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THE EFFECT OF VARYING LUNG VOLUME ON INTRAORAL
ATIR PRESSURE AND AIR FLOW RATE: A
REPORT OF THREE EXPERIMENTS
By

Suzanne M., Hamzik

To determine the effect of lung volume on intraoral

air pressure, volume velocity, and intraoral air pressure
duration, five normal adult females participafed in three
experiments. The subjects performed required speech tasks
on four vital capacity percentages. Results indicated that
intraoral air pressure and intraoral air pressure duration
did not fluctuate dramatically as a function of lung volume,
whereas volume velocity did. The results are discussed with
reference to potential feedback strategies for maintaining

target pressures in the face of fluctuating lung volume.
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CHAPTER I

INTRODUCTION

In its capacity as generator for the driving
forces required in speech production, the respiratory
system undergoes a rather complex series of musculo-
mechanical adjustments for even the simplest of utter-
ances. Generally, these adjustments are accomplished
to provide a relatively constant subglottic air pressure
for conversational speech at normal loudness levels
(Netsell, 1969). The adjustments are accomplished by
muécular activity which counteracts the passive recoil
forces of the respiratory apparatus. At extremes of the
vital capacity (VC), these recoil forces are increased
and concomitantly greater muscular effort is required.
It.must be recognized that subglottic pressures may
change as a function of overall intensity levels (Hixon,
1973), transient alterations in stress (Ladefoged, 1967;
Netsell, 1969), and speaking effort (Prosek and Mont-
gomery, 1969).

It has been suggested that despite the transient
variations in subglottal pressure which characterize

conversational speech, there is an average or background



pressure upon which these brief '"pulsatile' variations
are superimposed (Hixon, 1973; Hixon et al., 1973).
Inherent within this suggestion is the possibility

that speakers establish a Eriéri a target subglottic
pressure which will satisfy the requirements for a
proposed utterance (e.g., loud, soft, effortful, etc.).
Once established, tﬁe respiratory system operates to
maiﬁtain the target pressure in the face of fluctuating
lung volumes. Both Ladefoged (1967) and Netsell (1969)
have lent credence to this suggestion by reporting rela-
tively constant subglottic pressure levels regardless of
the phonetic element produced. Small decrements in
subglottic pressure were recorded during the plosive
stage of voiceless stop consonants which Netsell inter-
prefed as passive responses to changes in supraglottal
resistance.

If the assumption of a target subglottic pres-
sure is accepted, it implies a relatively effective
sensory feedback system which operates to maintain
the targét pressure through continuous adjustments in
muscular effort. The nature of such a feedback system
is currently unknown, but several physiological mechdn-
isms could contribute sensory data. First, Wyke
(1966, 1969) has suggested that laryngeal mucosal
mechanoreceptors, in response to air pressure fluctu-

ations within the larynx, may provide some reflex



adjustment in the respiratory musculature. Second,
supraglottal feedback systems may also influence
respiratory adjustment. Hutchinson and Putnam (1974)
reported aerodynamic changes during oral sensory
deprivation which might be interpreted as the result
of subglottal compensations in the face of a reduced
supraglottal feedback load. Specifically, there was
evidence of an increased respiratory driving force.
Finally, Prosek and House (1975) have suggested that
the principal sensory feedback parameter may be volume
velocity and that vocal tract pressures result from
this flow rate. Sears and Newsom-Davis (1967) also
emphasized the primacy of air flow rate and suggested
that the respiratory muscles, particularly the inter-
costals, respond reflexively to fluctuating loads on the
respiratory apparatus thereby satisfying the demand for
a constant air flow rate.

in view of the dependence of subglottic pressure
upon respiratory adjustments and the organization of
these adjustments on the basis of lung volume and recoil
forces of the respiratory apparatus, it is surprising
that there are incomplete data relating the effects of
different lung volumes on pressure and flow rate events
within the vocal tract. It is recognized that speech
is generally accomplished with midrange lung volumes

simply because at the extremes of VC, the respiratory



mechanism is much less compliant and, consequently,
more difficult to control (Hixon, 1973). However,

. since it is possible to generate speech beyond mid-
volume ranges, the question arises as to whether or not
speakers will achieve pressure targets at respiratory
extremes which are comparable to those attained in the
midvolume range. If subjects do preserve similar pres-
sure configurations throughout the range of VC, it
would support the existence of a relatively well devel-
oped adaptive feedback system. However, high vari-
~ability in pressure values could suggest a relatively
trivial role for sensory feedback or a feedback system
whose adjustments become progressively more difficult
to achieve in the presence of extreme mechanical

constraints.

Statement of Problem

The purpose of this study was to assess the
effects of variations in lung volume on selected aero-
dynamic variables in an effort to clarify the role of
sensory feedback in the control of respiratory events
during speech. For purposes of this study, it is
important to recognize that, to a first approximation,
subglottic air pressure and supraglottic air pressure
are equivalent during production of voiceless consonants

(Netsell, 1969; 1973). This fact permits a limited



evaluation of subglottic air pressure without the neces-
sity of a tracheal puncture. In addition to measurement
of vocal tract pressure, simultaneous measures of oral
volume velocity were obtained in the present study to
determine the relation of pressure and flow events as a
function of varying lung volumes. Finally, in anticipa-
tion of certain temporal adjustments resulting from
mechanical constraints at respiratory extremes and
oxygen requirements at low lung volumes, duration
variables were also investigated. The general purpose
of this study was completed through three separate
experiments, the rationales for which will be explained

in the appropriate sections to follow.



CHAPTER II

EXPERIMENTAL PROCEDURES

General Method

Subjects

Five healthy young adult females (mean age
23.2) served as subjecﬁs in the present study. All had
vital capacities (VC) within normal limits and reported
no history of respiratory pathology, allergies or
recent upper respiratory infection (within one month
prior to the experiment). None reported any history of
speech or hearing problems. All spoke general American
English, Four of the subjects were from the .iidwest and
one from the East. A further criterion for inclusion
in the study was the subject's ability to complete two
speech tasks representative of actual experimental
requirements on 10% of their VC's: (1) the first 48
syllables of Lincoln's Gettysburg Address and (2) ten

repetitions of the syllable /t./ at a rate of 1/second.

Equipment

Determination of VC and experimental lung volumes
was accomplished using a nine-liter respirometer

(Collins, P-900). Evaluation of the response



characteristics of the respirometer revealed speed
accuracy to be within #1%. The volume recording was
found to average 12 cc/sec. less than actual volume
input and this correction factor was taken into con-
sideration for all volume measures.

To sense intraoral air pressure, a catheter
(#12 French) was inserted through the nasal cavity
until it was visible in the oropharynx with the orofice
perpendicular to the egressive flow of air. The catheter
was attached to a pressure transducer (Stratham, PM131TC
*+ 5-350), amplified (Honeywell, Accudata 113 Bridge
Amplifier), and recorded on one channel of an optical
oscillograph (Honeywell Visicorder 1508B). Air flow
rates were obtained using a large, tightly-fittiﬁg face
mask coupled to a pneumotachograph (Hewlett-Packard,
custom made). This pneumotachograph houses a mesh
screen which provides a resistance to air flow. The
drop in pressure across the screen was assumed to be
linearly related to volume velocity. In the present
study, the pressure drop was sensed by a differential
pressure transducer (Statham, PM15E * 0.04 PSID), ampli-
fied (Honeywell, Accudata 113 Bridge Amplifier), and
recorded for a second channel of the oscillograph.
During all experimental sessions, the screen was heated
with a small electric current to prevent resistance

changes from accumulation of moisture. Simultaneous



oscillographic and tape recordings of the audio signal
were obtained using a high quality microphone placed
near the distal end of the pneumotachograph. The
instrumental array for this experiment is presented in
Figure 1.

Static calibration of the pressure system was
accomplished using a U-tube water manometer. Air flow
rate callibrations were completed with a flow rotor
meter (Fisher-Portér, 10A1027) . Known pressure and
volume velocity inputs were equated with appropriate
galvanometer deflections prior to each experimental
session.

The frequency response of the pressure system
was determined using the method described by Prosek and
House (1975).

The catheter was sealed in a 1/8 inch microphone
adapter (Bruel and Kjaer pistonphone, #4220). The pis-
tonphone emitted a constant sound pressure output of
124 dB. The input voltage to the pistonphone was
varied using a variable DC power supply (EICO #1020)
which resulted in alterations in the frequency of the
output. The frequency range from 15 to 200 Hz was
sampled in approximately 10 Hz increments and variations
of sound pressure in the coupler were recorded on the
optical oscillograph. The frequency response of the

pressure system was essentially flat through the
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frequency range tested except for a resonance at 100 Hz.
This was of little concern since the pressure variations
of interest in speech are of a magnitude less than 50 Hz
(Prosek and House, 1975).

A similar procedure was used for the flow rate
system with one lead of the differential transducer

sealed in the adapter and the other plugged.

Experimental Procedure

For all three experiments, the required speech
tasks were completed at each of four vital capacity
percentages (10% VC, 40% VC, 70% VC, and 100% VC).

These percentages were selected to represent both extreme
and midrange lung volumes. The percentages were cal-
culated from an average of five VC maneuvers completed
by each subject prior to the experiment sessions.

When the average VC and selected percentages
were determined for each subject, they were marked on
the respirometer recording paper to serve as targets
during the experimental session. For a given VC per-
centage, the subject was instructed to inhale maximally,
exhale into the respirometer until the pre-set
recording pen deflected from the 100% VC mark to the
0% VC mark, and inhale back up to the target percentage.
The subject then held her breath by occluding the

larynx, placed her nose and mouth tightly into the
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facemask, and completed the required speech task. The
three experiments were conducted in the same order for all
subjects, buth the target volumes were randomized for each
subject during each experiment to control for sequencing
effects.

Three aerodynamic parameters were investigated
for all three experiments: (1) peak intraoral air
pressure defined as the maximum excursion of the pressure
trace from the established baseline for the selected
phoneme, (2) peak air flow rate defined as the maximum
excursion of the pressure trace from the established
baseline for the selected phoneme, and (3) intraoral air
pressure duration defined as the duration of the pressure
pulse for the selected phoneme as measured along the
established baseline. The point of onset was determined
as the point of departure of the pressure trace from
the baseline, and the offset was established at that
point where the pressure trace returned to the baseline
or the steady state of the following phoneme. The
total pressure duration was further divided into onset
duration (duration from point of onset to point of peak
pressure) and offset duration (duration from point of
peak pressure to point of offset). Since some of the
measures involved subjective decisions by the experimenter,

measures of inter- and intrajudge reliability were computed
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by selecting 16 traces at random for analysis by another
trained person. In addition, the experimenter
re-measured these traces at least one week following

the first measurement. Interjudge reliability for peak
pressure (+ 1 mm Hy0) was 93%, for peak air flow rate

(+ 10 cc/sec) was 93%, and for total duration (+ 20 msec)
was 93%. Intrajudge reliabilities were 93%, 95%, and

95%, respectively.



CHAPTER III

INDIVIDUAL EXPERIMENTAL RESULTS

Experiment I

Rationale

The purpose of this study was to observe the
relation of intraoral air pressure, intraoral air pres-
sure duration and air flow rate as functions of various

lung volumes.

Procedures

Two phonemes, /t/ and /s/, were chosen for
analysis. These phonemes were selected primarily
because they are voiceless and hence, the intraoral
pressures recorded would be very nearly identical to the
subglottic pressures generated. Moreover, they are
representative examples of two different consonant
classes (stop and fricative). These two phenemes were
considered a sufficient sample inasmuch as previous
research has established that phonemes in the same con-
sonant class have similar aerodynamic properties
(Arkebauer et al., 1967; Isshiki and Ringel, 1964;
Hutchinson, 1973). The phonemes were spoken in the
nonsense word /haC.C/ which appeared in the neutral

"

carrier phrase ''say again." The subjects were

13
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requested to say each phrase three times without
inhaling, for each of the four lung volumes studied.

(See Appendix A for instructions to the subjects.)

Results and Discussion

Figure 2 depicts the intraoral air pressure and
air flow rate results of Experiment I. (The raw data are
provided in Appendix B.) Inspection of Figure 2a
reveals that intraoral air pressure values fluctuated
slightly as a function of lung volume for both /t/ and
/s/. Specifically, both phonemes were associated with
little change between 107% and 40% VC as well as between
70% and 100% VC. However, a slight increase in peak
pressure (approximately 1 cm HZO) occurred between 407%
and 70% for both phonemes. Therefore, the intraoral
air pressures remained relatively constant at both low
and high iung volumes. However, the transition from low
to high volumes was marked by an increase in peak
pressure.

Air flow rate data are presented in Figure 2b.
(The raw data appear in Appendix B.) Air flow rates
varied directly as a function of lung volume. This
was particularly evident in the case of /t/ where the
air flow rate difference between 107 and 100% VC was
over 700 cc/sec. The results for /s/ were qualitatively

similar to those for /t/ but the magnitude of change



TSIANY 13120 NOILONGOYd
ONIHENT ZWNTOAN SMOT DONIAGVYA 40
WOILONId SV SIATVA 3Lvd MOTd HIV

IWNIOA ONN1
YA 14

:qZ 34Noid

YA

7,001

¥ _ _

1Lt e

Col

CC¢

ooV
CCS
oG9

01074

(pas/>>) 31V Y MC1d UiV

co3
cos
000l
ool

1STCANY 131

40 NOILONAOHd ONIHNG ZINNTOA
ONNT SNIAHVA 40 NOILONNA S
SIATVA JHNSSIHC HIV TVEHOVHLNI

FWNT10A ONN1

J.0L 0ov %0l

‘eZ 34NOld

] _ _ _

ISje———e

131 -

p—

T ™

Q@ N OV v

o

(O%H WD) 3¥NSSTUd



16

from 10% to 100% VC was considerably less pronounced
(approximately 170 cc/sec).

Intraoral air pressure duration data are sum-
marized in Figure 3. For both phonemes, the onset
duration was larger than the offset duration. No
remarkable fluctuations in onset and offset values
resulted as a function of changes in lung volume except
in the case of offset duration for /t/. 1In this
instance, there was a slight increase in duration with
increases in lung volume. This may have resulted from
the increased intraoral air pressure associated with
larger lung volumes. Perhaps the greater pressures
simply requred longer venting times after release of
the constriction. The total pressure durations also
increased slightly as a function of lung volume, but the
magnitude of change was relatively small (less than
20 msec).

By way of summary, the results of Experiment I
have demonstrated very slight increases in peak intra-
oral air pressure and air pressure durations with
increases in lung volume. A much more obvious change
occurred with the variable of air flow rate where the
increments in lung volume resulted in higher volume

velocities, particularly for the phoneme /t/.
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Experiment II

Rationale

Brown and McGlone (1969) reported that peak
intraoral air pressure fluctuates little with repetition
of the same phoneme or when that phoneme is placed in
sentence context. The results of Brown and McGlone's
study would support the concept of a target vocal tract
pressure which the subject assumes in the production of
a given phoneme. Whereas the study by Brown and McGlone
was well controlled in terms of vocal intensity and
fundamental frequency, no consideration was given to the
influence of varying lung volumes. Therefore, the purpose
of Experiment II was to replicate a portion of the study
by Brown and McGlone controlling the variable of lung
volume and extending their observations to the additional
parameters of intraoral air pressure duration and air

flow rate.

Procedures

As in the study by Brown and McGlone, the speech
stimulus used in Experiment II was the syllable /t../.
All subjects were required to produce this syllable in
synchrony with light-flashing metronome at the rate of
1/sec. The subjects completed this task for each of the
four lung volumes studied. The subjects were not permitted

to inhale between productions of /t./.



(See Appendix A for instructions to the subject.) For
purposes of convenience in analyzing the data, the ten
productions of /t./ at each lung volume were grouped into
five pairs of two productions each. The data were then

averaged over the two sets of values in each pair.

Results and Discussion

The results for the peak intraoral air pressure
parameter are presented in Figure 4. (Sce Appendix C for
the raw data.) Visual examination of this figure reveals
considerably higher peak pressures for the first paired
productions regardless of lung volume. However, there
was very little change in pressure for any lung volume
from the second through the fifth pairs. Moreover, with
the possible exception of 10% VC, the pressures obtained
during production of the last five pairs of /t./ were
very similar for all lung volumes. The values for 10% VC
were approximately 1 cm HZO below those recorded for the
other lung volumes.

The results of the air flow rate measures are
provided in Figure 5. (See Appendix C for raw data.)

Two general observations emerged from inspection of this
figure. First, there was a general decrease in volume
velocity with continued production of /t./. Second,
there appeared a direct relationship between lung volume
and air flow rate which was generally preserved across

paired productions of /t./. That is, higher lung volumes
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were associated with higher air flow rates regardless of
the paired production under consideration. An exception
to this latter observation was noted during the second
paired production where the mean volume velocity for
100% VC fell slightly below that for 70% VC. The
greatest magnitude of change for all lung volumes was
noted between the first and second paired productions.
For the middle three paired productions, the air flow
rates remained relatively constant with a general
decrement in amplitude appearing between the fourth and
fifth pairs. This final decrement was pronounced for
the two lower lung volumes.

A similar profile of values was noted in the
case of intraoral air pressure duration. The onset and
offset data are presented in Figure 6. (See Appendix C
for raw data.) As was the case in Experiment I, onset
durations exceeded offset durations. High onset and
offset values were recorded for the first pair of pro-
ductions. However, the durations for all lung volumes
appeared to stabilize within a relatively narrow range
by the third and fourth paired productions with some
variability reappearing for onset measures in the final
pair. The same pattern noted for onset duration may be
seen for total durations in Figure 7.

The larger magnitudes of all variables noted

for the first pair of productions at each lung volume
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was of some concern to the experimenter since such an
observation is inconsistent with the findings of Brown
and McGlone. One possible explanation for this concerns
the subjects' efforts to synchronize initial productions
with the metronome flash. In an attempt to coordinate
the first syllabic nucleus with the light flash, the
subjects may have prolonged the peak pressure allowing
it to elevate with the result of higher volume velocities
upon release. In addition, Brown and McGlone reported
data from only the tenth through fourteenth productions
(out of twenty repetitions) to insure "stability'" in the
utterance pattern.

It may also be observed that the intraoral air
pressure durations for /t/ reported in Experiment II
are generally higher than those for /t/ in Experiment I.
This may be attributed to the efforts by subjects to
synchronize the syllable /t./ with the light flash in
the latter experiment. In so doing, the subjects appar-
ently began elevating pressure in anticipation of the
light flash. Similar results were obtained by Navarre
(1975) .

In general, intraoral air pressure, intraoral
air pressure duration, and air flow rate values showed
a decrease for the initial paired stimuli with configura-
tions which are relatively flat for the remaining stimu-

lus pairs.
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Experiment III

Rationale

The purpose of this experiment was to extend
the observations of Experiments I and II to contextual
speech. It was reasoned that more realistic speech
stimuli constitute a better indication of typical aero-
dynamic functioning and hence provide more insight
regarding the nature of potential feedback systems in
the vocal tract. Accordingly, the subjects were
required to read a short prose passage at each of the

four experimental lung volumes.

Procedure

A 36-syllable passage (see Appendix E) containing
12 instances of the phoneme /t/ was constructed. The
context of /t/ was constrained such that it was always
preceded and followed by a linguistic pause, vowel,
semivowel, or nasal. This context was chosen to facili-
tate measurement since all surrounding phonemes are
associatéd with low pressure. Also, such a context
minimizes pressure values higher in amplitude or longer
in duration which result from abutting high pressure
consonants. Finally, the passage was constructed such
that when the 36 syllables were divided into four quar-
tiles containing nine syllables each, there were three

/t/ phonemes in all quartiles. This arrangement
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permitted the experimenter to examine changes in the
selected aerodynamic variables across time by calculating
mean values for each quartile of the passage. At each

of the four lung volumes, the subjects were required to
read the passage completely without inhaling. (See

Appendix A for instructions to the subject.)

Results and Discussion

The results for peak intraoral air pressure are
summarized in Figure 8. (See Appendix D for raw data.)
Visual inspection of this figure indicates slightly
higher pressures for all lung volumes during the first
quartile. However, this difference disappeared during
the second quartile and the pressure values assumed a
plateau throughout the remainder of the passage. 1In
addition, the pressure values for all lung volumes were
remarkably similar during the final three quartiles.

As seen in Figure 9, the air flow rates generally
decreased from the first to the fourth quartiles. How-
ever, a slight increment in flow rate occurred during the
third quartile. The reason for this is obscure but may
be suggestive of some semantic or syntactic variable
which precipitated a slight increase in respiratory
effort. Another possibility may have been a subtle
increase in effort as the subject encroached more and

more on the expiratory reserve volume and the oxygen
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demands increased. It should also be noted that, as in
Experiment II, higher lung volumes were generally
associated with higher air flow rates throughout the
passage. An exception to this occurred in the third
quartile where the volume velocity values for 70% VC
and 100% VC coincided.

. The duration results in Experiment III were
somewhat ambiguous. The intraoral air pressures onset
values are depicted in Figure 10. (Raw data may be
found in Appendix D.) There was a general decrease
from the first to the second quartiles, a levelling off
from the second to the third, and a decrease from the
third to the fourth in all cases except 10% VC. The
intraoral air pressure offset values presented in
Figure 11 (see Appendix D for raw data) showed no mean-
ingful or consistent fluctuations across quartiles.
Moreover, the fluctuations that occurred were generally
of low magnitude (less than 25 msec), and it would appear
hazardous to attach special significance to them. Total
duration results for Experiment III are shown in Figure
12. The values for 70% VC and 100% VC are very similar
across all quartiles. The durations for 10% and 40% VC
averaged 25-50 msec lower during the second and third
quartiles than those recorded at higher lung volumes. By
the fourth quartile, there was very little difference in

pressure duration as a function of lung volume.
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To summarize, intraoral air pressure and air
flow rate values evidenced relatively similar fluctu-
ations across lung volumes. Intraoral air pressure
durations demonstrated variations of low magnitude with
the two high lung volumes (70% and 100% VC) having
similar duration values and the lower volumes (107% and
40% VC) exhibiting generally lower durations with similar

magnitudes.



CHAPTER IV

DISCUSSION AND CONCLUSION

By way of summary, the results of the three
experiments in this investigation have demonstrated that,
with some exceptions, intraoral air pressures are not
markedly changed as a function of lung volume. Those
variations that did appear generally were of a magnitude
less than 1 cm H,0. The greatest variability in intra-
oral air pressure appeared not as a function of lung
volume but rather in response to the specific speech
tasks required. For example, in Experiment II, the
greatest pressure values were observed for the first two
productions of /t~/ and tended to stabilize in subsequent
trials. Only the pressure values for 10% VC appeared to
be consistently lower, but this was only evident in
trials 5-10, and again the magnitude was less than 1 cm
H,0. 1In Experiment III, there was no observable rela-
tionships between lung volume and intraoral air pressure.
The variabilities noted were associated with initial
utterance efforts.

The low magnitude variations in intraoral pressure

assume increasing significance in view of Malecot's (1966)

35
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observation that the human difference limen for intra-
oral air pressure, in the range of interest for this
study, often exceed 1 cm H,0. He reported the mean dif-
ference limen for ten subjects to be 1.04 cm H,0 when
the lease pressure was preset at 7.5 cm H,0, a value
similar to those generated in the present experiment
(Malecot, 1966, p. 76). Malecot's findings suggest

that the variations in the air pressure reported in the
present study may well have been below the subjects'
difference limen for that feedback stimulus.

In view of these observations, the results of
this study support the conclusion that vocal tract air
pressure does not generally fluctuate as a function of
lung volume. The logical implication of this conclusion
is that target vocal tract pressures are set for a given
utterance and maintained within the difference limen
range despite rather drastic alterations in pulmonary
volume. Accordingly, a well developed sensory feedback
system must operate to maintain the target pressures
through continuous adjustments in muscular effort.

Despite this constancy in intraoral air pressure,
peak and flow rate values varied systematically as a
function of lung volume. 1In all three experiments, with
sporadic exceptions, a direct relationship between lung
volume and air flow rate was observed. These results do

not support the suggestion of Prosek and House (1975)
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that 'sensory information from these muscle systems
(thoracic and abdominal) might be used to establish the
air flow rate appropriate for an utterance'" (p. 144).
Conversely. the present data indicate that target air
flow rates are either highly wvariable or insignificant
for speech production and fluctuate in response to vari-
ations in lung volume.

The patterns of variation in intraoral air pres-
sure duration for the three experiments were somewhat
less obvious. In general, total pressure durations
tended to be somewhat longer for the higher lung volumes,
but there were numerous exceptions to this observation.
Onset durations generally followed the same pattern as
the total durations and offset measures were typically
less variable. These variations probably do not reflect
changes in lung volume as much as the task requirements
and linguistic influences described earlier. It would
be hazardous to draw conclusions regarding the slight
covariance between lung volume and intraoral air pres-
sure duration in view of the numerous exceptions to this

relationship.

Possible Feedback Mechanisms

As mentioned in the Introduction of this paper,
several possible mechanisms could operate to provide

data to the central nervous system regarding the state
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of vocal tract air pressure. One possibility concerns
the several types of sensory receptors in the human
laryngeal mechanism. Wyke (1969) has described a
variety of corpuscular nerve endings in the submucosal
tissues of the larynx which are designed to fire in
response to mechanical displacement. He noted that
these mechanoreceptors have very low thresholds and
hence respond to small changes in air pressure, of the
magnitudes observed in speech. His data have demonstra-
ted that firing of these mechanoreceptors produces
reflex adjustments of the laryngeal musculature. If
this is accurate, it is possible that some of the vocal
tract pressure regulation may be assigned to the
laryngeal system. Accordingly, laryngeal adjustments
would alter the resistance of the vocal folds to air
flow which may indirectly affect pressure. It is also
possible that the influence of these laryngeal sensory
receptors may be broader than the intrinsic laryngeal
muscles. Feedback from the mechanoreceptors may also be
shunted ﬁo appropriate centers in the central nervous
system where executive adjustments in respiratory
activity are accomplished.

By no means should the potential feedback system
be relegated solely to the laryngeal system. There are
well documented sensory receptors in the oral cavity

capable of responding to pressure events (Ringel and
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Ewanowski, 1965). The findings of Hutchinson and Putnam
(1974) lend credence to the potential influence of
supraglottal receptors in vocal tract adjustments.

Their observation that oral anesthesia resulted in
higher intraoral air pressure and elevated air flow

rates was interpreted as evidence of a "subglottal com-

pensation for a reduced supraglottal feedback load"

(p. 1616). Moreover, the absence of oral sensation may
have prevented the subjects from obtaining adequate
feedback information regarding the status of target
vocal tract pressures. Therefore, the aerodynamic
alterations observed by Hutchinson and Putnam may have
reflected efforts to increase the sensory sample to
ensure attainment of the required target pressures. If
this assumption is accepted, it establishes the inter-
active operation of supraglottal sensory systems and
respiratory events. With reference to the present study,
oral receptor feedback may play a critical role in
regulating respiratory activity to guarantee the main-
tenance of appropriate vocal tract pressure targets.
Finally, the respiratory muscles themselves
must be considered a potential feedback source. Sears
and Newsome-Davis (1968) have presented evidence sup-
porting the existence of a reflex mechanism within the
respiratory system which operates to adjust thoracic and

abdominal musculature in response to differences in
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"load" upon the inspiratory and expiratory contraction
event.

The results of the present study do not allow
selection of one or more of these regulation systems as
primary. However, the data suggest the existence of a
rather elegant sensory feedback system with a consider-
able degree of dynamic sensitivity for achieving appro-

priate vocal tract target pressures.

Clinical Implications

As stated in the Introduction, if the assump-
tion of a target subglottic pressure is accepted, it
implies a relatively effective sensory feedback sys-
tem which operates to maintain the target pressure
through continuous adjustments in muscular effort.
Based on this statement and in view of the relatively
stable intraoral air pressure values obtained in this
study, several clinical implications emerge.

Obviously, if target pressures'are important,
persons who have diminished ability to achieve accept-
able pressures may have serious problems maintaining a
correct manner of speech production. For example,
patients with sensory pathologies affecting the vocal
tract may have a reduced capability for monitoring
pressure information. As a result, the pressures gen-

erated may be quantitatively inappropriate and/or widely
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variable. Similarly, persons with neuromuscular path-
ologies affecting motor function may not achieve
appropriate target pressures despite the integrity of
the sensory channels.

Another interesting implication concerns the
work of Smith and Hutchinson (1975) with reference to
aerodynamic functioning in the hearing impaired. Several
subjects failed to achieve appropriate vocal tract pres-
sures for the intended consonants. For example, the
aerodynamic results failed to establish a distinct
voiced-voiceless contrast. However, a brief training
period (10 min) in which the subjects were asked to
monitor intraoral air pressure using a visual biofeedback
strategy was sufficient to establish a criterion distinc-
tion between voiced and voiceless cognates. Such results
may suggest that monitoring target pressures is an
essential but not necessarily sufficient requirement
for developing normal speech. 1In the absence of auditory
feedback, the hearing impaired person has no reference
for the-accuracy of target pressures. However, when
visual feedback is substituted for auditory feedback
as a cross-reference, the subjects showed an ability for

rapid approximation of appropriate vocal tract pressures.
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Implications for Further Research

The present study involved observing the relation
of intraoral air pressure, intraoral air pressure duration
and air flow rate as functions of varying lung volumes.
Whereas the results obtained from the five female sub-
jects proved enlightening, further research appears war-
ranted to extend these\data to a more representative
sample of subjects. First, examination of the age factor
would appear valuable. For example, younger children
are still developing speech skills and may not exhibit
the consistency in achieving target pressures as the
adults studied in these experiments. Also, older sub-
jects, whose peripheral sensory mechanisms have deteri-
orated may evidence poorer skills in achieving target
pressures. Secondly, the use of larger subject samples
with both males and females is suggested to determine
the effect of lung volume on aerodynamic events in rela-
tion to physical size. Finally, while this experiment
dealt with normative data, it may be valuable to extend

these procedures to individuals with vocal tract path-

ologies.
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APPENDIX A

INSTRUCTIONS TO SUBJECTS

Instructions for Experiment I

During this experiment, you will be asked to
say two nonsense sentences three times each at four
different lung volumes. For each lung volume, we will
ask you to inhale to the peak of your vital capacity
(that is, all the air you can get into your lungs),
exhale all of that air into the machine and inhale to
one of the colored lines on the paper which we shall
specify. When you reach the target value, we will ask
you to hold your breath momentarily and place your nose
and mouth tightly into the mask. Once in position, we
will signal you to say the sentence before you three

times without inhaling. Say the sentence in as natural

a pitch, intensity and rate as you can. Avoid over-
articulating. The sentence you will be asked to say

first is:

When you have finished the sentence, lean back

and relax. Do you have any questions?
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Instructions for Experiment II

During this experiment, you will be asked to
say the syllable /t./ ten times at four different lung
volumes. For each lung volume, we will ask you to
inhale to the peak of your vital capacity (that is, all
the air you can get into your lungs), exhale all of
that air into the machine and inhale to one of the colored
lines on the paper which we shall specify. When you
reach the target volume, we will ask you to hold your
breath momentarily and place your nose and mouth tightly
into the mask. Once in position, a light will flash 1
per second. Time your utterances of /t./ to correspond
with successive light flashes with our signal. We will
notify you when ten productions have been completed. Say
each syllable with as natural a pitch, intensity, and
rate as you can. Avoid over-articulating. When you have

finished, lean back and relax. Do you have any questions?
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Instructions for Experiment III

During this experiment, you will be asked to say
a short passage at four different lung volumes. For
each lung volume, we will ask you to inhale to the peak
of your vital capacity (that is, all the air you can get
into your lungs), exhale all of that air into the machine
and inhale to one of the colored lines on the paper which
we shall specify. When you reach the target volume, we
will ask you to hold your breath momentarily and place
your nose and mouth tightly into the mask. Once in
position, we will signal you to say the passage without
inhaling. Say the passage with as natural a pitch,
intensity, and rate as you can. Avoid over-articulating.
When you have finished, lean back and relax. Do you

have any questions?
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APPENDIX E

STIMULUS PASSAGE TFOR EXPERIMENT III

Tomorrow Tom or Todd will arrive in Trinidad.

They will take a trip with the tumbling team. Only

ten of the twelve men will make the travelling team.
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