

pressure, and visa versa}. This establishes, at once, the 

driving pressure asymmetry. Since the average pressure in the 

glottis is greater during opening than during closing, a 

velocity-dependent driving force is realized, and energy flows 

from the airstream to the tissue. 

An important question arises. Is the tissue capable of 

vibrating in this mode? Normal mode analyses (Titze and Strong, 

1975; Titze, 1976) have shown that an entire series of modes with 

horizontal and vertical phase differences can exist if the tissue 

is trsated as a viscoelastic medium bounded by rigid structures 

(e.g. cartilages}. In the lowest mode (having the lowest natural 

frequency), the tissue moves in phase vertically, as in Figure 3. 

rn a second mode, top and bottom move 180 degrees out of phase, 
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and the center is not moving at all. The combination of these 

two modes, which result in the frequently observed pattern shown 

in Figure 4, exhibits a phase difference less than 180 degrees, 

typically about 60-90 degrees (Baer, 1975). 

we will show in this paper that the vertical phase 

difference can also be derived ~y assuming a simple surface wave 

to be propagating on the vocal fold from the bottom to the top 

(Note upward arrows in Figures 4a and 4b). This surface wave 

can represent a disturbance of respiratory mucus external to 

the skin, or disturbance of moist, jelly-like mucosal tissue 

under the skin {or both), to be· travelling upward in the glottis 

at a velocity c. Furthermore, a standing wave could describe a 

periodic re-distribution of mucus and soft tissue between the 

lower and upper margins. A millimeter or so into the tissue 

(laterally), the surface wave would be attenuated sufficiently to 

treat the remainder of the vocal fold {the muscle) as a single 

mass. 

The results of our mathematical analysis will show that a 

region of growing oscillation can be defined in a 

three-dimensional space whose coordinates are mucosal wave 

velocity c, the inverse of lung pressure PL, and a pre.phonatory 

glottal width ; (Figure Sa). As in the Ishizaka and Matsudaira 
0 

(1972) theory, small-amplitude oscillation is assumed around the 
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pre-phonatory width ~ • It is clear from the figure that larger 
0 

driving pressures, lower surface wave velocities, and tighter 

adduction generally improve the likelihood of oscillation. Lower 

surface velocities are congruent with larger vertical phase 

differences, as we will demonstrate in the more quantitative 

description of the conditions of oscillation. 

With regard to vocal tract loading, we will show that the 

region of oscillation is defined by two primary variables, 

supraglottal inertance ~2 and lung pressure PL , as shown in 

Figure S(b). Increases of I 2 and Ps above a certain threshold 

will produce sustained (or growing) oscillation by effectively 

rendering the damping of the oscillator as zero (or negative). 

In this case, the vibration characteristics of the source are 

strongly dependent on the resonator, as will be discussed in 

greater detail in section III. 

II. ANALYTICAL TREATMENT OF VOCAL FOLD OSCILLATION 

our model of the vocal folds will consist of a hybrid 

between lumped-element and distributed systems. The body of .the 

folds (muscular and deep ligamenta! layer) will be represented by 

a single mass-spring-damper system. Superimposed on the motion 

of this body will be a simplified surface-wave motion in the 

cover (Figure 6a). This body-cover independance reduces the 
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Figure 5. Regions of· growing oscillation. (a) Three­
dimensional region with parameters c, ; 0 , and 
PL. (b) Two-dimensional region with parameters 
PL and I 2 . 
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Figure 6. Simplified body-cover model of the vocal f,;J.ds. (a) 
Configuration and (b) glottal flow circuit. 
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complexity of the analysis and allows for somewhat simpler 

statements about oscillatory conditions than in the Ishizaka and 

Matsudaira (1972) treatment that couples two masses with three 

springs. In the later large-amplitude approach, we will allow 

the mucosal wave velocity to be a function of longitudinal 

stiffness in the cover. Our purpose here is to demonstrate that, 

if mucosal waves are assumed, the driving force in equation (1) 

can be an explicit function of i , and small-amplitude negative 

damping can be realized. This is a little less ambitious than 

the appr~ach taken by Ishizaka and Matsudaira (1972), who 

essentially proved the existance of flow-coupled tissue modes on 

the basis of fundamental tissue properties. 

A. A Linearized Glottal Area Function Based on surface waves 

Consider a two-dimensional glottis as shown in Figure 

6(a). Solid lines and dashed lines show glottal configurations in 

different portions of the vibratory cycle for small amplitude 

vibration. A
1 

and A
2 

are subglottal and supraglottal areas, 

respect~vely, and a 1 , ag' and a 2 are specific glottal areas at 

entry, mid-glottis, and exit. We assume that A1 and A2 are 

constant, but that glottal areas are time- and space-dependent. 

In particular, we assume that 

a ( z , t) = 2L ( ~ 
0 

( z ) + ~ 1 ( z , t) ] ' (2} 
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where z is measured from the midpoint of the glottis in the 

direction of flow, L is the length of the vocal folds (normal to 

plane of paper), ~ 0 (z) is the pre-phonatory glottal half-width, 

and ~ 1 (z,t) is the time-dependent counterpart. 

It is known that mucosal surface waves propagate along 

the glottis in the direction of airflow (Hirano, 1975). In the 

simplest way, these waves can be described by a one-dimensional 

wave equation with.wave velocity c, such that 

This has the general d'Alembert solution 

; 1 (z,t) = ~ 1 (t - z/c) , 

which can be verified by simple substitution. 

It is seen from equation (4) that mucosal wave 

( 3) 

( 4) 

propagation causes a time-delay in movement from bottom to top of 

the vocal folds. We will demonstrate that this time-delay helps 

to provide some of the necessary instabili~ies for vocal fold 

oscillation. 
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In order to reduce the partial differential equation (3) 

for vocal fold tissue displacement to an ordinary differential 

equation that will eventually include coupling to the airflow, 

let us assume a linear z-dependence of the pre-phonatory glottis 

where ~ 01 aod t 02 are inferior and superior glottal widths, 

respectively, and T is the vocal fold thickness. With regard to 

the time-dependent component, we expand the general solution (4) 

in a Taylor series around the midpoint (z=0) of the glottis and 

keep only the first order (linear) term, 

~ 1 (t - z/c) = ;
1 

(t,o) 

= ; - z~/c 

(5) 

(6) 

(7) 

The glottal areas at entry and exit can now be defined by 

letting z = T/2 and introducing a time delay T = T/2c. 

a 1 = 2L(; 01 + ; + t~) 

Then 

(8) 

(9) 

Any arbitrary area along the glottis can be obtained by combining 

equations (5) and (7). 
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Although we will not restrict ourselves to eiwt time 

variation in the bulk of this discussion, it is interesting to 

relate the time delay ~ to a phase delay e for harmonic motion. 

In the complex plane, the addition of ; and Lg = iwL; (equation 

8) yields a phase angle 

6 = tan-l WL = tan-l wT/2C (10) 

between the center of the glottis and the upper margin. The 

phase angle between upper and lower margins is twice as large, 

about 115 degrees for a thickness of 0.5 em, a 100 Hz frequency, 

and a 100 cm/s wave velocity (Baer, 1975). 

B. Displacement Flow and Equation of Motion 

Consider now the lumped-element flow circuit shown in 

Figure 6(b). A similar circuit was proposed by Conrad (1980). 

The subglottal pressure is Ps' the glottal ent~y pressure is P
1

, 

the glottal exit pressure is P
2

, and the supraglottal pressure 

(input pressure to vocal tract) is P.. The nonlinear flow 
~ 

resistances in the contraction and expansion regions are 

represented by R and R , respectively, and the intraglottal 
c e 

resistances are R 
1 

and R 
2

, also nonlinear. Flow at exit is u 
g· g 

and flow at entry is u + ud, where ud is the displacement flow, 

resulting from the yielding glottal wall. Except for the mucosal 

wave motion, the tissue is lumped at the midpoint of the glottis 
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by way of a net vocal fold compliance cf, an inertance If, and a 

resistance Rf. As will be seen momentarily, these flow circuit 

elements are directly related to mass, damping, and stiffness of 

the body of the folds. 

Since vocal fold displacement has been linearized along 

the glottis, the mean displacement flow is at the midpoint and 

can be written as 

(11) 

The pressure variation within the glottis is not linear, however. 

A mean glottal pressure Pg' which serves as the net driving 

pressure for the body of the tissue, can be computed from an 

intraglottal pressure function P(z), 

, s+T/2 .. 
pg = T P(z)dz = 2LT(If~ + Rff.+~/cf) 

-T/2 

= M~ + B~ + K~ 

where M, B, and K are the mass, damping, and stiffness per unit 

area. The area in question is the medial surface area LT over 

(12) 

(13) 

which the net driving pressure acts. We will show that the above 

equation of motion contains the necessary elements for 

oscillation, as proposed in equation (l). First, however, we 
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focus our attention on the intraglottal pressure variation P(z). 

Since it is not a linear variation, it is incorrect to call the 

average pressure (P1 + P2 )/2, nor is it quite correct to divide 

the total glottal resistance into two equal parts above and below 

the midpoint, as is done in linear circuit analysis with a 

T-section. Figure l(b) therefore serves more for 

conceptualization of the problem than for exact loop equation 

analysis. 

c. Transglottal Pressure and Mean Driving Pressure 

w~ assume that the results of investigations by van den 

Berg et. al. (1957), Ishizaka and Matsudaica (1972), Scherer 

(19Bl), and Gauffin et. al. (1983) on steady pressure-flow 

profiles in static models of the glottal airway are applicable to 

oscillatory flow. Generalizing their results, the tra~sglottal 

pressure for a non-divergent glottis (a 1 ~ a
2

) can be 

approximated by 

I 

where k and k are pressure coefficients for contraction and c e 

expansion, respectively, k = kc- ke is the total transglottal 

pressure coefficient, P is the air density, ud is the mean 

displacement flow that adds to a constant flow u, a
2 

is the exit 

(14) 
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(minimum) area, and Pk2 is the kinetic pressure at exit. Air 

viscosity in the glottis is neglected here, which is justifiable 

if the minimum glottal diameter is restricted to be greater than 

a few tenths of a millimeter. The values of the pressure 

coefficients have been estimated by the above investigators to be 

with the lower limit for k applying to the highly convergent 
c 

glottis and the upper limit applying to the rectangular glottis. 

The pressure drop for a divergent glottis is more 

difficult to quantify because flow detachment from the wall may 

occur prior to glottal exit, making .the location of the minimum 

diameter a variable within the glottis. Fortunately, the . 

divergent glottis (a
1 

< a
2 

in an overall static and dynamic 

sense) occurs over a smaller portion of the glottal cycle than 

the convergent glottis in normal male phonation, and may be 

non-existant in females and higher-pitched phonation in males 

(i.e., falsetto and mid-register). It is estimated, therefore, 

that the loss of precision in the transglottal pressure will not 

(15) 

affect the basic principles of oscillation described here. 

Furthermore, it is not clear that flow detachment from the walls 

will occur the same way in oscillatory flow as in static flow. By 

including the displacement flow in equation (14), we have made 



25. 

the assumption that the static pressure-flow relationships apply 

to the oscillatory state. This has yet to be verified. The 

constant acceleration and deceleration of the air may make the 

moving medium less turbulent because there is less time for 

steady flow regimes to be established. 

Since all the pressure losses in equation (14) have been 

attributed here to entry and exit losses, the intraglottal 

pressures can be derived from Bernoulli's energy conservation 

principle, 

(16) 

where P
2 

is the exit pressure that corresponds to the exit area a 2 . 

The average of this intraglottal pressur~, as indicat~d by 

integration on the left side of equation (12), is 

P = P + p { 1 [ ( 2 -1 1 +T I 2} g 2 k2 - a2/T) (-a ) (aa/az)- J 
-T/2 

In obtaining the explicit integration above it has been 

recognized that the glottal area gradiant aa/ az = (a 2 - a 1)/T 

is independent of z because of the assumed linear glottis. In 

the strictest sense, ud should also have been written as a 

function of z, but this would have made the integration rather 

formidable. As a first-order approximation, the use of the mean 

displacement flow as a constant over z is justifiable because ud 

(17) 
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is usually an order of magnitude less than u. By way of an 

example, consider a 0.5 em vocal fold thickness, a 1.0 em vocal 

fold length, a 10~ Hz fundamental frequency, and an average 

vibrational amplitude of 0.025 em (per fold) along the length. 

Since this amplitude is reached in about a quarter of a cycle 

(2.5 ms), the linear velocity of the tissue is 10 cm/s and the 

peak displacement flow is 10 cm3 /s (equation 11) •. On the other 

hand, equation (14) predicts an average steady flow of 200 cm 3;s 

for an 8 em H20 transglotta1 pressure and a 0.05 em glottal width 

(k- k =1.0). This suggests that ud << u at low frequencies c e 
and when glottal closure is not under consideration. 

Upon further evaluation of the limits in equation (17) 

and substitution of the linear area gradiant aa/az tnto the 

equation, 

Van den Berg et. al. (1957) and Ishizaka an·d Matsudaira (1972) 

(18) 

have shown that the exist pressure P
2 

is slightly below the vocal 

tract input pressure P
1 

. In other words, there is a slight 

pressure recovery in the existing jet, as indicated by -ke in 

equation (14). This exit pressure recovery can be written as 

(19) 
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If we substitute P
2 

from {19) into (18) and replace the exit 

kinetic Pk 2 by {Ps - Pi)/k from equation {14), we obtain an 

important relationship between average driving pressure of the 

vocal folds and transglottal pressure, 

It is often tacitly assumed in phonetic science that the 

vocal folds are driven by the transglottal pressure. This is 

true only if the vocal tract input pressure is zero, if the 

glottis is highly convergent, and if there is no exit pressure 

recovery. For that trivial case, the transglottal pressure in 

fact becomes the subglottal pressure. In general, the notion of 

transglottal pressure driving the vocal folds should be 

abolished. 

(29) 

Note that the effective driving pressure is a function of 

glottal geometry, as stated in Section I. During glottal opening 

a 2;a1 is smaller than during glottal closing, which sets up the 

asymmetry in the driving force discussed earlier. As a 

rectangular glottis is approached, the driving pressure can 

become zero if the vocal tract input pressure P. and the exit 
l. 

area a
2 

are small. This can happen in the face of a large 

transglottal pressure. Negative driving pressures can also 

occur, especially if P. goes negative (as it does prior to 
l. 
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closure when the supraglottal air inertia creates a suction above 

the folds) or if the glottis diverges (equation not 

experimentally verified, however). 

We will now show how the net driving pressure in equation 

(20) can be used to establish conditions of oscillation. We 

begin with the simplest case in which there is no acoustic load 

on the glottis, i.e., when there is no vocal tract above or below 

the folds. 

D. Oscillation Conditions for No vocal Tract Coupling 

When the subglottal pressure equals the lung pressure (Ps 

= PL) and the vocal tract input pressure is atmospheric (Pi=0), 

the driving pressure becomes 

This is an interesting case because it can be simulated with 

relative ease in the laboratory on excised larynges. It is also 

interesting because the driving pressure is independent of flow. 

Only the lung pressure is relevant, due to the clamping of both 

subglottal and supraglottal pressures. We consider here the 

(21) 

typical case where the supraglottal area is large (a 2<< A2 , or ke a 

0). Combining equations (8) and (9) with (20) and replacing 

the·left side of equation (12) with the new result yields the 
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equation of motion, 

(22) 

= M~ + B~ + K; (23) 

Note that the driving pressure has a component that varies 

directly with tissue velocity. Even though the velocity appears 

in both the numerator and the demomonator, its presence in the 

numerator dominate because of the factor of two. It is clear 

that the driving pressure is greater for positive ~ than for 
. 

riegative ~ , which is in harmony with the more general discussion 

of Section I. 

In order to get simple relationships for oscillatory 

conditions, we consider small-amplitude vibration by letting 
' 

(24) 

where ~ is an average (DC) displacement and ~ is a small 

oscillatory component. the DC component satisfies the quadratic 

equation 

( 25). 

which is obtained by letting ~ = ~ = 0 in equations (22) and 

(23). Solution, if needed, can be obtained by quadratic formula. 
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- 2 • 2 
If we now assume that (~ 01 + ~) >> (~ + -r~) , expand the 

third factor in equation (22) binomially around ~ 01 + ~' multiply 

it by the second factor, and retain only first-order (linear) 

terms, we can show th~t only constant coefficients of ~ and its 

derivatives remain in equation (22). This then allows definition 

of effective small-amplitude damping and stiffness per unit area 

by combining the coefficients of the resulting linear second 

order differential equation. The coefficients are 

-2 I 

B* = B- (PL/k)-r(~Ol + ~02 + 2~)/(~01 + ~) = B- B 

. I I 

We will refer to B and K as aerodynamic damping and stiffness. 

The mass ~er unit area of the VQcal fold tissue is unaltered 

(i.e., M*=M). 

1. Discussion of Daffiping Coefficients 

(26) 

(27) 

It is clear from equation (26) that oscillation will grow 

(or be sustained) when there is negative (or zero) damping, i.e., 

when 

B*< 0 
(28) 

This condition is enhanced by increasing the lung pressure PL' by 

increasing the time delay 't' between upper and lower portions of 
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the vocal folds, or by decreasing the glottal opening (note 

squared term in denominator of B in equation 26). Most 

importantly, equation (26) predicts that no growing oscillation 

will occur with zero time delay T or with infinitely rapid wave 

propagation in the mucosa (recall that t = T/2c). 

On the other hand, reducing the wave velocity c in the 

mucosa (presumably by decreasing surface tension of the liquid on 

the folds or by decreasing the stiffness of the cover) will 

enhance oscillatory conditions. This prediction agrees with 

Ishizaka and Matsudaira's (1972) conclusion based on one-mass and 

two-mass models. Only the two-mass model can approximate the wave 

motion, whereas the one-mass model is equivalent to the c--+ ca 

-( -r + 0) condition in our formulation. 

Although it appears from equation (26) that the negative 

aerodynamic damping is directly proportional to PL' this is not 

generally the case because the DC displacement r increases with 

lung pressure, which in turn reduces the negative resistance. 

This is illustrated in Figure 7, where the DC portion of the 

aerodynamic pressure (P from equation 22) is plotted together 
g 

with the DC portion K; of equation (23) as a function of ; • 

The intersection of the two curves gives the DC displacement ; • 

As the aerodynamic pressure is raised from the solid line to the 
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~--. TISSUE STIFFNESS REACTING 
PRESSUREK( 

AERODYNAMIC DC 
PRESSURE P9 (EQ. 22) 

Figure 7. Equilibrium (DC) displacement o~ the vocal 
folds and equilibrium pressure Pg. 
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dashed line (by increasing PL), the intersection moves to the 

right. The correspondingly larger value of r lowers the 

negative damping. This can further be illustrated mathematically 

by considering a simpler case. If ~ >> ;
01

, i.e., if the vocal 

folds are blown apart with a DC displacement that is large in 

comparison with the inferior (and superior) pre-phonatory glottal 

half-width, equation (25) has the simple solution 

I {29) 

and the effective damping becomes 

B* = B- 2T[(P K/k)/(; - ~ )]~ L . 01 .,02 
(3~) 

This situation may be approached in the ehest register, where the 

glottis is nearly square, the vocal folds are nearly touching, 

and the lung pressure is rather high to blow the folds apart 

during onset of phonation. Note that the aerodynamic damping is 

now proportional to the square-root of the lung pressure. The 

aerodynamic damping is also highly sensitive to glottal 

convergence (; 01 ~; 02 ) and to tissue stiffness. 

At the opposite extreme, where the vocal folds are not 

blown apart much in relation to the pre-phonatory widths { ; << ;
01

), 

equation (26) reduces to 
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(~ << ~01) 
(31) 

This would be the case for stiffer folds with a more convergent 

glottis. Here the negative damping is directly proportional to P • 
L 

I 

we deduce form this that, in general, B varies with the ~.5 to 

1.0 power of subglottal pressure. 

I 

Equation (31) also shows that B is essentially inversely 

proportional to ~ 01 , ~ 02 usually being smaller than 

·abducted vocal folds are less likely to experience 

~ 01 • Thus, 

self-oscillation than closely approximated folds. 

Another case of special interest is a rectangular 

glottis, where ~ 01 = ~ 02 = e0 • Here the small-amplitude damping 

assumes the even simpler form. 

For this case ~ = ~ because there is no DC driving pressure 

under our idealized Bernoulli conditions within a rectangular 

glottis (equation 25). This is one of the cases that Ishizaka 

and Matsudaira (1972) analyzed with a two-mass model. We can 

harmonized our theory with theirs if we adopt their equation of 

motion (on page 52 of their monograph) for the lower mass and 

(32) 
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eliminate their coupling stiffness s between upper and lower 
c 

masses, leaving only the mass m
1

, damping r 1 , stiffness s
1

, and a 

driving force that is proportional to the difference in 

displacement between upper and lower masses, 

Since in our treatment the coupling tissue stiffness is modeled 

through the mucosal wave velocity c, a separate s need not be 
c 

included here. Ishizaka and Matsudaira labeled $ their 

aerodynamic coupling stiffness, which for equal upper and lower 

(33) 

(34) 

In their treatment v is the average linear velocity in the square 

glottis. The last step in the above equation is our own derivation 

and is consistant with the previous assumptions of ke ~ 0, Ps = P , 
L 

and Pi = 0 for this particular case (recall equation 14). 

By letting ; 2 = ; 1 - 2T; 1 , in a manner similar to the 

expansion (6) and (7) (but with the ex.ception that the expansion is 

around the lower displacement), equation (33) yields 

(35) 
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In order to compare the damping term here with equation {3~), we 

recall that B* is the dam~ing per unit glottal area LT. Since m1 

assumes only half of the glottal area, division of equatio~ (33) by 

LT/2 gives the Ishizaka and Matsudaira (1972) comparable result 

·Note that the aerodynamic damping is identical to that in 

equation {32). 

(36) 

one of the conditions for oscillation in the Ishizaka and 

Matsudaira (1972) formulation was that the coupling stiffness s 
c 

between the masses must be less than the aerodynamic stiffness ~ • 

This is equivalent, in our formulation, to saying that the mucosal 

wave velocity c must be less .than 2T ~ /r • Otherwise, the delay 

time T in equation (35) is too •mall and the aerodynamic resistance 

4T<f> · is insufficient to overcome r 1 • 

Conrad (1980) p~oposed that vocal fold oscillations are 

analogous to oscillations in a collapsible tube. These 

oscillations have been observed in arterial systems, where a 

downstream flow constriction is created by incomplete clamping of 

an artery. This condition can be approximated in our formulation 

by letting a2. = 2L~·02= constant, i.e., by clamping the upper lips 

of the vocal folds at a fixed value. From equation (9) it is 
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. 
clear that ~ = ~~ in this case, which simplifies equations (22) 

• to (27) considerably. The negative damping term B becomes 2(P · 
L··, 

2 
/k)~~ 02 ;~ 01 , which agrees with equation (32) for the rectangular 

glottis (~ 01 =~ 02 ) • 

Althougn the constraining (clamping) of a downstr 

portion of the glottal duct with yielding walls appears t 

produce oscillation, it is neither necessary nor a partie 

appropriate condition for the vocal folds. Unless the fa 

vocal folds were to be used to create the downstream 

constriction, nothing anatomical in the larynx exists tha would 

maintain such a constrain~. In fact, it is a small matte to 

demonstrate with an excized larynx that the false vocal f are 

not needed to sustain in vivo like vibratory patterns. Th 

collapsible tube analogy may be useful, therefore, on a 

conceptual basis, but offer·s no quantitative advantage. 

The enclosed region of growing oscillation (FigurJ Sa) 
I 

can be defined on the basis of equation (32). Consider a 

three-dimensional contour defined by B* = 0, or 

~ 0 c/PL = (T/Bk) ~ constant , 

where ~ 0 , c, and (1/PL) are the three independent variables (~ 

has been replaced by T/2c), and thickness, tissue damping, and 

(37) 
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entry pressure coefficient are parameters. Any point between the 

origin and the three-dimensional hyperbolic surface is in the 

growing oscillation region. In the exterior region, oscillation 

is damped, and since physiologically all three of the variables 

are positive, the other octants need not be considered. In a 

follow-up paper we will test the validity of this theory by 

plotting experimentally determined values of PL' ;
0

, and c on 

excised larynges. 

2. Discussion of Stiffness Coefficients 

As a final topic of discussion in this section, consider 

the effective stiffness K*. Equation (27) shows a positive 
I 

aerodynamic stiffness K for ; 01 > ; 02 , the convergent 

pre-phonatory glottis. For the square glottis, on the other hand, 

the natural stiffness is unaffected. This differs from the 

result obtained by Ishizaka and Matsudaira (1972), who found that 

the aerodynamic stiffness subtracted from the tissue stiffness of 

the lower mass. The net result was that the predicted 

oscillating frequency of the coupled system decreased with 

increased kinetic pressure (or transglottal pressure}, which has 

been difficult to observe experimentally. Even the subsequent 

computer simulations (Ishizaka and Flanagan, 1972), which were 

based on fewer assumptions about pressures in the glottis, did 

not show this negative trend of frequency with PL. One 
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oversimplification in their analysis was the choice of zero 

driving pressure on the upper mass, which might account for the 

difference. The result in equation (35), based upon their 

equation of motion (but with s elimanated and replaced by our 
c 

mucosal wave coup~ing), shows no negative stiffness. 

The positive aerodynamic stiffness in equation (27) for a 

convergent glottis. may, in part, be responsible for the observed 

increase in frequency with transglottal pressure in humans 

(Ladefoged, 1963) and excized larynges (Baer, 1975). By way of 

an example, if we choose k = 1, ~ 02 = ; = ~ and ; 01 = ~. 3 em in 

equation (27) evaluate the fundamental frequency of the 

oscillator as [ ( K + K') /M] ~ /2 1T , where vocal fold mass is 0. 25 

g, tissue stiffness K is 100 g/cm (about 100 Hz natural resonance 
. 2 

frequency), and vocal fold surface area is 1.0 em (1.5 em x .7 

em) , then 

(38) 

PL is meas~red in em H
2

0 to correspond with g/cm for the 

dimensions of stiffness. For pressures below 10 em H 2 ~, the 

slope is slightly less than 2 Hz/(cm H 2 ~), which is a little on 

the low side in terms of the 2 - 5 Hz/(cm H 2~) reported in the 

studies above. We have argued previously, however (Titze, 1980), 

that nonlinearities in the tissue stiffness are likely to 
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dominate in the relationship betweenF
0 

and PL. We will devote a 

subsequent study to a more complete analysis of fundamental 

frequency control. 

E. oscillation Conditions For Lumped Inertive Vocal Tract Coupling 

Whenever the fundamental frequency of oscillation is 

below the first formant frequency of the vocal tract, the 

reactive portion of the input impedance is inertive (Rothenberg, 

1981). To a first order approximation, then, the vocal tract can 

be represented by a lumped inertance r 2 and a resistance R
2

• 

The vocal tract input pressure assumes the form 

(39) 

To study solely the effects of vocal tract loading on the 

conditions of oscillation, let us eliminate vertical phase 

differences in tissue movement by setting ~ = 0, or a 1 = a
2 

= a. 

This is the converse of eliminating the vocal tract load in 

Section D to study the effects phase differences in tissue 

movement. It provides a direct way of studying the oscillatory 

behavior of a one-mass model. 

If we make the simplifying assumptions that the 

subglottal pressure drop in negligible (Ps = PL) and that the 

vocal tract input pressure P. is small in comparison with the 
~ 
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subglottal pressure P , i.e., that most of the pressure drop is 
s 

across the glottis rather than the vocal tracts, then the flow is 

easily computed from equation (14) 

>> P. 
J. 

we will refer to this as the low-load condition. Equation (20) 

reduces to 

where it has been recognized that 1 - a
2
;a1 in equation (20) is 

zero for the restricted glottal geometry. 

(40) 

(41) 

Note that, since (k /k) is a small quantity (on the order e 
of 0.1), the two terms on the right side of equation (41) may be 

comparable, even though PL is much larger than Pi • Substituting 

u from (40) into (39), P. from (39) into (41), and letting k 
~ e 

2a/A from (15), the driving pressure becomes 

Making the final substitutions for ud from.equation (11) and a 
. 

.... = 

from (8) and (9) with T = 0, the coefficients of ~, ~, and ; 

can be coffibined with those on the right side of equation (13) to 

obtain the effective mass, damping, and stiffness per unit area, 

(42) 
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M* = M + 2LT I 2 
(43) 

{44) 

(45) 

A residual DC pressure 

(46) 

determines the equilibrium position, i.e., the degree to which 

the vocal folds are blown apart in addition to the pre-phonatory 

opening ~ 0 • 

Several observations can be made regarding these 

small-amplitude constants. First, note that an inertance in the 

effective mass of the system results from vocal tract inertia r
2

• 

The mass of the air being accelerated adds to the mass of the 

tissue. This, in conjunction with some changes in effective 

stiffness, could lower the fundamental frequency appreciably. 

This "pulling" of the fundaffiental Ereq1t~~cy ~as demonstrated by 

Ishizaka and Flanagan (1972) with various lengths of acoustic 

tubes attached to their two-mass and one-mass simulation models. 

The one-mass model, which relies solely on supraglottal inertance 

r
2 

to produce negative damping (equation 44), was most 

susceptible to this frequency "pulling". 
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The threshold requirements for r 2 to realize sustained or 

growing oscillations are given in equation (44) and in Figure 

S(c). Assuming that R2 is small (a desired condition since R
2 

produces positive damping), we see that the B* = 0 condition 

results in a hyperbolic relationship between P~ and r
2

, all 

other quantities being treated as fixed parameters. Thus, 

increases in r 2 or PL (or both) will enhance oscillation. 

Graphically, this corresponds to moving closer to the origin in 

Figure S(b) if we plot the inverses of P~ and r
2 

to maintain a 

confined region of oscillation. The whole region of oscillation 

is expanded, of course, by decreasing B, the actual tissue 

damping. 

With regard to tissue stiffness, we note that both a 

positive and a negative term are associated with this low-load 

condition. As mentioned, it is desirable to have R
2 

small in 

order to minimize losses. But the third term in equation (45) is 

not particularly large either, unless A2 is unusually small. For 

a typical A2 = 3 em 2 
I L = 1.5 em, PL = 8 em H20, and k - 1.0, the 

stiffness is about 16 Kdyn/cm per cm 2 of vocal fold area. This 

is about a tenth of the typical lumped tissue stiffness (Ishizaka 

and Flanagan, 1972). Thus, the low-load condition shows no clear 

indication of a strong source-vocal tract coupling stiffness, as 

would be expected. 
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III. DISCUSSION AND CONCLUSIONS 

We have adopted the body-cover concept of vocal fold 

tissue morphology to capture the essential features of vocal fold 

vibration. By superimposing a vertically-propagating surface-wave 

displacement in the cover onto the horizontal diplacement of the 

body, a single autonomous differential equation described the 

oscillatory motion. By linearizing this equation for 

small-amplitide (growing) oscillations, closed-form solutions for 

effective damping, mass, and stiffness were obtained. 

Our results are not markedly different from those 

obtained by Ishizaka and Matsudaira (1972). The primary 

mechanism for obtaining velocity-dependent driving forces seems 

to be time-delayed action, i.e., a delayed reacting pressure on 

the bottom of the folds due to delayed motion at the top. In our 

formulation, the delay re~ults from a finite surface-wave 

velocity, wnereas in the Ishizaka and Matsudaira formulation, the 

two coupled oscillators are locked into a flow-controlled mode 

that keeps upper and lower masses out of phase, as cogently 

illustrated by their state diagram (p. 63). It is interesting to 

point out that delayed action is often responsible for 

oscillation in feedback control systems. 

In the collapsible-tube analogy offered by Conrad (1980), 
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the mechanism is similar, except that the required supraglottal 

constriction would effectively be a pair of clamped upper lips of 

the true folds, or alternatively, a firmly positioned pair of 

false folds. Neither is physiologically very realizable, however. 

Net surface-wave propagation in the mucosa (cover) must 

be from bottom to top. Reversal of this direction would not 

produce oscillation. Rather, energy would flow from the tissue 

to the airstream. This is equivalent to the statement that the 

bottom mass in the coupled oscillator system must always lead the 

top mass in phase. Negative effective damping will then be 

produced, which in our study was found to be inversely 

proportional to the surface-wave propagation velocity, or 

directly proportional to the time delay between upper and lower 

portions of the folds. 

The delayed action hypothesis can also be used to 

conceptualize the effect of inertive loading by the vocal tract 

on the folds. Since the build-up airflow in the glottis and 

vocal tract is delayed with respect to the glottal area, and 

since the driving pressure on the folds varies inversely with 

airflow (Bernoulli's principle), a retarded flow means a greater 

driving pressure during opening than during closing. This 

tissue-velocity dependent driving force supplies energy to the 

vocal folds and helps build up oscillation. We have shown that 
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negative damping is directly proportional to lumped vocal tract 

inertance. This was also shown by Ishizaka and Matsudaira 

(1972). Their results demonstrated, furthermore, that a net 

compliant vocal tract load would squelch oscillation. 

We would offer a practical application of our analysis to 

speech and singing. Unlike most reed or brass instruments, whose 

source characteristics are strongly influenced by the resonator, 

the vocal instrument operates with varying degrees of coupling. 

When coupling is weak, the vocal folds create their own 

autonomous oscillating system by virtue of mucosal surface waves 

(or some other non-uniform tissue movement). This situation is 

approached in speech, where a large variety of articulatory 

qestures offers many different types of acoustic loads. To 

preserve constancy of phonation, uncoupling is desirable. The 

fact that a linear source-filter theory of speech production has 

been successful for many years attests to this. 

When the fundamental frequency of phonation is raised 

above the normal speech range (as is often done in singing) two 

effects may take place which cause source-system independence to 

diminish. First, the vocal fold cover may stiffen, which would 

raise the mucosal wave velocity and thereby increases effective 

damping in the folds. Secondly, the reactive load of the vocal 
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tract is greater at higher frequencies, particularly when the 

fundamental frequency approaches a formant frequency. Both of 

these factors would make the conditions of oscillation more 

dependent on the vocal tract, as is easily demonstrated by voice 

"breaks" that occur when an upward glissando is performed into an 

acoustic type of unfamiliar length. Some singers, who perhaps 

have a more "robust" tissue morphology in the larynx, may be able 

to maintain oscillation autonomous to the larynx, even in the 

face of vocal tract reactances that are compliant rather than 

inertive. Little or no vowel modification on specific pitches 

may then be necessary to "tune-up" the larynx with the vocal 

tract. On the other hand, those with less "robust" tis~ue 

morphology may find it necessary to adjust the vocal tract in 

specific ways to maintain tissue damping low through inertive 

loading. 

To speculate a bit further, the subject of vocal hygiene 

may possibly be linked to the mechanical properties of the vocal 

folds and, in particular, to the viscoelasticity of the mucosa. 

Viscoelastic properties may change with dehydration, with 

infectious disease, with trauma, with toxic materials, with 

temperature, or any number of other internal or external 

conditions. We are presently investigating the effects of 

lubrication of vocal fold tissue on the oscillation region 
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described in this paper. Exact comparisons between theory and 

experiment are more suitable for large-amplitude conditions 

(limit cycles), and will therefore be a topic of the follow-up 

paper. 

ACKNOWLEDGEMENT 

This research was supported by a grant from the National 

Institutes of Health, grant number NS 16320-05, for which we are 

grateful. 

REFERENCES 

Baer, T. (1975), "Investigation of phonation using excised 
larynxes," Ph.D. dissertation, MIT, Ca~bridge, Mass. 

Broad, D. (1979), "The new theories of vocal fold vibration," In 
Soeech and Language; Advances in Basic Research and practice, 
Vol. 2, N~ Lass (ed.), Academic Press, 203-256. 

Conrad, w. (1980), "A new model of the vocal cords based on ·the 
collapsible tube analogy," Med. Res. Eng. 13, No. 2, 7-10. 

Gauffin, J., N. Binh, T. Anathapadmanabha, and G. Fant (1983), 
"Glottal geometry and volume velocity waveform," vocal Fold 
Physiology; Contemporary Research ang Clinjcal Issues, D. Bless 
and J. Abbs (eds.) College Hill Press. 

Hirano, M. (1975), "Phonosurgery: basic and clinical 
investigations," Official Report of the 78th Annual Convention of 
the Oto-Rhino-Laryngologicl Soc. of Japan. 

Ishizaka, K., and M. Matsudaira (1972), "Fluid mechanical 
considerations of vocal cord vibration," SCRL Monograph 8, Santa 
Barbara, California. 

Ladefoged, P. (1963), "Some physiological parameters in speech," 
Language and Soeech 6, 109-119. 



49. 

Lieoerman, P. ( 1977) , Speech Pbys iol ogy and Aconst; c phaoet j cs, 
McMillan, New York. 

Rothenberg, M. (1981), "Acoustic interaction between the glottal 
source and the vocal tract," vocal Fold Physiology, Stevens and 
Hirano, (eds.} 1 University of tokyo Press, 304-323. 

Scherer, R. (1981), "Laryngeal fluid mechanics: steady flow 
considerations using static models," Ph.D. Dissertation, 
University of Iowa. 

Stevens, K. (1977), "Physics of laryngeal behavior and larynx 
modes," Phonetica 34, 264-279. 

Titze, I. and w. Strong (1975), "Normal modes in vocal cord 
tissues," J. Acoust. Soc Am 57, 736-744. 

Ti.tze, I. (1976), "On the mechanics of vocal fold vibration," J_s_ 
Acoustic. Soc. Am. 60, No.6, 1366-1380. 

Titze, I. (1980), "Comments on. the myoelastic-aerodynamic theory 
of phonation," J, Speech Hear. Res. 23, No. 3, 495-51~. 

Titze, I. (1985), "Mechanisms of sustained oscillation of the 
vocal folds," vocal Fold Pbysiolggy; aigmechanics. Aerodynamics, 
and Phonatory Control. I. Titze and R. Scherer (eds.}, The Denver 
Center for the Performing·Arts. 

van den Berg, J., J. Zantema and P. Doornenbal (1957), "On the 
air resistance and Bernoulli effect of the human larynx," J. 
Acoust. Soc. Am 29, 626-631. 

van den Berg, J. (1958), "Myoelastic-aerodynamic theory of voice 
production," J. Soeech Hearing Res. 1, No. 3, 227-243. 



SOME TECHNICAL CONSIDERATIONS IN 
VOICE PERTURBATION MEASUREMENTS 

Ingo R. Titze 

University of Iowa 
and 

The Denver Center for the Performing Arts 

Yoshiyuki Horii 
The University of Colorado, Boulder 

and 

Ronald c. Scherer 
The Denver Center for the Performing Arts 

ABSTRACT 

so. 

Maximum theoretical bit shimmer and sampling jitter are 
computed and compared with normal vocal shimmer and jitter. 12 
bits of resolution and 5~~ samples per cycle are needed to 
minimize the contaminating sampling noise without interpolation. 
Conventioanl tape recorders can add jitter and shimmer equal to 
that of a normal voice. Low-pass filtering is not harmful, unless 
peak picking strategies are used and the peaks are severely 
broadened by the low-pass filter. A window of 2~ to 50 cycles 
should be used, if possible, and multiple tokens of an utteran~e 
are necessary to obtain a stable mean. 
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INTRODUCTION 

It is well-known that voiced sounds in speech are not 

entirely periodic. Even the most serious attempt by a speaker to 

produce steady phonation with constant pitch, loudness, and 

quality results in perturbations in fundamental frequency, 

amplitude, and waveshape of the speech signal as recorded by a 

microphone. Fundamental frequency perturbations have been termed 

jitter and amplitude perturbations have been termed shimmer. No 

special name has yet been given to perturbations in waveform 

shape or the corresponding spectral variations. 

The first major study on fundamental frequency 

perturbations was reported by Lieberman (1961). The primary. 

focus of the study was on the statistical distribution of the 

magnitude of adjacent periods. It was noted that this 

distribution was dependent upon the mode of phonation (e.g. 

emotional content or linguistic structure), upon the mean 

fundamental frequency, and upon onset and release of voicing. The 

measurement of adjacent periods was made oscillographically with 

a resolution of ± ~.2 ms, the mean period (for six male speakers 

across all utterances) being about 1~ ms (100 Hz). Nearly 50% of 

the differences between adjacent periods were at the 0.2 ms 

measurement noise level, however, indicating that better 
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resolution would have been desirable. In a follow-up study, 

Lieberman (1963) used a larger number of speakers (32, of which 

23 had pathologic larynges) and improved the temporal resolution 

to 0.~5 ms by increasing the speed of the oscillographic record 

camera from 4~~ in/min to 1200 in/min. He defined a perturbation 

factor as the percent of the total number of perturbations that 

are greater than 0.5 ms. Lieberman found that this perturbation 

factor was roughly proportional to t~e mean period and tended to 

be less than 30% in all but a few pathologic cases. 

Since then, a host of publications have emerged that have 

attempted to relate specific or general laryngeal diseases and 

the perception of vocal disorders to a variety of perturbation 

measures (Hecker and Kreul, 1971; Hollien, Michel, and Doherty, 

1973; Koike, 1969, 1973; Emanuel et al., 1973; Horii, 1975, 1979; 

Kitajima and Gould, 1976; Crystal et al., 1970;. Murry and 

Doherty, 1977, 1980; Ludlow et al., 1984; Davis, 1976; Hanson et 

al., 1983; Childers, 1977; Yumoto et al., 1982). Most of the 

recent investigations have employed digital computers for 

automatic or semi-automatic extraction of perturbation measures 

of amplitude, frequency, and additive noise •. 

It is hypothesized that aperiodicities in steady 

phonation arise from at least four distinct sources (1) 
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randomness in the action potentials of laryngeal muscles, 

creating some fluctuations in the muscle forces and configuration 

of the larynx, (2) randomness in the distribution of mucus on the 

folds and asymmetries in vocal fold structure, (3) randomness in 

the flow emerging from the glottis (instability and turbulence}, 

and (4) irregularity in source-vocal tract interactions that stem 

from non-stationary articulatory configurations. We will refer 

to these sources of aperiodicity as neurologic, biomechanic, 

aerodynamic, and acoustic sources, respectively. 

It would appear that· continued refinement of techniques 

for perturbation·analysis would continue to yield useful 

information about normal and abnormal (as well as professionally 

trained) voice production, particularly when specific sources of 

randomness can be isolated. What is needed at this stage, 

however, is some better insight into the· technical issues related 

to perturbation measurements. There is very little uniformity 

among laboratories in the procedures for recording and processing 

signals and in the definition and extraction of perturbation 

measures. This article is devoted to some of these issues. 

Questions we wish to address are (1) What sampling frequency and 

bit resolution are required for perturbation measurements of a 

desired accu~acy? (2} How do low-pass filtering and tape 

recording affect the perturbation measures? (3) What can be 
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gained by interpolating between samples? (4) What are the 

relative advantages of peak-picking and zero-crossing strategies 

for obtaining periods and amplitudes? (5) How many cycles are 

needed to make the measurements, and (6) How many tokens of the 

utterance are needed? We begin with some basic definitions of 

perturbation measures. 

A. DEFINITIONS OF PERTURBATION MEASURES 

Consider a. to be any parameter measured on the i-th 
~ 

cycle. (Amplitude is suggested by the symbol, but it could be 

period, open quotient, or some other cyclic parameter). Let N be 

number of cycles in a given segment of phonation, and let a 

represent the mean value within the segment, i.e., 

N 
a = (1/N) L a. 

i=l l. 

(1) 

+ By letting o and o represent forward and backward difference 

operators, respectively, for successive cycles, the following 

perturbation functions can be defined 

-o . = a. - a 
- 0~ ~ 

+ 0 0 . = 
- 0~ 

-o p . = (a 
Ol. i 

a) - (a. - a) = a 
l. i+l - ai 

a) - (ai-l - a) = a. - a. 
1 l. J.-

(2) 

( 3) 

( 4) 



( 5) 

Note that the zeroth-order perturbation function p . depends 
0~ 
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+ upon the mean value, the first-order perturbation functions pli 

and p~i .have the mean value removed, and the second-order 

perturbation function p 2i has the mean value and the linear trend 

removed. Higher order perturbation functions Pmi can, of course, 

be defined by repeated differencing if quadratic and cubic trends 

need to be removed also. 

A fundamental definition of the effective value of a 

signal whose strength (power or intensity) is to be assessed is 

the root-mean-squared (RMS) value. Since the perturbation 

functions above are ordinary signals, an effective value of the 

perturbation in a given segment of N cycles can be written as 

-1 (N-m) 

N-m/2 

i=l+m/2 

(6) 

for even values of the order m. For odd values of m the 

reolacemen ts i ~ ( i-1/2) for forward d iffer·enc ing and i ~ .. 
(i+l/2) for backward differencing have to be made in the 

summation to make the formula meaningful. 

Note that the zeroth-order RMS perturbation is simply the 

standard deviation from the mean, which has special statistical 
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significance. 

A second measure of the perturbation in a segment of N 

cycles is the mean-rectified (MR) value 

N-m/2 

P = (N-m)-l 
m 

i=l+m/2 

(7) 

Again, the same procedure for shifting i by ~± 1/2 in the 

the summation for odd values of m needs to be applied. It is the 

first-order MR perturbation that has generally been used as the 

mean jitter or shimmer (e.g., Horii, 198~). The zeroth-order MR 

perturbation has, to our knowledge, never been employed, but the 

second-order MR perturbation has been used occasionally when the 

linear trend needed to be remove~ (Ludlow, et al., 1983). A 

systematic study of the relative merits of these perturbations, 

and their theoretical relationships, is a topic that will be 

addressed in future investigations. 

Perturbation ratios are obtained when the perturbation is nor-

malized with respect to the mean value. This yields the coefficient of 

variation for the zeroth-order RMS perturbation, and the typical 

jitter and. shimmer ratios for first-order MR perturbations. 

usually these ratios are expressed in percent. 

This kind of normalization with respect to mean value is 
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not always useful, particularly when the mean value approaches 

zero. Fortunately this is not the case when fundamental frequency 

and amplitude are under consideration, but if the perturbation 

concept were to be extended to other glottal waveform parameters 

that may have positive and negative values, a zero mean (or 

near-zero mean) would cause instability in the measure. 

In the discussions to follow, the first-order MR 

perturbation ratio will be used whenever % jitter or % shimmer 

are specified without further qualification. As stated, in a 

later publication we will deal with the relationships between 

various perturbation measures. For example, if there is no 

long~range trend, there is a predictable relationship between the 

RMS and the MR values. If there is a trend (linear, quadratic, 

sinusoidal), some measures may carry more meaningful information 

than others. In this study, only steady vowels with no 

intentional trend were considered. 

B. SAMPLING FREQUENCY AND BIT RESOLUTION 

If sa~pled data are used, the accuracy of the frequency 

perturbation measurement is limited by the sampling frequency, 

and the accuracy of the amplitude perturbation measurement is 

limited by the bit resolution. Without interpolation between 

samples and bit levels, the maximum error in the measurement due 
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to digitizing is ± 1/2 bit level and ± 1/2 sample if simple 

peak detection or zero crossing strategies are employed. The 

fractional error in amplitude is then 

e =±(~bit level)/(bit levels/amplitude) 

=±(~bit level) (No. amplitudes/full scale)/(No. bit 

levels/full scale) 

= ± ~ R/2N 
( 8) 

where R is the amplitude reduction factor relative to the full 

scale A/D converter voltage and N is the number of bits of the 

converter. Likewise, the fractional error in fundamental 

frequency (or period) is 

e = ±(~ sample)/(samples/period) 

= ±(~ sample) (periods/sec)/{samples/sec) 

= ± ~ Fa/Fs , (9) 

where F0 is the fundamental·frequency of phonation and Fs is 

the sampling frequency. 

For most digitized speech waveforms, the number of bit 

levels per amplitude is greater than the number of samples per 

cycle, making the amplitude perturbation measurement more 

accurate than the frequency perturbation measurement. For 

example, if half of the range of a 12 bit A/D converter is used 

to record the amplitude (R=2, N=l2), then the bit error is ± 2-12 



= 1/4096, or ±.025%. On the other hand, if a 200 Hz 

fundamental frquency is extracted with- a 20 KHz sampling 

frequency, the sampling error is ± 1/200, or ± 0.5%. 
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This example is rather typical and demonstrates the need for 

interpolation between samples for jitter ratios, which for normal 

voices can be in the range of 0.1%· to 1%. The problem becomes 

particularly acute when fundamental frequencies as high as 500 Hz 

are involved. Here the jitter of the voice may be completely 

masked by the sampling noise. 

The theoretical bit noise and sampling noise floors are 

shown by the dashed lines in Figure l(a) and (b). Various values of 

bits/amplitude and samples/cycle are indicated on the abscissas 

of Figures l(a) and (b), respectively, and the error in percent 

is shown on the ordinate~. As the figure~ show, in order to stay 

below± 0.1% error in both amplitude and frequency measurements, 

approximately 9 bits/amplitude and sg0 samples/cycle are needed. 

The former is relatively easy to get, but the latter is often 

quite difficult. We will now show how actual measurements of 

jitter and shimmer were affected by these noise floors. 

1. Measurements Without Interpolation 

Steady-state [a] vowels of 2-3 seconds duration at a 

nominal pitch of F
3 

(175 Hz) were produced by one subject (IT) in 
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Figure 1. Jitter and shimmer ratio as a function of 
bits/amplitude and samples/cycle. 
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a sound-treated room. A bi-directional velocity ribbon 

microphone (RCA BK-llA) was placed approximately 2 inches from 

the mouth. An audio amplifier (Fisher CA-66~) was used to 

amplify the signal to ± 5 volts peak to peak (maximum), and a 

low-pass filter (Wavetek-Rockland 432) was used for anti-aliasing 

at half of the sampling frequency used in digital recording 

(LPA-11 processor with PDP 11-44 host computer). A Fourcin 

Laryngograph signal was recorded on a second channel to assist in 

fundamental frequency extraction. A center portion of the vowel 

(.82 seconds) was digitized at 20 KHz/channel sampling frequency. 

This amounted to 128 computer blocks, or 32,768 samples for each 

token. The converter had a 12 bit resolution. 

several tokens of the utterance were recorded at three 

sampling frequencies (10 KHz, 20 KHz, and 35 KHz, which 

corresponded to 57, 114, and 20~ samples/cycle, respectively) and 

again for three amplitude reduction factors, that corresponded to 

approximately 7, 9, and 11 bitsjam·plitude. The subject made 

every attempt to keep the phonatory adjustments the same across 

tokens, such that only the bit resolution and the_ sampling 

frequencies should be significantly different. Period and 

peak-to-peak amplitude extractions were performed by a software 

package called GLIMPES (Titze, 1984). For this particular 

application, a peak-picking strategy was employed without any 
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interpolation. The results are shown by filled circles in Figure 

1. 

It is clear that jitter and shimmer in normal voice 

production can be low enough to be affected by sampling and bit 

noise. Only for N ~ 12 does the bit noise become essentially negli-

gible and the sampling noise becomes negligible only when 500 or more 

samples per cycle are used. At the usual 100-200 samples per 

cycle, the sampling jitter is comparable to the vocal jitter, and 

at 50 samples per cycle, the sampling jitter completely masks the 

vocal jitter. Similar results were reported by Horii (1979), who 

suggested that a 40 KHz sampling frequency (200 samples per cycle 

at 200 Hz) would provide reasonable fidelity. 

In some systems, high sampling rates present no problems 

for analog to digital converters and for digital storage media. 

But as more and more channels are being processed simultaneously 

in voice analysis, and micro-computer systems are being employed 

for data aquisition, the maximum data rate of the system can 

easily be exceeded. This suggests that some interpolation 

schemes may be advantageous. These will now be discussed. 

2. Measurements with Interpolations Between Samples 

The locations of zero qrossings and extrema can be 

estimated between two samples separated in time by ~t. Consider 

Figure 2(a). For positive-going zero crossings that are located 
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Figure 2. Interpolation of (a) zero crossings and (b) extrema. 
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between the ith sample and the i+l sample, linear interpolation 

yields a fractional sampling interval ot as a correction to the 

location i~ t of the sample just below the axis, 

(ot/~t> = -f./(f.+l- f.) 
~ ~ ~ 

I (1~) 

' 
or 

ot =-f./f. 
~ ~ (11) 

This fractional sampling interval can be computed at two 

successive zero crossings, with the difference being the net 

correction to the period obtained without interpolation. 

At the extrema, a second-order interpolation between three 

points is needed, as illustrated in Figure 2(b). If the 

uninterpolated extremum is located at sample i, the correction is 

' '' . ot =-f./f. 
~ ~ 

I (12) 

where central derivatives 

' 
fi = (fi+l - fi-1)/(2~t) 

(13) 

,, 
fi = (fi+l - 2fi + fi-1)/(~t)2 (14) 

are employed. Again, if the interpolation is used to correct 

fundamental period extraction via peak-picking or trough-picking 

algorithms, the difference between ot's at successive extrema is 

the net correction to the period obtained without interpolation. 

As pointed out in the previous section, time resolution 

is more critical than amplitude resolution. Hence, if the 

locations of the maximum and minimum are accurately determined, 
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the maximum and minimum values themselves need not be 

interpolated if 12 or more bits are used (recall Figure 1a). 

In order to test the accuracy of the fundamental 

frequency extraction with interpolation, 20 cycles of a 100 Hz 

sinusoid were "jittered 11 by randomly choosing periods that varied 

between 198 and 202 samples (20 KHz sampling frequency). The 

peak-picking paradigm was then used to extract the frequencies. 

(It will be shown in the next section that peak-picking is less 

accurate for simusoids than zero-crossing.) This technique 

should have uncovered the greatest errors, therefore, and should 

serve as a good calibration. The results are shown in Table I. 

FREQUENCY 

130.0000 
99.5025 

100.5025 
101.0191 

99.0099 
100.0000 
100.5025 

99.0999 
99.5025 

100.5025 
191.0101 
100.5025 
100.0000 
100.0000 

99.0099 
99.5025 

100.5025 
100.0000 

TABLE I - JITTER CALIBRATION 

EXTRACTED E'REQ. 

100.000 
99.502 

100.553 
lrtJ0.908 
99.959 

100.000 
100.503 

99.010 
"99.502 

100.553 
100.908 
190.553 
1f(HJ. 000 
100.000 

99.010 
99.502 

100.503 
109.000 

DIFFERENCE 

+.05 
-.10 
+.05 

+.05 
-.10 
+.05 
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Comparing the errors with the 200 sample per cycle value 

of the dashed line in Figure 1(b), we see that the maximum 

theoretical error of ±.25% is never obtained when interpolation 

is used. In only two cycles is the error as large as 0.1%, and 

we expect that for non-sinusoidal speecn signals (where the peaks 

are more localized) the accuracy will be even better. 

The solid line and open circles in Figure 1(b) shows 

vocal jitter for a number of tokens of the previously described 

steady vowels when interpolation is used in a 

peak-and-trough-picking paradigm. ·Two things are immediately 

clear, (1) normal vocal jitter can be as low as about 0.1% and 

<i> the quantization errors in digital recording do not pose a 

serious limitation if the proper interpolation strategies are 

employed. As few as 50 samples per cycle were used her~ to 

resolve a jitter ratio in the 0.1% range. This would correspond 

to a 10 KHz sampling frequency at a fundamental frequency of 200 

Hz. Without interpolation, this value of vocal jitter would be 

buried in the 1.2% sampling jitter. 

Interpolation will be included as a nominal condition in 

the remainder of this discussion, which will now·focus on the 

effects of tape recording and low-pass filtering prior to 

perturbation analysis. 
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C. TAPE RECORDING AND LOW-PASS FILTERING 

It is common practice to record speech signals on 

conventional analog tape recorders prior to analysis. The noise 

introduced by these tape recorders can increase the shimmer and 

wow and flutter (variations in the speed of the tape) can 

increase the jitter. We purposely chose a tape recorder that had 

rather ordinary (non-professional) characteristics (Akai Gx 40000 

reel-to-reel). Signals were recorded at about 0 dB input level 

(VU meter) and played back for digital recording as described 

previously. The results are shown in Figure 3. Both jitter and 

shimmer are nearly doubled when the data are taken from tape 

recordings. 

The amount of degradation of the signal will, of course, 

depend upon the quality of the tape recording. Needless to say, 

high fidelity recording is essential, and we suspect that room 

conditions may also affect the measurement, particularly if the 

microphone is not located close to the mouth. 

The speech signal is often low-pass filtered in order to 

facilitate fundamental frequency detection, particularly if 

zero-crossing strategies are employed. We investigated the 

effects of low-pass filtering in a systematic way by gradually 

lowering the cut-off frequency of the anti-aliasing filter 
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(Wavetek-Rockland 432) from 10 KHz to 200 Hz, slightly above the 

175 Hz fundamental frequency. The sampling frequency was kept at 

2~ KHz and the signal was recorded directly into the computer (no 

tape recording). 

The results are shown in Figure 4. Consider first the 

shimmer in Figure 4(a). Although some sizable fluctuations occur 

in the region from 2 KHz to 10 KHz, no definite trend is observed 

until the cutoff-frequency is below 2 KHz. In this lower 

cutoff-frequency region, the waveform peaks are smoothed 

considerably, resulting in a decrease in shimmer from about ~.55% 

to about 0.35%. 

The jitter values are preserved over the entire 2Q0 Hz to 

10 KHz low-pass region if a switch in the fundamental frequency 

extraction scheme is made in the 290 Hz to 500 Hz region. As 

Figure 4(b) shows, peak picking is very error-prone below 500Hz 

because severely rounded peaks do not allow for accurate 

determination of the extrema locations, even when interpolation 

is used. The slightest amount of noise in a broad peak can 

offset the location of the maximum by several samples, causing 

large jitter ratios (above 1.0%). Switching to a zero-crossing 

strategy wnen the waveforms become nearly sinusoidal can remedy 

the situation (Figure 4b). 
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It is also possible, however, to retain the peak-picking 

strategy if the peaks are first "cleaned-up". By computing a 

running sum {average) of N samples around the peak or trough, 

small amounts of additive noise can be removed and the true 

extremum can be established with greater accuracy. This is 

illustrated in Figure 5, where jitter ratios are computed for the 

same three tokens of a 20G Hz low-pass filtered vowel with 

different running sums. Note that by taking 11 samples in the 

sum, the jitter ratio is almost restored to its normal value. 

It must be emphasized that these "cleaning-up" approaches 

should not be relied upon heavily. A ligitimate perturbation can 

easily be discarded in the process. We prefer to use two signals 

for perturbatiqn measurements, one with predominantly low 

frequency content that allows us to mark the periods in a gross 

fashion (such as an electroglottographic signal, a neck 

accelerometer signal, or a low-pass filtered speech signal), and 

another unfiltered signal that can be used for accurate 

fundamental frequency extraction if the periods have been 

"roughed out". 

All of the data presented thus far show that there is 

considerable token-to-token variability. We will now address the 

question of how many tokens are needed and how many cycles should 

be included within a token. 
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Figur~ 5. Jitter ratio as a function of low-pass filte~ cutoff 
frequency when peak-picking is modified by a r~nning 
sum. 
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D. NUMBER OF CYCLES AND NUMBER OF TOKENS 

An obvious consideration in the computation of 

perturbation factors is the number of cycles N (equations 1, 6, 

and 7) that are necessary for a meaningful average. In the data 

reported thus far, the entire length of the recorded utterance 

was used to compute the jitter and shimmer ratios. At 0.82 

seconds and 175 cycles per second, this amounted to about 140 

cycles (a few are discarded by GLIMPES at the beginning and end). 

In order to determine the variability of the perturbation 

factors across shorter segments within a single token utterance, 

random groups of 10 cycles, 50 cycles, and 100 cycles were 

selected within the total 140 cycle utterance. The corresponding 

jitter and shimmer ratios are shown in Figure 6. The general 

trend is an increase in the variability of the perturbation 

ratios for smaller N, as expected. As a rule, 50 to 100 cycles 

are adequate to obtain a stable measure for steady vowels. For 

non-steady vowels, of course, smaller windows (n < 20) may 

purposely be selected to observe trends, but it must be 

remembered that a greater margin of error accompanies these 

measures. 

Consider now a number of repeated tokens of the same 

utterance. Figure 7 shows histograms for jitter and shimmer 
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ratios obtained from 24 tokens. The mean shimmer ratio was 

0.53%, with a standard deviation of 0.11% [Figure 7(a)]. 

Similarly, tne mean jitter ratio was 0.15%, with a standard 

deviation of 0.024% [Figure 7(b)]. It is clear that repeated 

tokens are necessary if reliable"jitter and shimmer ratios are to 

be obtained for specific voicing conditions. 

CONCLUSION 

We have raised some questions about the validity of 

perturbation measurements when insufficient attention is paid to 

technical and theoretical limitations. Interpolation between 

samples is necessary if jitter of normal voices is to be 

extracted with less than about 500 samples per cycle. 12 or more 

bits per amplitude is sufficient to extract normal shimmer. High 

quality tape recorders are needed to maintain normal 

perturbations (0.1 to 0.5%). Low pass filtering is acceptable, 

but special care must be taken when peak-picking strategies are 

·used on sinusoidal or near-sinusoidal signals. A single token of 

a steady vowel is insufficient to establish a reliable 

perturbation measure. Rather, the usual statistical 

representation is needed. Within a given token, a larger number 

of cycles result in a more stable measure for steady phonation, 

but a smaller number of cycles may be desired to observe trends. 
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KBSTRACT 
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The variation of vocal efficiency for the mean values for 
normal subjects was investigated in patients with laryngeal 
disease. The relative contributions of mean flow rate and 
intrapulmonic pressu~e to the variation of efficiency were 
explored to explain aerodynamic aspects in voice disorders. 
vocal efficiency was determined by· use of expressions involving 
simultaneous values of sound pressure level, mean flow ~ate, and 
intrapulmonic pressure. The intrapulmonic p~essure was 
moninvasively obtained by plethysmographic and 
pneumotachographic methods. Values of vocal efficiency were 
generally abnormally low for the types of larynges studied. An 
aerodynamic-biomechanic classification of laryngeal disease was 
infe~~ed from the data: 1) large chink of glottis, associated 
with high flow rate; 2) mass on vocal fold, associated with high 
values of both flow rate and intrapulmonic pressure; and 3) high 
stiffness of vocal fold, associated with high values of 
intrapulmonic pressure. 

This paper has now been published in the Annals of Otology, 
Rhinology and Laryngologv, Volume 94, January-February, 1985, 
p. 29-33. 



80. 

INTRODUCTION 

usually vocal sound is generated at the glottis and 

radiated from the mouth opening after being transformed through 

the vocal tract. Vocal efficiency is defined as the ratio of 

sound power at the mouth opening (or the opening end of a tube if 

inserted in the mouth) to aerodynamic power calculated as mean 

flow rate times mean subglottal or intrapulmonic pressure. (1) 

vocal efficiency has been studied by a number of 

researchers since van den Berg measured it for one subject. 

Ladefoged and McKinney (2) reported differences of efficiency for 

different vowels. Isshiki (3) recommended the use of a 

mouthpiece to reduce the influence of mouth opening on vocal 

efficiency. Schutte and van den Berg (4) demonstrated the 

improvement in efficiency after treatment in one patient. 

However, there appears to be no study which reports measures of 

efficiency for a number of patients with voice disorders, 

probably because of difficulties in measuring subglottal or 

intrapulmonic pressure. 

In general, subglottal pressure has been measured by 

means of an intraesophageal balloon, (1,2.4) a transdermal 

needle, (3) or a miniaturized pressure transducer. (5) In spite 

of their simplicity, these methods were too invasive to be used 

easily for clinical examination of patients with voice disorders. 
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A non-invasive method for measuring intrapulmonic pressure using 

body plethysmography has been described by Hixon. (6) With this 

method, the authors have studied the relationships between vocal 

intensity and aerodynamic parameters in ten normal subjects. (7) 

Using these results as normal values to be compared with those of 

patients, vocal efficiency in various laryngeal disease was 

investigated and is reported in this study. For each type of 

lesion, the relative contributions of mean flow rate and 

intrapulmonic pressure to efficiency were explored in order to 

explain aerodynamic aspects in voice disorder. 

METHOD 

Figure 1 shows the experimental equipment and 

interconnection among instruments. 

Calculation of Intrapulmonic Pressure during Phonation. 

When lung compression (intrapulmonic pressure) takes place in the 

airtight box, lung volume decreases according to Boyle's law, so 

that air pressure in the box (box pressure) accordingly 

decreases. Intrapulmonic pressure can be estimated from known 

values of lung volume, volume of air exhaled, box volume, box 

pressure, and box pressure change. (7) The lung volume is 

initially given by the functional residual capacity (FRC) which 

is calculated from pressure changes in the box and the mouth 
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Figure 1. Block diagram of experimental equipment 
and ·interconnections among instruments. s.w. - sound 
wave of vocal signal; m.p. - mouth pressure; f;r. -
flow rate; f.v. - respiratory flow volume; b.p·-. -
box pressure; box - airtight box; S - shutter; E -
equalizer for pressure; C - nose clip; R - resistance 
of pneumotachograph; M1 and M2 - microphones; T1, T2 
and T3 - pressure transducers; AMP - amplifiers; 
INT - integrator; OSC - oscilloscope; VC - visicorder; 
SLM - sound level meter. 
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while the airway is blocked by a shutter at the end of the 

resting expiration, as described by Dubois et al. (8) Further 

change of lung volume due to respiration or phonation causes a 

decrease in box pressure and affects the baseline of the box 

pressure record. When the flow rate during phonation is almost 

constant, compensation for this linear effect can be made 

directly on the record. The validity of this measuring of 

intrapulmonic pressure has been confirmed (within ± 0.5 em H20) 

by comparing calculated intrapulmonic pressure and measured mouth 

pressure while a subject exhaled (without voicing) into a tube 

which simulated glottal resistance. (7) 

Simultaneous Measurements of Sound Pressure Level, Mean 

Flow Rate, and Intrapulmonic Pressure. Each patient sat in the 

airtight box with a mouthpiece (attached to the pneumotachograph) 

placed in the mouth and a clip placed on the nose. The patient 

was instructed to sustain the vowel /a/ for a few seconds at a 

comfortable loudness and pitch level. vocal intensity at the 

open end of the pneumotachograph tube was measured as sound 

pressure level (SPL) in decibels (C) at a distance of 18 ern 

between the end of the tube and the microphone. Background noise 

was less than 58 dBC. The sound level meter was used as a 

monitor for the patient to maintain a constant SPL, while the 

examiner recorded the reading of the meter. 
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Figure 2 shows typical simultaneous recordings of the 

sound wave (acoustic signal), respiratory flow volume, and box 

pressure for a patient. The interval when the amplitude of the 

sound wave on the recording paper was stable was chosen so that 

the measured SPL could be used as a simultaneous value with other 

parameters. Mean flow rate (U) was measured as the slope of the 

respiratory volume trace. Intrapulmonic pressure (PL) was 

caculated as described above. For each patient, average values 

of the parameters were made over the three records showing the 

most stable recordings of the voice signal and flow rate. 

Indexes of Comparison Between Pathological and Normal 

Results. The data for ten normal subjects have been obtained 

with the same method used in this investigation and are shown in 

Figure 3. (7) The linear averages in Figure 3 are given by the 

following relationships: 

SPL = 96.2 log 0- 133.7 

SPL = 31.8 log PL + 56.4 

SPL = 2.44APL + 8.9 

(1) 

(2) 

(3) 

where the aerodynamic power level (APL) equals 10 log UPL. 

Patients were examined only for phonation at comfortable 

loudness and pitch levels because of their limited abilities to 
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Figure 2. Simultaneous recordings of sound wave of 
vocal signal (s.w.), respiratory volume (f.v.), and 
box pressure (b.p.) in patient. P - change of box 
pressure, F - exhaled air volume during phonation, 
V - inhaled volume before phonation. 
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Figure 3. Relationsgips between sound pressure leveL (SPL) 
and mean flow rate (U), intrapulmonic pressure (PL), and 
aerodynamic power level (APL) for ten normal subjects_at 
comfortable pitches. APL is calculated from 10 log (UPL). 
Solid lines represent the values for each subject. Dashed 
line expresses values obtained by averaging ten values at 
similar SPL (about 73, 83, and 93 dB). (Reprinted with 
permission.) 
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produce sustained vowels over wide ranges of intensity and 

fundamental frequency. Therefore, the comparison of a patient's 

values was given by variations or distances from the mean lines 

given by equations 1, 2, and 3 for normal subjects. For a given 

value of APL, DIM was defined as an index indicating the distance 

(or difference) of the patient's intensity level (SPL) from that 

given by equation 3. 

DIM = SPL - 2.44APL - 8.9 (4) 

When vocal efficiency is expressed as the ratio of sound power at 

the open end of the tube to aerodynamic power calculated from 

u times PL, the efficiency in decibels can be represented by 

10 log E = SPL - APL + c (c:constant) ( 5 ) 

where c is determined by scales in measures, the distance between 

the tube and the microphone, and reverberation characteristics of 

the box. (7) The linear equation for mean efficiency for the 

normal subjects can be expressed with 10 log E as a function of 

APL from equations 3 and 4. 

10 log E = 1.44APL + 8.9 + c ( 6 ) 

When the SPL and APL of a patient are s and a, respectively, 

variation of the efficiency from the value given by equation 6 is 
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(s ~ a + c) ~ (1.44a + 8.9 + c) = 

s - 2.44a - 8.9 = DIM (7) 

Therefore, the index DIM indicates the patient's variation of 

efficiency in decibels from the mean line for normals. 

-In order to estimate the relative contributions of u and 

PL to the DIM for the patient, the distances of U and PL in 

decibels from the mean lines (equations 1 and 2) were also 

calculated and defined at the index for mean flow rate (DFM) and 

the index for intrapulmonic pressure (DPM), respectively. 

DFM = 10 log U - 0.104SPL - 13.9 

DPM = 10 log PL- 0.314~PL + 17.7 

From equations 4, 8, and 9, where APL = 10 log UPL and 

70<SPL<100, 

DIM= 2.44(DFM + DPM) - 1.3 ± 0.3 

(8) 

(9) 

(10) 

Therefore, simple addition of DFM and DPM determines the DIM or 

the variation of vocal efficiency. Figure 4 offers a graphic 

interpretation of the three indexes DIM, DFM, and DPM. 

The three indexes were obtained for each patient by 

substituting the values of SPL, o, and PL into equations 4, 8, 

and 9. 
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RESULTS 

Table 1 lists the lesions and the values of sound 

pressure level, mean flow rate, and intrapulmonic pressure for 

the patients. Hypertrophic lesions on the vocal folds were 

classified into nodes, polyps, and Reinke's edema (polypoid 

degeneration) according to shape, location, and stiffness. The 

size of nodes or polyps was roughly judged from the ratio of its 

length to that of the vocal fold. Among the patients with 

Reinke's edema, remarkable thick edema was revealed on the vocal 

folds of patient 12. Laryngoscopy revealed that patients 4 and 

16 with un"ilateral recurrent nerve paralyses had large glottal 

chinks during phonation. Patients 5 and 15 had widespread 

glottal squamous cell carcinoma (T2) within a vocal fold, and had 

limited movement of the affected fold. 

Table 2 gives the indexes DIM, DFM, and DPM for each 

patient. The patients were grouped according to type of lesions. 

The total ranges for the normal subjects are also shown in Table 

2. The variation of vocal efficiency registered very low values 

compared to the normal ranges in cases of large nodes (patient 

8) 1 large polyp (patients 6 1 14 1 3 and 1) 1 Reinke's edema (patient 

12) 1 recurrent nerve paralysis (patients 16 and 4), and T2 
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TABLE 1. LESIONS AND SIMULTANEOUS VALUES OF SOUND PRESSURE 
!.,EVEL, MEAN FLOW RATE, AND INTRAPULMONIC PRESSURE 

Sound Mean 
Pressure Flow Intrapulmonic 

Pt Age Leoel Rate Pressure 
.Vo. Se: tur) Lesion fdBCl fcc!s) icmH~O> 

1 ~· 29 B polyps (large) 87.0 270 14.1 
2 M 58 u ralyp (small) 85.0 171 11.5 

a stop 84.3 196 7.0 
3 M 58 u rolyp (large) 79.0 219 8.4 

ostop 81.0 127 7.0 
4 F 40 URNP ii.3 382 6.0 

Postop 76.7 165 6.1 
5 M 49 Glottal cancer (T2) 75.0 207 15.0 
6 M 42 U ~olyp (large) 76.0 249 6.6 

ostop 79.0 146 7.0 
1 F 40 Reinke's edema 79.0 168 7.8 
8 F 19 B nodes (large) 75.0 292 5.3 

Postop 75.6 149 5~9 

9 M 35 U ~lyp (small) 81.7 2!!5 5.7 
ostop 80.3 178 4.0 

10 F 62 Reinlc.e's edema 80.3 184 10.2 
11 M 75 U polyp (small) 74.5 172 5.6 
12 M 55 Reinke's edema 76.7 .242 10.3 
13 F 34 B nodes (small) 82.0 258 8.3 
14 M 43 u polyp (large) 82.0 260 9.6 
15 - F 56 Glottal cancer (T2) 72.3 144 12.6 
16 M 34 URNP 74.3 1034 6.7 

B - bilateral. U - unilateral. R.~P - re:unent nerve earalvsis. 



TABLE 2. TYPES OF LESIONS AND INDEXES 
DIM, DFM, AND DPM 

Pt 
No. Lesion 

8 B nodes (large) 
13 B nodes (small) 
6 U polyp (large) 

14 U polyp (large). 
3 u polyp (large} 
1 B polyps (large) 

11 C polyp (small) 
2 U polyp (small) 
9 U polyp (small) 

12 Reinke's edema 
10 Reinke's edema 
7 Remke's edema 

16 U RNP 
4 URNP 
5 Clottal cancer 

15 Glottal cancer 
Actual range in normal 

subjects (n • 10) 

DIM 
:18.4 
- 8.2 
-11.3 
- 9.8 
- 9.6 
- 9.3 
- 7.3 
- 4.2 
- 3.0 
-15.0 
- 8.1 
- 8.0 
-28.3 
-13.6 
-19.1 
-18.1 
- 3.0 

I· 
+ 3.0 

DIM 
DFM DPM PMtop 
+3.0!; +3.3 -5.1 
+ 1.7 t; + 1.1 
+ 2.~ !; + 2.0 -3.3 
+ 1.7 !; + 1.8 
+ 1.3 t; + 2.1 + 0.~ 
+ 1.4 !:; + 1.9 
+0.7 < + 1.8 
-0.4 < + 1.6 -1.1 
+ 1.1 > -0.4 + 1.8 
+2.0 < +3.7 
+0.4 < +2.8 
+0.1 < + 1.8 
+8.5 ,. + 2.8 
+ 3.9 ,. + 1.2 -5.5 
+ 1.5. +5.9 
+0.2 .• +6.0 
+ 1.8 +2.7 

I I 
-4.1 -2.0 

!::f - within 1: < > - from 1 to 2.5: • ,. - more than 2.5. 

92. 
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glottal cancer (patients 5 and 15). Therefore, certain cases 

within each type of laryngeal disease examined in this study 

demonstrated ineffective conversion of aerodynamic to sound power 

compared to the normal subjects. 

The results for six of the 16 patients indicated values 

of DIM lower than the normal range while both DFM and DPM 

registered values within the normal ranges (patients 3, 1, 11, 3, 

10, and 7). This finding suggests that the measure of DIM might 

be more sensitive to those lesions than the sim9le measures of 

the DFM (index for mean flow rate) or DPM (index for 

intrapulmonic pressure). 

The usefulness of the DIM measure in comparing before and 

after treatment conditions is inferred from the result that 

patients who underwent operations showed satisfactory 

improvements of the DIM measure (patients 8, 6, 3, 2, 9, and 4). 

Comparison between the indexes DFM and DPM indicates that 

different types of lesions differed remarkably in the relative 

contributions of mean flow rate and intrapulmonic pressure to the 

DIM index, that is, to the variation of efficiency. Low 

efficiency was mainly associated with high flow rates in 

recurrent nerve paralysis with a glottal chink {patients 16 and 

4), whereas relatively high lung pressuie was associated with low 
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efficiency in glottal cancer with limited movement of a vocal 

fold (patients 5 and 15). In hypertrophic lesions on the vocal 

folds, especially in large nodes and polyps (patients 8, 6, 14, 

3, and 1), the differences between DFM and DPM were very small. 

Both values of flow rate and pressure tended to oe relatively 

high in these cases. 

DISCUSSION 

The results of this study indicate that, compared with 

data for subjects with normal phonation, vocal efficiency is 

reduced when the larynx has pathological lesions such as nodes, 

polyps, edema, nerve paralysis, or cance~. ~n other words, less 

effective conversion of input aerodynamnic power to ouput sound 

power takes place for those with the types of laryngeal disease 

reported in this investigation. This finding is clinically 

significant because it offers a basis for .an objective evaluation 

of voice disorders. The index DIM is equivalent to the variation 

of a patient's efficiency value (in decibels) from the mean 

values for normal subjects. Since the logarithm of vocal 

efficiency has approximately a linear relation to sound pressure 

level or aerodynamic power level in normal subjects, (1,4,7) 

differences in logarithmic expressions of the efficiency such as 

DIM may be practical. Furthermore, the index DIM is 

understandable to physicians because it can be explained simply 
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Figure 5. Classification of laryngeal disease. Each 
type of lesion is characterized by_relative quantities 
(N, +, and++) of mean flow·rate (U) and intrapuLmonic 
pressure (P (PL]) when vocal intensity (S) is roughly 
equal to normal intensity. 
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by the relationship between sound pressure level (output power) 

and aerodynamic power level (input power). 

The cases of large nodes, large polyps, nerve paralyses, 

and glottal cancers examined in this study appeared to represent 

typical lesions of these types. Suzuki (9) found through 

ultrasound analyses of tissue resonance frequencies th~t glottal 

cancer and polyps were characterized by increased stiffness and 

mass, respectively. In accordance with the results of this 

present study and the findings of Suzuki, an 

aerodynamic-biomechanical classification of vocal fold lesion 

type associated with lwo vocal efficiency can be suggested: 

1. Large chink of glottis; low efficiency of vocal production· 

with high flow rate, as in recurrent nerve paralysis with a 

glottal chink. 

2. Mass on vocal fold: low efficiency with high values of both 

flow rate and pressure, as in large hypertrophic lesions on 

the vocal ~old. 

3. High stiffness of vocal fold: low efficiency with high 

intrapulmonic pressure, as in glottal cancer with limited 

movement of a vocal fold. 

Figure 5 illustrates this classification and shows the 

relative quantities of flow rate and pressure used in generating 
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the same vocal intensity as the normal case. In the type "large 

chink of glottis," only a portion of the exhaled air appears to 

be available to produce sound. In the type "mass on vocal fold," 

an air leak though the glottal space adjacent to the mass and 

vibration difficulties due to the increased weight of the vocal 

fold are possible components. In the type "high stiffness of 

vocal fold," high subglottal pressure appears to be required to 

vibrate the vocal folds, even if only one side is affected. 

This classification appears to be supported in part by 

the results of Hirano. (10) He reported in a statistical study 

that only 24% of polyp cases and 9% of cancer cases had mean flow 

rates higher than 300 cc/s, whereas 53% of recurrent nerve 

paralysis cases showed flow rates higher than 300 cc/s. 

Clinically, a number of patients ~omplain of difficulties in 

phonating in spite of mean flow rates within the normal range. 

Therefore, a measure of vocal efficiency appears to be iQportant 

in the·examination of patients with voice disorders. 

The mechanism of ineffective conversion of input 

aerodynamic power to output sound power for patients with 

laryngeal disease must be further investigated statistically and 

experimentally in order to give a satisfactory model for each 

type of laryngeal lesion. The classification above may help to 

group the aerodynamic aspects of voice disorders. In addition, 
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the techniques for the estimation of intrapulmonic pressure and 

flow rate described in this investigation offer a promising 

noninvasive method for evaluating vocal efficiency. 
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In tne past decade the number of voice laboratories ha~ 
increased dramatically. Their primary mission is to enhance 
patient care by the application of knowledge gained from basic 
research. They also are dedicated to further improvement of 
diagnostic and therapeutic resources. The strength of the voice 
laboratory lies in collaboration between the clinician and the 
scientist. 
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In the last decade there has been a tremendous increase 

in the number of voice laboratories of various levels of 

sophistication throughout the world. Until 14 years ago, there 

were three laboratories in the United States and Canada; now 

there are approximately 35, and the number continues to increase 

rapidly, with the majority related to a residency training 

program. In some voice laboratories the resources are 

rudimentary; in others the staff includes voice scientists and 

laryngologists of extraordinary training. Most important is the 

current enthusiasm and interest and the need for collaborative 

work. 

Research into voice function pro~ides increasingly 

valuable means to evaluate problems of and objectively measure 

speech production in a clinical setting. The trained ear and the 

visualizing apparatus of the laryngologist are being supplemented 

by newer tools which could vastly increase the ability of the 

clinician to analyze the voice objectively as well as 

subjectively, and to diagnose, treat, and give follow-up care. 

(1,2,3) Combined and collaborative experiences of voice 

laboratories maximize the benefits of new methods by providing a 

broader base for diagnoses and analyses of presurgical and 

postsurgical treatment. 

With improvement of therapeutic tools, including 
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microlaryngology and laser surgery of an increasingly delicate 

nature, and with enhancement of diagnostic tools such as 

computerized tomographic CT scans, ultrasonic studies, nuclear 

magnetic resonance, etc., we are able to define status and report· 

objectively to an extent heretofore impossible. Phonosurgery 

such as Teflon injection in the airway gap, thyroid cartilage 

surgical manipulation, recurrent nerve section, and partial 

selective section, cannot reach the full potential of usefulness 

unless the procedures are most adequately analyzed. Also, as we 

try to help patients gain a more useful voice - for example, 

after partial laryngeal surgery for cancer - the clinical 

laboratory offers studies (4) that can contribute to the 

development of new surgical techniques (Lawrence, v., Gould, 

w.J.; unpublished observations) and therapeutic approaches. 

Before considering labor~tory analytic studies, however, 

the laryngologist must examine the patient completely, taking an· 

adequate history and listening carefully to the patient's voice. 

Special attention must be paid to details that might be of value 

in the functional analysis of a patient's phonation potential, 

e.g., possible causes of abuse, onset of complaint, vocational 

habits of vocal usage, previous pulmonary disease, smoking, 

hormonal disorders, etc. 

rmwm: 
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The mirror is still an efficient method of evaluating the 

larynx. The tongue must be pulled, however, creating the problem 

of distortion of the laryngeal entry. The mirror can be used 

with ~agnification up to three times and with the operating 

microscope as well. The clinician also should take advantage of 

the stroboscope for laryngeal examination. Flexible fiberoptics 

allows examination the larynx and video recording of vocal fold 

function during running speech. 

The analysis and study of phonated speech depends upon 

the understanding of three interrelated systems: the 

respiratory, laryngeal and articulatory. That is, phonated 

speech involves the conversion of subglottal aerodynamic power 

to laryngeal and acoustic dynamics, with adjustments 

and tuning of the vocal tract depending upon the kinesthetic 

as well as auditory senses. Of the studies developed from 

research into these areas, the most important to me as a 

practicing laryngologist are those which can be applied directly 

to patient care. 

CLINICAL LABORATORY ASSESSMENT 

Respiratory Analysis. 

A number of studies by scientists and 

laryngologists/voice scientist teams indicate feasible clinical 
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methods for respiratory analysis relevant to phonation. In the 

vocal Dynamics Laboratory at Lenox Hill Hospital, we use a 

Collins 9-liter respirometer for screening purposes. This 

instrument has been most useful in measuring tidal volume, 

inspiratory capacity, and ex~iratory reserve volume. More 

recently, we are working with flow volume loops to determine 

active pulmonary function ability. The primary goal is to 

determine the usable air volumes available. we·measure the 

residual volume by either a whole body plethysmograph or helium 

pulmonary studies. 

In clinical work the assessment of phonatory potential is 

of obvious importance. Our studies suggest that the lower the 

functional residual capacity, - i.e., the less volume of air 

remaining in the lungs after the end of quiet expiration - the 

lower are the theoretical limits for further possible improvement 

in vocal production. Subsequent residual volume studies have 

helped to define the theoretical po~sibilties for further 

improvement of vocal production capability. If the residual 

volume is already as low as it would be in· the trained singer, as 

determined in our studies, there is little room for improvement. 

If it is as high as for the untrained voice in the same study .or 

higher still in the emphysematous patient with vocal problems, it 

may be possible to improve phonatory capability by implementing 
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well-defined pulmonary exercises or prescribing medication to 

reduce the residual volume. The ability to reduce this volume to 

a minimum level seens to be a goal of therapy. (5,6,7) 

Hixon (8) used a kinematic method in his studies of the 

respiratory element of vocal production. The respiratory unit 

called the chest wall is considered to be a two-part system of 

rib cage and abdomen. The volume of air the lung displaces is a 

result of the action of both parts. The anterior-posterior 

diameters of the rib cage and abdomen are "related linearly to 

their respective volume displacements". (8) The measurement of 

diameter is obtained by the use of magnetom&ters. The analog 

voltage output created by the electromagnetic coil-pairs gives an 

equivalent measure of distance, and, thereby, air volumes, after 

appropriate calculations. Vital capacity, total lung capacity, 

functional residual capacity and residual volume can then be 

measured. A great advantage is the ability, previously 

impossible, to study functions under many different conditions. 

The kinematic method is a very important non-invasive laboratory 

assessment aid which allows the investigator to evaluate the 

production apparatus of individuals with disorders related to 

functional misuse of the respiratory unit, spinal cord injury, 

spasmodic dysphonia, Friedrich's ataxia, motor neuron disease, 

etc. As Hixon stated, this research tool has become "an 
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indispensible part of our daily clinical armamentarium for voice 

disorders". (8) 

A number of other devices for pulmonary assessment are 

available. Many laboratories are in hospitals with excellent 

pulmonary laboratories readily accessible. 

Analysis of laryngeal function. 

The laryngeal sound source consists primarily of 

quasi-periodic pulses of air, created when the subglottal airflow 

and air pressure are sufficient to cause vibration of the 

adducted vocal folds. Basic studies of the dynamic airflow exiting 

the larynx and of the dynamic air pressures acting on the vocal 

folds during vibration are necessary in order to expand our 

theories of phonation as well as to implement improved patient 

care. (9,1G,11,12) The study of the biomechanics, fluid 

mechanics, and acoustics of phonation using animal and computer 

models of the larynx will aid in determining limits of 

aerodynamic and physiological facto~s which define normal 

layrngeal function. (12) Larynx models are being used to examine 

pathological conditons such as asymetric tensions of the vocal 

folds (13) as well as hyperfunctional arytenoid adductions. (14) 

Studies of this nature are intended to eventually predict 

pathological human laryngeal function using noninvasive 
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techniques. These areas of research are fertile ground for the 

laryngologist/voice scientist teams. 

The capability of the sound generator can be assessed by 

visual analysis, acoustic analysis and aerodynamic studies. 

The human phonatory mechanism is the source of sound in 

voiced speech production. The lary~geal sound source consists 

primarily of quasi-periodic pulses of air. These air pulses are 

created when the subglottal air flow and air pressure are 

sufficient to cause vibration of the vocal folds when in an 

adducted position. Basic studies of the dynamic air p~essures 

acting on the vocal folds during vibration are necessary in or~er 

to expand our theories of phonation as well as to implement these 

theories for pathological populations. (1~,11,12,13) The study 

of the biomechanics, fluid mechanics and acoustics of phonation 

using animal and computer models of the larynx will aid in the 

determining limits of aerodynamic and physiological factors which 

define normal laryngeal function. (13) Larynx models are being 

used to examine pathological conditions such as asymetric 

tensions of the vocal folds (14) as well as hyperfunctional 

arytenoid adductions. (15) Studies of this nature are intended 

to eventaully predict pathological human laryngeal function using 

noninvasive techniques. These areas of research are fertile 

grounds for the laryngologist/voice scientist teams. 
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Visual Analysis. Significant film research studies of 

voice production started in 1937 at the Bell Telephone 

Laboratories where the first laryngeal high-speed motion pictures 

were taken. Moore, von Leden, and Timcke advanced high-speed 

film research to a quantitative level in the late 1950's. 

(15,16,17) Although high-speed filming is beyond the reach of 

most clinical laboratories, the direction for proper medical and 

surgical care that this medium has granted us indirectly allows 

the clinician to do much improved work with better results. 

Studies of the motion of the mucosal surface, which have been 

based on stroboscopic as well as ultrahigh speed cinematography, 

demonstrate the complexity of the vibratory mechanism needed for 

efficient vocal production. (18,19,20) W~ have all seen patients 

in whom the gross mirror examination of the vocal fold is 

apparently normal after the so•called stripping operation for a 

polypoid vocal fold edge. Yet at the same time we have seen these 

.patients presenting a hoarse voice quality. The stroboscope can 

show the stiffened characteristics of the operated vocal fold. 

The studies mentioned above clearly demonstrate the need for a 

mobile mucosa and the usefulness of the stroboscopic technique. 

(18,19,20) To guarantee a mobile mucosa, an effort must be made 

to save sufficient mucosa where possible during the laser or 

sharp dissection laryngoscopic surgical procedure. It would b~ 
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ideal if the vocal fold were left covered with mucosa while the 

excess tissue was removed. 

The practical clinical laboratory can also use the 

stroboscope to determine locations of pathological disturbance of 

the mucosal waves. As stroboscopic tools are improved, they will 

be used with fiberoptic laryngoscopes as well as mirrors and with 

simultaneous video recording for later clinical, research, 

pedagogical, and archival purposes. 

The flexible fiberscopes now widely available, along with 

film or video recording, facilitate laryngeal examination, 

improved patient record-keeping, and objective following of a 

patient's care. Clinical research integrating the fiberscope has 

greatly advanced, as Blaugrund et al report. (21) The 

postsurgical vocalization in the case of partial laryngectomy is 

better understood. With further laboratory studies, even more 

efficient procedures will be devised. 

Acoustic Analysis. L~stening to the patient talk has 

b~en and is a clinician's primary tool for voice quality 

judgment. While much can be learned about vocal pathology 

through listening by the laryngologist and speech pathologist, 

this perceptual judgment cannot easily be quantified and is 

unreliable in many circumstances (unpublished observations). 
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Sound spectrogrpahic analysis has been the primary tool 

for the visual judgment of the degree of hoarseness in the 

research laboratory as well as in the clinical laboratory 

setting. It does allow for comparison of the degree of 

hoarseness, albeit on a subjective level. Digital spectrographic 

analysis has provided a further advancement in acoustic signal 

processing. However, with increased application of computer 

techniques to this problem, we have achieved far more accurate 

analysis. (22,23) Berke, et al (24) analyzed five acoustic 

measures to compare voice before and after surgery. Four of 

these seem to account for a large variance of-judgment of the 

change of voice quality following surgery. The important point 

is that useful acoustic analysis techniques are being developed 

that are efficient and sensitive clinical aids for the 

measurement of changes in vocal quality. These techniques can 

also help in the evaluation and extension of our surgical 

technique. 

An example of the collaborative potential among 

laboratories utilizing a set of acoustic measures of voice is 

being developed by Titze and Scherer at the University of Iowa 

and The Recording and Research Center at the Denver Center for 

the Performing Arts. Titze developed a program called Glottal 
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Imaging by Processing External Signals (GLIMPES) in which a large 

variety of acoustic measures and estimates of vocal fold motion 

will be obtained from the simultaneous recording of a number of 

signals. (25) These signals include the output from the 

microphone and electroglottograph, as well as the neck 

accelerometer, which measures vibrations at the neck surface. 

Also included are the photoglottograph which transduces light 

shone through the glottis, creating an output proportional to the 

dynamic glottal area, and the oral flow mask (11) which 

transduces the flow from the mouth and can be inverse filtered to 

obtain the dynamic laryngeal airflow signal. 

A voice analysis network is being de~ised through which 

laboratories around the United States might tie into a central 

computer to obtain the analyses of signals generated at the home 

laboratory. This could lead to standardization of voice analysis 

and relatively easy access to coffiputer requirements. In 

addition, efforts such as this will allow the formation of a 

large data base corresponding to the severity or condition of 

vocal _diseases and provide a corresponding directory of 

participating clinicians and researchers, their institutions, 

projects, and 9ertinent resources. (4) 

Aerodynamic Studies. Studies of air-flow efficiency 

during phonation offer valuable information to medical 
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clinicians. Accepted limits are determined, of course, by the 

study of average population groups. After maximum inhalation, a 

relatively short period of maximally sustained phonation implies 

air usage greater than expected. A possible deficiency in 

glottal closure caused by either a lesion or a gap created by 

surgery or tumor is suspected under these circumstances. 

sometimes a subglottic tumor can then be recognized that would 

otherwise not be diagnosed. Also, a sho~t period of maximally 

sustained phonation offers an objective clue that a vocal fold 

paralysis might have an incomplete approximation. The air loss 

would be a clue to the amount of closure to be attained 

surgically. 

Researchers are beginning to test a clinical method that 

relates pulmonary air source capabilities to utilization of the 

air flow at the larynx. This indirect and relatively 

noninvasive technique was discussed by Smitheran and Hixon (26) 

and was used by Hamberg and Leanderson (27) to estimate both 

subglottal pressure and glottal volume airflow in order to 

calculate laryngeal airflow resistance for normal and 

disordered voices. In particular, Hamberg and Leanderson 

obtained flow resistance calculations for chronic laryngitis, 

polyps in the postoperative stage, nodules and various 

p~calyses as well as dysphonia. They found that the indirect 
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method of estimating flow resistance was a useful tool for 

"clinical work on voice disorders as well as for basic research 

for speech and singing". (27) 

Electromyography. Electromyographic studies help 

determine which laryngeal muscles in use during different 

phonatory and respiratory conditions. It is used in some 

clinical laboratories to follow a patient with laryngeal 

paralysis, and can indicate the optimal time for surgical 

correction. The major problem is that electromyogrpahy is 

invasive when maximially useful, and it is difficult to convince 

patients to submit to it. 

Electroglottography. Although the electroglottographic 

output signal is typically assumed to be proportional to the 

dynamic contact area of the medial surface of the vocal folds, no 

data conclusively show this. Therefore, numerous studies are 

being done such as a combination of transillumination, acoustical 

studies, ultrahigh-speed photography and electroglottography to 

indicate when closure may be occurring relative to the 

electroglottographic signal. Once there is true identification 

of the laryngeal activity being measured, electroglottography 

offers a means of assessing vocal fold activity with little 

discomfort to the patient and little interference with vocal 
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function. The clinical laboratory then is equipped with an 

easily handled and useful analytic tool. (1,28) 

Ultrasound. Pulse-echo imaging of the larynx using rapid 

ultrasonic scanners offers a potential for the clinical 

laboratory which is not yet utilized. This technique may become 

suitable for viewing and recording dynamic behavior of laryngeal 

structures with minimal interference to voice and speech 

production. This noninvasive and essentially radiation free 

clinical technique, which is widely available for study in other 

areas of the human body, offers promise for the future once 

the image-processing is improved as expected. (28} 

Supraglottic Studies. 

Research laboratories devote a great deal of attention to 

the spatial, aerodynamic, and acoustical characteristics of the 

area above the larynx itself. While these evaluations and 

studies are of great importance to understanding vocal function, 

they are as yet not practical tools for the clinical voice 

laboratory. The extensive project started by Fujimura years ago 

in Tokyo is now being established in Madison, Wisconsin under 

J.H. Abbs. This technique utilizes radar x-ray devices to track 

minute lead pellets on the tongue, lips and palate, allowing the 

scientist to estimate configurations of the oral apparatus during 
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speech. Many research studies related to palatal sensor devices 

as well as nasal airflow enhance the understanding of vocal 

production. Pitch and intensity characteristics of the voice and 

variations relating to facial muscle activities and other areas 

are being intensely studied. Other studies presently at the 

investigative stage should provide information useful to the 

clinician. 

Auditory Efficiency. 

The ability of the patient to monitor his/her voice on 

the basis of auditory perception is extremely important. 

Therefore, it is necessary to determine whether or not a patient 

has an auditory disability, and if there is any question, 

hearing tests should be administered during the evaluation 

stages. 

DISCUSSION 

Clinical laboratory testing can be of significant aid to 

the practicing laryngologist. However, care must be taken to 

select the most practical from many available resources. The 

clinical~y oriented laboratory can obtain maximally useful 

information from the evaluation of respiratory efficiency for 

those voice deficiencies which, at the very least, are secondary 

to pulmonary disorders such as emphysema, asthma and other 
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disorders related to obstructive diseases. In addition, cases 

involving gross pulmonary misuse can be referred for proper 

therapy. The clinically oriented laboratory can recognize and 

record laryngeal function disorders as well. Visual means, such 

as rigid or flexible fiberoptic instruments, acoustical means, 

electroglottographic instruments and electromyographic 

instruments are available. Information obtained can be analyzed 

and interpreted, aiding in the diagnosis and care of the 

patients. At the very least, an acoustic record of all 

preoperative voices should be kept, and where possible, the 

picture of a lesion, equivalent to the preoperative picture taken 

by a plastic surgeon or an ~tologist, should be taken. 

It must be emphasized that a vastly complex laboratory is 

not needed for recording the acoustic signal or for respiratory 

analysis. Good tape recorder instrumentation is available, and a 

pulmonary laboratory is usually accessible to the laryngologist 

who does not have pulmonary evaluation equipment in his office. 

Audiograms are easily obtained for the screening that is 

necessary where there is any question of hearing deficiency. 

The future is even brighter with respect to practical 

clinical laboratory techniques that would aid the work of the 

ldryngologist. A team including the voice scientist and the 

laryngologist can take advantage of the latest electronic and 
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computer advances that expand the capability of the individual 

laboratory. 

Most important, interrelations with other 

laboratories will enlarge our information base and help in 

diagnostic problems. Standardization-of voice 

analysis techniques would help all of us. As 

recommended in the First National Conference on Research Goals 

and Methods in Otolaryngology, 1982, the idea of the research 

directory/data base has come of age. (4). The computerized 

bibliographic library of the Voice Foundation, which includes 

most of the literature on voice studies, adds to that capability. 

Improving our understanding and treatment of voice 

disorders will depend on cooperation between laryngologists, 

voice scientists, and voice and speech therapists. No one group 

can handle this monumental task alone. Voice research as a team 

effort offers the laryngologist new and useful means for a more 

complete analysis of vocal problems. These analyses are positive 

aids for the diagnosis and therapy of our patients. 
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One female and one male vocalist were subjected to 
prolonged speaking tasks. Diagnostics on their vocal condition 
were performed in 15 minute intervals. These consisted of 
acoustic perturbation measures, perceptual evaluations oy self 
and a panel of listeners, and medical (otolaryngologic) 
examinations. Results indicate that self-perception of fatiguing 
is more sensitive than all other measures, that current acoustic 
perturbation measures are least sensitive, and that medical 
assessment of vocal fold condition is in agreement with self and 
listener ~erceptual assessment. 
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INTRODUCTION 

vocal endurance is a requirement for many professional 

singers, actors and speakers. Lack of endurance can curtail some 

professional vocal careers and seriously hinder others. It is 

often a symptom of pathological conditions within the larynx. 

It seems reasonable to assume that vocal fatigue, a 

perceptual term related to undesirable quality resulting from 

prolonged use, would manifest itself as changes in acoustic 

measures. If the voice begins to "break down" during use, vocal 

output may become more unstable, and manifest itself as changes 

in such perturbation measures as jitter and shimmer, where jitter 

refers to cycle-by-cycle changes in period or frequency, and 

shimmer refers to cycle-by-cycle changes in signal amplitude. 

Vocal fatigue may also be associated with throat discomfort and 

changes in tissue characteristics of the vocal folds. 

A number of studies appear directly pertinent to the 

study to be reported here. Sander and Ripich reported a study in 

1981 of 24 young males who spoke loudly or very loudly for a 

total of 1~ phonation minutes. Only 1~ of the 24 subjects felt 

that their voices were less clear after the reading task, 

although 17 of the 24 felt they were using more effort to produce 
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voice at the end of the experiment. There was great variety among 

the subjects in how they felt their voices fluctuated with regard 

to becoming better and worse as the reading task progressed. 20 

of tne 24 subjects experienced some discomfort during the task, 

either in the throat, chest, ear or back. Minor pain was reported 

by 9 of the 24. The most popular discomfort was a "dry throat" 

(16 of the 24). There were nd significant changes in the acoustic 

measures (~itch range, max vowel duration, max vowel intensity) 
/ . 

between the beginning and end of the experiment. Also, auditors 1 

perceptions of the voice quality did not correspond to the 

subjects 1 judgments of their voice clarity changes or 

discomforts: In addition, the auditors were not very successful 

at differentiating prespeech and postspeech sampl~s {they were 

incorrect 36% of the time). The results of this study suggests 

that during a loud speaking task, 1) speakers' perceptions of 

vocal well-being vary among the speakers, 2) the subjects 

typically experience some throat discomfort, 3) there may be no 

significant change in acoustic measures throughout the task, and 

4) vocal quality judgments by auditors may not correspond to 

speakers' self perceptions of voice changes. This study did not 

appear to vocally tax the speakers to a large degree, however. 

Neils and Yairi (1984) reported a study in which six 

female subjects read aloud for 45 minutes (at an intensity level 
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that is not specified in their report) within 3 levels of noise, 

followed by 45 minutes of vocal rest. Every 15 minutes a 32-word 

passage and 3 eve syllables were recorded. Airflow measures were 

also obtained before and after the reading and after the rest 

period. The results from their study indicate (as in the previous 

study) that there was much diversity in the responses and 

inconsistent behavior among the subjects. The only measure of 

statistical significance [unspecified and unexplained, however] 

across time was the peak airflow measures. Fundamental frequency 

and vocal quality ratings did not change significantly over time. 

Sherman and Jensen (1962) asked 15 normal males to read 

(presumably at normal loudness levels) for one and one-half 

hours, followed by a one-half hour of silence. The Rainbow 

passage was recorded before the task, after the first and second 

45 minute interval, and after the one-half hour of silence. The 

recordings at the four time intervals were judged by auditors for 

degree of harshness on a 7-point equal-appearing interval scale. 

Results indicated a decrease in harshness ratings across the 

first three intervals, with a subsequent increase in harshness 

rating after the rest period. These results suggest that a 

"warm-up" effe~t of prolonged phonation, or an adaptation to the 

task, occurred (Sherman & Jensen, 1961, p.l76). It is important 

to note that Sherman and Jensen reported that some subjects 
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indicated increased vocal strain during the first half hour, 

after which "their voices seemed to get better and that they felt 

as though they could continue reading indefinitely" (p.l75). For 

our purposes, these results suggest that 1) there may be an 

initial deviance from normal vocal quality, followed by 2) an 

improvement over time of vocal quality, with 3) a return toward a 

deviant voice quality after vocal rest. This suggestion would 

constitute an opposite hypothesis that would appear logical, 

viz., that vocal quality would worsen over time, with recovery to 

normal after vocal rest. 

The studies reported above also suggest that "v~9al 

fatigue" may be a rather elusive subject of investigation and is 

subject-specific in effect. We need straightforward measures, 

however, that correlate well with effects of vocal fatigue for 

diagnostic and treatment purposes. If vocal fatigue is closely 

associated with muscle fatigue (Bigland-Ritchie & Woods, 1984), 

and if muscle fatigue is associated with fluctuations in 

neuromuscular control, then perturbation measures such as jitter 

and shimmer may be relevant. These measures may also be relevant 

if there are random changes in mucosal or mucus characteristics, 

or increased airflow turbulence or instabilities through the 

larynx. 
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The study here is a pilot project to investigate vocal 

fatigue. The informal hypotheses are: 

1. Talking loudly over a period of time should 

result in the perception of vocal changes by the subject and 

by listeners. 

2. Acoustic perturbation measures should change 

over time and indicate greater instability of the voice. 

3. Auditor ratings of voice quality should 

parallel both the subjects' self voice ratings and acoustic 

analyses. 

EXPERIMENTAL DESIGN 

Two subjects participated in this experiment. Both 

subjects have relatively well trained voices. The female subject 

has had voice training for the theater, and is presently a voice 

coach for a repertory theater. The male subject has had formal 

singing training, has sung professionally, and currently teaches 

singing. 

The experiment required two series of tasks of the 

subjects. Each Fatiguing Task required the subjects to read from 

a text at a loudness level very close to the maximum loudness the 

subject could produce. The subject monitored the required sound 
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pressure level on a Bruel Kjaer sound level meter. Each 

Fatiguing Task lasted 15 minutes, separated by the Diagnostic 

Task. During the Diagnostic Task, the subject recorded 3 

phonations of the vowel /a/ and rated how he/she felt about 

his/her voice. The /a/ recordings were made at a predetermined 

comfortable loudness level (and SPL} and at a musical fifth above 

the lowest sustainable pitch. The self voice rating was made oo a 

scale of 1 to 100, where 1~~ represented "the best shape your 

voice has ever been in" and 1 represented "the worst (shape your 

voice has ever been in)". 

The first Diagnostic Task recordings were made prior to 

the first Fatiguing Task reading. The subjects were asked to 

continue the experiment of Fatiguing Task followed by Diagnostiq 

Task until either the subject or the experimenter decided that 

the subject should stop (for whatever reason). Both subjects 

coincidentally decided to stop after 5 Fatiguing Task readings. 

Following the last Fatiguing Task, the subjects recorded during 

another Diagnostic Task, then had two rest periods of 15 minutes, 

after each of which the Diagnostic Task recordings were made 

again. These last two periods were the "rest periods". 

In addition, prior to the experiment and after the last 

Fatiguing Task, fiberoptic examinations of the larynx of the 

subjects were made by a. laryngologist. 
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The /a/ phonations of the subjects during the Diagnostic 

Tasks were recorded directly into a VAX ll/75G computer using a 

Digital sound Corporation A/D system. The recordings were 

digitized for 2 seconds at 20,000 samples per second. These /a/ 

recordings were used both for obtaining acoustic measures and for 

auditor analysis. The program GLIMPES was used to obtain measures 

of jitter, shimmer, and harmonics-to-noise ratios. The GLIMPES 

program can resolve jitter and shimmer ratios to about 0.1%. 

The /a/ recordings were randomly recorded onto 

magnetic tape using an Otari MX5050 tape recorder. Listeners 

heard the /a/ phonations binaurally over high-quality earphones. 

Each token was presented three times in quick succession prior t~ 

the auditor rating the vocal quafity of the token. The auditors 

rated the voice quality of the phonations on a scale of 1 to 7, 

where 1 represented Good Voice Quality and 7 represented Poor 

Voice Quality. The lists were repeated for reliablity measures. 

There were two basic experiments, distinguished by the 

type of Fatiguing Task. The permitted pitch at which the subject 

read during the Fatiguing Task was free to change in a normal way 

(FREE PITCH READING), or was held constant at the musical fifth 

above the lowest sustainable pitch (MONO PITCH READING), the same 

pitch used for the Diagnostic Task. It was felt that the MONO 
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Figure 1. Equations used in acoustic analyses 
(automatically performed within the 
program GLIMPES) . 
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PITCH READING task would result in greater vocal fatigue since 

the range of physiological change during the Fatiguing Task 

perhaps would be less than in the FREE PITCH READING Fatiguing 

Task. 

ACOUSTIC ANALYSIS CALCULATIONS 

Figure 1 shows the equations used to calculate the 

frequency and amplitude perturbation factors {i.e., jitter and 

shimmer, respectively). Also. the equation used to calculate the 

harmonics-to-noise ratios is given. The coefficient of variation 

was also calculated but not reported here. It is noted that 

greater perturbation in these measures refers to a decrease in 

the value for H/N and an increa~e in the value for jitter and 

shimmer. 

RESULTS 

Acoustic Analysis 

The acoustic results appear to be fairly straightforward: 

The various measures (harmonic-to-noise ratio, jitter, shimmer) 

do not appear to change significantly over the 8 Diagnostic Task 

sessions. 

Figure 2 shows the mean acoustic measures (averaged over 

the 3 tokens obtained during each Diagnostic session) across the 
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8 recording sessions for the female subject when she was 

permitted to freely change the pitch during the Fatiguing Task. 

The H/N measure is fairly constant over time. The shimmer (AMP) 

measures appear to increase toward the middle of the experiment, 

suggesting that the voice becomes worse after about 45 minutes of 

loud talking. Similarly, the jitter (FREQ) measure appears to rise afte1 

15 minutes of talking, also suggesting a worse voice. Both these 

measures then suggest improved voice toward the end of the 

experiment. Figures 3-5 show the three harmonics-to-noise, 

jitter, and shimmer values (and means) obtained at each 

Diagnostic Task recording interval. Figures 3-5 indicate that 

the variation of values of these acoustic measures is large at 

most of the recording times; with similar overlap regions, and 

suggest that the means for the trio of values are not 

significantly different across time. 

Figure 6 shows the mean acoustic measures (averaged over 

the 3 tokens obtained during each Diagnostic Task session) across 

the 8 recording sessions for the female subject when she read at 

the monotone pitch. There is now greater change in the H/N ratio 

across time, suggesting that after about 45 minutes the voice 

began to deteriorate until th~ second rest period. A similar 

statement is suggested by the other two measures (jitter and 

shimmer). Again, however, the variation in values shown in 
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Figures 7-9 is too large, and the overlap ranges too similar, to 

conclude that there are any significant differences among the 

mean values across time. 

Figure 10 shows the mean acoustic measures (averaged over 

the 3 tokens obtained during each Diagnostic Task session) across 

the 8 recording sessions for the male subject when he read with 

monotone pitch (he did not participate in an experiment with free 

pitch reading). The values for H/N and jitter do not change 

significantly whereas the shimmer values suggest a trend toward a 

worse voice condition from time 2 through time 7, with a large 

reduction after the second rest period. Figures 11-13 again show 

the mutual overlap of data across time characteristic of this 

experiment. The cluster of data in Figure 11 appear to suggest a 

significant increase in the H/N values (perhaps related to an 

improvement of the voice) after the first rest period, with a 

subsequent significant decrease in the H/N values (perhaps 

related to a poorer voice quality} after the second rest period. 

The shimmer data for this subject, shown in Figure 12, appear to 

suggest that there may be a significant improvement between the 

first and second rest periods. Both Figure 12 and 13 suggest, due 

to the data clusters, that the voice quality may have 

deteriorated following the first 15 minute vocal rest period. 

(This .would suggest that the H/N higher values for this period 
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are due to waveform changes of the acoustic cycles, rather than 

period or amplitude changes.) 

Perceptual Ratings 

Six experienced raters listened to the 2-second /a/ 

phonations of both subjects for the monotone reading experiment. 

The 6 raters were i speech pathologists who frequently work with 

voice cases, 1 theater voice coach (who also was subject BR), and 

3 graduate students in speech pathology, 2 of whom are trained 

singers. The auditors heard each token twice. The ratings for the 

three tokens at each recording time were averaged across all 

raters so that one number represented the rating of voice quality 

at each interval of the experiment. The average intrajudge 

reliability (i.e., each listener against self)· wa~ r = 0.62 for 

the male subject and r = 0.52 for the female subject (using the 

Pearson product-moment correlation) • The range of these 

reliabilities was Q.37 to 0.85 for the male and 0.39 to 0.61 for 

the female. All but two relia~ilites were significant (refer 

Taoles 1 and 2). The intraclass reliability (Ebel) for the "mean 

reliability for one rater" was near zero for both subjects. The 

Ebel reliability for mean ratings from the 6 raters (i.e., the 

reliability of the mean of 6 ratings for each recording time) was 

fairly good for the female subject (0.65) but also near zero for 
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Table 1. 
. SUBJECT BR 

, 
!NTRAJUDGE RELIABILITY (LISTENER WITH SELF) 

• •• LISTENER 1L I ill_ 

LR .57 3.254 s 

JA .56 3.170 s 

BR .so 2.708 s 
NK .51 2.781 s 
KB .39 1.986 NS 

FB •. 61 3.611 s 

. . 

PEARSON PRODUCT - MOMENT CORRELATION 

•• 
TQS = 2.0741 22DFI TWO-TAILED 

AVERAGE R = 0.52 

Table 2. 

· SUBJECT IT 

INTRAJUDGE RELIABILITY (LISTENER WITH SELF) 

• •• LISTENER ft._ I ill_ 

LR .67 3.934 s 
JA .37 1.736 NS 

BR .54 2.736 s 
NK .85 7.033 s 
KB .49 2.450 s 
FB .80 5.812 s 

• 
PEARSON PRODUCT - MOMENT CORRELATION 

•• 
TQS = 2.0931 DF = 19~ TWO-TAILED 

AVERAGE R = 0.62 
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the male subject (refer Table 3). Thus, although each rater was 

typically fairly consistent with himself or herself, as a group 

the ratings do not appear strongly reliable. 

The subject's ratings of their own voices and the mean 

auditors' voice quality ratings over time are shown in Figure 14. 

The subjects' voice self evaluations are different. Subject BR 

ind.icated that her voice became slightly worse after the first 

fatiguing rea4ing task, then improved slightly over the next 2 

reading tasks, and became considerably worse over the next two, 

and finally improved before the end of the second rest period to 

a level worse than at the beginning of the experiment. Subject 

IT indicated a much different per~eption of his change in voice. 

He indicated a continual worsening of. his voice from the first 

through the fifth reading task, with an improvement after the 

rest periods to a level worse than before the experiment began. 

There appear to be some parallels between the subjects' 

own voice ratings and the auditors' ratings of voice quality. 

Figure 14 shows that for subject BR, both sets of perceivers 

indicated some improvement in voice near the beginning third of 

the experiment, both indicated a worsening effect during the 

middle third of the experiment, and both indicated a slight 

improvement toward or at the end after vocal rest. For Subject 

IT, both suoject and auditors tended to indicate a worsening 
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INTRACLASS RELIABILITY <EBEL) 

(AN "AVERAGE INTERCORRELATION") 

MEAN RELIABILITY RELIABILITY FOR MEAN 
FOR ONE RATER RATINGS FROM THE 6 RATERS 
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Figure 14. Mean auditor ratings of voice quality 
and subjects• voice self-evaluation 
ratings for the MONO PITCH READING 
tasks. 
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voice throughout the first half of the experiment, and both 

indicate an improvement in the second half through the rest 

periods. 

Medical Findings 

A fiberoptic examination of the larynx of the two 

subjects was performed prior to the first Diagnostic Task 

recordings and following the last Fatiguing Task (during the 

first rest period). The findings are shown in Table 4. 

These results indicate that all three experiments were 

accompanied by changes in the appearance of the vocal folds 

between the beginning and the end of the experiment. Slight 

swelling of the laryngeal tissue was common. Slight bowing of the 

vocal folds was present at the end of both the MONO pitch 

experiments. For all three experiments, the conversational voice 

quality was also noted to have deteriorated. It is noted that 

the laryngologist making the medical remarks also made the video 

tapes, and thus was aware of the sequence of laryngeal images. 

DISCUSSION 

The acoustic analyses do not appear to show meaningful 

relationships across time for the present vocal fatiguing tasks. 

These measures are not sufficiently sensitive to vocal changes · 



Table 4. Medical remarks from fiberoptic 
examinations of the larynx. 

SUBJECT BR, FREE PITCH 
PRETEST EXAMINATION: 

PRESENT: 
SLIGHT EDEMA LEFT TRUE CORD 

SLIGHTLY ROUGH VOICE QUALITY 

POSTTEST EXAMINATION 
PRESENT: 

SLIGHT SWELLING OF INTERARYTENOIDS 
INCREASED SWELLING OF LEFT TRUE CORD 
MUCUS STRANDING PRESENT 

SLIGHTLY HOARSE VOICE QUALITY 

SUBJECT BR, MONO PITCH 
PRETEST EXAMINATION: 

PRESENT: · 
MINIMAL PARADOXICAL MOVEMENT 
LARYNX NORMAL. 

POSTTEST EXAM I NAT I ON :· 
PRESENT: 

SLIGHT PARADOXICAL MOVEMENT. 
SLIGHT BOWING OF FOLDS 

ROUGH AND BREATHY VOICE QUALITY 

SUBJECT IT, MONO PITCH 
PRETEST EXAMINATION: 

PRESENT: 
POST AND MID 1/3 SWELLING OF TRUE FOLDS 
SLIGHT EDEMA OF TRUE FOLDS 
MUCUS STRANDING 
ADHERENT MUCUS 

GOOD VOICE QUALITY 

POSTTEST EXAMINATION: 
PRESENT: 

149. 

ADHERENT MUCUS ON RIGHT FALSE FOLD OR VENTRICLE 
WITH SWELLING 

SLIGHT PARADOXICAL MOVEMENT ON INSPIRATION AND 
EXPIRATION 

SLIGHT ANTERIOR CHINK 
SLIGHTLY ROUGH VOICE QUALITY 
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produced in this way, or the procedure did not produce vocal 

instabilities that are manifested in these measures. Perhaps 

these measures are appropriate, but not obtained in an 

appropriate manner. For example, using 70-75 cycles to obtain the 

measures may be inadequate. using many more cycles may reduce the 

variability of the measures from token to token. This is not 

likely, however, because we have found assymptotic behavior near 

100 cycles for subject IT. Alternatively, a more sensitive 

measure may be to take a window of a smaller number of cycles, 

say 15, and obtain these measures for this window size across the 

entire 2-seconds of the /a/ phonation. This may reveal important 

low frequency perturbations and mean .and standard deviations. 

This method has recently been used with some success for aging 

voice and neurological diseased voice studies· by Ramig in our 

laboratory (see the three papers in Section C of the DCPA -

Research Report). 

Another severe limitation of the analysis is now 

understood to be the number of tokens obtained after each of the 

fatiguing tasks. The number of tokens needs to be larger to 

determine a strong central tendency and dispersion so that tests 

for significant differences across time can be obtained. We were 

basically following the lead from earlier research on 

perturbations which typically involved only one or two tokens per 
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condition. (It should be noted, however, that Horii (1979) found 

mean jitter sizes (in msec) differing by a factor of 

approximately 2 across two tokens. We found jitter variations by 

factors of 4 to 5 ·for some specific conditions.) 

Although we feel that the variability of perturbation 

values is generally too large at each time point to draw 

conclusions across time, we might draw attention to certain 

aspects relative to the prior studies cited in the Introduction 

section. The figures giving mean perturbation values (Figures 2, 

6 and 10) consistently indicate a ·decrease in shimmer between the 

first two recordings, which were taken before the experiment 

began and following the first 15 minutes of loud talking. In line 

with this, both subjects reported a worsening of the voice 

between these two times (Figure 14).-These d~ta may reflect a 

deterioration of voice, which corresponds well to subjects' 

comments in the Sherman and Jensen (1962) study. It is noted, 

however, that the auditor ratings did not support this 

"worsening" trend at the beginning of the experiment (Figure 14). 

·Also, between the recording following the last Fatiguing 

Task reading (time 6 on Figures 2, 6 and 10) and the recording 

after the first rest period (time 7), the mean shimmer 

consistently increased, indicating a possible deterioration of 
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voice. This may correspond strongly to the finding by Sherman and 

Jensen {1962) that the rating of harshness became greater 

following the vocal rest period. These corroborations do not, 

however, correspond to the perceptual ratings of this study 

(Figure 14), where both aud~tors and subjects indicated an 

improvement in voice or voice quality. 

The inconsistency of how different subjects tracked their 

voice changes over time in the Sander and Ripich {1981) and Neils 

and Yairi {1984) studies was also a finding here. As shown in 

Figure 14, subject BR felt here voice deteriorated and then 

improved before again deteriorating, whereas subject IT felt his 

voice monotonically deteriorated until the end of the experiment •. · 

The perceptual ratings by both the subjects of his or her 

voice and by the auditors indicate that there are factors in the 

oroduction of the voice and in the sound of the voice that -
apparently were not being picked up by the acoustic measures. 

Additional or different measures are needed to better reflect the 

changing physiological function of the voice in these tasks. 

Electroglottography may reveal significant· changes in the 

glottographic waveforms corresponding to "vocal fatigue". 

Temporal trend analysis may be helpful if enough time intervals 

are obtained. This could be accomplished by incorporating 
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frequent recordings of appropriate tokens perhaps even throughout 

the fatiguing task. Other relevant physiological measures might 

also be incorporated. Certainly electromyography should be 

considered. 

The medical findings strongly indicated that specific 

changes had taken place between the beginning and end of the 

experiments. The increased swelling of tissue and slight anterior 

chink surprisingly did not result in important acoustical changes 

as derived in this analysis. The medical findings are supported 

by the perceptual ratings of the·subjects in that the subjects 

reported their worse voice conditions at the end of the fifth 

Fatiguing Task, immediately after which the post medical test was 

performed. 

CONCLUSIONS 

This pilot study examined vocal fatigue in two subjects 

who were asked to read very loudly over an extended period of 

time. Recordings of /a/ productions and the subjects' perceptions 

of their voice were made every 15 minutes. Fiberoptic 

examinations were made before the experiment and following the 

last fatiguing period. The main conclusions are the following: 

1. The results from this study parallel those from other 

studies regarding the large variability of subject response to 
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the fatiguing experiments and the lack of meaningfulness of the 

acoustic measures. 

2.The subjects of this study were relatively well-trained 

vocally. This may have narrowed the range of vocal change 

compared with the range expected from subjects who are not as 

well trained. 

3. The acoustic analyses (jitter, shimmer, 

harmonics-to-noise ratios) did not reveal significant vocal 

changes over time. There is a need for more sensitive measures 

and procedures to derive an acoustic/physiological formula to 

describe and predict consequences of prolon~ed vocal use. 

4. Auditor vocal quality ~atings bore some similarity to 

the changes in the subjects' voice self evaluations over time. 

This implies that there are voice changes perceived by the 

subjects that are indeed present in the acoustic signal. 

5. Fiberoptic observations of the laryngeal tissue 

indicated that there were changes between the beginning and end 

of the fatiguing tasks, most noticeably a slight increase in 

tissue swelling and a slight bowing of the vocal folds. 

For future projects, we suggest that greater attention be 

paid to paradigms that have greater control of the variables 

involved in vocal fatigue. For example, models of muscle fatigue 

(Bigland•Ritchie & Woods, 1984) may be applied for laryngeal 
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function by choosing vocal tasks (such as very high pitch and 

very pressed phonation) that may tax isolated muscle groups. 

Also, there is a need to isolate fatiguing episodes to the 

larynx, while trying to avoid confounding influences of general 

body fatigue. Also, physiological factors including EMG should be 

considered in order to examine more closely neurophysiological 

function during vocal fatigue that may parallel acoustic and 

perceptual changes. 

There is a need to determine the differences between 

vocal use, vocal overuse, vocal misuse, and vocal abuse over both 

short term and long term periods. The physiological reactions to 

these may be different, and thus also perhaps the relevant 

diagnostics and therapies. These studies need to be pertinent not 

only for normal and pathological voice conditions, but also 

relevant to the professional voice user such as the singer, actor 

and public speaker. The present pilot study has been an attempt 

to examine the voice under prolonged use under conditions that 

approach those required of the stage actor. 
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~' There are a number of interdependent factors which are 
important to maintaining an actor's vocal health and to 
fulfilling management goals in professional theatre. These 
factors include the actor's perceptions and expectations of 
his/her voice under various conditions; the actor's history of 
training, medical treatment, and performance; and the demands 
being made on the voice by the nature of the work which he/she 
does on an ongoing basis. 

This study explored the auditory and somatic perceptions 
which the actor has concerning his/her voice when the voice 
appears to be working optimally and when it is tired or otherwise 
deficient. In addition, the study elicited both working 
conditions and other factors which appear to affect the 
professional actor's voice. 

The large number of descriptive terms employed by the 
actors participating in this study indicated their relatively 
high degree of awareness of the status of the voice. A 
closed-ended questionnaire, designed on the basis of the results 
obtained in this study and administered to the same subjects, 
will help to further document and quantify this information. 
These perceptual studies should create a meaningful vocabulary 
for use among a number of health and vocal training professions, 
and should serve to acquaint theatre management with conditions 
which both benefit and may prove detrimental to the vocal 
performance of the professional stage actor. 
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INTRODUCTION 

Maintaining the vocal health of its actors is essential 

to the performance and management goals of the professional 

repertory theatre company. The many factors which may influence 

the actor's vocal condition at any given time include: 

1) history of training, medical treatment and 
performance, 

2) the particular demands necessitated by casting, 
rehearsals and performance, 

3) the occurrence and severity of vocal problems and 
fatigue, and 

4) the actor's perception and expectations when the 
voice is functioning either optimally or 
deficiently. 

Documentation of the interrelationships among these 

factors does not appear to exist in the literature, and 

consequently neither do scientifically based recommendations 

which might serve to maximize vocal well-being in professional 

actors. A preliminary, long-range study has been undertaken at 

the Denver Center for the Performing Arts in order to explore 

these interrelationships. We anticipate that the results 

obtained in this study will help the actor to better understand 

and control conditions affecting the voice, will help voice 

therapists and medical personnel to better understand both the 
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vocal vocabulary used by actors and the theatre demands related 

to vocal usage, and will help theatre management to understand a 

number of conditions related to increased vocal stress. In 

addition, the results will help to identify specific areas for 

subsequent research on factors affecting the professional voice 

user. 

This progress report emphasizes ~ consideration of factor 

number four above, that is, the actor's perception and 

expectations of his or her own voice when it is functioning 

either optimally or deficiently. 

QUESTIONNAIRES AND DATA COLLECTION 

In the fall of 1983, a pilot questionnaire asking about 

the voice was distributed to thirty-one members of the resident 

acting company (see Appendix A). Nineteen questionnaires were 

returned. This preliminary questionnaire was designed with a 

twofold purpose: 

1) to assess how professional actors in repertory 

theatre perceive and describe their voices when those voices are 

working optimally as well as when they are fatigued or not at 

their best, and 

2) to extract a list of terms describing the voice to be 

used for a more intensive study of both optimal vocal performance 
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and vocal problems or fatigue in stage actors. 

A continuation of the study was undertaken during the 

1984-85 season. A number of written questionnaires were designed 

by the researchers in consultation with Dr. Wilbur James Gould 

and or. Raymond P. wood, Jr. (see footnote 1), otolaryngological 

physicians whose respective practices include considerable 

consultation with professional voice users. These questionnaires 

included the following: 

1) Subject/Performer History Form 

An extensive history form was designed to elicit 

information regarding state of health, history of childhood and 

respiratory diseases, habitual use of drugs (tobacco, alcohol, 

recreational), vocal habits, extent and type of training, history 

of vocal problems or difficulties, etc. (see Appendix B). This 

questionnaire was given to most of the members of the 1984-85 

acting company at the beginning of the season. 

2) Consent Form and Open-Ended Questionnaire 

Those members of the acting company who returned a 

completed history form and who indicated an interest in 

participating in this study were then asked to complete a Consent 

Form (Appendix C) and an Open~Ended Qu~stionnaire dealing with 

their perception of both the feeling and the sound of the voice 

(~ppendix D). Thirty-six completed sets of data were returned by 
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early November, 1984. 

Responses elicited by both the 1983 and the 1984 

Open-Ended Questionnaires are summarized in the following tables. 

The terms contained in all the tables which follow were provided 

by the actors. 

3) Closed-Ended Questionnaire 

Based on the descriptive terms used by at least two 

actors in the 1983 questionnaire and at least three actors in the 

1984 questionnaire, a closed-ended questionnaire was designed to 

identify more specifically and to attempt to quantify factors 

which might most accurately describe the way in which the actor 

perceives his or her voice when it is working both optimally and 

poorly. A report and discussion of those responses will be 

presented at a later time. 

4) Research Journal and Related Production Data 

In order to relate the above data with the ever-changing 

demands of a very heavy production schedule, an ongoing record is 

being compiled, of: 

a) rehearsals, performances, and Conservatory 

class schedules for the entire season (Some of the Company actors 

also either teach classes or are advanced students in the 

Conservatory.), and 

b) the presence, duration, and degree of 
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severity of any voice-related difficulties occurring during the 

season. By using these basic forms, data for thirty-six Company 

members are being collected over a period of time ranging from 

five to eight months, depending on the length of contract for 

eacn individual actor. This progress report will concentrate 

specifically on data generated by the open-ended questionnaire. 

Later papers will be concerned with the closed•ended 

questionnaire, the journal, and related history and production 

information. 

THE ACTOR'S PERCEPTION OF THE VOICE: DISCUSSION 

The actors' responses to the open-ended questionnaire 

indicate that they appear to be fairly sensitive to and aware of 

the condition of the voice under various environmental, medical, 

and performance conditions. An analysis of the open-ended 

questionnaire responses yielded information in five different 

areas, which will be discussed here individually •. 

1) vocal, Physical, and Respiratory Responses to Denver (Table 5) 

Among the thirty-six actors who completed the 1984 

questionnaire, nine had been living in the Denver area before the 

start of the 1984 season and therefore reported no particular 

responses to the relocation. Of the actors who did experience 

some reaction to Denver, negative occurrences far outweighed 
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TABLE 1: HOW THE VOICE FEELS WHEN IT IS A~ ITS BEST 

1984 (N=36) 

------
1983 (N=l9) I 

1 Nbr. of DESCRIPTIVE TERM 
1 

Nbr. of 
lResponses !Responses 

DESCRIPTIVE TERM 

------\ 1-------1 I 
Unaware of voice and 

mechanism............ 6 
Openness............... 5 
Relaxed •••••••••••• :... 5 
Power from the mid-
section •••••.••••.•••• 

Vibration ••.••••••••••• 
Energetic .••••••.••.••• 
Freedoo .••••••••••••••• 
Centered ••••••••••••••• 
Breathe more deeply •••• 
Effortless projection •• 
Released ••••••••••••••• I .. 
Responsive.. • • . • • • • • • • • • • 
St~ong ••••••••••••••••• 1 •• 

Ge~!~~:::.~~~:~~:.~~~--~ .. 
Good projection ••••••• ·I .. 
Lively ••••••••••••••••• 
Co~~unicative •••••••••• 
Calm ••••••••••••••••••• 

5 
4 
4 
3 
3 
3 
3 
2 
2 
2" 

1 
1 
1 
1 
1 

Happy. . • • • • • • • • • • • • • • • • 1 
Confident.............. 1 

. . 

. . 

Effortless •••••.•••.•••••• 1 

Sympathetic vibration ••••• 
voice coming from the 

13 
11 

whole body.............. 9 
Relaxed, loose •••••••••••••• 9 
Unaware of voice or throatj •• 7 
No catching or tightness 

in the throat... • • • • • • • • 7 
Free throughout the range, 

flexible................ 4 
Connected to the emotions. I .. 
Rested •••••••••••••••••••••• 
Alert, energized.. . • • • • • • • • • 
Strong •••••••••••••••••••• 
Centered •••••••••••••••••• 
Moist ••••••••••••••••••••• 
Breatning easy •••••••••••• 
Easily warms ug ••••••••••• 

4 
4 
4 
3 
3 
2 
2 
2 

Healthy ••••••••••••••••••• ! L 

Don't fatigue as easily... 1 
Warmth in the throat...... 1 

. . 

. . 
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TABLE 2: HOW THE VOICE SOU~DS WHEN IT IS AT ITS BEST 

1983 (N=l9) I 
--~~-~ DESCRIPTIVE TERM Nbr. of 

Resonant throughout the 
range •••.••••••••..•• 

Clear •••••••••••••••• 
Easily controlled •••••• 
Clean •••••••••••••••••• 
Wide range ••••••••••••• 
Fluid •••••••••••••••••• 

("a flowing river") 
Focussed sound ••••••••• 
Smooth. . . . . . . . . . . . . . . . . 
Mellow •••••••••.••••• . . 

Responses 

5 
4 
4 
3 
2 
2 

1 
1 
1 

. . . . 

. . . . 

. . 

1984 (N=36) 

DESCRIPTIVE TERM 

Resonant •••.• 
C 1 ear •••.••••• 
Full, mellow ••••.•••••••• 
Free, open ••••••••••••••• 
Clean, no cracking ••••••• 
Wide range ••••••••••••••• 
Registers blend easily ••• 
Bright ••••••••••••••••••• 
Round •••••••••••••••••••• 
Deeper ••••••••••••••••••• 
Loud ••••••••••••••••••••• 
Ping ••••••••••••••••••••• 
Tenorish ••••••••••••••••• 
Young •••••••••••••••••••• 
Vulnerable ••••••••••••••• 

1 

Pitches very accurate •••• . 

Nbr. of 
Responses 

I • • 

. . 

. . 

. . 

11 
6 
5 
4 
3 
3 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 

. . 

. . 

. . 
-------
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TABLE 3: HOW VOICE FEELS WHEN IT IS ~!RED OR NOT WORKING ~ROPERLY 

1983 (N=l9) I 1984 (N=36) 

____ D_E_S_C_R_I_P_m_~_I_V_E __ T_E_R_M _____ J Nbr. of 1------D-E_S_C_R __ I_P_T_I_V_E __ T_E_R_M ____ _ Nbr. of 
Responses jResponsesl 

I 
--~-~-~--------~d----------1-----~~---.c.:::i:Ort: to pro uce...... . • o 
Physical fatigue....... 6 
Strain................. 6 
Tightness •••••••••••••••• 5 
Trapped................ 4 
More aware of voice 

and mechanism •••••••• 
Lethargic, unresponsive 
Tense • • • • • • • • • • • • • • • • • • • • 
Soreness •••••.••••••••••• 
Pain ••••••••••••••••••• 
Difficulty swallowing •• 
Requires more air •••••• 
Requires more 

concentration •••••••••• 
Aosence of vibration 

in body •••••••••••••• 1 .. 
Loss of control •••••••••• 
Inflexible ••••••••••••• j •• 
Large tongue ••••••••••• 
Tickle deep in throat •••• 
Gasping •••••••••••••••• 
Cough .••••••••••••••••• 1 •• 

Burning in palate •••••• 
Excessive phlegm ••••••• 
Excessive dryness .••••• 
Ache ••••••••••••••••••• 
Compensation by rest 

of body ..•• ~ ••.•••••• 
nLike running an engine/ 

and constantly having 
to tune it at the I 

r . " same _lme ••••••••••••• 

3 
3 
3 
J 
2 
2 
2 

2 

1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 

1 

1 

. . 

. . 

. . 

. . 

.. 

Throat fat i g t;e •••••••••• 
Scratch or tickle in 

---.....s--1 

throat ••••••••••.••••• 
Burning in throat ••••••• 
Awareness of throat 

and larynx ••••• ~ •••••• 
Effort to project ••••••• 
Tense ••••••••••••••••••• 
Cons tr ic ted ••••••••••••• 
Back of throat catches •• 
voice feels heavy ••••••• 
Rough throat •••••••••••• 
Have to clear a lot ••••• 
Range reduction ••••••••• 
Dry throat •••••••••••••• 
Have to force.: ••••••••• 
Neck and shoulder 

. . 

tension ••••••••••••••• 
Thickness ••••••••••••••• 
Out of breath ••••••••••• j •• 
Inflexible, unresponsive I •• 
Clogged ••••••••••••••••. j .. 
Unsociable •••••••••••••••. 
Coated cords •••••••••••• 
Poor concentration •••••• 
Takes a while to warm 

up •••••••••••••••••••• 

5 
5 

4 
4 
4 
4 
3 
3 
3 
3 
3 

"3 
2 

2 
2 
2 
2 
1 
l 
1 
1 

1 

. . 

. . 
• • I 

.. I . . . . 

. . 

. . . . . . 

. . 
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TABLE 4: HOW THE VOICE SOUNDS WHEN IT IS TIRED OR NOT WORKING PROPERLY 

1983 (N=l9) 

DESCRIPTIVE TERM 

Range reduced. 
Less ~1olume in 

. . . . . . . 
lower 

register ••••••••••••• 
Breaks or catches •••••• 
Pinched •••••••••••••••• 
Rasping •.••••••••• . . . . . 
Grey ••••••••••••••••••• 
Dull, flat tone •••••••• 
Rough edge •.••••••••••• 
Hoarse ••••••••••••••••• 
Gravelly ••••••••••••••• 
Less vibration ••••••••• 
scratchy •••••••• 
Lower pitch ••••• 
Harsh ••••••••••• 

. . . . . . . . . . . . . . . . . . . . . 
Fog ••• · ••••••••••••••••• 
High pitches forced •••• 
Thinner ••••••••••••••• ~ 
LOSS of high pitches. 
Frog ••••••••••••••••••• 
More nasal ••••••• · •••••• 

Nbr. of 
Responses 

. . 

. . . . . . 

. . 

5 

4 
3 
3 
5 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 

. . 

. . 

. . 

. . 

. . . . 

. . . . 

. . 

1984 (N=36) 

DESCRIPTIVE TERM 

Crac!<s •••••.•••••••••• 
Harder to produce and 

sustain ••••••••••••••• 
Raspy ••.•••••••••••••••• 
Habitual pitch lower •••• 
Colorless, dull ••••••••• 
Constricted ••••••••••••• 
~oarse •••••••••••••••••• 
Harder to control ••••••• 
Higher pitches hard ••••• 
Flat ••••••.•••••• . . . . . . . . 
Gravelly •••••• 
Breathy ••••••• 

. . . . . . . . . . . . . . . . . . . . 
T hr o a t i ness • • • • • • • • • • • • • 
Tense ••••••••••••••••••• 
Strained •••••••••••••••• 
Low register husky ••••••. 
Loss of upper range ••••• 
Loss of middle register. 
Weak •••••••• . . . . . . . . . . . . 
Muffled ••• 
Huskiness. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Nasal ••••••••••••• . . . . . . 

Nbr. of 
Responses 

. . 

. . 

. . 

11 

13 
9 
6 
5 
4 
3 
3 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
l 
1 
l 

. . 

. . 

. . 

, 
• .. I ___ , 
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VGCAL, 
DENVER 

PHYSICAL, OR RESPIRATORY 
(1984 Questionnaire) 

RESPONSES TO C0~1ING TO 

N=36 

DESCRIPTIVE TERM 

.. . . . . . Shortness of breath ••.•••• 
Tire ~ore easily ••••••••• .... . . . . . . . . . . 
Slight dryness •••••• . . . . . . . . . . . Dry nasal passages at. night. 
Dry throat in mornings ••••••• . . . . . . . . . . . . . voice is better ••••••••••••••• 
Upper range not as loose as usual •• 
Nasal congestion •.••••• 
Chapped lips •••••••• 
Sore throat •••••••••••• 
Don't fatigue as much. 
No allergies ••••••••••••• 

. . . . 
. . 

Low habitual pitch in mornings. 
Voice cracks occasionally .•• . . .... 

. . . 

Congestion ••• 
Laryngitis ••• 
Headaches •• 

. . . . . . . . . . . . . . . . . . . . 

. . . 
. . . 

. . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I Nbr. of I 
Responses 

--1 .... 6--\ 
. . 

. . 

. . 

10 
9 
7 
5 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 

. . 
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TABLE 6: WORKING CONDITIONS OR VOCAL DEMANDS WHICH MAKE THE VOICE 
VULNERABLE TO FATIGUE OR STRAIN (1984 Questionnaire) 

N=36 

DESCRIPTIVE TERM Nbr. of 
Responses 

Dress renearsals and preview 9erformances •.•.. 
Long working hours of talking •••••••••••••••.• 
First week of rehearsal •••••.••••••••••••••••• 
sustained high-energy vocal production •••••••• 
Technital rehearsals •••••••••••••••••••••••••••• 
Large role •••••••••••••••••••••••••••••••••••• 
working over a gr~at deal of background noise. 
Getting off book •••••••••••••••••••••••••.•••• 
Doing two shows per day ••••••••••••••••••••••• 
Use of demanding character voice •••••••••••••• 
use of accent or dialect ••.••••••••••••••••••• 
First time onstage in each show ••••••••••••••• 
Striving for new emotional levels ••••••••••••••• 
Screaming, shouting ••••••••••••••••••••••••••• 
Having to sing in addition to acting •••••••••• 
Outdoor performance ••••••••••••••••••••••••••••• 

8 
4 
4 
3 
3 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

. . 
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TABLE 7: OTHER FACTORS AFFECTING VOCAL CONDITION (1984 Questionnaire) 

N=36 

I I ------------------0-E_S_C_R_I_P_T __ I_V_E __ T_E_R_M------------------~ Nor. of j' 

Responses 

--------------------------------------1 I Inadequate sleep detrimental to voice ••••••••• I •• 14 • ·I 
Lots of sleep beneficial to voice ..•..•••••••. j .. 11 1 

voice work or warm-up daily beneficial to 
voice ••••••••••••••••••••••••..••• • • • • • • • • • ·I · · 7 

Winter cold and dryness necessitate more 
warm- up. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Cutting down on dairy products good for sound. 
Smoking or inhaling others' smo~e is 

7 
6 

detrimental ••••••••••••••••••••••••••••••••••• 5 
Healthy, light diet is beneficial to voice.... 4 
Lots of water beneficial to voice ••••••••••••••• 4 
Seasonal allergies affect voice ••••••••••••••••• 4 
Alcohol makes voice worse or throat raw....... 3 
Exercise is beneficial to voice ••••••••••••••••• 3 
Menstrual cvcle affects voice................. 3 
Nerves and ;pset are detrimental to·voice..... 3 
Steam or humidity good for voice.............. 3 
Cold, damp air is detrimental ••••••••••••••••••• 3 
Nuts and chocolate adversely affect sound ••••••• 2 
Going from cold to hot or vice versa.......... 2 
One glass of wine with dinner beneficial...... 2 
State of health directly related to voice..... 1 
Matinees are easier on voice than evening 

performances •••••••••••••••••••••••••• ·• • • • • • • • 1 
Late-night drinking is bad the next day....... 1 
Not cooling down after strenuous performance 

. . . . 

. . I . . 

. . 

is bad •••••••••••••••••••••••••••••••••••••••• 1 •• j 
Hot and warm weather makes voice loose •••••••• , •• 
Night air after a demanding performance is bad •• 

1 ., 
J. 

Fog is beneficial •••••••••••.••.•••••••••.•••.•• 1 
Dry air is detrimental •••.•••••••••••••••••••••• 1 
Full stomach is bad for the voice............. 1 
Hunger creates problems with the voice........ l 
Cold desserts with dinner are bad for voice... 1 

. . . . 
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positive ones and fell into the following categories: 

a) Sixteen of the actors responding experienced a 

shortness of breath when they first came to Denver. Five of them 

reported that this occurrence was temporary, lasting only a week 

or two. A similar number of them (5) reported the that the 

shortness of breath was noticeable only when they were exerting 

themselves physically. 

b) Ten of the actors responding felt more fatigued in 

Denver than they had felt where they lived before. A number of 

them (4) reported that this occurrence was temporary and seemed 

to last only a week or two. 

c) A number of the negative sensations experienced by 

newly-arrived actors appear· to be associated with the relatively 

low humidity levels in Denver. Nine actors reported a very dry 

throat upon waking up in the morning. Seven actors reported that 

the nasal passages in particular felt very dry, and two reported 

chapped lips. 

d) Medical symptoms which may be related to the Denver 

relocation included congestion (1), headaches (1) 1 nasal 

congestion (2) 1 sore throat (2), and laryngitis (1). 

only two of the actors reported a positive response to 

the Denver relocation. They felt that their voices sounded 

better in Denver than they had elsewhere. One reported that his 
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voice was not fatiguing as much as it had been in California, and 

one reported that Denver seemed to be better for his particular 

allergies than Los Angeles had been. 

In a future study, it would be of value to compare the 

above responses with those of a general population relocating 

into the Denver area. 

2) Feelings associated with Optimal Voice Production (Table 1) 

In both the pilot and the more extensive open-ended 

questionnaires, members of the acting company were asked how they 

feel when the voice is at its best. vocabulary used to respond 

to this and other questions seems to be related directly to both 

the extent and the type of training which each actor had 

experienced in the past. For example, some of the actors 

interpreted this question to refer to mental feelings or 

emotional responses to their own voice; others dealt with 

physical sensations. Many actors offered both types of response. 

a) General Sensations 

Nine actors described themselves as alert or energized 

when the voice was at its best, and four said they felt generally 

rested. Two actors described themselves as feeling generally 

healthy and fit, one adding that the voice didn't fatigue as 

easily when it Has in its best shape. Six actors described 
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themselves as feeling Pcenteredp, one as confident, one as happy, 

and one as calm. Five more said that the voice felt strong when 

it was at its best. 

b) Specific Sensations 

Thirteen a9tors remarked that when the voice was at its 

best, they were unaware of it and of the vocal mechanism, seven 

more adding that there was no catch or tightness in the throat as 

they spoke. One felt a warmth in the throat itself, and two 

others reported feeling moist in the throat. Finally, two of the 

actors reported that the voice warmed up easily when it was at 

its best. 

c) Feelings Associated with voice Production 

sixteen of the actors remarked t'hat when the voice was at 

its best, it felt released, open, flexible, responsive, or free 

throughout the range. Fifteen were aware of a great deal of 

vibration, with nine more remarking that the voice seemed to be 

coming from the entire body. Five were aware of a feeling of 

power from the midsection, one feeling that projection was really 

good. Five felt that they were able to breathe m~re deeply or 

easily, and sixteen of them sensed an effortlessness or an 

effortless projection. One remarked that he felt highly 

communicative, and four others felt a direct and unobstructed 

connection to their emotions when the voice is at its best. 
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d) Summary 

For these actors, the best voice production is associated 

with feelings of two basic types: physical sensations, and 

mental or emotional responses to (or interpretations of) these 

sensations by the actor. In general, best voice production 

appears to be associated with a feeling of good health and 

increased energy. The actor reports being unaware of the voice 

or the mechanism. The voice feels released, open, flexible, 

responsive, free, or as if it were emanating from the whole body. 

And there seems to be no sense of excessive effort connected to 

the act of communication. 

3. The Sound of the Voice at Its Best (Table 2) 

---~------------------------------

Acting company members were also asked to describe the 

sound of the voice when it is at its best. Generally, their 

responses described the sound itself, the resonance of the voice, 

and the relationship between these and vocal range. 

a) Characteristic Sound 

Ten actors described their best voice as sounding clear. 

Six more said that the sound was clean, with no cracking._ Four 

others described the sound as free or open. Three referred to the 

sound as fluid or smooth, one of them describing it as a "flowing 

river". · 
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b) Resonance 

Sixteen of the actors called their best sound resonant, 

five indicating that resonance extended throughout the range when 

the voice is at its best. Twelve described the best tone as 

full, mellow, round, or deeper than usual. Seven others 

described a sound which was focussed, or had a ping, or was 

bright, tenorish, or young. 

c) Range 

Five of the actors felt that their best voice functioned 

over a wide range. One observed that when he was in his best 

voice, his pitches were very accurate. Three said their 

registers blended very easily, and three others remarked that 

their high pitches were clearer and easier to sustain when the 

voice was at its best. 

Four of the actors felt that the voice is easily 

controlled when it is working well. Two others remarked that the 

best voice was loud. One actress remarked that her best voice 

made her feel a bit vulnerable and that this was just a bit scary 

to her. 

d) Summary 

For these actors, the best voice seems to be 

characterized by the perception of a clear, clean tone, free of 

cracking and resonant throughout a larger-than-usual range. To 
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the actor, the sound seems full, mellow, or deep. 

4. Feelings Associated with Tired or Less-than-Optimal Voice (Table 3) 

A large number of physical sensations and emotional 

responses were provided by the actors to describe the way the 

voice felt when it is tired out by strenuous use or is not 

working at its best. One actor very descriptively compared his 

experience to "running an engine and constantly having to tune it 

at the same time". The feelings described by the actors related 

botn to physical sensations and to an awareness of effort when 

producing voice. 

a) Physical Sensations 

Six of the actors described themselves as generally 

physically fatigued when the voice was not working at its best, 

and five others described the fatigue as being located 

specifically in the throat. seven of the actors remarked that 

they were more aware of the voice and of the mechanism when the 

voice was tired out by strenuous use. 

Six actors felt a scratch or a tickle in the throat; 
-

three more described the back of the throat as "catching". Three 

described the throat as rough, and another six noticed a burning 

sensation in the throat or on the soft palate. Three described 

the sensation as a "sore throat" and another three noticed a pain 
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or an ache in the throat. Four observed that the throat was very 

dry, and one was aware of a cough. 

Sixteen of the actors described the feeling in their 

throat as constricted, tense or tight, and four more described 

the voice produced by the throat as trapped. One commented that 

his tongue felt really large and two more detected some 

difficulty swallowing. Three described a feeling of thickness or 

of the throat being clogged. Two observed excessive phlegm, 

another observed that his cords felt "coated" when his voice was 

very tired, and three actors noticed that they needed to clear 

the throat a lot more than usual. 

Two of the actors observed accompanying neck and shoulder 

tension at these times, and one noticed that the rest of the body 

tended to compensate for the lack of ease in the throat area. 

b) vocal Production 

Nine actors described the voice as feeling inflexible, 

unresponsive, lethargic, or heavy, one adding that at such times, 

it takes a while for the voice to finally warm up. Twenty actors 

remarked that it was an effort to produce voice or to project, 

that they felt strain and had to force to get the voice out. 

Three noticed a reduction of range and one felt a loss of 

control when the voice was tired or not working at its best. 
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Three noticed that they needed to concentrate much more in order 

to produce voice. Two felt they needed more air at such times, 

and three felt as if they were out of breath or gasping. 

Finally, three actors indicated a sharp reduction in 

vibration in the body itself, and one observed that at such 

times, he tends to be very unsociable. 

c) summary 

For many of these actors, a feeling of fatigue, either 

general or confined to the throat area, seemed to accompany a 

tired voice. A number of the ·actors are more aware of the voice 

and the vocal mechanism at these times; specifically, they were 

aware of some negative sensations in the throat itself and a 

general sense of constriction or tightness in the area. 

The voice emanating from this mechanism felt inflexible 

and unresponsive. Many of the actors found that it required a 

great deal of effort to produce sound or to project it 

effectively. 

5) The Sound of the Tired Voice (Table 4) 

Responses to this particular question reflected an 

awareness of effort and some difficulties in control, changes in 

the quality of the voca~ tone produced and in the habitual pitch, 

and reduction in pitch and intensity ranges. 
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a) Effort and Unpredictability 

Ten of the actors belived the voice was harder to produce 

and to sustain when it is tired or not working at its best. 

Three found the voice harder to control at this time. For nine 

of the actors, the sound seemed constricted, strained, tense, or 

pinched. Higher pitches are difficult or forced for four of 

them, and fourteen of the actors are aware of cracking, breaks, 

or catches in the tired voice. 

b) Vocal Quality 

Twelve of the actors reported that the sound of the voice 

is colorless, dull, flat, or grey. Five said they were hoarse, 

eleven said that they were raspy, and three found their voices to 

be harsh or to have a rough edge. Four of the actors'described 

their tone as gravelly and two used the term scratchy. Two 

reported a huskiness, one particularly in the low register. One 

described a muffled tone, another described a persistent fog 

(sic) in the voice, and two called the sound throaty. One actor 

described the voice as thinner, another as weak, and two said the 

voice got breathy when they are tired. Finally, two actors 

described the voice as being more nasal when it is not working at 

its best. 

c) Pitch and Range 

Eight of the actors observed that their habitual pitch is 
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lower when the voice is tired. Four found less volume in the 

lower register. Five found that their range is reduced. Two 

felt they lose high pitches or their upper range, and one 

described a loss of the middle register. 

d) summary 

For a number of the actors, the voice when not working at 

its best is harder to produce and to sustain. The sound of the 

voice is either constricted and strained or dull, flat, and grey. 

For many, there is cracking, breaks, or catches; for others, the 

sound is raspy or rough. 

Habitual pitch seems to be a bit lower, and for some the 

range is either reduced somewhat or contains some problem areas. 

6) Rehearsal and Performance-Related Conditions Affecting the Voice 

(Table 6) 

Actors identified certain times during the rehearsal and 

performance periods and certain vocal usages which they felt 

directly affected the voice. 

a) Rehearsal and Performance Demands 

Without identifying specific times, four actors felt that 

long working hours of talking, rehearsal and performance have a 

deleterious effect on the voice. Four others felt that the first 

week of rehearsal is a particularly vulnerable time for them 

because of the newness of the situation, the effort which they 
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put into rehearsal at that time, and the mental or emotional 

confusion they experience when not yet comfortable with what they 

are doing. 

Eight actors felt that dress rehearsals and previews are 

their worst times, because of the long working hours and tension 

build-up right before opening night. For three, the days of 

technical rehearsals are a problem because of the long hours, 

mechanical tasks, and repetition. It is interesting to note 

however, that not one actor participating in this study stated 

that opening night is a time of particular vulnerability for the 

voice. 

For three of the actors, being ca~t in a large role 

produces a tendency to overwork and may cause some vocal 

difficulties. One actor mentioned that the first time onstage 

(as opposed to working in the rehearsal hall) is difficult. 

Another observed that getting off book (i.e. learning the lines 

by heart, putting the script down) is a particularly dangerous 

time for him. One actor said that two shows per day put stress 

on his voice, and one found outdoor performances particularly 

difficult. 

b) Particular vocal Demands 

seven of the actors observed that when they are forced to 
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put forth sustained high-energy vocal production--because of the 

needs of the role being played or because they are either working 

over a great deal of background noise or screaming or 

shouting--their voices suffer consequences. Two actors observed 

that when they use a demanding "character voice" they tire more 

easily, and one felt that using a dialect or a foreign accent has 

the same effect. One observed that striving for new emotional 

release is taxing for him vocally. For one actress, singing 

provided more difficulties than acting. One had some vocal or 

breathing problems as a result of heavy physical exertion (i.e., 

a strenuous swordfight), one felt that an overuse of hard glottal 

initiation is invariably responsible for vocal fatigue, and one 

observed that when he is not breathing properly, the voice is 

more likely to fatigue both in rehearsal and in performance. 

7. Additional Factors Influencing the Actor's Voice (Table 7) 

a) Sleep 

Twenty-five actors reported either that a lot of sleep is 

beneficial to the voice or that inadequate sleep is detrimental 

to it. 

b) Diet and social Habits 

Four of the actors observed that drinking a great deal of 

water is beneficial to the voice, while four actors reported that 

a healthy, light diet is beneficial. Six actors believed that 
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cutting down on dairy products is good for the sound of the 

voice, while two actors reported that nuts and chocolate have a 

detrimental effect, and one reported that having a cold dessert 

with dinner affects his vo~ce negatively at evening performances. 

one actor reported that working on a full stomach is very 

difficult, and another observed that performing when hungry has a 

negative effect on her voice. 

Three actors reported that the use of alcohol makes the 

voice worse and one found that late-night drinking produces a bad 

effect on his vocal work the next day. On the other hand; two 

actors reported that, in their experience, a single glass of wine 

with dinner has a beneficial effect on the voice. 

Five actors found that smoking or inhaling others' 

cigarette smoke has a deleterious effect on the voice. 

c) weather and Environment 

seven actors reported that winter cold and dryness is 

detrimental to the voice. One actor reported that dry air at any 

time of the year has a ~bad effect on his voice, and cwo others 

reported that going either from cold to hot or from hot to cold 

environment is deleterious. One actor found that going out into 

the night air right after a demanding performance affects the way 

he sounds the next day. 
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Four actors reported that steam or humidity or rain or 

the presence of fog is ·beneficial, although three others felt 

that cold, _damp air is detrimental. And finally, one actor 

reported that hot a~d warm weather makes his voice loose. 

d) warm-Up and Conditioning 

Seven actors reported that daily voice work or a 

pre-performance warm-up is beneficial to their vocal performance. 

Three actors found that a regimen of regular physical exercise is 

beneficial. One actor found that not warming down gently after a 

strenuous performance interferes with his vocal effectiveness on 

the following day. 

e) Medical Factors 

Two actors reported that their general state of health is 

always directly reflected in the sound of the voice. Four actors 

reported that a general state of emotional turmoil or nervousness 

will definitely affect the voice. 

Four actors reported that spring was a problem time 

because of their allergies. Three women found that their voices 

are noticeably affected by either pre-menstrual tension or by 

their menses, and two diabetics reported that their general blood 

sugar level is directly related to dryness in the mouth and 

therefore affects the voice as well. 
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f) Chance 

And finally, two actors reported that sometimes the voice 

sounds and feels good under the worst situations while feeling 

and sounding "positively awful" after they've done all of the 

right things! 

CONCLUSION 

This preliminary report is one part of a more extensive 

study dealing with professional actors' perceptions of the voice 

under a number of different conditions. 

On the basis of actors' answers to the open-ended 

questionnaires completed during both the 1983-84 season and the 

1984-85 season of the Denver Center Theatre Company, a number of 

conclusions may be formulated. On the basis of the number of 

actors who responded at length and the large number of 

descriptive terms they employed in those responses, it may be 

concluded that: 

1. Professional actors working in repertory theatre seem 

to be relatively aware of the status of the voice, both when it 

is functioning at its best and when it is tired or deficient. 

A. Bar Graph 1 indicates the percentage of 

actors who offered terms within sub~equently deduced catagories 
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FACTORS 

SHADING KEY: A. ~ VOICE AT ITS BEST 

s. ~1 VOICE WHEN TIRED OR NOT WORKING ?ROPERLY t/.-i :a.-.. 

F.~CTORS KEY: 1. V 1 BRATt ON 
A. S'fHPATHETtC VIBRATION, VOICE E.-..ANATING FROM 'nHOLE BODY 
B. ABSENCE OF VIBRATION ;N BODY 

2. RELAXA Tt ON 
A. RELAXED, RELEASEn, CPEU, LOOSE 
B. STRAIN, TENSION 

3. FATtGUE 
A. 81ERGIZED, ENERGETIC, STRONG, RESTED 
8. PHYSICAL FATIGUE, THROAT FATIGUE 

4, EF~ORT 
A. EF~ORTLESS PRODUCTION At:D/OR ?RC.JECTICN 
B. EF~ORT TO PRODUCE AtiO/OR TO PROJECT 

5, AWARENESS 
A. UNAWARE oF 'Ia 1 ce AND MEcHNA 1 s;., 
8. t10RE A~IARE OF VoICE AND i'1ECHAN Is:., 

6. PLEXIBILITY 
A. FREE~OM, RES?ONSIVENESS, FLEXIBILITY 
B. TRAPPED, UttRES?CNSlVE, LETHARGIC, INFLEXIBLE, HEAVY 

7. CONSi~ICTtON 
A. No CATCHING OR TIGHTNESS IN THROAT 
3 I i: GHTNESS I CATCH l~iG, CONSTR l CTI ON 

3, THROAT SENSAiiOM 
~. MOIST, ~ARMTH IN THROAT 
J• TICKLE, COUGH, ~OUGHHESS, SCRATCH, DRY, BURNl~G :N THROAT, 

SORENESS, ?At~, ACHE 

9. 07HER 

185. 
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that describe "the feel of the voice at its best" or the feel of 

the voice "when tired or not working properly". The bars in the 

graph can be read in the following way: For example, for the 

first factor "vibration", approximately 44% of the 55 actors 

indicated that when they felt the voice was at its best, they 

felt sympathetic vibrations or felt 'that the voice emanating from 

their whole body. Furthermore, very few (about 2%) of the 55 

actors used words that related to body vibrations to describe the 

feel of the voice when tired or not working properly, and the 

comments concerned the absence of such vibrations. 

As Bar Graph 1 illustrates, the voice at it~ best seems 

to be felt by these actors as accompanied by a great deal of 

sympathetic vibration, and as relaxed or open as .opposed to tense 

or strained. Many actors sense an effortless production and a 

feeling of strength and energy. When the voice is tired or 

deficient, on the other hand, a number of negative sensations are 

felt in the throat, and effort seems to be needed to produce or 

release the voice, which is felt as trapped or inflexible. 

B. As Bar Graph 2 illustrates, the sound of the 

voice at its best seems to be perceived by many professional 

actors as clear, clean, resonant, mellow, or smooth. When the 

voice is tired or not working properly, on the other hand, a 

large number of noisy or aperiodic elements are noted, and the 
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FACTORS 

SHADING KEY: A ·I I vo [ CE AT [ TS BEST 

FACTORS KEY: 

B. f_j~1 VOICE WHEN TIRED NOR NOT WORKiNG PROPERLY 
r .z1' .-s . 

l. ROUGHNESS 
A. CLEAR' CLEAN' S."100TH I ~0 C~ACK I NG 
3. RASPY, ROUGH EDGE, HOARSE, GRAVELLY, SCRATCHY, HARSH 

THROA7tNESS, HUSKY, FoG, MUFFLED, FROG 

2. RESONANCE/CONST~tCTION 
A. RESONANT .. FOCUSSED 
8. PINCHED, CONSTRICTED, TENSE,~ STRAiNED, i10RE NASAL, 

BREAKS OR CATCHES, CRACKS 

187. 

3. RESONA~CE/FULLNESS 
A. MELLow, FuLL, S!H GHT, RouND, DEEPeR, PING, Louo, TENOR t sH 
8. GREY, DULL, FLAT TONE, LESS 'fiBRATION, COLORLESS, ~HEAK, 

lESS 'IOLU:'1E IN THE LC\'lER REGISTER, THINNER, BnEATHY 

il, CONT~OL 
A. E.~SILY C:JNT~CLL=D, REGISTERS BLE~IO EASILY 
3. :-lAROE~ TO ?F.CDUCE ~NO/OR TO SUSTAW AiiO/CR To CCNTP.OL 

5. RANGE 
4, ~IDE RANGE, PrTCHES V~RY ACCURATE 
3. .~EDUCED ~ANGE, LO'IfER PITCH, HIGH PrTCHES f=ORCEiJ OR L'JST, 

Low Pr rcHes HusKY, Loss oF :1ri)OLE REGI Si'ER 

':lo OiHER 



188. 

actors seem to hear raspiness, roughness, hoarseness, 

constriction, catches, or breaks. It is interesting to note, on 

the basis of a trend indicated by Bar Graph 2, that the 

professional actor seems to be more able to describe the negative 

aspects of the sound. of his voice than the positive aspects. 

2. In addition, as summarized in Bar Graph 3, some of 

the actors have identified certain working conditions or vocal 

demands which they feel have a direct effect on their vocal 

performance. A notable number of them indicated that sustained 

high-energy vocal production and/or having to work over a great 

deal of background noise are important factors. Others 

identified the period of dress rehearsals and previ~w 

performances as a time when the voice seems particularly 

vulnerable to problems. None of these actors identified opening 

night, however, as a time when the voice is particularly 

vulnerable to problems. 

3. And finally, a number of the actors indicated that 

there are other factors which affect their vocal performance 

either positively or negatively. As illustrated by Bar Graph 4, 

these factors include amount of sleep, voice exercise, 

atmospheric environment and diet. 

This study will be followed shortly by a paper reporting 
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SAR GRAPH 3 · · 'iOCAL JE:~AriDS ~R 'f'iORK rNG COND I i! ONS 'o~~H I CH 

FAiiGUE OR STRAIN THE VOIC~ 
U~osr ~REQUENiLv-Occ:.~RR tuG Res?ottsc:s u~ SAMPLE oF 36 AcroRs 1 

40-T------------------------------------------------

1 -~ ... 4 6 

FACiORS 

~ACiORS l<EY: Y9.&& 0Ei'1ANOS 

l. susTA wen H r GH·E.'&ERGY vocAL. PRocucT! o~, URGE Ro1.a 1 

'.'ioRKHtG oveR A GRE.o\T De.ll.l. cF SAc:<GRCuNo NorsE~ 
USE OF DEs'1ANOlNG "CliARACiE~ VOICE", Sc~EAMtNG~ 
SHOUi1NG 

2. ORES~ REHEARSAL.S ..1:~0 ?~E'I l E"rl PE::tFORMAtiCES 

3. LONG WORK!NG HOURS OF TAL.l<IriG, T',o40 SHOWS f\ DAY 

4. F t !\Si WEEK OF ~EHEARSi\l. 

,, i£CHNtCAL. REHEARSA~ 

~. OiMER 
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BAR GRAPH 4: OTHER FACTORS AFFECTiNG VOICE 

[MOST FREQUE~TLY-0CCURRING ~ESPONSES IN SAMPL~ OF 36 ACTORS] 
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SHI\O!NG KEY: 

1 3 5 6 

1 r BENEFICIAL FACTORS 
Y..,:=:l 
r.,.~ ... ~ DETRIMENTAL FACTORS 
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FACTORS 

FACTORS KEY: ~ENEFICIAL FACTORS 
l, A GREAT DEAL OF SLEE? 

2. VOICE WORK~ DAILY VOCAL WARM-UP, PHYSICAL EXERCISE 

3. HEALTHY, LIGHT DIET; 0RWKING A GRE.c\T DEAL OF WATE~ 

4, STEAM, HUMIDITY, WARt_, OR HOT WEATHER~ FOG 

5. OTHER 

DET~IMENT~L FACTORS 

6. INADEQUATE SLEEP 

7. WINTER COLD AND DRYNESS; COLD, DAr-1P A I R; GulNG F~OM 
TO HOT OR VICE VERSA 

3. ~XCESS OF DAIRY PRODUCTS, ALCOHOL, NuTs, CHOCOLATE 

9. SMOKING, I NHAL! tiG OTHERS I CIGARETTE SMOKE 

10. SEASONAL ALL.ERGIES 

11. :rlENSTRUAt. CYCLE 

12. ~ER'IOUS:iESS CR Et-~OT 1 ONAL UPSET 

13. OTHER 

CoLD 
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the results of the closed-ended questionnaire which was designed 

on the basis of the results reported here. These two studies, in 

combination, will have a very important twofold function: 

1. They will serve to provide appropriate vocabulary for 

outside professionals--physicians, voice therapists, artistic 

directors, producers, and the like--working with actors on a 

regular basis, and 

2. they will let professional actors know that problems 

do arise on a fairly regular basis and can be expected. 

Later papers to be published from this same general study 

will consider relationships among factors in each actor's 

history; demands of casting, rehearsal, and performance through 

the 1984-85 season; and the occurrence and degree of severity of 

any vocal problems encountered by the actors. 

The long-range study will provide us with a documented 

and relatively accurate picture of aspects of the professional 

actor's life and work which affect the voice. It will also 

prepare us to undertake a series oi~more specific studies which 

will provide much-needed documented and quantified information on 

the voice of the professional actor. 
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FOOTNOTES 

1. Dr. Wilbur James Gould is the Director of the Recording and 
Research Center at the Denver Center for the Performi:ng Arts. 
or. Raymond P. wood, Jr. is a Research Associate at the Recording 
and Research Center. 
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APPENDICES 

Appendix A: 1983 Open-Ended Questionnaire 

Appendix B: 1984 Subject/Perfo~er History Form 

Ap9endix C: 1984 Subject Consent Form: Exploratory Study of Voice 
in Professional Actors 

Appendix D: 1984 Open-Ended Questionnaire: Professional Actor 
Vocal Self-Assassment 



Appendix A: 1983 Open-Ended Questionnaire 194. 

~ovember 10, 1983 

Jear !c:i~g Company Memoer, 

~e first !:la.jor study unde~a.ken by the aecordi!16 and. :a.esea.rc.h 
Ce~ter ot tlle DCP.&. will deal w1 tll vocal fatigue in actors. You can 
oe ot real a.ssis'tance to us in our !1nal pla.:c.ning stages for the 
~et~odologr, it you would take jus~ a tew mi~utes to complete t~e 
!ollo·~~g two desc:iptio~s: 

1) ?lease describe the ~ay you feel and sou~d when rour 
voice is in its bes~ s~pe. !n other words, ho~you ~ow 
(by sensation, or sound) t~~t your voice is as good as can be? 

2) ?lease describe the way you !!!l and ~ when rour voice has 
been tired ou~ by strenuo~s use. In other words, what s~ptoms 
or sig::1als (aural, phrsicaJ.) are you aware o! wb.ich let you :Coil 
that so:ethi:g is ~ot the war it saould be? 

?lease write clea.:lj ~d retu~ to 3o~e lapllael as soon as possiole. 
1~a:ks so :uc~ !~~ your coo~e:ation--more news of this studr soonl 

10~1) 11Th ~EEi CE-.vE~ CCLCit.t,CO 8020~ 11011 d91·.&200 



Appendix B: 1984 Subject/Performer History Form 

The Recording And Research Center 

calV"D ~i'J..:..q, !CR ':5 ~'C'CR-!:OlG .WS 

Voice Lal:c:at:::ty 

195. 

"'"'is ;~..::v:aticn s::eet is eesi;r.ed. to sa....-ve ~ ~· Fi--st, OJ=ii:.q cl'.e seas:n, 
i:! yc:u wish t= =ns:lt: 0\::' c::q:any otc.laJ:yrJ;Q~.s.:, ~ WCJ::'aticn ycu ~r.:N'ide •..r-ll 
;::eatly radl.it:ats tr~ ~s. Sao::r.d, if ~u C:.o:se to make yeursel: ava.i..lable 
::r ar~ are saJ..ected !.0 pa.~te i:l ~ o:f cu= resea.~ p:::~jec:-..s, ~i.is i:lf~atic::l 
can :a :=st effec:-..:i.vely i::=;cl:a-ce!. Please be ass:.:ed. t.."la-e all tn.is ir..:fccatic:n 
will ea scic:-...ly ~idert:ial and ..:.sed only fc:: <:l.i."1i=l. a.r.C. :esea::t ::u::;cses. 
't!"'.ank ~JCU t:c= .:i!OJJOr.q t..ill ::::en out ~letely ar.d. pr.::r.pt:l.y ar..C. rat:ul::li."'lq it 
tc SCnnia ~.a.e.l N:J ~ ~ CC!OBS lO, l984. 

~·s Cata~---------------------------

~=-------------------------------------------5~=-----------~e~=-------
~cal Ad~=-------------------------------------------------------------------
~o-,..e.~ ~ss: 

------------------------------------------------------
!ccal Telepr~ N~(------------------------~-~_nq S~-CS: ________________ _ 

Scc:ia.l Seo=ity ~=----------------~ ;.e.;,.; ::at:.:.c:r. (s) =---------

3:-o'l , =c; ·..r...ll ycu :e !;: t::e cenver a..""'Sa~ -------------------------------

TI:e Oenve:- C~t:r For TI-.e P~bmung ArtS 
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co;v.-:.::~ 

~J-2 

c-.:.e ·(;lease ~:L..:Y> __________________________ _ 

ecn•t :tr..cw_ eon•t s.L.~-
!o::' hew lor.q have you =em wo:<i...~ as a peeOJ:er? _______________ _ 

Ara ycu ;n:esent:ly er.qaqed i:l ct.~ ~aa.'lS Qf eT.pl~ as r,.;elJ.?. (pleasa ~..i..~) 

!!. E'cmilv alstort 

r 
I 

I CU--em: 
Fatr.er Mot.":.er S~'"tq Sibl..inq St:cuse 

Nama t I 
Yea: OI: 

I I I .:.i=-..b. or 
~-;..c.; 

~Taticz::~ 1 ; ~' I I I 
-=-e=·-:C.cn I I I C--r-leted 

Cc::-.::a ... .; en I I I 
Sta-:a oi I I I :ealt:l 
SI;SSCl/Voic:s I I I ~.....!:lsms 

~t:Jsical Em-1 
I 

~s,~ 
:L-at=rT 
:::-~e:nS I 

Sn:ke:? I I 
:·!:!::.~ i t 
s~~ 
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:~~~were~ ~? _____________ Where 'Me-~~~~? ______________________________ __ 

C"i!-7.r.ccd OLc:easas 
ar.d Ois:-~s 

).Irf se:icus sl:Ysic:::!.l injt"r' es (please irJ::i.cate what al:C! ~..en) ? _________ _ 

-~ ~-al cr ~~1 ~-:1~? ______________________________________ ~----------

).rf sr:r::;er:'J? P-lease .: "'C.; -:t:s · .. nee., s:u::;cse, ex:snt) --------------------
?.ex:val C: t:rs', s ailC aCa:cic!s: '.!es_ ~To_ ~1-.en _____________________ _ 

(""::TE'=, ~ -t::.:::-.s 2 
------------------------------------------------------------
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ct:er j~ pr-Jblcms? ________________________________________________________ _ 

;.r.t hi.st:::lrJ of r..ea.rt...nq or visual s:rcbJ.ar.s? Cs-;....ecif'J) _____________ _ 

Seight._ .................... Wei~~-------------
What? 5ow Muc.'l? ----- ---------------- ----------------

rorr~ lcr~?-------------------------------------------------------------
Co yo1 or <lid ~ ~ ••. n!c a.l.c:r.cl l:everai;es? ____ What? ____________ _ 

s:w tt:Uch? ___ _ 

Al:'a ycu ;:resently \lSi:q a:ey =e=eaticr.al d:t!qs? _ ~1la.t?_ ....................................................... _ 

Is u...ce ~t, LT-on"-=:-...snt = cc:=::asi cr.al? ___________________________ _ 

iet"..at? S::w im:Cl? -------------------- --------------------------

t-f.a.jcr E'ield cates! 
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~1tt.era? ~'lit.~ Wl".cn? 
---------------------------------------------- ------------------------

t~~? _____________________________________________ :cr ~~~ lcnq? __________________ __ 

·Ce_~~~----------------------------------------------------------------
=:valt:at:!.:n 

-------------------------------------------------------------------

ii:e...~? Wi-:.."1 Ya'lcn2 
---------------------------------------------- ------------------------

~~~~? __________________________________________ _.Fer hew lcoq? __________________ __ 

ee_~-t::!,cn 
----------------------------------------------------------------------------

~tic::l 
----------------------------------------------------------------------------

~/ ef'::ec-..s (positive or ne;ati-v-e) a1 yeo:: pr.asem: ~~----------------------

Whe..?""e? Wit:l w1'..cn? 
------------------------------------------- -----------------------

:;vta.,? :cr ~..cw !.cnc;? 
-------------------------------------------- ---------------------

c~~~------------------------------------------------------------------
~r.:.at:.on 

~-----------------------------------------------------------------
.~ ef:ac-..s (tx=siti·.;e cr c...~..:.ve) en yew: ~_sar.: ·~~ 

------------------------------

':-t,...s_-al Wi: Wb::m? 
--------------------------------------- -----------------------

;~.en~ E"cr :-~~ lc::-.q? 
----------------------------------------~ ---------------------
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Ces-~ 
~---------------------------------------------------------------

~'Cicn 
~----------------------------------------------------------------

~1 eE=c-...s (p:si~~;e or ~tive} en ~/Cur E=S-c::et'11! ·~: 
--------------------------

:ave yc:u eve:: l:eo...n tauc;nt, a:: c?..~ yc:u r..cw usi.~q ~ :=ar...i..""Ul.ar vcc:al, ~sic:al, 
:al.axai:i=, = m!nW exa:c:ises aa a ~ ·~= =shea:sal.a = s:ccz::oanc:as? I! 
so, please desc::i..~ !:xr'..eily t:.':s c:::r.tents ar.ci ~te lenc;t.~ <:f yc:u= ~~. 

~ ~....;_c,...ce: (I! you Ca.ve a c:t:U..-e.'lt rescre"' on file with. 1:!-.a Cemrer Cer.-...e:' 
f::: the l'e..·~=aorL-q Ar-...s, 52lea.se inCi.cate l:elcw, and TNe •u 1:e ha;py to use that. If 
::ct:, pl.ea..c::a scm:a.....-ize you: ~-aczr:ce ~ c"'oa l::el.c:w.) 
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}~/ e.v..cessive tm:c::US in t."-..e t:h..-:at? ~/ post:-c.a.sa.l d:j_;:)? 
~.ered with a Cr/ t:h:cat? ---CC~cu-c;ru.c~· ~.; q? 'rh...""Cat Cl'-=--ear:-:.nq!""'. ~1----
~ t:::cubla i::. S'...all.c:'..r.ir.c;? ~ pain, d!sc:::m.fore., or cCd feel...l:.qs in ti'".e 
C::.-....at'1 

--------------------------------------------------------------

t:::e of eay_ 
~ days~~~~~~~-~-~--.k~---------------------------------------------------------

~~e~-.--------------------------------------------------------c:ar-.; n t:im:!s of t.~ ye;Ir_ 

~~ fati~~ ----------------------------------------------

~~-----------------------------------------------------------------------;, ... ess 

~ve anx:unt ct '-1-cc:a.l usa 
~~~bles (please ~,-y_)~-------------------------------------------

Co yc:a r.ctic:e arr1 =a ~-=1 ems a£-~ ~...:q t!:m af:sr t~ 1'<:i:-q? (!f yes, then ~ ~~~) ______________________________________________________________ _ 

co. ~ =t:is:a alrf m:::s ~-.::l.ems a-4:ar aco...i:q than a....=te: jus; t!.l."C.:lq? (I! yes, ••an 
~ S?=C~~.) ____________________________________________________________ __ 

~o my par: .. -,, a- ~r:=arce lc~ cr :!:ea-:..-es pr.:v'...CS vcc:!l ci .:.::..; o:J.=.es f= 

~2---------------------------------------------------------------------------
~ ~~up, C::es it t::a.lca a~ e.r:' ycu: t!:cac 1:Q cl.ea:' up'1 I.f so, 

hew la:q OlSt ya. ~t2 co 1= eo ~ in ~ .. , ar to clear u; :~ ~ice? ________________________________________________________ _ 

ween is ~~ ~ice csually t:s bas:: ____________________________________________ ___ 
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l:o :JCU ::.cw, or Cid :rou in t::s ::asc: 
sc::a:c ar.tl/ cr shcm: hew much2 

------~---- ----------------------------:U:aitats SOllDis (cars, e"CC. J 
-----------------------------------------ta.l.k ttera t.~ a.veraqe 

cbee~Jead ~-------------------------------------------
;a:cticipats l.'"l a.ct:i,r...ties (e.g. SE=Qrt:S) witi.c."l ~-o.lve lct:ci or 
~ tal.'.dr.q 

sicq in a ~~ir --------~t~c-r~r~----~,~--~---------------------------
s~q sole__________ ~~ ci music. ________________________________ __ 

c:: c:nt:.ac: u!.cer) ? _____ __.tf yes, W'hat was t."!.e p...~L:m1 ______________________ _ 

~~~were you1------------------------------------------------------------
S::w lcr.q did yea have the ~...blen1 ___________________ _ 

Y..1lai: '..as the c:ause? 
---------------------------------------------------------

~'--------------------
w"hat t::eacec:t (~.f, s:...eeet ~e~, et::.) did ycu :eceive? ________ _ 

!: ycu had s;ee± t::.era;y or voice .-ac~ in.;r.q, for l".cw lalq? _________ ..... ___ __ 

was· the ~en allc:..,.,~..sd? ______________________ _ 

wi~ ~~ ~-SUlts: _________________ ................................... ----------------------------

~ ycu ~ of a=J =eqic:ral c:::-.a.r..c-..sr-St!cs in. ycu:. C'.lln· s;eec:!:l- ;:at-J<rCs. at ~~2 
~ yes, ~ es_~;e} ____ ..... ______ ..... ____________________________________ __ 
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!.s ~:..a."'"S a::y ct::ar voice ar.J!/cr speec.lo]. inic:r-aticn ycu wish to ?roviee wi'lic.:O,. t..~ 
~._ior.:a1 -s ::as r:c:: c=r.sie.e-~7 

-----------------------------------------------------

VI. ?.esea.:e.~ Pessibilities 

E.!."'Je ~ICU aver s:a:;-...i::i;at-ed as a St:bjer::: in a :asaa...~ ;:J:Oj~? (!f yes, l:rieJ:~Y 
c.esc::: -:..e • .... r.at, '.tt'he-""9, ar.C ~..en.) 

------------------------------------------------------

;lze ycu ~~in so...rr~q as a subject :or a ra-sear::h p:oject en :te per:ccer•s 
~ice ~ !:e c::r.Qlc-...ed he .. ""'e scm t:m o.::z:-;...:q tee o:m:ir.q seascn? {Ycu w'il.l be paid ::: ~~ ~~-) ________________________________________________________ _ 

'tt"~i( vcu. •;erJ a:cc:: f:% vo= t::i:re ar..ci ==e..~. Ple.a.sa ee ass-~-s:i t:!:.at all 
~-~ -i;• ... cat1 cn will ~·~ i:: t::e st::.'=-...ast d c:n..:~cer.c:e. 

Rev' ...sed { 4) 
ENai:CS 
~- 1984 



Appendix C: 1984 Subject Consent Form: Exploratory 
study of the voice in professional 
actors 

The Recording And Research Center 

SUBJECT CONSENT FORM 

EXPLO~~TOR~ STUDY OF VOICE !N PROFESSIONAL ACTORS 

E:<PERI!-tENTERS: Bonnie Raphael, Ph. 0. and Ronald Scherer, Ph. 0. 

You are being asked to participate in an experiment that 
studies the voice of actors. The study will examine relation­
ships between your responses to a vocal history questionaire, 
your own evaluations of your voice, and ongoing evaluations of 
your voice by the investigators during the theater season. 
You cay be asked to fill out certain brief voice evaluation 
forms during the theater season, and your short intervie\o~s 
with the theater voice coach (Bonnie) during the theater 
season may be used to acqu~re further information for the 
study. 

Your participation is voluntary, and there are no risks 
or direct benefits to'you because of your participation in 
this study. 

To insure confidentiality, information collected about 
you will be identified by a subject number and not by you~ 
n~~e. Only the investigators will have access to your infor­
mation. 

You are free to ask questions about the study or to with­
draw at any time. 

I have read the above description of the study, and confirm 
that my participation is voluntary and that my cooperation is 
given freely and without coercion. I hereby consent to take 
part in this research project. 

SIGNATURE OF SUBJECT DATE 

NITNESS 

Please complete this form as soon as possible, and return to 
Bonnie Raphael, or drop it in her mailbox on the third floor 
of the Police Administration Building. If you have any ques­
tions, please feel free to ask! Thanks very ~uch for your 
participation. 

The D!:!nver Cc:ntE:r For The Performing Arts 

~;·.:?~cere r:g sn-:: R~se.arr.~ Ccn!ar 12~5 C::amca Street Denver. C.:1oraoo 8020~ JOJ.' 693 JOOO 

204. 



Appendix D: 1984 Open-Ended Questionnaire: Professional 
Actor Vocal Self-Assessment 

205. 

The Recording .A.nd ReseD.rch Center 

PRO~ESSIONAL ~CTOR VCCAL SE~-ASSESS~~T 

Oea~ ~ctinq Company Ma~e:, 

~s ~art of ou: onqoi~q stuey of ~~e voice of ~rofessional actors, 
please wri~e clea=ly as you answe: ~of ~~e followinq questions. 
?lease return ~~e completed to~ to Bonnie Raphael at your very earliest 
convenience, but certainly no later than Mondav, November fi!th. Tha~~s 
verJ much. 

N~~=------------------------------------ DA~=---------------------------
l) 

2) 

3) 

I! you have just recently moved into ehe Oenve~ area, ~lease desc=~a 
any vocal, ~hysical, or respiratory chanqes of which you're aware 
which miqht be at~ibuted to this relocation. 

~lease desc:~e ~~e way you ~ and ~ when your voice is in its 
best shace. In other words, hew do you ~now (by sensat~on, by sound) 
~at you: voice is as good as can be? 

?lease desc:i:::e t..~e 'lla'Cf vou feel and sound when ,,our voice has been 
t~=ed out bv s~enucus-usa. or-IS not ~~q at lts best. I~ other 
words, wha~·s:rm~~oms or signals (hea=d, fe~t) a~e you awa:e of which 
let you knew that t.!le •toice is !'lOt t:.."le way it should be? 

t~o~ ~-~m~;:: answe: ~n o~e: sice) 
The D~en..."!ntar'F":.k • .. e r:ncrrmng nrtS 



5) 

6) 

7) 

206. 

Are ~~ere any par~icula: t~~es of the year, and/or t~es duri~g a 
typical rehearsal ~eriod, and/o~ particular rehearsal or perfo~~nce 
conditions which you feel ma~e your voice especially vulnerable tc 
fa~ique or strai~? (!!yes, chen 9laase desc:~e.) 

~:e ~~ere any o~~er.factors (e.q. amount of slaep, diet, weather, 
~·> which you feel directly affect your voice? 

What have o~~er people said to yo~ about you: voice? 

!s there anv ether infor.nation on these subjects which you would 
ca=e to add.to whac you've said above? 

T~ar-~s 7ery much for cem~leti:.q this fo~ and prcm~tly retu~inq it to 
3cnnie ~aphael. You c~~ mail i~ to me. c/o ~~e Conser7atory o: can qive 
it to ~e ~ person, bu~ please ~0 so by Monday, MOVamQer S~~. Tha~~s! 
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"AT RISK" FOR HUNTINGTON'S DISEASE: 
ACOUSTIC ANALYSIS AND eARL~ O!AGNOSIS 

Lorraine A. Ramig, Ph.D. 
University of Colorado, Boulder 

ABSTRACT 

Waveform and spectral characteristics were studied in the 
sustained vowel phonation of twenty individuals "at risk" for 
Huntington's disease. Results support subtle deviations in 
phonatory characteristics in one fourth of the "at risk" 
individuals; similar deviations were not observed ·in a control 
group. Implications for future research, including philosophical 
aspects of early diagnosis are discussed. 

(Work supported by grants from the American 
Speech-Language-Hearing Foundation, Heredftary Disease Foundation 
and the Council on Research and Creative Work of the university 
oE Colorado-Boulder). 
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INTRODUCTION 

HUntington's disease (or HD) is a chronic, degenerative 

neurological disease characterized by progressively increasing 

choreiform movements and mental deterioration (Hayden, 1981). 

The spontaneous, inappropriate, purposeless movement in all parts 

of the body is the most striking feature of this disease and has 

been associated with extrapyramidal system dysfunction (Chusid, 

1982). Darley et al., (1975) classified the charaqteristic speech 

of HD patients as quick hyperkinetic dysarthria of extrapyramidal 

system origin and speculated that the speech characteristics of 

these patients reflect "quick. involuntary movements and variable 

tone" in musculature importan~ for speech production. 

Of particular significance to the study of HD is that 50% 

of the "at risk" offspring of these patients will inherit the 

disease. (Hayden, 1981). Furthermore, symptoms usually do not 

appear until after the childbearing years. Petajan et al., 

(1979) rationalized, "given the hereditary nature of the disease, 

the motor abnormalities must be present in nascent form long 

before the usual age of diagnosis in the twenties or thirties" 

(p. 163). These researchers measured abnormalities of single 

motor unit (SMU) control in the first dorsal interosseous (a 

finger muscle) of 88% of the HD patients they studied and 55% of 
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the subjects "at risk". The HD patients could not achieve SMU 

control and bursts of chorea were frequent. In individuals "at 

risk", they observed small irregular, ballistic activation of 

motor units which they termed "microchorea" and excessive 

recruitment of SMUs associated with voluntary activity. They 

proposed that "microchorea 11 and the inability to sustain SMU 

firing may be physiological markers for HD in subjects "at risk" 

but without clinical signs. 

It is probable that bursts of chorea observed in HD 

patient's first dorsal interosseous muscles also occur in their 

laryngeal musculature. Such activity is one reasonable 

physiologic correlate for the percepts of "irregular pitch 

fluctuations and voice arrests" Aronson (1980) observed in the 

phonation of HD patients. Similarly, it is possible that subtle 

motor abnormalities may occur in laryngeal musculature of 

individuals "at risk" and could be reflected in acoustic measures 

of voice. 

It was based upon this rationale that Ramig (1984) began 

to study voices of HO patients and individuals "at risk" for HD. 

She observed the following disruptions in the sustained vowel 

phonations of HD patients: low frequency segments (abrupt drops 

in fundamental frequency of approximately one octave), vocal 
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arrests and reduced maximum vowel duration. She suggested that 

these disruptions may be manifestations of a continuum of 

choreiform involvement in laryngeal musculature which may 

parallel progression of the disease (functional staging; Shoulson 

and Fahn, 1979). Low frequency segments and vocal arrests were 

observed in earlier stages of HD; significantly reduced maximum 

vowel duration was observed in the later stages of HD. 

If this continuum concept is robust, it could be extended 

to individuals "at risk" for Huntington's disease. It could be 

predicted that certain of these individuals would demonstrate 

subclinical manifestations of phonatory instability as reflected 

in acoustic measures of phonation. Thus, this research was 

designed to study acoustic characteristics of sustained vowel 

phonation produced by individuals "at risk" for Huntirigton's 

disease. 

METHOD 

Twenty symptom-free individuals "at risk" for HD served 

as subjects for this study. seven were male, thirteen were 

female; they ranged in age from 22 to 62 years. One hundred and 

fifteen individuals without neurological disease or family 

history of neurological disease made up a normative control 

group. Seventy-three were male, forty-two were female; they 
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ranged in age from 2~ to 80 years. 

Subjects were seated in a sound treated booth (IAC-401-A) 

and fitted with a head band which suspended a condensor 

microphone (Sony ECM-21) 15 em in front of the lips. Voice 

signals were recorded by a Sony (TC-277-4) tape recorder located 

outside the booth. Recording level settings on the tape recorder 

were constant throughout data collection. Among other tasks, 

subjects were asked to produce three sustained phonations of the 

vowel /a/ for maximum duration and three sustained phonations of 

the vowel /a/ for comfortable duration. 

These recordings were analyzed in two ways. Initially, 

because the occurrence of phonatory disruptions (such as low 

frequency segments observed in HD patients) is unpredictable, a 

running analysis was made of oscillographic output of these voice 

signals (Seiman jet-spray oscillograph). All measures were made 

from hard copy waveform data (20 em/second for male data; 40 

em/second for female data) to allow discrete visualization of 

waveforms. Examples of low-frequency segments in a Huntington's 

disease patient and an "at risk" individual are presented in 

Figure 1 (A and B). For purposes of this investigation and to 

avoid confounding with laryngeal onset and offset behaviors, low 

frequency segments were quantified further only if they occurred 

after at least 250 msec of modal phonation and 250 msec preceding 
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?igure 1. · Waveform representation of 250 msec of 
sustained vowel phonation by a Huntington's 
disease patient (Figure 1-A) and 450 msec 
of sustained vowel phonation by an "at risk" 
individual (Fiaure 1-B). 
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termination of phonation. 

A second form of analysis allowed measurement of more 

subtle, cycle-to-cycle waveform characteristics (jitter and 

~himmer). Because .these acoustic measures have been reported to 

change with age (Ramig and Ringel, 1983), a subset of twenty-four 

speakers ranging in age from 25 to 75 years, was selected from 

the control group for this analysis. Each speaker's steadiest 

vowel was selected and digitized at 20,000 samples per second. 

From the mid-section of each vowel, two seconds of phonation were 

sampled and successive 2~ cycle windows were analyzed lor the two 

second duration by GLIMPES, a wavefor~ analysis program by Titze 

(1984). This windowing is illustrated in Figure 2. For "at risk" 

individuals, measurements were made on three successive 20-cycle 

windows which did not include previously observed low frequency 

segments. Measures of the following acoustic variables were 

derived from this analysis: jitter, shimmer and 

harmonics-to-noise ratio (Figure 3). It should be pointed out 

that increases in jitter (Yumoto et al, 1984) and shimmer (Koike, 

1968) and decreases in harmonics-to-noise ratio (Yumoto et al, 

1984) have been related to increased phonatory instability. 

RESULTS 

Quantification of low frequency segments in individuals 
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FIGURE 2 



FIGURE 3 

Perturbation Factors: <jitter and shi.'Mler) 

Harmonics-to-Noise Ratio•: 

H/N= N 1Tf~(t)dJi~ 1Tih(t)·~(t)rdt o I i o 

N f (t) 
where fA(t):i: _l_ 

1:1 H 
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•Yumoto, !: • , Gould, W. 3. , and Baer, T. (19 8 2) • "Har:nonics-to-noise 
:a t:io as an index o: the degree of hoarseness, " 3. Acoust. Soc. .'\rn. 
~1 1 1544-1530. 
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"at risk" and control subjects is presented in Table 1. For 

presentation in this table, a subset of the one hundred and 

fifteen member control group was randomly selected to reflect the 

age and sex characteristics of the "at risk" group. Inspection 

of this table reveals that for the "at risk" subjects, the 

incidence of low frequency segments was approximately eight times 

as great as that observed in this normative control group. 

Incidence of low frequency segments in patients with Huntington's 

disease was over one hundred times as great as that observed in 

the "at risk" subjects. 

The means and standard deviations of jitter, shimmer and 

harmonics-to-noise ratio for "at risk" individuals and the 

normative control group are·presented in Table 2. For 

presentation in this table, "at risk" data is compared to the 

normative control group, classified by chronological age. 

Inspection of these data reveals that while means and standard 

deviations of shimmer and harmonics-to-noise ratio overlap 

between the "at risk" and control.groups, the mean and standard 

deviation of jitter in the "at risk" group are almost double that 

observed in the control group. This is illustrated in Figure 4. 

Inspection of the ranges of these ~easures (Table 3) 

reveals that for shimmer and harmonics-to-noise ratio there is 



TABLE 1 

INCIDENCE OF LOW FREQUENCY SEGr1ENTS EXPRESSED IN PERCENT (RATIO 
OF NUMBER OF LFS PER TOTAL NUMBER OF VOWELS; LFS/VOWELS> 

217. 

CONTROL (N = 34} "AT RISK" (N = 20) HD PATIENTS (N = 8) 

9/204 (4%) 18/54 (33%) 102/27 (378%) 
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TABLE 2 

JIITER SHIMMER 

HD "AT RISK" 

N = 20 0.81 0.52 2.02 0.95 24.53 2.76 

CONTROL 

N = 24 

YOUNG 
i.71 (25-35) 0.45 0.26 0.91 25.97 2.53 

MIDDLE 
(45-55) 0.57 0.19 2.03 0.76 24.72 1.80 

OLD 
(65-75) 0.51 0.13 2.23 0.94 25.29 -1.49 
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FIGURE 4 
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HD "AR'' 

CONTROL 

JITIER 

0.20 - 2.21 

0.18 - 1.14 

TABLE 3 

RANGES 

SHIMMER 

0.46 - 4.67 

0.99 - 4.07 
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H:N 
30.68 - 18.57 

29.75 - 20.32 
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overlap between the "at risk" individuals and the control group. 

However, jitter values from five of the "at risk" individuals 

were beyond the jitter ranges of the control group. Two of these 

individuals had previously been identified as having low 

frequency segments (Ramig, 1984). 

CONCLUSIONS 

These preliminary findings support the hypothesis of 

increased phonatory instability in certain individuals "at risk" 

for Huntington's disease. The observation of low frequency 

segments in certain of these individuals extends the continuum of 

phonatory disruption observed in Huntington's disease (Ramig, 

1984). to include certain "at risk" individuals. While the 

laryngeal pathophysiology responsible for these observations 

could be "microchorea", it is premature to speculate until more 

extensive analyses are carried out. 

Furthermore, the significance of sucn vocal abnormalities 

in individuals "at risk" for Huntington's disease can only be 

determined relative to their carrier status. The recent ~enetic 

marker findings by Guscella et al., (1983) soon will allow 

identification of carrier status in these "at risk" individuals. 

Analysis of phonation in individuals with known carrier status 

will offer a unique potential to evaluate the significance of 
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such vocal abnormalities. 

In conclusion, we must keep in mind that the potential of 

early diagnosis of neurological disease is a tremendous 

responsibility. The ~ecent localization of the HD marker 

(Guscella et al., 1983} is a prototype for similar approaches to 

other inherited neurological diseases and as such raises 

questions of widespread significance. Harper (1984) recently 

questioned, "what proportion of individuals will opt for a 

predictive test, how will they be told if they carry the marker, 

should unborn children be tested, how can confidentiality be 

maintained, when is it the family rather than the individual that 

is the unit to be tested?" If voice analysis has the potential to 

~ake a contribution to early diagnosis of neurological diseases, 

voice researchers must begin to think about the answers to these 

questions as well. 
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Ingo R. Titze, Ph.D. 
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ABSTRACT 

225. 

Acoustic analysis of voices of patients with neurological 
disease may make significant contributions to early and 
differential diagnosis and measurement of disease progression. 
This paper presents a rationale for research in this area, as 
well as preliminary data from patients with myotonic muscular 
dystrophy, Huntington's disease, Parkinson's disease and 
amyotrophic lateral sclerosis. Results support the hypothesis 
that noninvasive acoustic analysis may offer information of 
clinical value to the otolaryngologist, neurologist and speech 
pathologist. 
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INTRODUCTION 

Voice analysis of neurologically diseased patients may be 

an important tool in early diagnosis, differential diagnosis, and 

measurement of disease progression and treatment success. While 

the perceptual skills of the voice pathologist frequently 

contribute to these goals (1, 2, 3), recently developed acoustic 

and physiologic analyses may provide more sensitive and reliable 

data on phonatory functioning (4, 5, 6). 

Only recently have researchers begun to apply acoustic 

and physiologic analysis to phonation of patients with 

neurological diseases (6, 7, 8, 9, 10) These few quantitative 

studies suppoct the notion that acoustic and physiological 

analysis may exceed the perceptual level of inquiry and provide 

valuable additional information to quantify phonatory 

characteristics relative to site or progression of neurological 

disease, or effects of surgical or neuropharmacological 

tr~atmeot. Establishing the relationship between phonatory 

analysis and these variables would be of great clinical as well 

as academic value to the fields of voice pathology, 

otolaryngology and neurology. 

The data presented here have been sampled from ongoing 



227. 

research projects designed to address the following question: 

can acoustic analysis of voice contribute to the diagnosis of 1) 

diseases of different neural subsystems? 2) systemic 

degeneration in neurological disease? and 3) subclinical 

manifestations of neurological disease? 

METHODS 

Subjects were seated in a sound-treated booth {IAC-401-A) 

and fitted with a head band which suspended a condenser 

microphone {Sony EMC-21) 15 em in front of the lips. Voice 

signals were recorded by a tape recorder {Sony TC-277-4) located 

outside the booth. Recording level settings on the tape recorder 

were constant throughout data collection. 

Among other tasks, each subject was asked to sustain the 

vowel /a/ for "as long as possible" at a comfortable frequency 

and intensity level. The same procedure was repeated using the 

vowels /i/ and /u/. All vowels were repeated three times. The 

entire task was repeated with subjects sustaining vowel phonation 

for a comfortable length of time. 

These recordings were analyzed in two ways. Inititally, 

a running analysis was made of oscillographic output of these 

voice signals (Seimans jet-spray oscillograph). To allow 
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discrete visualization of waveforms, hard copy waveform data was 

run at 20 em/second male data and 4~ em/second female data. In a 

second form of analysis, phonation was sampled from the 

mid-section of these vowels and digitized at 20,000 samples per 

second. Acoustic analyses (GLIMPES; 11) were carried out to 

derive the following variables, previously reported to be 

sensitive to phonatory instability: fundamental frequency, 

shimmer, jitter, and harmonics-to-noise ratio (13,14). 

Fundamental frequency is the number of vocal fold vibratory 

cycles per second. Jitter and shimmer are the cycle-to-cycle 

difference in time and amplitude respectively. 

Harmonics-to-noise ratio (12) reflects the relationship between 

the amount of periodic energy and noise per unit of time (Figure 

1). It should be pointed out that phonatory instability has been 

associated with increases in jitter and shimmer (13) and 

decceases in harmonics-to-noise ratio (14). 

Acoustic characteristics of phonation in patients with three distinct 

neural subsystem diseases. 

Acoustic characteristics of phonation were studied in 
-

patients with three distinct neural subsystem diseases: Myotonic 

1nuscular dystrophy, a lower motor neuron disease characterized by 

flaccid dysarthria; Huntington's disease, an extrapyramidal 

system disease characterized by hyperkinetic dysarthria; and 
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Parkinson's disease, an eKtrapyramidal system disease 

characterized by hypokinetic dysarthria. 

~30. 

Myotonic muscular dystrophy patients present with 

myotonia, muscular weakness and wasting (15). Changes in muscles 

of these patients include hypertrophy and fragmentation of muscle 

fibers, followed by atrophy and replacement by fat and connective 

tissue (16). Electromyographic recordings from limb musculature 

reveal reduced size of muscle action potentials, indicating loss 

of fibecs ~ithin a motor unit (16). While weakness in bulbar 

musculature is one of the earliest signs of this disease, to date 

there appears to be only one published paper focusing on speech 

characteristics of these patients (17). Clinical comments 

substantiate laryngeal involvement and typically describe these 

patients' voices as "weak and monotonous" (15), consistent with 

flaccid dysarthria. 

Patients with Huntington's disease present with "chorea" -

random, inappropriate bursts of tnotoc tlnit activity that result 

in twitches or jerks and excessive recruitment of motor units, or 

overflow of motor unit activity during voluntary movements (18). 

Atrophy has been observed in caudate nucleus, putamen and 

striopallidal nerve fiber bundles, with subsequent release oE 

pallidal and thalamic activity (19). While the etiology and 
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pathogenesis of this disease remain unknown, recent findings 

reveal selective depletion of neurotransmitter agents, such as 

GABBA, in the striatum (19). Clinical perceptual observations 

report dysarthria as an early symptom which gradually increases. 

However, only within the past few years have researchers begun to 

study the speech of these patients (21, 22). Voices of 

individu~ls with Huntington's disease have been described as 

"intermittently harsh and strain-strangled" (2). 

Parkinson's disease patients present with tremor, 

muscular rigidity and akinesia (19). These characteristics 

reportedly result from deficiency in dopamine due to disease, 

injury or dysfunction of the dopaminergic neuronal system (19). 

Studies of the extremities suggest that these patients have 

difficulty initiating, sustaining or shutting down individual 

motor units (18). It has been reported that units recruited with 

more than minimal muscle contraction often tend to fire in small 

groups at tremor frequency (18). Dysarthria, a common symptom of 

Parkinson's disease, is attributed in large part to marked 

limitation of range of movement in speech musculature (1). 

voices of these patients have been described as "reduced in 

loudness, breathy and tremulous" (2). 

There is little data .on the laryngeal pathophysiology 

responsible for the phonatory disruptions observed in these 
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diseases. However, based on the traditional approach (1, 2) which 

generalizes characteristics of limb pathophysiology to laryngeal 

function, one could predict distinct vocal characteristics for 

these diseases. For example, the observed limb pathophysiology 

in myotonic muscular dystrophy is weakness and wasting (15). 

These characteristics could be generalized to laryngeal muscles 

to explain the "weak, monotonous" (15) voices observed in these 

~dtients. The observed pathophysiology in limbs of patients with 

~~l(li:tngi:oo's disease includes random twitches and jerks (18). 

These characteristics could be generali~ed to laryngeal muscles 

to explain the "intermittently harsh, strain-strangled" (2) 

voices observed in these patients. Tremor , rigidity aod d k i q:~~ i,... 

characterize the limb pathophysiology in Parkinson's disease 

patients (19). If generalized to laryngeal musculature these 

characteristics could explain the "tremulous, reduced in loudness 

and breathy" (2) voices observed in these patients. This 

approach is summarized in Table 1. 

Sustained vowel phonation dat-a from one patient 

representing each disease group are presented in Figure 2 (B, C, 

D) . Visual inspection of these data, in comparison with the data 

from a control subject (Figure 2-A) , reveal distinct vocal 

patterns for each patient. Relatively large cycle-to-cycle 

disruptions in amplitude (shimmer) are apparent in the myotonic 



NEUROLOGICAL DISEASE 

MYOTONIC MUSCUALR DYSTROPHY 
-FLACCID · 

HUNTINGTON'S DISEASE 
-HYPERKINETIC 

PARKINSON'S DISEASE 
-HYPOKINETIC 

TABLE 1 

OBSERVED LIMB 
PATHOPHYSIOLOGY AND PREDICTED 
LARYNGEAL PATHOPHYSIOLOGY 

MUSCULAR WEAKNESS~ 
WASTING 

·RANDOM TWITCHES~ 
JERKS 

TREMOR, RIGIDITY~ 

AKINESIA 

233. 

PERCEPTUAL 
CHARACTERISTICS 
OF VOICE 

"WEAK~ MONOTONOUS" 
(15) 

"INTERMITIENLY 
HARSH~ STRAIN­
STRANGLED" C2> 

"TREMULOUS~ REDUCED 
IN LOUDNESS~ 
BREATHY" <2> 
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''oice (Fig. 2-B) . In contrast, the data from the HD patient 

(Figure 2-C) reveal an abrupt, irregular phonatory disruption 

rather than cycle-to-cycl~ deviancies. This is shown as an abrupt 

decrease in fundamental E r:-e~l'tency over 30 cycles in Figure 2-C. 

The voice of the Parkinson's Jisease patient (Figure 2-D) reveals 

rhythmic amplitude tremor, imposed upon cycle-to-cycle 

deviancies. 

QuantiEication of these observed differences is presented 

in Table 2. The means repres·ent data from four myotonic 

patiens, seven Huntington's disease patients and one Parkinson's 

disease patient. These data reflect a minimum of three fifty 

cycle windows sampled Ero:n each patients' steadiest comfortable 

/a/ phonation. Inspection of the quantified data supports the 

previous visual observations. For example, the patients with 

~yotonic muscular dystrophy had shimmer values two times greater 

and jitter values five times greater than were observed in the 

control subjects. Relatively large shimmer and jitter values 

reflect large cycle-to-cycle variations in a~plitude and 

pe~iod,respectively. Amplitude variations may depend largely on 

the adductory/abductory (A-AB) muscular system integrity because 

of the corresponding control over glottal airflow waveform 

characteristics (and therefore the associated intensity 

~en~ration at the laryngeal level). Period variations would 
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TABLE 2 

DATA IN PARENTHESES HAVE LINEAR TREND REMOVED 

SHIMMER JITIER HARMONICS-TO-NOISE 
- -
X SD X SD X SD 

NORMAL 1.79 0.73 0.39 0.16 25.97 1.69 
:ONTROL (1.38) (0.54) (0.32) (0.15) 

MYOTONIC 3.08 1.65 2.02 1.89 17.48 2.48 
DYSTROPHY (2.47) (1.49) (1.76) (1.66) 

HUNTINGTON'S 2.27 ·0.87 o·.68 0.52 16.35 1.88 
DISEASE (1.58) (0.78) (0.34) (0.22) 

PARKINSON'S 8.76 3.07 1.15 0.14 13.65 3.65 
DISEASE (5.57) (1.07) (0.85) (0.15) 
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depend largely U?On the integrity of the muscles governing vocal 

fold elasticity (VFE). We conjecture that the relatively large 

values of jitter and shimmer for the myotonic dystrophy patients 

result from a large cycle-to-cycle instability of both the A-AS 

and VFE systems as a consequence of general laryngeal muscular 

weakness. Polyphasic motor unit action potentldls of reduced 

duration (1 to 3 msec) have been reported in dystrophic limb 

muscles (2~). These observations were attributed to loss of 

fibers which resulted in a decrease in both voltage amplitude and 

the contribution of distant fibers, as well as slight asynchrony. 

we hypothesize that such activity in laryngeal A-AB and VFE 

systems may be the pathophysiologic correlate for our acoustic 

observations. These acoustic observations support earlier 

perceptual work (2) which classified the voice disorder of 

myotonic patients as a 'relatively constant' disorder (p. 89). 

In contrast, the phonatory disruption observed in the HD 

patients did not reflect such a constant laryngeal involvement. 

While the shimmer and jitter values of the HD 

patients were within normal limits during undisrupted phonation, 

voices of these patients were characterized by abrupt drops in 

frequency of appro~imately one octave (low frequency segments). 

Drops in frequency such as these would depend upon muscles 

governing vocal fold elasticity (VFE). Random, inappropriate 
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bursts of motor unit activity one-tenth to one second in duration 

have been observed in choreic limb muscles. We conjecture that 

such choreiform involvement in laryngeal muscles is sufficient to 

effect the vibratory characteristics of the vocal folds, causing 

a fundamental frequency drop of one octave. These acoustic 

observations support earlier perceptual work (2) which classified 

the voice disorder of patients with HD as an 'arythmically 

fluctuating' disorder (p. la7). 

Compared to the control group, the representative patient 

with P~r~inson's disease had greater shimmer values (eight times) 

and jitter values (three times) and a smaller harmonics~to-noise 

ratio (almost half). The decrea~ed cycle-to-cycle phonatory 

instability reflected in these measures appears to be related in 

part to the apparent phonatory tremor (Figure 1-D). In fact, 

when the data was analyzed with linear trend removed, shimmer 

decreased from 8.70 to 5.57 and jitter decreased from 1.15 to 

0.85~ The lower frequency phonatory tremor suggests a breakdown 

in the internal oscillation of motor control. The frequency of 

tremor in limbs of Parkinsonian patients has been reported to be 

4 to 7 per second (19). The vocal tremor observed here is within 

that range. The~e findings are consistent with the earlier 

perceptua·l wot!< ( 2) which classified Park inso~ ian patients as 

having a 'rhythmically flucua t ing neurologic voice disorder' ( p. 
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76) (2). 

It should be pointed out that the frequency of vocal 

tremor in the Parkinson's patient was approximately 5-l/2 times 

per second, which is near the frequency of vibrato observed in 

the singing voice as well as in patients with spastic dysphonia 

(24). This is consistent with the hypothesis that the mechanism 

used to drive the system during vocal tremor is also responsible 

for production of normal vibrato (24)·. It also has been 

suggested that singers are able to inhibit periodic neural 

signals coming through the recurrent laryngeal nerv~ to both the 

adductors and abductors of the larynx, while at the same time, 

allowing pulses that are transmitted to the superior laryngeal 

nerve to the cricothyroid to manifest themselves as frequency 

modulation (24). 

These preliminary data from patients with myotonic 

dystrophy, Huntington's disease and Parkinson's disease support 

the hypothesis that patients with distinct neural subsystem 

diseases present distinct acoustic characteristics of voice. 

Future rAsearch ~ust evaluate the representativeness of these 

preliminary data in order to determine if distinct acoustic 

characteristics of phonation can be established in general for 

s~ecific neural pathologies. 
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Acoustic characteristics of phonation in a patient with amyotrophic 

---------------------------------···-----------------------------~--lateral sclerosis: a longitudinal study 
----------------------------~~··-·-··---

There are at least two ways to address the question of 

whether a continuum of vocal disruption parallels systemic 

degeneration in neurological disease. Voices of a group of 

patients at different stages of a disease could be compared, or 

voices of individual patients could be studied longitudinally. 

The data presented here was collected over a 6 month period from 

a patient diagnosed with amyotrophic lateral sclerosis (ALS), a 

disease of upper and lower motor neurons, which is progressive 

without remission (19). 

ALS is characterized by muscular atrophy and weakness, as 

well as fibrillations and fasciculations (19). The dysarthria 

accompanying this disease is classed as mixed (spastic and 

flaccid) (1), and voices of these patients have been described as 

"wet hoarse" (2). The observed limb pathophysiology in 

amyotrophic lateral sclerosis is atrophy, weakness, fibrillations 

fasiculations (19). These characteristics could be generalized to 

lacyngeal muscles to explain the "wet hoarse" (2) voices observed 

in the patients (Table 3). Figure 3A is a sample oE sustained 

vowel phonation from an ALS patient at-the beginning of the 6 

~onth period and Figure 3B is sustained vowel phonation at the 
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NEUROLOGICAL DISEASE 

AMYOTROPHIC LATERAL SCHLEROSIS 
-MIXED 

TABLE 3 

OBSERVED LIMB 
PATHOPHYSIOLOGY AND PREDICTED 
LARYNGEAL PATHOPHYSIOLOGY 

ATROPHY~ WEAKNESS~ 

FIBRILLATION 
FASCIULATION 

242. 

PERCEPTUAL 
CHARACTERISTICS 
OF VOICE 

"WET HOARSE" <2> 
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end of this period. An increase in phonatory instability is 

apparent at the end of the 6 month period. 

Quantification of these differences is presented in Table 

4 and is illustrated graphically in Figure 4. Shimmer and 

harmonics-to-noise ratio were most sensitive to deterioration in 

phonatory ftlnction in this patient. Shimmer with linear trend 

removed increased from 1.67 (sd = 0.42) in trial 1 to 2.13 (sd = 
1.23) in trial 4. Harmonics-to-noise ratio decreased from 21.74 

(sd = 1.74) in trial 1 to 16.59 (sd = 3.53} in trial 4. One 

could speculate that this deterioration in phonatory stability 

was a reflection of degenerative changes in motor nuclei of the 

nucleus ambiguus. 

While this individual had not shown a marked decline in 

limb motor function during this six month interval, as measured 

by neurological examination, a decline in phonatory stability 

was apparent perceptually and is reflected in these acoustic 

1neasures. One could speculatt~ t:hat during this time peri9d, 

degenerative changes in the nucleus ambi.g1.11.1S ~~)(ceeded those in 

other motor nuclei. It also is possible that degenerative 

changes had a gr~ater impact on the more finely tuned, 

complicated motor task of phonation. It is likely that even the 

slightest change in laryngeal muscle tone or control would be 

apparent immediately in phonatory measures, thus making them 



FUNDAMENTAL 
FREQUENCY 

SHIMMER 

JITIER 

H:N 

TABLE 4 

DATA IN PARENTHESES HAVE LINEAR TREND REMOVED 

TRIAL 1 
-
X SD 

145 3.68. 

2.18 0.48 
(11 67) (01 42) 

0.44 0.04 
( 0 I 34) ( 0 I 04) 

21~74 1.74 

TRIAL 2 

X SD 
153 3~47 

1~34 0.11 
(1. 03) ( 0 I 07) 

0.32 0.04 
( 0 I 27) ( 0 I OS ) 

23~29 1.32 

TRIAL 3 

X SD 
174 2.48 

3133 1~43 
(1. 39) <o.48) 

0.27 0.06 
<0.23> <o.o5> 

17.21 2.52 
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TRIAL 4 

X SD 
162 2.83 

3.33 1.77 
( 2 .13) (11 23 ) 

0.49 0~22 
(0.36) (0118) 

16.59 3.53 
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extraordinarily sensitive to degenerative changes. 

Acoustic characteristics of phonation in patients with Huntington's 

-----------···~··-~-------------------------------------------------
di~ease and individuals "at risk": implications for early diagnosis. 

If degeneration in phonatory cha~acteristics parallels 

disease progression, one could speculate that subclinical 

manifestations of disease may be reElected in phonation. This 

is of particular importance to the st•.tdy oE Tiuntington's disease 

"(HD) because 50% of the "at.risk" offspriqg of these patients 

will inherit the disease (25). Furthermore, symptoms usually do 

not appear until after the child bearing·years and to date there 

is no early diagnostic indicator. (25). It has been rationalized 

"given the heredity nature of the disease, the motor 

abnormalities must be p~esent in nascent form long before the 

usual age of diagnosis in the twenties or thirties" (26, p. 163). 

A~normalities of single motor unit (SMU) control have been 

measured in the first dorsal interosseous (a finger muscle) of 

88% of HD patients and 55% of _subjects "at risk". HD patients 

could not nchieve SMU control and bursts of chorea were frequent. 

In individuals "at ris~", small irregular, ballistic activation 

of motor units, termed "microchorea", were observed, as well as 

excessive recruitment of SMUs associated with voluntary activity. 

It was proposed that "microchorea" and the inability to sustain 
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St'1U firing may be physiological markers for Hi) in subjects "at 

risk" but without clinical signs (26). 

It is probable that bursts of chorea observed in HD 

patients' first dorsal interosseous muscles also occur in their 

laryngeal musculature. Such activity is one reasonable 

physiologic correlate for the percepts of "irregular pitch 

fluctuations and voice arrests" observed in the phonation of HD 

patients. Similarly, it is possible that subtle motor 

abnormalities may occur in laryngeal musculature of individuals 

"at risk" and could be reflected in acoustic measures of voice. 

To address this issue, sustai~ed vowel phonation was 

studied in thcee groups of speakers: eight patients with 

Huntington's disease (HD), twenty symptom-free individuals "at 

risk" for Huntington's disease, and thirty-four control subjects 

without family history of neurological disease. Figure 5 

displays low frequency segments observed in patients at the 

c~~rliest stages of HD. ('27) (Fig. 5-A) and in one-fourth of the 

individuals "at risk" for HD (Fig. 5-B). Table 5 presents the 

incidence of these low frequency segments in HD patients, "at 

risk" individuals and a normative control group. 

Inspection of the low frequency segment data reveals that 

for the "at risk" subjects, the incidence of low frequency 
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TABLE 5 

INCIDENCE OF LOW FREQUENCY SEGMENTS EXPRESSED lN PERCENT <RATIO 
OF NUMBER OF LFS PER TOTAL NUMBER OF VOWELS) LFS/VOWELS) 

249. 

CONTROL (N = 34) "AT RISK" (N = 20) HD PATIENTS (N = 8) 

9/204 (4%) 18/54 (33%) 102/27 <378%) 
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segments ~as approximately eight times as great as that observed 

in a normative control g~oup. 

These preliminary findings support the hypothesis of 

increased phonatory instability in certain individuals "at risk" 

for Huntington's disease. The observation of low frequency 

segments in certain of these individuals extends the continuum of 

phonatory disruption in Huntington's disease (21) to include 

certain "at risk" individuals. While the laryngeal 

pathophysiology responsible for these observations could be 

"microchorea", it is premature to speculate until more extensive 

analyses are carried out. 

' Furthermore, the significance of such vocal abnormalities 

in individuals "at risk" for Huntington's disease only can be 

determined relative to their carrier status. The recent genetic 

marker findings (28) soon will allow identification of carrier 

status in these "at risk" individuals. Analysis of phonation in 

individuals with known carrier st~tus offers a unique potential 

to evaluate the significance of such vocal abnormalities. 

CONCLUSION 

These preliminary data support the ongoing research on 

phonation in patients with neurological disease. These data are 

consistent with the hypothesis that voice analysis of 
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:1etlCOlogically diseased patients ;nay make important contribution:-; 

to eatty and differential diagnosis, as well as in the 

~easurement of disease progression. 

Future research on the neurologically diseased voice must 

take into consideration a number· of theoretical as well as 

practical issues. The establishment of rel~tionships among 

phonatory charact~ri~tics and site or progression of neurological 

disease is dependent upon precise definition of neuropathology. 

Complete medical and pharmacologicdl information is a necessity 
I 

for valid data interpretation. Futhermore, categorization within 

disease group by stage of disease, et~ology, etc. may reduce 

within group heterogeneity and facilitate more meaningful 

observations. For the same reason, the control group of 

individuals, having no personal or family history of neurological 

disease, should be categorized by chronological age and vocal 

use. 

Tasks for study must also be c,r:ef11lly selected. 

Generalizing from the phonatory disorder observed in 

non-meaningful sustained vowel phonation to phonatory 

characteristics in meaningful speech must be questioned. Recent 

observations suggest that laryngeal behavior may differ 

significantly between such tasks (29; 30). Future research must 
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incorporate tasks which assess a ~ide range of laryngeal 

behavior. Certain tasks, such as sustained vowel phonation, may 

be useful in revealing early breakdowns or differential symptoms. 

Other more dynamic tasks may provide useful information about 

the impact of certain neurological diseases on laryngeal 

pathophysiology. 

Ongoing research should establish protocols and expand 

analysis techniques to maximally evaluate the contribution of 

acoustic information to early and differential diagnosis, as well 

as measurement of disease progression. Bec~use acoustic data can 

be obtained from patients with movement disorders $imply, 

noninvasively and relatively inexpensively, the potential 

contribution to these important clinic~1 and academic areas must 

be evaluated. A goal for the future will be to understand the 

relationship between acoustic measures and laryngeal 

pathophysiology. To investigate that relationship, additional 

levels of measurement such as EGG, aerodynamic and EMG may be 

useful. We must keep in mind, however, that while these 

measurement techniques have been used to study the normal voice, 

they may not offer the most appropriate or practical way to 

quantify the neurologically diseased voice. In fact, we have 

been cautioned, "We should not allow <'>llr: study of neurologically 

diseased voices to be directed by existing measures and 
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technology" (31). Future research must be interactive and 

expansive both in terms of methods of study, as well as specific 

~easurements, to allow the most valid observations of phonation 

in these patients. 

Our interpretation of data should be expansive as well. 

Traditionally, it has been suggested (1, 2) that the laryngeal 

pathophysiology responsible for phonatory involvement in patients 

with neurological disease was consistent with limb 

pathophysiology. However, recent work (32) suggests that 

"assess~ents of motor speech disorders that assume a common 

pathophysiology for the limbs and the speech motor subsystems ~ra 

likely to be in error" (p. 48). Such findings must be considered 

when developing hypotheses and interpreting phonatory data. 

Future research will allow consideration of the 

preceeding theoretical and practical issues in the study of 

phonation in patients with neurological disease. 
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ABSTRACT 
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Speaker age may be an important variable in the 
assessment of normal and pathological voices as well as in voice 
identification and recognition. It is therefore necessary to 
determine acoustic variables which predict not only chronological 
age of speakers but also listeners' perception pf speaker age. 
Auditory and acoustic studies were carried out on vowel 
productions of 24 subjects, aged 25-75 years, and representing 
good and poor levels of physiological condition (L.A. Ramig and 
R.L. Ringel, J. Speech Hear. Res. 26, 22-30, 1983). Results 
indicate that age could be predicted only in the poor 
physiological condition group. Acoustical analyses, including 
GLIMPES (I.R. Titze, J. Acoust. Soc. Am. 75, 570-580, 1984), 
derived mean fundamental frequency, harmonics-to-noise ratio (E. 
Yumoto, W.J. Gould, and T. Baer, J. Acoust. Soc. Am. 71, 
1544-1550, 1982), amplitude perturbation and per·iod perturbation. 
Multiple regressions revealed that this set of variables was a 
significant predictor (p<0.~1) of age ratings. Implications 
regarding acoustic measures related to listene~s' perception of 
aging and associated laryngeal characteristics will be discussed. 
(Work supported in part by NIA). 
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INTRODUCTION 

Ptacek and Sander (1966) and Shipp and Hollien (1969) are 

among those who have reported that listeners are able to judge 

accurately the chronological age of a speaker by listening to 

recorded speech samples. 

Ptacek and Sander (1966) reported listener accuracy of 

78% in age ratings made from sustained vowel phonations. These 

findings, together with those of Ryan and Burk (1974), Linville 

and Fisher (1980), and others, suggest that acoustic 

characteristics of voice may change with advancing age and that 

listeners may use specific acoustic characteristics in their 

judgments of age. 

Age-related changes in voice may be associated with 

degeneration in phonatory function attributed to chronological 

aging. Mean fundamental frequency, jitter and shimmer are among 

the acoustic variables researchers such as Wilcox and Horii 

(1980), Shipp and Hollien (1969), and others have reported to 

change with advancing age and to accompany possibl~ laryngeal 

degeneration. Kahane (1982), for example, has suggested that 

age-related changes in the vocal ligament may introduce 

structural instability into the vocal mechanism that may cause 
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the increased jitter associated with chronological aging. 

In addition, Ramig and Ringel (1983) hypothesized that 

because changes in the physiological condition l)f the body may 

not parallel chronological aging, phys iolo(J ic.3l cond it io11 ·nay be 

an important variable in the study of the aging Vt)ice. They 

observed significant differences in selected voc~l acoustic 

chacacteristics between speakers of the same chronological ages 

but oE different levels of physiological condition. 

At present, the role of physiological condition in the 

study of vocal aging has not been es~ablished. Furthermore, the 

relationship between ~caustic characteristics associated with 

vocal aging and 1 isten~cs' p,~("~~:-!~)i: ion :) E .ig:.~ is unresolved. This 

relationship between acoustic characteristics associated with 

vocal aging and listeners' perception of age is unresolved. This 

study was designed to investigate the relationships among 

selected acoustic measures of voice, speakers' chronological 

ages, listeners' ratings of age, and speakers' physiological 

condition as exressed in Figur~ 1. 

METHODS 

Speakers 

Thirty males in each of three chronological age groups 

(25-35, 45-55, and 65-75) participated in tasks~ to assess overall 

physiological condition. Measurements were made of the following 

variables, traditionally used to estimate physiological 



FIGURE 1 

RELATIONSHIPS OF INTEREST 

ACOUSTIC MEASURES 

ACOU~TIC MEASURES 

LISTENERS' RATINGS OF AGE 

AND CHRONOLOGICAL AGES OF SPEAKERS 

AND LISTENERS' RATINGS OF AGE 

AND CHRONOLOGICAL AGES OF SPEAKERS 

(GOOD AND POOR PHYSIOLOGICAL CONDITION) 
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Gt)rltlii:i.l)n: tasting heart rate, resting systolic ~nd diastolic 

blood pressure, percent fat, and forced vital capdctty (Astrand, 

1969; Brozek, 1952; Damon, 1974). From each of the three age 

gcoups, the eight subjects who performed the best and the eight 

(t/hO per for•ned the poorest on these measures were s;~l,~c tt~d. These 

48 subjects comprise tr1e experimental group (Ram ig and Ringel, 

1983). ~easures of their body physiology are presented in Table 

l. 

Speech Samples 

voice rec.ord ings (Ampex model 351) were made in a sound 

treated booth while subjects sustained phonation of the vowel /a/ 

("ah") at comfortable fundamental frequency and intensity levels. 

voice samples, two seconds in duration, were taken from the 

·aid-section of each vowel for further acoustic and perceptual 

analyses. 

Acoustic Analysis 

A subset of 24 of these cecordings, four samples randomly 

selected from each age and physiological condition subgroup, were 

digitized at 20 thousand samples per second. Acoustic analyses 

(GLIMPES, Titze, 1984) were carried out on consecutive 20 cycle 

windows for the ducation of the two seconds. This is illustr~ted 

·in Figure 2. From these analyses, measures of the following 

acO•J.; i: L~ v;; r: i.do les, previously as soc ia ted Yl i th voca 1 aging or 
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TABLE 1. Mean values and associated ranges of measures of body phy~dology. 

Resting Systolic Diastolic Forced 
. laeart blood blood vital . 

rate pressure pressure · % capacity 
Groups Age (bpm) (mmHg) (mmHg) Fat (L) 

Young age mean 29.5 55.9 124.8 76.3 16.1 5.16 
Good condition range 26-35 44-64 115-140 70-80 14-20 4.52-6.47 

Young age mean 32.3 I 85.5 154.6 98.0 30.5 5.04 
Poor condition range 25-38 68-110 136-170 88-100 28-34 3.77-6.25 

Middle age mean 53.0 59.9 121.5 76.8 18.0 5.02 
Good condition range 46-56 52-68 116-128 70-84 15-22 4.16-7.30 

~fiddle age mean 52.6 .73.5 161.3 95.8 28.1· . 4.26 
Foor condition range 42-59 50-88 138-180 82-100 23-35 3.23-0.00 

Old age mean 67.5 62.5 131.8 76.4 18.7 3.97 
Good condition range 62-75 56-76 118-142 . 68-80 15-21 2.68-5.05 

Old age mean 69.1 82.8 163.0 92.0 26.8 3.41 
Poor condition range 64-74 72-94 154-174 80-100 22-37 2.03-4.26 

(Ramig and Ringel, 1983) 
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FIGURE 2 

. . ' ' 
= .~SEC MID = .31~ SE·: .6iH 
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patholO'::Jf, ~Nee'~ d~r.ived: fundamental frequency, jitter, shi··o:nec 

and hac~onics-to-noise ratio (Yumoto, Gould and Baer, 1982). The 

means were obtained by averaging each measure across the windows 

within each 2-second phonation. The standard deviations of the 

measures across the windows were also obtained. We reasoned that 

the standacd deviation of a :neasure across the windoc,1ed sections 

would reve~l laryngeal instabilities that ~ight relate to the 

chronological age or the perceived age of a speaker. The formula 

for the perturbation factors (jitter and shimmer), the 

coefficient of variation of fundamental frequency and 

harmonics-to-noise ratio are presented i~·Figure 3. 

RESULTS 

Acoustic variables vs. chronological age. 

------------~-------··,·----------------

The relationship between the acoustic measures and 

chronological age of speakers are presented in Table 2. Stepwise 

multiple cegression analyses with these acoustic ~easures as 

predictors and chronological age as the criterion, revealed that, 

when all 24 speakers were considered, 64% of the variance in 

chronological age was explained by this combination of acoustic 

measures. However, when the sam~ multiple regression analyses 

were carried out for the good and poor physiological condition 

subgroups, these relationships chdnged as expressed in Table 3. 



FIGURE 3 

Calculations 

Coefficient of Variation: 

~ (x.-x}2/ i 
i:1 I 

cv: 100 

. H 

Perturbation Factors: 
with linear trend: 

N 
100 E I x. ·X. 11 

··2 I I· 

PF: 
1
CN·1)i 

without linear trend: 

N·1 
100 l: !.s (x. 

1
+ x. 

1
> .. x.l 

i:2 1+ I• I 

.PF: (N .. 2)i 

' 

Harmonics-to-Noise Ratio*: 

H/H= N 1:rt2 
(t)dt /.~I~ [t. (t)·fA(tl]

2

dt 
0 A I i:1 0 I 

where 
N f(t) 

f (t):!: .L._ 
A 1:1 H 
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·Y~~oeo, E., Gould, W.J., and Baer, T. (1982). "Harmonies-to-noise 
:a~io as an index of the deqree of hoarseness," J. Aeoust. Soc •. ~. 
71, 1544-1550. . 
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TABLE 2 

MULTIPLE REGRESSION 

ACOUSTIC MEASURES WITH CHRONOLOG l CAL _Ag 

JITTER SD .15 

H:N SD. .33 

FO CV .42 

JITTER X .45 

SHIMMER X .55 

H:N X .62 

FOX .63 

SHIMMER SD. .64* 

I •p ~.05 



TABLE 3 

MULTIPLE REGRESSION 

ACOUSTIC MEASURES WITH CHRONOLOGICAL AGE 

GOOD CONDITION 

~ 
FO cv I 36* 

POOR CONDITION 

R2 

FO X .50 

H:N X .60 

JITTER SD .65 

H:N so .77 

SHIMMsB So ISQ* 

267. 
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For speakers in good physiological condition, only 36% of the 

variance in chronological age was explained, and was explained by 

only one acoustic variable - the coefficient of variation of 

fundamental frequency, whereas 30% of the ~ariance in 

chronological age was explained for poo~ condition speakec~ by 

the combination of mean fundamental frequency, mean 

harmonics-to-noise ratio, jitter standard deviation, 

harmonics-to-noise ratio standard deviation and shimmer standard 

deviation. 

Acoustic variables vs. perceptual ratings of age. 
---------------------~------------------~~-~---~ 

Inasmuch as these acoustic measures explained 80% of the 

variance in chronological age for poor condition ·speakers, it is 

of interest to detec-•nine if such a strong relationship E:!Xi~ted 

between the acoustic measures and listeners' ratings of age. 

To address this issue, 39 listeners rated these 2 second 

speech samples on a five point equal appearing interval scale 

from which mean scale values for each speech sample were derived. 

Within and between task intrajudge reliability for these ratings 

were .93 and .74 (Person; Bruming and Kintz, 19~3). Reliablility 

for group mean ratings was .93 (Ebel; Guilford, 1954). 

Multiple regression analyses using these acoustic 

measures as predictors revealed that over all speakers, 68% of 
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the variance in listeners' ratings of age could be explained by 

this co1nbination of acoustic measures. Tht3Se findings are 

summarized in Table 4. The same analyses carried out .for:- ~ood 

~nd !_Joor condition speakers summarized in Table 5, revealed that 

97% and 86% of the variance in listeners' ratings respectively, 

could be explained by this combination of acoustic measures. 

Listener ratings of age vs. chronological age. 

The relationship between listeners' ratings of age and 

actual chronological age of speakers is presented in Table 6. 

The amount of variance in listeners age ratings that could be 

explained by chronological age was significant only for speaker.s 

in poor physiological condition. 

SUMMARY 

Table 7 summarizes regression analyses for all speakers 

and conditions. The following observations are of importance: 

the acoustic tflA..:tSllr.t~S studied here, which were selected for their 

previous association .. -lith vocal aging or pathology, explained 64% 

of the variance in speakers' actual chronolgical ages and 68% of 

the variance in listeners' ratings of age. 

Of particular importance however, is how the relationship 

between the acoustic measures and chronological age differed 
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TABLE 4 

MULTIPLE REGRESSION 

ACOUSTIC MEASURES WITH LISTENERS' RATINGS OF AGE 

ALL SPEAK!;R~ 

~ 
JITTER X .51 

H:N so . .57 

JITTER So .61 . 

FO CV .63 

SHIMMER SO .65 

FO X .66 

H:N X .67 

SHIMMER X .sa· 

•p 4.05 
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TABLE 5 

MULTIPLE REGRESSION 

ACOUSTIC MEASURES WITH LISTENERS' RATINGS Qf AGE 

Gooo CONDITION PooR CONDITION 

R2 R2 

FO CV .65 JITTER X .32 

JITTER X .80 FO X .60 

H:N So .89 H:N so .69 

FOX .92 SHIMMER SO .74 

SHI!."MER SD . 93 JITTER.SD .as· 
SHIMMER X .93 

JITTER.SD .97 

H~N X .97* 



LISTENERS' RATINGS OF AGE 

272. 

TABLE 6 

AND CHRONOLOGICAL AGE OF SPEAKERS 

ALL SPEAKERS 

GOOD CONDITION 

POOR CONDITION 

.~PL.OS 



TABLE 7 

SUMMARY 

ACOUSTIC MEASURES 

ACOUSTIC MEASURES AND 

LISTENERS' RATINGS OF AGE AND 

273. 

CHRONOLOGICAL AGE OF SPEAKERS 

R2 

ALL SPEAKERS .64* 

GOOD CONDITION .36• 

POOR CONDITION .80~ 

LISTENERS' RATINGS OF AGE 

ALL·SPEAKE~S .68* 

GOOD CONDITION .97* 

POOR CONDITION .86• 

CHRONOLOGICAL AGE OF SPEAKERS 

ALL SPEAKERS .21* 

GOOD CONDITION .07 
POOR CONDITION .40• 

*pL. OS 
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between speakers jn good and poor physiological condition. 

on'e could speculate th.it old ·speakers in good 

phys iolog ica 1 condition have not ex per ienced~~:degenera t-i ve ch~u=tges ·. 

charactec.lstip~~ly associated with vocal aging. If the bodies of 
' r: • ,. . ~. :~.·- • . \ • .. ' .~- . ! . ~ .: 

t~~~.e ~i.~div~~d~uals .. h.ave not e.~P~.r_ie~ce? _typical age-related 
•• ; •: • 0 " 0 .. ' • 0 M ' .i .- .:."" -~ .~ 0 ~. .. : ;.. ~ .. ••• • 0 ..; ~ \".: ~ ~:. ~ 

degeneration, it could be hypothesized that neither have their 
: ' :· . . ":- ~~ 

2! • -~ · •. ~ : _. 

T_hus, t_he acoustic measures would be 
' :I ~ ~ : 

unable to e~plain a large amount of the variance in these 
I :· ~ . - . ;. . . , . . . • . . 

speakers'. cht;Q~o~ogic~~l ages. Qn ~he_ other;_ ~~nd, ~he· lar~nge.~ t 

mech~nisms of speakers in poor physioiogical condition may have 
_. • 0 ., -

• 0 t . . . 

e~perlan<:ad degenerative change~ ln the neurological, muscular, 

cartilaginous or other la~yngeal subsystems, and thus the 

acoustic analysis would be .able to pre-dict a sig·.nificant amount 

of the variance in their chronological ~ages~ 

. • .. 'I 

. ~ns~ect ion of the relations hip between chrono log'(ca i i3tJe 
. . . .. 

.. : .: . · .• · ~ r 1 • • - ••• • • "' 
,., I o _,. ._j e • '. r 

oe s~e~kers and listeners' ratings of age, presented in Table 7 
·.: . ·. . . ~ , - :- . ; . . •. . . .. r .... ~ .. . ,.... ~ :? ~' - ~ t: . : -

supports this intetpretation as well. Chronological ~ge 
.- .. --' ).-: .. . ·-. ~ ·. .... . ~ . ..... . . ~ ~ . ._.. :e.. ... , ··: , :- ... : ; ~ 

explained.a significant amount of the variance in listeners' 
~ . .. -: ; '. t .~.. . ' . .. ,:-. _ ... :,. .. - c .. 

ratings of age only for speakers in poor condition. 

' . 
It is likely that listeners ~ere able to use the age 
: ~ . -. .. . ' 

related acoustic information available in the voices of poor 
.. : -~ .. 

condition speakers to achei~e some degree of accuracy in their 
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age ratings. On the other harid, the acoustic tnEormation 

available in voice~ o~. 9~9d~. c;:ond.ftion s~_eakers d i~ n~).t; .. ?}low 

aC?\1~ ~ t~ ~at .i t:l9 $.- 9·~ ~ge .... 

: •. ~ : -

It ls a~~ar~~t f~o~·lnsp~~tion of the ·relaiio~shi~ 

between acoustic-'measur'es an~~ "((s't.en~1r's. iat~ir{c:is :of:;.ag~~- !that :~t-ti~: 
""- - ._ ~ "" ; · ;. ~ ;· ' ~, ':~ . - ~ =· ~ \ . •: ·~ . ~ .. Lt , ._.: · \ • ; 

measures used in this study have withi~ them the inform~tion ·-. 

1 istene.rs u~e·d- c~;.ns .. is;ten tt"y in the-ir age., r·a t i'ng·s·.: to·l~: spea=ker·.s· · 

in poor c~ndttion,· .. th{~-~acf>tls·t.ic 1nfo-~m=aifo·n "wa~s also reia!ted·'·to· 
I • ~~ • • # ~ :-

their chronologic~al age··. For good cond~ition 'spea](e~r··s~ .. howeve:r i ~;C~t.. 
. . 

this acoustic information was not. 

Our Bindings, using the~e a~qustic measur~~' may help to 

guide us in c.ons·tr·ucting mo.re specifically. relev·ant measures to 

predict speakers' chronological age.-. :From tl)is subs~t <?,f\ag~us~ic 

variables, it appears that measures including frequency and 
. ~- . . ~ .. . . ... .. . . : - "': ... . " . -: : 

wa~ef~rm _information were of most import~~ce~ ~ith a~~litude 

measures contributing least. 
. • .: ··' , ,/ •• t: "· ....... -· .: ·~ -: ·-· ~ :' • . •. 

that the standard deviation measure may be an·tmportant· 
- (_. ,•- -~ .:: l .- I • • ~ - .- : ... ... •• 

contribution to a set of significant acoustic pr~dictors·:=·: .. 
. , , . . ... -
~. . . . . . y .. : . . ·. ... , .. 

~· ....._ - ... ( . 

continued research on the aging voice is necessary. 
::· .. ·~ . 

- • ::- •• ' • : r ~ ... 

E' ind ings from such work, as reported het:e, •nay be ot' va.iue in a .. . 

between general body aging and lacyqgeal aging, differential 



276. 

diagnosis between the normal aging .. voice:!SOd diseas~<a .. ~voic~~' ·the --··· --··-· --···· .. ··- .. ,.;:._ .. .-. ..•.. :. 

acoustic/biomechanical measures, speaker reco~hi~lonnand~$~•ake~:E 
"', " ' L ·: : : ..;;. ~ '• • ;· ,. 

iden ~(f ic-:~t i.on-'. ~ : ... ·- . . . ;.y-; 

. : : .. . r~ : £ : ~. ' .".; ; .... -:. 

\ ':' .. : l ...; ··~ •" • • or • .. . . .... ; (: •. .... ~ . . ( i ·- ~'. ;,-; : ;- c. C£ tr 

:·. . ~ - ..: ~ - ~-· . · ........ 
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