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ABSTRACT

Abdominal trussing has been advocated for a number of years as a method
to improve speech in persons with paralyzed or weak muscles of the
breathing apparatus. There have been a few studies that have examined the
effect of abdominal trussing on speech and voice. However, these studies
have had little experimental control. For this study, two experiments were
undertaken to examine the effect of abdominal trussing in men with a
cervical spinal cord injury on breathing, vowel prolongation and reading.
For both experiments, a special trussing device and procedure where
developed to have maximum control over inward abdominal placement
during the trussing procedure. Respiratory, acoustic and linguistic measures
were made for both experiments.

For the first experiment, three persons with cervical spinal cord injury
were studied using three single-subject-experimental designs. Abdominal
trussing had some effect on the inspiratory component of the breathing
apparatus. This was demonstrated by some of the subjects by an increase of
inspiratory capacity, phonation duration, more syllables per utterance and
fewer pauses. There was no evidence that trussing had an effect on the
expiratory component of the breathing apparatus. A perceptual component
included having judges indicate if they preferred portions of the reading
passage when the abdomen was trussed versus when it was untrussed. No

differences were detected for the preferential listening task.



17

For the second experiment, one subject from the first experiment was used
to examine the effect of three different inward abdominal placements (25%.
50%, and 75%) on breathing and speech. The 50% inward position was found
to be the best position for improving the inspiratory component of the
breathing apparatus. With the improvement of the inspiratory component,
utterance duration and the number of syllables per utterance increased and
the number of pauses decreased during reading. In addition, the perceptual
component of analysis for the second experiment showed, that for reading,
the 50% inward abcdominal position was preferred to the other two inward
positions.

Future clinical applications and research of abdominal trussing in

different populations are also discussed.
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INTRODUCTION

The breathing apparatus is a biomechanical pump that generates the
volume displacements, volume compressions, and flows required to produce
speech. If that apparatus is paretic or paralyzed, then its ability to bring about
such aeromechanical events for speech may be affected. Paresis or paralysis of
the breathing apparatus may be caused by several factors, with, perhaps, the
most commonly recognized being cervical spinal cord injury.

Observations of subjects with cervical spinal cord injury indicate that their
conversational speech may: (a) be reduced in loudness (Hixon & Putnam,
1983; Hoit, Banzett, Brown, & Loring, 1990a); (b) be monoloud (Hixon &
Putnam, 1983); (c) have decreased stress contrasts (Hixon & Putnam, 1983); (d)
have short breath groups (Hixon & Putnam, 1983; Hoit et al., 1990a); and (e)
have long inspiratory durations (Hixon & Putnam, 1983; Hoit et al., 1990a).
Presumably, increasing the demands of speech, so as to be more stringent
than for conversational level, would further exacerbate such speech
problems.

Individuals with cervical spinal cord injury, who are able to breathe on
their own, are reported to have: (a) reduced vital capacities (Fugl-Meyer &
Grimby, 1971; Haas, Lowman, & Bergofsky, 1965; Haas, Pineda, Axen,
Bresnahan, & Haas, 1978; Huldtgren, Fugl-Meyer, Jonasson, & Bake, 1980;
Ledsome & Sharp, 1981; Maloney, 1979; McCool et al., 1986; McKinley,

Auchincloss, Gilbert, & Nicholas, 1969; Morgan, Silver, & Williams, 1986); (b)
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decreased inspiratory pressures (Fugl-Meyer, 1971; Goldman, Rose, Williams,
& Denison, 1986; Haas et al., 1978; Huldtgren et al., 1980; Loveridge, Badour, &
Dubo, 1989; Loveridge, Sanii, & Dubo, 1992; Loveridge & Dubo, 1990; Ohry,
Molho, & Rozin, 1975; Pichurko et al., 1985); (c) decreased expiratory
pressures (Fugl-Meyer, 1971; Huldtgren et al., 1980); and (d) decreased
maximum expiratory flows (Haas et al., 1978; Huldtgren et al., 1980; Loveridge
et al., 1992; Ohry et al., 1975).

Possible links may exist between the changes observed in the breathing
variables just mentioned and the conversational speech problems already
discussed. Decreased expiratory pressures and flows may result in decreased
loudness, monoloudness, and decreased stress contrasts. Decreased
inspiratory pressures and resultant decreased vital capacities may lead to short
breath groups. And, decreased inspiratory pressures may be related to
increased inspiratory durations.

Any method that would improve breathing function in persons with
cervical spinal cord injury might improve their speech as well. One such
candidate often mentioned for clinical application is abdominal trussing.
Abdominal trussing is the process of moving and fixing the abdomen inward
relative to its position at rest. Trussing techniques have included the use of
corsets, non-elastic and elastic abdomen wraps, and pneumobelts (Cala,
Edyvean, & Engel, 1993; Goldman et al., 1986; Koulouris et al., 1989; Maloney,

1979; Miller, Thomas, & Wilmot, 1988). Abdominal trussing of persons with
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a cervical spinal cord injury has been found to: (a) increase vital capacity
(Goldman et al., 1986; Huldtgren et al., 1980; McCool, Brown, Mayewski, &
Hyde, 1988; McCool et al., 1986; Miller et al., 1988); (b) increase maximum
inspiratory pressures (Huldtgren et al., 1980); (c) increase maximum
expiratory pressures (Sataloff, Heur, & O'Conner, 1984); and (d) increase
expiratory flows (Fugl-Meyer, 1971; Haas et al., 1978; Ledsome & Sharp, 1981;
Ohry et al., 1975).

Trussing of the abdomen in the upright body position serves to supplant,
in part, the function of a paretic or paralyzed abdomen. Abdominal muscles
are active during speech production in the upright body position, as shown by
electromyographic (Eblen, 1963; Gould & Okamura, 1974; Hardy, 1970; Hoit,
Plassman, Lansing, & Hixon, 1988; Lebrun, 1996; McFarland & Smith, 1989),
and stress-strain studies (Hixon, Mead, & Goldman, 1976). For speech
production, this muscular activity results in the abdomen being displaced
inward to volumes that are smaller than those associated with relaxation at
the prevailing lung volume (Hixon, Gold:z.an, & Mead, 1973; Hixon et al.,
1976; Hoit, Hixon, Altman, & Morgan, 1989; Hoit & Hixon, 1987; Hoit, Hixon,
Watson, & Morgan, 1990b).

The abdomen plays an important role for both inspiration and expiration
during speech (Hixon et al., 1973; Hixon et al., 1976; Hoit et al., 1989; Hoit et al.,
1988; Hoit & Hixon, 1987; Hoit et al., 1990b) and during highly skilled voice

production (Watson & Hixon, 1985; Watson, Hixon, & Maher, 1987, Watson,
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Hixon, Stathopoulos, & Sullivan, 1990). During conversational speech
production, the background tone of the abdomen brings about a general
inward positioning of the abdominal wall. This displaces the abdominal
content inward, which, in turn, displaces the diaphragm headward.
Headward displacement of the diaphragm lengthens its muscle fibers, placing
them on a more favorable portion of their length-tension curve. As a
consequence, when the diaphragm contracts, it can generate rapid and
forceful inspiration (Banzett & Mead, 1993).

Headward displacement of the diaphragm, caused by inward displacement
of the abdomen, allows greater transdiaphragmatic pressure to be produced in
healthy subjects (Grassino, 1974; Koulouris et al., 1989). With increased
inward displacement of the abdomen, diaphragm electromyographic activity
decreases, while tidal volume and timing are maintained in healthy subjects
(Banzett, Lansing, & Reid, 1985; Banzett & Mead, 1993; Reid, Banzett,
Feldman, & Mead, 1985) and in subjects with cervical spinal cord injury
(Banzett et al., 1981; McCool et al., 1988).

With regard to the abdomen’s function during the expiratory phase of
speech, not only does it produce volume displacement in the expiratory
direction and generate expiratory pressure, it also serves to optimize the
function of the rib cage. It does the latter by favorably positioning the rib cage

upward and serving as a platform for the rib cage to act against.
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The abdomen, when displaced inward, raises abdominal pressure which,
in turn, results in a lifting of the rib cage (Goldman, 1974). With such lifting,
the expiratory muscles of the rib cage are lengthened, placing them on a more
favorable portion of their length-tension curve (Hixon, 1988). This allows the
diaphragm and rib cage to more efficiently generate the volume
displacements, volume compressions, and flows required for speech.
Furthermore, throughout the expiratory phase of the speech breathing cycle,
the abdomen typically continues its inward displacement. This displacement
maintains a larger rib cage volume throughout expiration, which, in turn,
optimizes expiratory muscle function of the rib cage throughout the
expiratory phase of the breathing cycle (Hixon, 1988).

During the expiratory phase of the speech breathing cycle, the abdomen
resists the expiratory pressure developed by the rib cage. If the abdomen were
not to offer this resistance, it would be forced outward and move in a
paradoxical manner during expiration. That is, while lung volume would be
decreasing, abdominal volume would be increasing, but to a lesser extent
than the decrease of lung volume. This paradoxing results in reduced
economy of movement or “wasted” motion (Hixon & Weismer, 1995). Thus,
the pressure generated by the rib cage would result, in part, in altering the
shape of the breathing apparatus and in not developing as rapid and as large

an alveolar pressure change.
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Optimizing the function of the diaphragm may result in the speech of
individuals with spinal cord injury having longer breath groups attendant
with increased vital capacity, and decreased inspiratory durations because of
increased inspiratory pressure. Optimizing the function of the rib cage may
result in the speech of these individuals being louder, being reduced in
monoloudness, and having increased stress contrasts attendant with increases
of expiratory pressure and flow.

Changes of speech in individuals with a cervical spinal cord injury may
especially be observed when greater demand is required to produce speech.
For example, trussing the abdomen of an auctioneer who has a cervical spinal
cord injury may allow this individual to be better heard and quicker
inspirations may be realized so that the ongoing flow of speech is maintained.

Abdominal trussing has been suggested as a possible clinical method to
improve the speech of patients with a disordered breathing apparatus (Aten,
1983; Duffy, 1995; Hixon, 1975; Hoit et al., 1990a; Rosenbek & LaPointe, 1985;
Westlake & Rutherford, 1961; Yorkston, Beukelman, & Bell, 1988). There are,
however, few empirical data to support the use of abdominal trussing as an
effective clinical method to improve speech. Simpson, Till, and Goff (1988)
report the effect of abdominal trussing in a subject who had suffered a stroke.
The authors report that minimal improvement was noted in their subject’s
speech and that they judged the voice to be louder. Because the subject

suffered a stroke there may have been other factors, such as cranial nerve
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damage, which may have contributed to the minimal effect observed in the
subject’s speech following trussing. Sataloff, Heur. and O’Conner (1984)
described the use of abdominal trussing with a professional “untrained”
singer who had sustained a cervical spinal cord injury. These authors report
that for the subject’s singing, sound pressure level was maintained for a
longer period, tone was perceived to be more “forceful,” and the subject was
able to return to performing. Although Sataloff and colleagues reported data
and casual observations concerning the subject’s singing, they did not provide

a description of the effect trussing had on the subject’s speech.

PURPOSE

Abdominal trussing has been advocated as a clinical method to improve
speech in persons with weakness of the muscles of the breathing apparatus
for over 30 years. Trussing the abdomen has shown that it improves
breathing function that, consequently, may have an impact upon speech.
There have been a few case studies that have indicated that trussing the
abdomen in subjects with cervical spinal cord injury would improve speech.
However, these studies are limited by few data and the experimenters were
not blind to their observations concerning changes in the speech of their
subjects. To date, the effect of abdominal trussing upon speech has not been

studied in a systematic fashion.
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Two experiments were conducted to examine the effect of trussing the
abdomen upon: (a) breathing function; (b) vocalization; and (c) speech. The
purpose of the first experiment was to examine the effect of abdominal
trussing on selected breathing, vocalization, and speaking tasks in three
subjects with cervical spinal cord injury. Four specific questions were
addressed. The first question was, can changes be observed in selected
breathing variables such as increased vital capacity and increased maximum
inspiratory and expiratory pressures when the abdomen is trussed as
compared to when it is untrussed? Changes in these variables would indicate
if trussing had a beneficial effect on breathing which may have predictive
value in assessing the effect of trussing on speech.

The second question addressed if changes could be observed in vocal
(nonspeech) tasks. Can a vowel be prolonged for a greater duration and at a
greater sound pressure level when the abdomen is trussed as compared to
when the abdomen is untrussed? The magnitude of change in such vocal
variables may predict if a subject’s conversational and loud speech will be
improved by trussing.

The third question was, can listeners detect a difference in a subject’s
speech when the abdomen is trussed versus when the abdomen is untrussed?
Specifically, do listeners choose the speech, during conversational and loud
reading, in a trussed condition as being preferable to that during an untrussed

condition?
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The fourth question was, can changes in the acoustic and timing features
of a subject’s speech, such as increased sound pressure level, longer breath
groups, and decreased inspiratory duration, be observed when the abdomen is
trussed versus when it is untrussed? If listeners are able to determine that
trussing the abdomen made speech, during conversational and loud reading,
preferable, then changes in the acoustic and timing domain may indicate
what particular features of speech contributed to this preference.

The second experiment was conducted to examine the effect of different
inward abdominal wall positions on selected breathing and speaking tasks in
one subject involved in the first experiment. If a particular inward
abdominal wall position has a more pronounced salutary effect upon
breathing and speech, then attention should also be given to the position of
the abdominal wall during trussing and not just the act of trussing itself.

Three questions were addressed for the second experiment. The first
question was, does a particular inward abdominal wall position have greater
impact in increasing vital capacity? The second question asked, is there a
particular inward abdominal wall position which affects a change in the
subject’s speech which listeners prefer over other inward positions? The
third question was, can changes in the acoustic and timing features of the
subject’s speech, such as increased sound pressure level, longer breath groups,
and decreased inspiratory duration be observed at one particular inward

abdominal wall position over other inward positions?
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EXPERIMENT ONE
METHODS
Subjects

Three men with functionally complete transections between spinal
segments C5 and C6 served as subjects. See Table 1 for selected characteristics
of these subjects. The level and extent of injury was determined by -a neural
examination conducted by a board-certified neurologist. Injury had to have
occurred more than 12 months prior to the dates of testing. The breathing
apparatus undergoes changes following cervical spinal cord injury and is not
stabilized prior to 12 months post injury (Loveridge et al., 1992). These
changes include alterations in compliance of the rib cage and abdomen.
Changes in compliance can be brought about solely or by any combination of
paresis, paralysis, or spasticity. Medications are often given to patients with
spinal cord injury to help reduce spasticity. Because of the half-life
characteristics of these medications, changes in spasticity could have occurred
during a test period (defined below). To help determine if there were changes
in spasticity during a test period, the Ashworth Scale (Ashworth, 1964;
Bohannon & Smith, 1987; Lee, Carson, Kinnin, & Patterson, 1989) was
administered by the experimenter. Scaling was performed at the beginning, at

the estimated halfway point, and at the end of each test period.



[INSERT TABLE 1]

Subject 1 wore no trussing device. Subject 2 wore a corset that surrounded
his abdomen and most of his rib cage up to mid-sternum. He reported that he
wore it because of scoliosis. Subject 3 wore an elastic binder that surrounded
his abdomen. He reported that he wore it to aid his breathing and to help
stabilize his blood pressure. For the experiment, devices were removed for
Subjects 2 and 3.

Subjects reported that they were in stable general health and were not
suffering from any upper respiratory infections or allergies on the days of
testing. They also reported no history of chronic obstructive lung disease,
such as emphysema or asthma. Subjects reported no premorbid history of
speech or voice disorders (e.g. stuttering). Each subject had spoken American
English as his first language and was able to read The Grandfather Passage
(Darley, Aronson, & Brown, 1975) aloud fluently. Subjects 1 and 2 were
enrolled in graduate studies and Subject 3 was working on a bachelor’s degree.

Subjects were recruited from the greater Tucson metropolitan area
through posted announcements and community contacts. They were paid for

their participation.
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Trussing
Description of the Device

A specially built device was used to truss the abdomen. The device
allowed for the controlled inward positioning of the anterior abdominal wall.
The trussing device consisted of a 4 foot by 8 foot by 1.5 inch plywood
platform that had a thick tubular aluminum frame fastened to it. See Figure
1 for a schematic side view of the device. The frame was made of two 7 foot
tubes which ran vertically, one at each side and at approximately one-third of
the length of the platform. Attached to each vertical tube was a support strut
that was angled down and fastened to the plywood platform. The struts were
used for stabilization and support of the trussing device. Two horizontal bars
were secured between the two vertical members. The upper bar was used to
support and stabilize the frame. The lower (trussing) bar, could be elevated,
allowing each subject to move his wheelchair toward the bar so that his legs
were underneath it. The bar then was lowered and fixed in position so that it
was centered in front of the subject’s anterior abdominal wall.

A threaded-rod assembly was attached to the center of the trussing bar. A
handwheel was fastened to the end of the rod farthest from the subject. The
handwheel was used to move the opposite end of the rod toward or away
from the subject. The end of the rod, closest to the subject, could be angled up
or down around the horizontal axis of the trussing bar. An abdominal plate

was secured to the end of the rod closest to the subject.
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[INSERT FIGURE 1]

The abdominal plate was custom-fabricated for each subject. Plates were
made out of 1/8-inch thick plastic. The plastic was heated in warm water, and
was shaped and molded to fit the anterior and lateral portions of a subject’s
abdominal wall. Special attention was given so that the plate did not
encroach upon the lower rib cage. A non-elastic belt was attached to -he
lateral ends of the plate. During trussing, each end of the belt was brought
around the back of a subject’s wheelchair and drawn tight and secured. This
was done so that the lateral portions of the plastic plate were pulled over the
sides of each subject’s abdominal wall. A hole was drilled in the center of the

plate so that it could be secured to the adjustable threaded rod.

Trussing Procedure

After each subject had maneuvered his electric wheelchair onto the
plywood platform and the trussing bar had been placed in front of his anterior
abdominal wall, an inward abdominal wall position was determined for the
trussing segments of the experiment. This position was approximately
halfway between where the abdominal wall began to be displaced inward to
where no further inward displacement could be detected. This position was
located using linearized magnetometers (GMG, 1980)

Magnetometers are electromagnetic coil pairs that provide a voltage

analog of the distance between them. For each subject, a generator coil was
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placed at the middle of the outer surface of the abdominal plate. The sensor
coil was placed on the back at the midline of a subject’s torso, and at the same
axial level as its generator mate. The electronically processed output of the
abdominal magnetometer pair was routed to the horizontal axis of a storage
oscilloscope.

Because the abdominal plate covered the anterior abdominal wall it was
difficult to determine the point at which the plate began to displace the wall
inward. Therefore, the beginning of outward rib cage wall displacement was
used as an indicator of when the trussing device had begun to displace the
abdominal wall inward. As the abdomen is displaced inward, abdominal
pressure is raised, which acts to displace the rib cage wall outward (Goldman,
1974). To sense outward rib cage wall movement, a second magnetometer
pair was placed on the rib cage. The generator coil was placed at midline and
at the level of the lower sternum on the anterior rib cage. The sensor coil was
placed on the posterior rib cage at the midline and at the same axial level as
its generator mate. The electronically processed output of the rib cage
magnetometer pair was routed to the vertical axis of the storage oscilloscope.

See Figure 2 for a depiction of the oscilloscope display. The horizontal axis
shows inward movement of the abdominal plate, towards a subject, leftward.
The vertical axis shows outward movement of the rib cage wall upward.
Following magnetometer placement, the beam of the storage oscilloscope was

placed on the right side of the oscilloscope screen (Point A). The subject was
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instructed to stop breathing at the resting end-expiratory-level and the
abdominal plate was moved toward the subject. As this was done, the beam
of the display traced a line to the left. At the point where the abdominal wall
began to move inward, the rib cage wall began to move outward, and the
beam began to trace a diagonal line upward and leftward (Point B). The
abdominal plate continued to be moved toward the subject until no further
movement of the plate could be detected (Point C). The subject then was
instructed to breathe and the abdominal plate was withdrawn until it was no
longer touching the abdominal wall. A vertical line (Line D) then was
marked halfway between Points B and C on the oscilloscope display.
[INSERT FIGURE 2]

Each time a subject was to be trussed, he was instructed to stop breathing at
the resting end-expiratory-level and the abdominal plate was moved toward
him. Care was taken to ensure that the point at which the rib cage wall began
to move outward was always lined up with Point B, acquired during the
determination of the halfway position. Inward movement was stopped when
the line being traced on the display of the oscilloscope intersected Line D. The
subject then was told to breathe.

Tasks

Each subject performed selected respiratory tasks, vowel-prolongation

tasks, and reading tasks. Adequate rest, as determined by the subject and the

experimenter, was provided between each task and task repetition.



33

Respiratory Tas

Selected respiratory tasks of inspiratory capacity-vital capacity maneuvers,
maximum inspiratory-pressure-generation maneuvers, and maximum
expiratory-pressure-generation maneuvers were performed by each subject.
To measure inspiratory capacity-vital capacity performances, a 9-liter wet
spirometer was used. Each subject, while wearing a noseclip, was instructed
to stop breathing at resting end-expiratory-level. A tube, with one end
attached to the spirometer, was placed in the subject’s mouth. The subject
then was instructed to perform an inspiratory capacity maneuver (e.g., take in
as much air as you can). Upon reaching total lung capacity, the subject was
instructed to immediately perform a one-stage vital-capacity maneuver (e.g.,
blow out as much air as you can).

For the maximum inspiratory- and expiratory-pressure-generation
maneuvers, a small plastic tube, with one end positioned within a
mouthpiece, was used to transmit pressure. The other end of the tube was
attached to a pressure transducer. The signal from the pressure transducer
was conditioned and amplified and the resulting output was routed to a strip-
chart recorder. Pressure was calibrated using a U-tube water manometer.

To measure maximum inspiratory pressure, each subject, while wearing a
noseclip, was instructed to breathe quietly through the mouthpiece to

atmosphere. At the resting end-expiratory-level, a valve was used to close off
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the mouthpiece to atmosphere. Each subject then was instructed to inspire
with maximum force and to sustain the effort for a few seconds.

The maximum expiratory-pressure-generation maneuvers were similar in
kind to those used to determine maximum inspiratory pressures. However,
rather than instructing each subject to inspire with maximum force once the
valve was closed, each subject was instructed to expire with maximum force.
The subject was instructed not to use his tongue or cheeks to assist in pressure
generation for either the maximum inspiratory- or maximum expiratory-

pressure-generation maneuvers.

Vowel-Prolongation Tasks

Conversational-level and loud-level vowel-prolongation tasks were
performed. For a conversational-level vowel-prolongation task, each subject
was instructed to take in as deep a breath as possible, and then sustain the
vowel /a/ as long and as steady as he could, using what he considered to be
his conversational loudness. For a loud-level vowel-prolongation task, the
subject was instructed to take in as deep a breath as possible and then sustain
the vowel /a/ for as long and as steady as he could, producing the vowel as
loud as he believed necessary to be heard clearly at the opposite end of a

basketball court.
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Reading Tasks
Each subject performed two reading tasks using The Grandfather Passage.

A conversational-level reading task required the subject to read the paragraph
aloud at what he considered to be his conversational loudness. The loud-
level reading task required a subject to read the paragraph as loud as he

believed necessary to be clearly heard at the opposite end of a basketball court.

Design

For each subject, a single-subject, A-B-A, withdrawal type of design
(Barlow & Hersen, 1984) was employed. Each subject was involved in two
test-periods with two task-sessions per test period. Test periods were
separated by at least 5 days. Task sessions, within a period, were separated by
at least 30 minutes. The two task-sessions included a respiratory and vowel
session and a reading session. A respiratory and vowel session consisted of
the following tasks: (a) inspiratory capacity-vital capacity maneuvers; (b)
maximum inspiratory-pressure-generation maneuvers; (c) maximum
expiratory-pressure-generation maneuvers; (e) conversational-level vowel
prolongations; and (d) loud-level vowel prolongations. A reading session
included conversational-level reading and loud-level reading. Test periods
typically lasted no more than 1.5 hours.

The course of study was predetermined for the three experiments. Each

subject was selected randomly to be in one of the three experiments. The
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order of tasks within a task session and task sessions within a test period are
shown in Tables 2, 3, and 4 for Subjects 1, 2, and 3, respectively. The order of
the task sessions within a test period was determined randomly for the first
test period and the order was reversed for the second test period. The order of
tasks within a task session also was determined randomly for the first test
period and was reversed for the second test period. Each task, within a
session began with an abdomen-untrussed (untrussed), A condition, followed
by an abdomen-trussed (trussed), B condition, followed by another abdomen-
untrussed (untrussed), A condition. Three trials of a task were performed in
the first A condition followed by three trials of the same task in the B
condition, followed by one trial of the same task in the following A condition.
Three trials of a new task began following the one trial of the previous task in
the post-treatment A condition.
[INSERT TABLES 2, 3, AND 4]
Procedures And Instrumentation For Recording Acoustic Data For Vowel
Prolongation And Reading
The acoustic signal, during the vowel-prolongation tasks and the reading

tasks, was sensed with a head-mounted microphone and recorded on one
channel of a digital-audio-tape (DAT) recorder. Lips-to-microphone distance
was held constant at 2.5 inches and at a 45° azimuth to midline. These data
were used to make timing and sound pressure level measurements. Portions

of the reading data also were used for the perceptual component of the study.
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To calibrate sound pressure level, a 1000-Hz triangular wave was played
over a loudspeaker with the microphone placed at the same distance and
angle as that for the placement relative to a subject’s lips. A sound-level
meter was placed next to the microphone, in parallel and at the same distance
from the loudspeaker. The output of the loudspeaker was adjusted so that
the sound-level meter registered 90 dB SPL. The input level then was
adjusted on the DAT recorder so that its VU meter registered the same value
for each session. The tone then was recorded on the DAT tape. Calibration
was performed before each test period for each subject. The calibration tone

was played into a computer to calibrate for dB SPL.

Data Reduction and Analysis
Analysis of Respiratory Tasks
All values from the individual trials of inspiratory capacity, vital capacity,

and expiratory reserve volume were graphed for visual analysis. Expiratory
reserve volume was calculated by subtracting inspiratory capacity from vital
capacity. All values from the individual trials of maximum inspiratory and
maximum expiratory pressure generation maneuvers also were displayed for
visual analysis. Means and standard deviations were calculated, by collapsing
across trials within an experimental condition within a test period, and then
grand means and standard deviations were calculated for experimental

conditions across test periods.
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Analysis of Vowel-Prolongation and Reading Tasks

The recorded acoustic signal for vowel-prolongation tasks and reading
tasks was digitized using a sound acquisition card, with 15 bit resolution,
interfaced with a PC computer. The acoustic signal was low-pass filtered at a
cut-off frequency of 11 kHz and digitized at the sampling rate of 22.5 kHz.
Timing and dB SPL analyses of the digitized speech sample were
accomplished using C-Speech (Milenkovic, 1990). The acoustic waveform
was displayed on one channel. The sound pressure level (dB SPL) contour of
the corresponding acoustic waveform, derived via RMS, was displayed on a
second channel. Timing data were acquired from the first channel. Selected
dB SPL data were acquired from the second channel.

For vowel-prolongation tasks, average sound pressure level (dB SPL) and
maximum sound pressure level (dB SPL) measurements were made for each
trial. The duration, in seconds, of each vowel prolongation also was
determined. Values of average sound pressure level, maximum sound
pressure level, and duration for each trial were graphed for visual analysis.
Means and standard deviations for these measures were calculated, by
collapsing across trials within an experimental condition, within a test period.
Grand means and standard deviations were calculated for experimental

conditions across test periods.
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For each trial of a reading task, measurements were made for each
utterance. An utterance was defined as that part of an acoustic speech signal
separated by a pause of at least 0.250 seconds. The measures per utterance
included: (a) average sound pressure level (dB SPL); (b) maximum sound
pressure level (dB SPL); (c) syllables per utterance; (d) utterance duration
(seconds); and (e) syllables per second. Pause duration, in seconds, also was
measured. Means and standard deviations were calculated for these
measures for each trial of a reading task and were graphed for visual analysis.
Additional means and standard deviations were calculated, by collapsing
across the means for each trial within an experimental condition, within a
test period. Then grand means and standard deviations were calculated for
experimental conditions across test periods for each measure.

In addition, different pause boundaries were identified, following the
convention described by Hammen and Yorkston (1994), and counted. The
pause boundaries were put into the three categories: (a) primary syntactic
boundary -- pauses which occurred at sentences; (b) secondary syntactic
boundary - pauses which occurred at a phrase or subordinated clause; and (c)

other -- pauses that occurred within a phrase or subordinated clause.

Perceptual Analysis of Reading Tasks

For perceptual analysis, segments for the conversational-level and loud-

level reading tasks were taken from the previously digitized files. Using
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sound editing software, sound files were constructed for each subject, for each
reading task. These files were made by taking the third and fourth sentence
from the second trial of the first A condition, the second trial of the B
condition, and the trial of the second A condition for the two test periods.
This resulted in 6 samples (3 samples per test period X 2 test periods). From
these 6 samples, a total of 72 pairs was constructed (6 [pairings of each sample
with itself] + 30 [all possible pairs] + 36 [repetition of all possible pairs plus
pairings of each sample]). Announcements were inserted into the edited
sound file stating which pair number was being played prior to the
presentation of that pair. A silent period of 3.5 seconds was inserted between
the end of one pair and the start of the next pair and a silent period of 1.5
seconds was inserted between each member of a pair. This resulted in 6 tapes
(three subjects X 2 tasks). After the sound files for perceptual analysis were
completed, they were played back from the computer to a DAT and recorded.

Each tape was presented via loudspeakers in a sound-treated room. Each
tape session took approximately 40 minutes to complete. For each subject,
judges listened to the two tapes -- conversational-level and loud-level
reading. There was a separate listening day for each subject. Subject order
and task order, within a day, were randomized. At the beginning of each tape,
a short listening example, made up of 3 pairs chosen randomly from the tape,
was inserted. This segment was used to familiarize the judges with the

subject’s speech and the task.
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Judges were 13 graduate students in speech and hearing scienccs who had
taken a course on dysarthria. See Table 5 for a listing of student status of each
judge (master’s or doctoral), whether they had a Certificate of Clinical
Competence (CCC-SLP), years of experience working with clients with
dysarthria, and percentage of caseload, during that period, devoted to treating
dysarthria. Not all judges participated in all listening sessions. Ten judges
listened to the tapes of Subject 1 (Judges 1-7, 10-12) and Subject 3 (Judges 1-10).
Eleven judges listened to the tapes of Subject 2 (Judges 1-5, 7, 9-13).

Judges were instructed to indicate, after the playing of one sample, which
member of a pair had speech they considered preferable. Judges were
instructed that even if they were not sure of their choice they were to select a
member. For each tape, after 36 pairs had been presented, a 10-minute break
was given. A 20-minute break was given between each tape per listening day.
Judges were instructed not to discuss the listening task until all the tapes had
been completed.

For each subject, within a reading task, only those judges who had
intrajudge reliability of 70% or greater were used. Intrajudge reliability vsas
determined by comparing a judge’s agreement of a pair with its repetition.
The percentage of the number of agreements to the total number of pairs was
calculated.

Where possible, a chi-square test (David, 1988) designed for pair-

comparison analysis, was employed to see if there was a statistically
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significant difference between experimental conditions within a test period
and collapsed across test periods. The alpha level was set at 0.01.

[INSERT TABLE 5]
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RE TS AND INTERPRETATION

Data from Ashworth scaling, respiratory tasks, vowel-prolongation tasks,
and reading tasks are considered in this section for the three subjects studied
in Experiment I. Untrussed and trussed trials of the respiratory, vowel-
prolongation, and reading tasks are presented hereinafter in tables and figures
in such a way as to contrast these two conditions. Recall that the task
schedule and trial ordering within a test period are given in Tables 2, 3, and 4

for Subjects 1, 2, and 3, respectively.

Ashworth Scaling
With regard to Ashworth scaling, Subjects 2 and 3 were given a rating of
no spasticity during both test periods. Subject 1 was given a rating of very-
mild spasticity on the upper-right extremity at the end of test period 2. Based
on these observations, there would appear to be no compelling reason to
suspect that changes of spasticity had any effect on the criterion measures of

this experiment.

Respiratory Tasks
Inspiratory Capacity, Expiratory Reserve Volume, and Vital Capacity
Individual values for inspiratory capacity, expiratory reserve volume, and
vital capacity are shown in Part A of Tables 6, 7, and 8, respectively. Means

and standard deviations for the untrussed and trussed conditions, collapsed
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within a test period and across test periods, for inspiratory capacity, expiratory
reserve volume, and vital capacity are shown in Part B of Tables 6, 7, and 8,
respectively. Individual values for inspiratory capacity, expiratory reserve
volume, and vital capacity, relative to each subject’s predicted values of
inspiratory capacity, expiratory reserve volume, and vital capacity are
presented graphically in Figure 3.

[INSERT TABLES 6, 7, AND 8]

[INSERT FIGURE 3]

In Figure 3, data for Subjects 1, 2, and 3 are arranged in individual panels
from the top to the bottom of the figure. For each panel, the vertical axis
displays lung volume, in liters (L). The solid horizontal line at 0 in each
panel depicts each subject’s resting end-expiratory-level. Inspiratory capacity
is displayed above the horizontal line at 0, and is shown as the filled portion
of each bar. Expiratory reserve volume is displayed below the horizontal line
at 0, and is shown as the unfilled portion of each bar. The total height of a
bar, the filled and unfilled portions, represents the vital capacity for that trial.
Within each panel, the dotted horizontal line above 0 indicates a subject’s
predicted inspiratory capacity, and the dotted horizontal line below 0 indicates
his predicted expiratory reserve volume. The distance between each set of
dotted lines depicts a subject’s predicted vital capacity. All predicted values

are based on age and height (Knudson, Slatkin, Lebowitz, & Burrows, 1976).
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The solid vertical line within each panel divides the untrussed condition
(to the left) from the trussed condition (to the right). The code along the
horizontal axis of the bottom panel represents the test period, experimental
condition, and trial number within an experimental condition for each
subject. The first character represents either test period 1 or 2. The second, or
second and third characters, following the first underscore, codes the
experimental conditions Al, B, or A2, with Al representing the untrussed
condition preceding the trussed, or B condition, and A2 representing the
untrussed condition following the trussed, B condition. The number
following the experimental code, and preceded by the second underscore,
represents trials 1, 2, or 3 within an experimental condition.

Unless otherwise noted, several features of Figure 3 are repeated for
subsequent figures. These features include: (a) the convention of coding test
periods, experimental conditions, and trials; (b) the placement of this code at
the bottom of each figure; (c) the solid vertical line within each panel
dividing the untrussed from the trussed experimental conditions; and (d) the
ordering of data for Subjects 1, 2, and 3 from the top to the bottom of a figure.

As can be seen in Figure 3, each of the three subjects is markedly reduced
in his inspiratory capacity, expiratory reserve volume, and vital capacity
relative to predicted values. Inspiratory capacity is the least reduced and
expiratory reserve volume the most reduced component of vital capacity for

all three subjects.



For untrussed inspiratory capacity, Subject 1 is the least reduced from
predicted and Subjects 2 and 3 the most and similarly reduced from their
predicted values. The percentage of predicted inspiratory capacity, based on
each subject’s untrussed grand mean, is 70%, 41%, and 36%, for Subjects 1, 2,
and 3, respectively. Variability is discussed relative to those values that fall
outside the confidence limits surrounding the mean (p=0.95) (Hays, 1973).
Within-experimental-condition variability falling outside these limits may
indicate effects such as learning or fatigue. The range of values within the
confidence limits for untrussed inspiratory capacity is 2.21 to 2.39 liters for
Subject 1, 1.38 to 1.70 liters for Subject 2, and 1.25 to 1.41 liters for Subject 3.
There are a few values that fall outside these limits for each subject. Thus
there appears to be no consistent pattern of variability suggesting learning or
fatigue effects.

Untrussed expiratory reserve volume is similarly reduced for the three
subjects relative to their predicted values. The percentage of predicted
expiratory reserve volume, based on each subject’s untrussed grand mean, is
17% for Subject 1, 10% for Subject 2, and 12% for Subject 3. The confidence
limits for untrussed expiratory reserve volume are 0.32 to 0.40 liters for
Subject 1, 0.08 to 0.28 liters for Subject 2, and 0.17 to 0.28 liters for Subject 3.
There appears to be no consistent pattern that would suggest learning or

fatigue effects.
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With regard to untrussed vital capacity, Subject 1 is the least reduced while
Subjects 2 and 3 are the most and similarly reduced relative to predicted
values. The percentage of predicted vital capacity, based on each subject’s
untrussed grand mean, is 49%, 31%, and 28% for Subjects 1, 2, and 3,
respectively. The confidence limits for untrussed vital capacity are 2.60 to 2.74
liters for Subject 1, 1.58 to 1.88 liters for Subject 2, and 1.46 to 1.65 liters for
Subject 3. There appear to be no consistent patterns related to values of
untrussed vital capacity that fall outside these limits.

The untrussed vital capacities for these subjects are consistent with those
reported for other subjects with cervical spinal cord injury (Fugl-Meyer, 1971;
Goldman et al., 1986; Haas et al., 1965; Huldtgren et al., 1980; Ledsome &
Sharp, 1981; McCool et al., 1986; McKinley et al., 1969; Morgan et al., 1986). As
is the case for these three subjects, similar data show that both inspiratory
capacity and expiratory reserve volume are reduced, but that expiratory
reserve volume is reduced to a greater extent (Fugl-Meyer, 1971; Haas et al.,
1965; Huldtgren et al., 1980; Morgan et al., 1986).

With the abdomen trussed, inspiratory capacity increased for all three
subjects. The percentage of predicted inspiratory capacity, calculated from
each subject’s trussed grand mean, is 81%, 50%, and 48% for Subjects 1, 2, and
3, respectively. The confidence limits for trussed inspiratory capacity are 2.47
to 2.83 liters for Subject 1, 1.66 to 2.06 liters for Subject 2, and 1.61 to 1.97 liters

for Subject 3. There does not appear to be any systematic pattern of variation
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of inspiratory capacity during trussing within the three subjects that might be
suggestive of learning or fatigue. During trussing, six trials for Subject 1, two
trials for Subject 2, and five trials for Subject 3 have larger inspiratory
capacities than the largest untrussed inspiratory capacity for each subject.
Subjects with the smallest inspiratory capacity show the largest proportional
change of inspiratory capacity during trussing. The increase of inspiratory
capacity, based on the difference of the grand means of the untrussed and
trussed conditions for each subject, is 0.35 liters (15%) for Subject 1, 0.32 liters
(21%) for Subject 2, and 0.46 liters (35%) for Subject 3. A statistically
significant difference for inspiratory capacity between the untrussed and
trussed conditions is seen only for Subject 1 [t(12)=-6.065, t<.000]. The
difference approaches significance, but is not achieved for Subject 2 [t(12)=-
2.800, t< 0.016] and Subject 3 [t(12)=-5.052, p< 0.0220].

Expiratory reserve volume, when the abdomen is trussed, does not change
appreciably for the three subjects. The percentage of predicted expiratory
reserve volume, based on each subject’s trussed grand mean, is 17%, 13%, and
13% for Subjects 1, 2, and 3, respectively. The confidence limits for trussed
expiratory reserve volume are 0.23 to 0.40 liters for Subject 1, 0.14 to 0.34 liters
for Subject 2, and 0.20 to 0.28 liters for Subject 3. There are a few cases in
which trussed expiratory reserve volume falls outside these limits. However,
there does not appear to be any systematic pattern of variation within the

trussing condition. With the abdomen trussed, no trials for Subject 1, no
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trials for Subject 2, and no trials for Subject 3 show a larger expiratory reserve
volume as compared to each subject’s largest untrussed expiratory reserve
volume. The difference between the untrussed and trussed conditions, based
on the difference of the grand means of the two experimental conditions,
with regard to absolute volume change, is small. This difference of expiratory
reserve volume consists of a decrease of 0.01 liters (8%) for Subject 1, an
increase of 0.06 liters (33%) for Subject 2, and an increase of 0.02 liters (9%) for
Subject 3 when the abdomen is trussed. No significant statistical differences
are detected between the untrussed and trussed conditions for Subject 1
[t(12)=0.363, t<0.723], Subject 2 [t(12)=-0.884, t<0.0.393] or Subject 3 [t(12)=-0.738,
p<0.475].

With trussing, vital capacity increases relative to the untrussed values for
the three subjects as reflected by an increase of inspiratory capacity and no
actual change in expiratory reserve volume. However, vital capacity is still
markedly reduced in proportion to each subject’s predicted vital capacity. The
percentage of predicted vital capacity, as determined from each subject’s
trussed grand mean, is 55%, 38%, and 37% for Subjects 1, 2, and 3 respectively.
The confidence limits for trussed vital capacity are 2.86 to 3.08 liters for
Subject 1, 1.95 to 2.25 liters for Subject 2, and 1.86 to 2.20 liters for Subject 3.
There appears to be no systematic pattern of variation within trussed vital
capacity that suggests learning or fatigue effects. With trussing, six trials for

Subject 1, five trials for Subject 2, and six trials for Subject 3 show larger vital
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capacities than each subject’s largest untrussed vital capacity. As is the case for
inspiratory capacity, subjects with smaller untrussed vital capacities realize
the largest proportional and absolute change of vital capacity when the
abdomen is trussed. The increase of vital capacity, based on the difference
between the grand means of the untrussed and trussed conditions, is 0.31
liters (12%) for Subject 1, 0.39 liters (22%) for Subject 2, and 0.48 liters (31%) for
Subject 3. Statistically significant differences for vital capacity are found
between the untrussed and trussed conditions for Subject 1 [t(12)=-5.236,
p<0.001], Subject 2 [t(12)=-3.682, p<0.003], and Subject 3 [t(12)=-5.527, t<0.001].

The increase of vital capacity, observed when the abdomen is trussed in
these three subjects, is similar, in kind, to increases of vital capacity reported
in other cervical spinal cord injured subjects during abdominal trussing
(Estenne & DeTroyer, 1987; Goldman et al., 1986; Huldtgren et al., 1980;
McCool et al., 1988; Miller et al., 1988). As is the case for these three subjects,
the increase of vital capacity when the abdomen is trussed in subjects with a
cervical spinal cord injury, is realized by an increase of inspiratory capacity
and not expiratory reserve volume (McCool et al., 1988; Miller et al., 1988).
Therefore, it seems that, for these three subjects, abdominal trussing increases
the analogous range-of-motion by effecting the inspiratory and not the

expiratory sub-division of the lung volume.
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Maximum Inspiratory and Maximum Expiratory Pressures

Individual values for each trial of maximum inspiratory pressure and
maximum expiratory pressure for the three subjects are shown in Part A of
Tables 9 and 10, respectively. Means and standard deviations for the
untrussed and trussed conditions, collapsed within a test period and across
test periods, for maximum inspiratory pressure generation and maximum
expiratory pressure generation, are shown in Part B of Tables 9 and 10,
respectively. Maximum inspiratory pressure generation and maximum
expiratory pressure generation for each trial are presented graphically against
each subject’s predicted values in Figure 4.

In Figure 4, individual values for each trial of maximum inspiratory
pressure and maximum expiratory pressure are arranged to be similar to the
arrangement of lung volume data displayed in Figure 3. That is, maximum
inspiratory pressure generation is dispiayed above 0 and maximum expiratory
pressure generation is displayed below 0, matching the orientation of
inspiratory capacity and expiratory reserve volume, respectively, in Figure 3.
Recall, however, that these two maximum pressure generation tasks were
typically performed at different times within a test period and not part of the
same task as they were for the inspiratory capacity-vital capacity task. The
vertical axis in each panel of Figure 4 displays pressure, relative to

atmosphere (in cm H,0). The solid horizontal line at 0 depicts pressure,
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relative to atmosphere, at resting end-expiratory level. Values above the
horizontal line at 0 depict subatmospheric pressure, becoming more
subatmospheric upward away from 0. Values below the horizontal line at 0
depict an increase in pressure downward on the vertical axis away from 0.
The filled bars above 0 display individual trials of maximum inspiratory
pressure and the unfilled bars below 0 display individual trials of maximum
expiratory pressure. For each subject, the dotted line above 0, in each panel,
represents his predicted maximum inspiratory pressure, and the dotted line
below 0 represents his predicted maximum expiratory pressure. Predicted
values at the resting end-expiratory level, for maximum inspiratory pressure
and maximum expiratory pressure are based on age and sex (Black & Hyatt,
1969).
[INSERT TABLES 9 AND 10]
[INSERT FIGURE 4]
Maximum Inspiratory Pressure
Untrussed maximum inspiratory pressure is less than 50% of each
subject’s predicted value. As is the case for inspiratory capacity, maximum
inspiratory pressure is least reduced for Subject 1 and Subject 2, and most
reduced relative to its predicted value for Subject 3. The percentage of
predicted maximum inspiratory pressure, based on each subject’s untrussed
grand mean, is 43% for Subject 1, 43% for Subject 2, and 27% for Subject 3. The

confidence limits for untrussed maximum inspiratory pressure are —40.85 tc
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—46.01 cm H,O for Subject 1, -43.81 to -56.69 cm H,O for Subject 2, and ~28.59 to
-34.17 cm H,O for Subject 3. Although several values fall outside the
confidence limits of untrussed maximum inspiratory pressure generation for
the three subjects, there does not appear to be any consistent pattern of
variability that would suggest learning or fatigue effects.

Untrussed maximum inspiratory pressure for the three subjects is reduced
in a similar manner to untrussed maximum inspiratory pressure data
reported elsewhere for subjects with cervical spinal cord injury (Fugl-Meyer,
1971; Goldman et al., 1986; Huldtgren et al., 1980; Loveridge et al., 1989;
Loveridge & Dubo, 1990; Pichurko et al., 1985).

With the abdomen trussed, maximum inspiratory pressure generation
becomes more subatmospheric for the three subjects. The percentage of
predicted maximum inspiratory pressure, relative to each subject’s trussed
grand mean, is 58%, 51%, and 38% for Subjects 1, 2, and 3, respectively. With
trussing, five trials for Subject 1, one trial for Subject 2, and six trials for
Subject 3 show maximum inspiratory pressure values that are more
subatmospheric, as compared to the greatest subatmospheric pressure value
when the abdomen is untrussed. Subject 1 has the largest average absolute
increase, but Subject 3 has the largest proportional increase of subatmospheric
pressure. The change of pressure from the untrussed to trussed conditions,
calculated from the difference of the grand means of the untrussed and

trussed conditions, is more subatmospheric by -14.4 cm H,0O (33%) for Subject



1, -10.1 cm H,O (20%) for Subject 2, and -11.6 cm H,0 (37%) for Subject 3.
Statistical testing reveals significant differences for Subject 1 [£(12)=5.562, p<
0.004] and Subject 3 [t(8.3)=7.779, p<0.000], but not for Subject 2 [t(12)=2.072,
p<0.0601].

As is the case for these three subjects, Huldtgren et al. (1980) report a
similar increase in maximum inspiratory pressure generation when the
abdomen is trussed in subjects with cervical spinal cord injury. The increase
in maximum inspiratory pressure generation and inspiratory capacity, most
likely is an indication of increased diaphragm muscle efficiency during
trussing. Inward displacement of the abdomen causes the diaphragm to be
displaced headward, thereby lengthening its 1nuscle fibers. Lengthening of
the diaphragm’s muscle fibers places them on a more favorable portion of
their length-tension curve (Banzett & Mead, 1993). For instance, healthy
normal subjects are able to increase transdiaphragmatic pressure during
maximal inspiratory tasks when their abdominal walls are displaced inward
(Grassino, 1974). And, normal healthy subjects (Banzett et al., 1985) and
subjects with cervical spinal cord injury (Banzett et al., 1981; McCool et al.,
1988) have smaller electromyographic amplitudes, while maintaining similar
tidal breathing rates and volumes, when their abdominal walls are displaced
inward. Such electromyographic data reveal that the neural drive to the
diaphragm is reduced while the diaphragm continues to provide the

necessary force for ventilation, suggesting increased efficiency.
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Maximum Expiratory Pressure

There is wide variation of maximum expiratory pressure between the
subjects when the abdomen is untrussed. Maximum expiratory pressures for
Subjects 1 and 3 are substantially reduced. However, pressures for Subject 2
are considerably closer to his predicted values. The percentage of predicted
maximum expiratory pressure, based on the untrussed grand mean for each
subject, is 8% for Subject 1, 69% for Subject 2, and 15% for Subject 3. The
confidence limits for untrussed maximum expiratory pressure are 6.78 to
14.82 cm H,O for Subject 1, 105.09 to 114.5 cm H,0O for Subject 2, and 15.19 to
31.40 cm H,O for Subject 3. Although a few values of untrussed maximum
expiratory pressure fall outside these limits, there does not appear to be any
consistent pattern.

Reduced maximum expiratory pressures in Subjects 1 and 3 are
representative of the pressures observed in cervical spinal cord injured
patients, as reported by Fugl-Meyer (1971) and Huldtgren et al. (1980).
However, maximum expiratory pressure generation for Subject 2 is
substantially larger than those pressures previously reported for subjects with
cervical spinal cord injury.

Trussing the abdomen produces mixed results in the three subjects with
regard to maximum expiratory pressure generation. The percentage of
predicted maximum expiratory pressure, relative to each subject’s trussed

grand mean, is 5% for Subject 1, 76% for Subject 2, and 24% for Subject 3. The
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confidence limits for trussed maximum expiratory pressure are 5.85 to 9.54 cm
H,O for Subject 1, 113.44 to 128.16 cm H,O for Subject 2, and 34.14 to 42.46 cm
H,O for Subject 3. Some values of maximum expiratory pressure fall outside
these limits. However, there appears to be no consistent pattern of variation
that suggests learning or fatigue effects. With the abdomen trussed, no trials
for Subject 1, two trials for Subject 2, and no trials for Subject 3 are larger in
maximum expiratory pressure generation as compared to each subject’s
largest untrussed value. The change of maximum expiratory pressure from
the untrussed to trussed condition, calculated from the difference of each
subject’s untrussed and trussed grand means, decreases by 3.08 cm H,O (29%)
for Subject 1, and increases by 11.10 cm H,O (10%) for Subject 2 and 15.08 cm
H,O (64%) for Subject 3. Although the change between the untrussed and
trussed conditions approaches significance for Subjects 2 and 3, no statistically
significant difference is observed between the untrussed and trussed
conditions for Subject 1 [t(12)=1.394, p<0.189], Subject 2 [t(12)=-2.697, p<0.019]
or Subject 3 [t=-2.937, p< 0.012].

Maximum expiratory pressure increases for Subjects 2 and 3 when no real
increase is seen in expiratory reserve volume during trussing. Maximum
expiratory pressure increases when the abdomen is trussed in a case study
reported by Sataloff et al. (1984), but expiratory reserve volume increases in

their subject as well.
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How do the lung volume divisions, inspiratory capacity and expiratory
reserve volume compare to the maximum pressure generation of maximum
inspiratory pressure and maximum expiratory pressure, respectively?
Volumes should reflect, in part, the pressure that can be developed by the
breathing apparatus. That is, the magnitude of inspiratory capacity should be
related to the magnitude of inspiratory pressure generated and magnitude of
expiratory reserve volume should be related to the magnitude of expiratory
pressure generated. However, there are some discrepancies within subjects
between these lung volume sub-divisions and maximum pressure
generations. For inspiratory capacity and maximum inspiratory pressure,
Subjects 1 and 3 show similar relative reductions. Subject 2, however, has
inspiratory capacities that are more reduced and similar in kind to those of
Subject 3, but maximum inspiratory pressures which are larger and more
closely approximate those of Subject 1. It is puzzling as to why this pattern
exists for Subject 2. It may be the case that he used his tongue to generate
negative pressures to supplement those developed by the breathing
apparatus.

The greatest discrepancy within subjects is between expiratory reserve
volume and maximum expiratory pressure. Subject 2 has substantially
higher maximum expiratory pressures than the other two subjects, even
though his expiratory reserve volume is comparable to the other subjects.

Subject 2, as may have been the case for maximum inspiratory pressure, may
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have used oral structures (e.g., tongue and cheeks) to generate supplemental
positive (expiratory) pressures, even though instructed not to do so. A small
leak tube, placed in parallel with the pressure measurement line, should
probably have been used, albeit it violates the strict measurement of
maximum pressure generation.

What of the increase observed for maximum expiratory pressure and no
substantial change of expiratory reserve volume during trussing for Subjects 2
and 3. The increase of maximum expiratory pressure observed during
trussing may have occurred because these two subjects forcefully leaned into
the truss while performing the maximum expiratory pressure generation
task. This action could have raised abdominal pressure, thereby increasing
alveolar pressure in a closed respiratory system.

Even though a clinical neurological examination yielded similar results as
to the level and extent of spinal cord injury for these subjects the respiratory
measures among these subjects were different. From these data, it would
seem that respiratory measures, especially lung volume measures, are
required to evaluate the functional integrity of the breathing apparatus and
cannot be predicted accurately from the level and extent of the lesion

(Vinken, Elleker, & Cosio, 1987).
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Vowel Prolongation
The data for conversational-level and loud-level vowel prolongation are
presented next. Order of variable presentation with the two vowel-
prolongation tasks is phonation duration, average sound pressure level, and

maximum sound pressure level.

Conversational-Level Vowel Prolongation

Phonation Duration

Individual values for phonation duration (in seconds) for the
conversational-level vowel prolongation task are shown in part A of Table
11. Means and standard deviations for the untrussed and trussed conditions,
collapsed within a test period and across test periods are shown in part B of
Table 11. Figure 5 displays graphically, for each subject, the individual values
of phonation duration (in seconds) for conversational-level vowel
prolongation. Phonation duration is longest for Subject 1, and similarly
reduced, relative to phonation duration of Subject 1, for Subjects 2 and 3. The
confidence limits for untrussed phonation time are 5.15 to 6.75 seconds for
Subject 1, 3.61 to 4.47 seconds for Subject 2, and 3.50 to 4.50 seconds for Subject
3. Some values fall outside these limits for each subject, but there appears to
be no consistent pattern of variability that would suggest effects such as
learning or fatigue.

[INSERT TABLE 11]
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[INSERT FIGURE 5]

The relative reduction of phonation duration for conversational-level
vowel prolongation among these three subjects is similar to the general
reduction pattern observed for inspiratory capacity. That is, Subject 1 is less
reduced and Subjects 2 and 3 are more and similarly reduced for inspiratory
capacity and for phonation duration. Phonation duration for the three
subjects is dramatically reduced in comparison to the maximum phonation
duration reported in the literature. Kent, Kent, and Rosenbek (1987)

summarize seven articles that report maximum phonation duration for

healthy young males sustaining the vowel /a/. The means for maximum

phonation duration, for these seven studies, range from 22.60 seconds to 34.60
seconds, with an overall mean for maximum phonation duration of 28.40
seconds. The phonation duration in this experiment, relative to the overall
mean of 28.40 seconds in normal healthy subjects, is 20%, 14%, and 14% of the
mean value, for Subjects 1, 2, and 3, respectively.

With trussing during conversational-level vowel prolongation, overall
phonation duration increases to some degree for each subject. The confidence
limits for trussed phonation duration are 7.35 to 9.71 seconds for Subject 1,
4.17 to 5.23 seconds for Subject 2, and 4.38 to 5.42 seconds for Subject 3. Some
values of phonation duration during trussing fall outside these limits.
However, there appears to be no consistent pattern to suggest an effect such as

learning or fatigue. With trussing, five trials for Subjects 1, three trials for
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Subject 2, and two trials for Subject 3 are longer in phonation duration as
compared to each subject’s longest untrussed phonation duration. The
increase of phonation duration with trussing, based on the difference between
each subject’s trussed and untrussed grand mean is 2.83 seconds (50%) for
Subject 1, 0.66 seconds (16%) for Subject 2, and 0.90 seconds (23%) for Subject 3.
A statistically significant difference between the untrussed and trussed
conditions is shown for Subject 1 [t(12)=-4.659, p< .001], but not for Subject 2
[t(12)=-1.902, p< 0.081] or Subject 3 [t(12)=-2.451, p< 0.030].

The increase in phonation duration in these three subjects may have been

a result of the increase in inspiratory capacity brought about during trussing.

Average Sound Pressure Level

Individual values of average sound pressure level (in dB SPL) for
conversational-level vowel prolongation are shown in part A of Table 12.
Means and standard deviations for the untrussed and trussed conditions,
collapsed within a test period and across test periods are shown in part B of
Table 12. Individual values of average sound pressure level (in dB SPL) are
displayed in Figure 6. Subject 3 had a slightly greater mean value of average
sound pressure level followed by Subjects 1 and 2, respectively. The
confidence limits for average sound pressure level for untrussed
conversational-level vowel prolongation are 82.17 to 83.53 dB SPL for Subject

1, 78.52 to 81.24 dB SPL for Subject 2, and 85.28 to 88.22 dB SPL for Subject 3.
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There appears to be no consistent pattern of variation for Subject 1 for
untrussed average sound pressure level. But, average sound pressure level is
reduced during test period 2 relative to test period 1 for Subjects 2 and 3. For
Subject 2, there are two maximum performance tasks, maximum expiratory
pressure generation and vital capacity, performed before the conversational-
level vowel prolongation task during test period 2, whereas only one
maximum performance task, maximum inspiratory pressure generation, is
performed before the conversational-level vowel-prolongation task during
test period 1. The finding may reflect a possible fatigue effect, therefore, for
Subject 2. For Subject 3, there is no clear explanation why average sound
pressure level with the abdomen untrussed for the conversational-level
vowel-prolongation task is reduced for test period 2. The conversational-
level vowel-prolongation is placed last in the sequence of tasks for test period
1 and first in the sequence of tasks for test period 2.

[INSERT TABLE 12]

[INSERT FIGURE 6]

With trussing, there is no appreciable change in average sound pressure
level between the untrussed and trussed conditions during conversational-
level vowel prolongation. The confidence limits for average sound pressure
level during trussed conversational-level vowel prolongation are 82.28 to
84.72 dB SPL for Subject 1, 77.06 to 81.28 dB SPL for Subject 2, and 84.84 to 87.33

dB SPL for Subject 3. For Subject 1, no consistent pattern of variation is
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evident. However, average sound pressure level is reduced during trussing,
similar to what is observed for the untrussed condition, for test period 2 for
Subjects 2 and 3. Whatever factor or factors contribute to the reduction of
average sound pressure level when the abdomen is untrussed may be in
operation here as well. For the three subjects, there are no trussed trials that
are greater in average sound pressure level as compared to each subject’s
greatest untrussed average sound pressure level. With trussing, average
sound pressure level changes, based on the difference between each subject’s
untrussed and trussed grand means, by an increase of 0.50 dB SPL (1%) for
Subject 1, a decrease of 0.33 dB SPL (= 0%) for Subject 2, and a decrease of 0.42
dB SPL (1%) for Subject 3. Statistical testing reveals no significant difference
in average sound pressure level for Subject 1 [t(12)=-0.692, p<0.520), Subject 2
[t(12) = 0.578, p< 0.574], or Subject 3 [t(12)=0.920, p<0.376].

The lack of an effect of trussing on average sound pressure level during
conversational-level vowel prolongation may indicate that these three
subjects judged the level of loudness to be adequate and no further
adjustment of loudness was warranted. Or, it may indicate that because
trussing appears not to affect the expiratory component of the breathing
apparatus that no additional expiratory pressure was available to increase

sound pressure level.



Maximum Sound Pressure Level

Individual values of maximum sound pressure level (in dB SPL) for
conversational-level vowel prolongation are shown in part A of Table 13.
Means and standard deviations for maximum sound pressure level for the
untrussed and trussed conditions, collapsed within a test period and across
test periods, are shown in part B. Figure 7 displays the individual values of
maximum sound pressure level (in dB SPL) for conversational-level vowel
prolongation. Maximum sound pressure level is reported because it is an
indication of the maximum output of the vocal production mechanism at
one point in time within a vowel-prolongation task and is independent of
time. That is, average sound pressure level may vary according to the decline
of sound pressure from the beginning to the end of a vowel-prolongation task
and, therefore, may vary as a function of the duration of vowel prolongation.
As is the case for average sound pressure level, Subject 3 has the greatest
untrussed sound pressure level followed closely by Subjects 1 and 2,
respectively. The confidence limits for untrussed maximum sound pressure
level during conversational-level vowel prolongation are 87.65 to 90.85 dB
SPL for Subject 1, 85.15 to 90.85 dB SPL for Subject 2, and 91.19 to 95.07 dB SPL
for Subject 3. There does not appear to be any consistent pattern of variation
of maximum sound pressure level for untrussed maximum sound pressure
level for Subject 1. However, maximum sound pressure level with trussing

for Subjects 2 and 3 is reduced for test period 2 as compared to test period 1.
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That is, the same general pattern that is reported for average sound pressure
level is seen here, and the factor or factors that result in the reduction of
average sound pressure level may, likewise, be in operation here.

{INSERT TABLE 13]

{INSERT FIGURE 7]

During trussing for the three subjects, maximum sound pressure level is
slightly reduced as compared to the untrussed condition. As is the case for
maximum sound pressure level with the abdomen untrussed, maximum
sound pressure level with the abdomen trussed is greatest for Subject 3
followed closely by Subjects 1 and 2, respectively. The confidence limits for
maximum sound pressure level are 84.84 to 87.81 dB SPL for Subject 1, 84.04
to 87.33 dB SPL for Subject 2, and 88.28 to 94.77 dB SPL for Subject 3. For all
three subjects there is a reduction of maximum sound pressure level for test
period 2 during trussing relative to test period 1. For Subjects 2 and 3, with
the abdomen trussed, the same factor or factors, discussed above with the
abdomen untrussed, that resulted in a reduction of maximum sound
pressure level may have been in operation here. It is unclear why there is a
reduction of maximum sound pressure level with trussing for Subject 1
during test period 2 relative to test period 1. For Subject 1, conversational-
level vowel prolongation is at the very end of the respiratory and vowel
session for test period 1 and towards the beginning of the respiratory and

vowel session for test period 2. For all three subjects, there are no individual



66

values of maximum sound pressure level with trussing that are larger than
the largest value of maximum sound pressure level with the abdomen
untrussed. Maximum sound pressure level during conversational-level
vowel prolongation decreases slightly when the abdomen is trussed, based on
the difference of each subject’s untrussed and trussed grand mean, by -0.92 dB
SPL (1%) for Subject 1, by -2.33 dB SPL (3%) for Subject 2, and -1.63 dB SPL (2%)
for Subject 3. Significance testing reveals no statistical differences between the
untrussed and trussed conditions for Subject 1 [t(12)=0.719, p< 0.486], Subject 2
[t(12)=1.268, p<0.229], or Subject 3 [t(12)=0.553, p<0.590].

Maximal sound pressure level does not increase with trussing. The factors
that explain no change of maximum sound pressure level with trussing, are
most likely the same as those discussed above under average sound pressure
level.

Loud-Level Vowel Prolongation
Phonation Duration

Individual values of phonation duration (in seconds) for loud-level
vowel prolongation are shown in part A of Table 14 and their means and
standard deviations for the untrussed and trussed conditions, collapsed
within a test period and across test periods, are shown in part B. Individual
values of phonation duration (in seconds) for loud-level vowel prolongation
are displayed in Figure 8. With the abdomen untrussed, Subject 2 has the

longest phonation duration followed by Subject 1. A substantial decrease of
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phonation duration is observed for Subject 3, relative to the other two
subjects. The confidence limits for untrussed phonation duration during
loud-level vowel prolongation are 6.04 to 7.42 seconds for Subject 1, 7.36 to
8.60 seconds for Subject 2, and 3.33 to 3.79 seconds for Subject 3. For Subject 3,
no consistent pattern of variation is observed that would suggest a learning or
fatigue effect. For Subject 2, the first trial of test period 1 of loud-level vowel
prolongation is shorter than the other two trials. This may indicate a
learning effect. With regard to variation observed between trials with the
abdomen untrussed for Subject 1, test period 1 is shorter on average than test
period 2. Fatigue may have been a factor for this difference for Subject 1. That
is, the loud-level vowel-prolongation task follows the maximum expiratory
generation task during test period 1, and loud-level vowel prolongation
follows the conversational-level vowel-prolongation task during test period
2. The mean value of phonation duration with the abdomen untrussed
during loud-level vowel prolongation relative to the mean value of
phonation duration with the abdomen untrussed during conversational-
level is 1.03 seconds longer for Subject 1. 3.94 seconds longer for Subject 2, and
0.46 seconds shorter for Subject 3.

[INSERT TABLE 14]

[INSERT FIGURE 8]

As is the case for conversational-level vowel prolongation, phonation

duration for loud-level phonation duration is substantially reduced (Kent et
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al., 1987). Phonation duration, relative to the reference value of 28.4 sec, is
24% for Subject 1, 28% for Subject 2, and 13% for Subject 3. The longer
phonation duration for Subjects 1 and 2, relative to Subject 3, during
untrussed loud-level vowel prolongation may indicate that these two subjects
increase laryngeal airway resistance with the increase of loudness
(Stathopoulos & Sapienza, 1993). Such increases of laryngeal airway
resistance, may decrease translaryngeal airflow, thereby enabling a longer
phonation duration. Conversely, phonation duration for Subject 3 decreases
and is in accord with data from Patek and Sander (1963), in which maximum
phonation duration decreases slightly in a group of normal healthy adult
men when asked to phonate at a loud level.

With trussing, average phonation duration increases to some degree for
the three subjects. The confidence limits for phonation duration for trussed
loud-level vowel prolongation are 6.25 to 9.49 seconds for Subject 1, 10.92 to
11.57 seconds for Subject 2, and 3.09 to 3.97 seconds for Subject 3. With the
abdomen trussed, there does not appear to be any pattern of variation during
loud-level vowel prolongation that would suggest a learning or fatigue effect
for Subjects 2 and 3. However for Subject 1, phonation duration with trussing
is much shorter for test period 1 as compared to test period 2. As was
suggested for phonation duration with the abdomen untrussed, phonation
duration for Subject 1 during test period 1 may be reduced because of fatigue.

With trussing, three trials for Subject 1, six trials for Subject 2, and two trials
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for Subject 3 were longer in phonation duration as compared to each subject’s
longest untrussed phonation duration. Average phonation duration
increases with trussing, based on the difference of each subject’s trussed and
untrussed mean, by 1.14 seconds (17%) for Subject 1, 3.35 sec (42%) for Subject
2, and 0.35 sec (10%) for Subject 3. Significance testing shows a statistical
difference for phonation duration for Subject 2 [t(12)=-8.140, p<0.000], but not
for Subject 1 [t(12)=-1.305, p<0.217] or Subject 3 [t(12)=-1.500, p<0.160].

The overall average increase of phonation duration for these three
subjects most likely is as a result of increased inspiratory capacity brought

about by trussing.

Average Sound Pressure Level

Individual values of average sound pressure level (in dB SPL) for loud-
level vowel prolongation are shown in part A of Table 15 and their means
and standard deviations for the untrussed and trussed conditions, collapsed
within a test period and across test periods, are shown in part B. Individual
values of average sound pressure level for loud-level vowel prolongation are
displayed in Figure 9. Average sound pressure level with untrussed loud-
level vowel prolongation is greatest for Subject 2 followed closely by Subjects
3 and 1, respectively. Confidence limits for average sound pressure level for
untrussed loud-level vowel prolongation are 94.77 to 98.99 dB SPL for Subject

1, 100.06 to 102.20 dB SPL for Subject 2, and 98.59 to 101.66 dB SPL for Subject 3.
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Some values of average sound pressure level fall outside these limits for the
three subjects during the untrussed loud-level vowel prolongation.
However, there appears to be no consistent pattern to suggest a learning or
fatigue effect. Average sound pressure level, based on the difference of each
subject’s untrussed means between conversational-level and loud-level
vowel prolongation, is 13.88 dB SPL greater for Subject 1, 21.25 dB SPL greater
for Subject 2, and 13.35 dB SPL greater for Subject 3 for the loud-level vowel-
prolongation task.

[INSERT TABLE 15]

[INSERT FIGURE 9]

The increase of sound pressure level with loud-level vowel prolongation
is similar to that described by Healy, Jones, and Berky (, 1997). These authors
report that for a 27 foot change of distance, their subjects increase sound
pressure level by 6.6 dB SPL. Recall that the instructions for the loud-level

vowel-prolongation task were to phonate the vowel /a/ so that it could be

clearly heard on the opposite side of a basketball court. The length of a
basketball court is 74 feet, or 2.74 times greater than the distance for increasing
loudness in the Healy et al. study. With an increase of 6.6 dB for 27 feet, an
increase of approximately 18 dB might be expected for 74 feet. The increase of
sound pressure level from the conversational-level vowel-prolongation task
to the loud-level vowel-prolongation task is most likely a result of change of

control of the breathing apparatus and the larynx. With regard to breathing
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control, presumably subjects initiated phonation from relatively high lung
volumes within their vital capacities, as they were instructed to take in as
deep a breath as possible for both vowel-prolongation tasks. Therefore, the
same expiratory recoil forces existed to produce pressures to control sound
pressure level for both tasks. It may have been the case that subjects used net
inspiratory braking to reduce the available net expiratory pressures for
conversational-level vowel prolongation, so that sound pressure level was at
what each subject judged to be conversational-level loudness. With loud-
level vowel prolongation, subjects may have reduced net inspiratory braking
to allow for increased net expiratory pressure to increase sound pressure
level. Subjects also may have used more expiratory muscle force to generate
greater pressures to increase sound pressure level. However, data from the
respiratory tasks, especially the expiratory reserve volume data, suggest that
little expiratory muscle force was available. Control at the level of the larynx
may have affected sound pressure level during loud-level vowel
prolongation. An increase of laryngeal airway resistance and maximum flow
declination rate is reported to accompany increases of sound pressure level
(Stathopoulos & Sapienza, 1993).

With trussing, no substantial change of average sound pressure level is
observed for the loud-level vowel-prolongation task for the three subjects.
The confidence limits for average sound pressure level for trussed loud-level

vowel prolongation are 98.12 to 101.54 dB SPL for Subject 1, 101.23 to 103.11 dB
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SPL for Subject 2, and 100.01 to 103.33 dB SPL for Subject 3. A few values of
average sound pressure level fall outside these limits with trussing, but there
appears to be no pattern to suggest fatigue or learning. With trussing, two
trials for Subject 1, no trials for Subject 2, and two trials for Subject 3 are
greater in average sound pressure level as compared to each subject’s greatest
average sound pressure level when untrussed. Average sound pressure level
increases slightly during trussing, based on the difference of each subject’s
untrussed and trussed means, by 2.95 dB SPL (3%) for Subject 1, 1.04 dB SPL
(1%) for Subject 2, and 1.54 dB SPL (2%) for Subject 3. Significance testing
reveals no statistical difference between the untrussed and trussed conditions
for Subject 1 [t(12)= -1.885, p< 0.084], Subject 2 [t(12)= -1.372, p<0.195], or Subject
3 [t(12)=-1.219, p<0.246].

Possibly, trussing does not significantly change average sound pressure
level because trussing does not appear to effect any significant change in the

expiratory function of the breathing apparatus.

Maximum Sound Pressure Level

Individual values of maximum sound pressure level (in dB SPL) for loud-
level vowel prolongation are shown in part A of Table 16 and their means
and standard deviations for the untrussed and trussed conditions, collapsed
within a test period and across test periods, are shown in part B. Individual

values of maximum sound pressure level for loud-level vowel prolongation



73

are displayed in Figure 10. On average, Subject 3 has the largest maximum
sound pressure level followed closely by Subjects 2 and 1, respectively. With
the abdomen untrussed, confidence limits for maximum sound pressure
level are 103.48 to 106.02 dB SPL for Subject 1, 104.65 to 106.61 dB SPL for
Subject 2, and 105.84 to 109.16 dB SPL for Subject 3. Some values fall outside
these limits for each subject when the abdomen is untrussed. However, there
does not appear to be any pattern that suggests effects such as learning or
fatigue. Maximum sound pressure level increases for loud-level vowel
prolongation over conversational-level vowel prolongation, based on the
difference of untrussed means between conversational-level and loud-level
vowel prolongations, by 15.5 dB for Subject 1, 17.63 dB for Subject 2, and 14.37
dB for Subject 3. The mechanisms that result in an increase of maximum
sound pressure level for loud-level vowel prolongation are most likely the
same as those described above for average sound pressure level.

With trussing, no real increase of maximum sound pressure level during
loud-level vowel prolongation is observed. With the abdomen trussed, the
confidence limits for maximum sound pressure level are 106.09 to 109.25 dB
SPL for Subject 1, 105.01 to 106.33 dB SPL for Subject 2, and 106.46 to 109.88 dB
SPL for Subject 2. A few values fall outside these limits for each subject.
However, there appears to be no pattern that suggests effects, such as learning

or fatigue.
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With trussing, two trials for Subject 1, no trials for Subject 2, and no trials
for Subject 3 are greater in maximum sound pressure level as compared to
each subject’s largest untrussed value. Maximum sound pressure level,
during trussing, based on the difference cf each subject’s untrussed and
trussed means, increases by 2.92 dB SPL (3%) for Subject 1, 0.04 dB SPL (= 0%)
for Subject 2, and 0.67 dB SPL (1%) for Subject 3. Significance testing reveals
no statistical difference for Subject 1 [t(12)=-2.859, p<0.144], Subject 2 [t(12)=-
0.463, p< 0.652, or Subject 3 [t(12)=-0.540, p<0.599].

No increase of maximum sound pressure level during trussing is
observed, because, presumably, trussing has minimal or no effect on

expiratory function of the breathing apparatus in these three subjects.

Reading
The data for conversational-level and loud-level reading are next
presented. Order of variable presentation for the two reading tasks is pause
duration, utterance duration, syllables per utterance, syllables per second,
utterances per reading passage, pause boundary locations, average sound
pressure level per utterance, and maximum sound pressure level per

utterance.
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Conversational-Level Reading

Pause Duration

Part A of Table 17 shows the means and standard deviations for pause
duration (in seconds) for each conversational-level reading passage. Means
and standard deviations for the untrussed and trussed means collapsed
within a test period and grand means and standard deviations collapsed
across test periods, are shown in Part B of Table 17. Figure 11 displays the
means and standard deviations of pause duration (in seconds) for each
conversational-level reading passage. The confidence limits of pause
duration for untrussed conversational-level reading are 0.66 to 0.75 seconds
for Subject 1, 0.59 to 0.71 seconds for Subject 2, and 0.64 to 0.72 seconds for
Subject 3. There are a few means that fall outside these limits for each subject.
However, there does not appear to be any consistent pattern related to such
effects as learning or fatigue. Pause duration, with the abdomen untrussed, is
shortest for Subject 2 followed closely by Subjects 3 and 1, respectively.
Individual values of pause duration for untrussed conversational-level
reading range from 0.33 to 1.25 seconds for Subject 1, 0.25 to 1.27 seconds for
Subject 2, and 0.30 to 2.25 seconds for Subject 3.

[INSERT TABLE 17]
[INSERT FIGURE 11]
Pause duration during untrussed conversational-level reading is slightly

longer in time than what is reported for healthy subjects during reading
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(Grosjean & Collins, 1979; Hammen & Yorkston, 1996; Turner & Weismer,
1993). The longer average pause duration reported here, may be due to the
selection of pauses. Pauses in the aforementioned studies are taken from
pauses greater than or equal to 0.150 seconds (Hammen & Yorkston, 1996), or
greater than or equal to 0.200 seconds (Grosjean & Collins, 1979; Turner &
Weismer, 1993). The slightly longer pause durations of this study may also
reflect longer times required for inspiration. The length of pause durations
for this study are similar to the length of inspiratory durations during reading
in healthy subjects (Hoit & Lohmeier, 1998; Solomon & Hixon, 1993).
Grosjean and Collins (1979) report that when pauses are inspiratory, pause
duration is longer. For this study, almost all pauses were measured with an
audible inspiratory sound, indicating that the vast majority of these pauses
most likely were inspiratory, and may reflect the slightly longer mean value
for pause durations. Pause durations for this study are contrary to the
anecdotal accounts of subjects with cervical spinal cord injury which report
that some subjects have perceptually longer pauses during extemporaneous
speech (Hixon, Putnam, & Sharp, 1983; Hoit et al., 1990a). The three subjects
of this study may have elected to inspire more frequently, with what they
considered to be normal pause duration, in order to maintain the flow of
speech during the reading task

With trussing, no change of pause duration is noted for the three subjects.

Confidence limits for the means of pause duration during trussing range
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from 0.66 to 0.76 seconds for Subject 1, 0.60 to 0.68 seconds for Subject 2, and
0.57 to 0.69 seconds for Subject 3. There are a few means that fall outside these
limits for each subject with trussing. However, there is no consistent pattern
that suggests effects such as learning or fatigue. The range of individual
values for pause duration with trussed conversational-level reading is 0.38 to
1.17 seconds for Subject 1, 0.25 to 1.06 seconds for Subject 2, and 0.28 to 1.45
seconds for Subject 3. During trussing, no trials for Subject 1, no trials for
Subject 2, and two trials for Subject 3 have a shorter mean value for pause
duration as compared to each subject’s shortest mean value for pause
duration when untrussed. With trussing, pause duration during
conversational-level reading, as calculated from the difference of each
subject’s untrussed and trussed grand mean, increases by 0.02 seconds (3%) for
Subject 1, decreases by 0.01 seconds (2%) for Subject 2, and decreases by 0.05
seconds (7%) for Subject 3. No statistical difference between the untrussed
and trussed condition is revealed for Subject 1 [t(12)=-0.682,p<0.508], Subject 2
[t(12) = 0.374, p< 0.715, or Subject 3 [t(12)= 1.631, p<0.1289].

Pause duration may not increase with trussing because subjects judged the
duration of the pauses to be adequate for reading. However, inspiratory flows
may have increased with trussing, so that more air was inspired in the same
amount of time. This is suggested by an increase of utterance duration

discussed below.
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Utterance Duration

Part A of Table 18 shows the means and standard deviations of utterance
duration (in seconds) for each conversational-level reading passage. Means
and standard deviations for the untrussed and trussed means, collapsed
within a test period and grand means and standard deviations collapsed
across test periods, are shown in Part B of Table 18. Figure 12 displays the
means and standard deviations of utterance duration for each conversational-
level reading passage. Confidence limits for utterance duration with the
abdomen untrussed are 2.41 to 2.79 seconds for Subject 1, 2.28 to 2.84 seconds
for Subject 2, and 1.79 to 1.93 seconds for Subject 3. Some values fall outside
these limits for Subjects 1 and 3. However, for these two subjects, there does
not appear to be any consistent pattern suggesting learning or fatigue effects.
For Subject 2, average utterance duration during untrussed conversational-
level reading is somewhat longer for test period 2 as compared to test period
1. The longer average utterance duration for Subject 2 during test period 2
may indicate a learning effect. Utterance duration during untrussed
conversational-level reading is longest for Subject 1 followed closely by
Subject 2, and is somewhat shorter in time, relative to the other two subjects,
for Subject 3. With the abdomen untrussed, individual values of utterance
duration range from 0.65 to 4.69 seconds for Subject 1, 0.63 to 4.36 seconds for
Subject 2, and 0.40 to 3.34 seconds for Subject 3.

[INSERT TABLE 18]
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[INSERT FIGURE 12]

Utterance duration during untrussed conversational-level reading for
these three subjects is shorter in time during reading relative to healthy
young adult male subjects (Hoit & Lohmeier, 1998), healthy young adult
female subjects (Winkworth & Davis, 1997), and healthy older adult male
subjects (Solomon & Hixon, 1993). The shorter utterance durations in these
three subjects are in line with the anecdotal accounts of shorter breath groups
during extemporaneous speech in subjects with a cervical spinai cord injury
(Hixon & Putnam, 1983; Hoit et al., 1990a). Shorter utterance durations may
reflect the smaller vital capacities that are observed in these subjects which
thereby limit the lung volume available for speech production. Solomon and
Hixon (1993) report that in their subject’s with Parkinson’s Disease, as
compared to their control group of healthy adult subjects, lung volume is
reduced and that this is accompanied by reduced breath group duration.

With trussing, utterance duration increases slightly for the three subjects.
Confidence limits for untrussed conversational-level reading range from 2.86
to 3.26 seconds for Subject 1, 2.60 to 3.08 seconds for Subject 2, and 1.95 to 2.37
seconds for Subject 3. A few mean values of utterance duration fall outside
these limits for Subjects 1 and 3. However, there is no consistent pattern of
variation for these two subjects that would suggest learning or fatigue as an
effect. Subject 2 has a longer mean value of utterance duration for test period

2 as compared to test period 1, with the abdomen trussed. As suggested above
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under the untrussed condition, the increase of utterance duration may
indicate a learning effect. Individual values of utterance duration during
trussed conversational-level reading range from 0.60 to 4.60 seconds, 1.56 to
6.70 seconds, and 0.64 to 4.55 seconds for Subjects 1, 2, and 3, respectively.
With trussing, three trials for Subject 1, one trial for Subject 2, and four trials
for Subject 3 have longer mean values of utterance duration, as compared to
each subject’s longest mean value for utterance duration when the abdomen
is untrussed. With trussing, utterance duration increases, based on the
difference between each subject’s untrussed and trussed grand mean, by 0.46
seconds (18%) for Subject 1, 0.28 seconds (11%) for Subject 2, and 0.30 seconds
(16%) for Subject 3. Although the difference for utterance duration
approached significance for Subjects 1 and 3, statistical testing reveals no
significant difference between the experimental conditions for Subject 1
[t(12)=-2.824, p< 0.015], Subject 2 [t(12)= - 1.243, p< 0.238], or Subject 3 [t(12) = -
2.989 p< 0.011].

Utterance duration increases somewhat during trussing. However,
average utterance duration is somewhat reduced relative to values reported
for breath group duration in healthy adults during reading (Hoit & Lohmeier,
1998; Solomon & Hixon, 1993). The increase of utterance duration observed
during trussing may reflect the increase of inspiratory capacity observed

during trussing. And, it may reflect, in part, that during trussing higher
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inspiratory flows are realized by ‘tuning’ the diaphragm. Higher flows allow

for more air to be inspired while maintaining the same pause duration.

Syllables per Utterance

Part A of Table 19 shows the means and standard deviations for syllables
per utterance for each conversational-level reading passage. Means and
standard deviations for the untrussed and trussed means, collapsed within a
test period and grand means and standard deviations collapsed across test
periods are shown in Part B of Table 19. Figure 13 displays the means and
standard deviations of the number of syllables per utterance for each
conversational-level reading passage. Confidence limits for syllables per
utterance for untrussed conversational-level reading are 13.69 to 15.83
syllables for Subject 1, 10.67 to 12.55 syllables for Subject 2, and 9.22 to 9.88
syllables for Subject 3. There are a few mean values that fall outside each
subject’s confidence limits. However, there appears to be no consistent
pattern of variation that would suggest effects such as learning or fatigue.
Syllables per utterance are greatest for Subject 1 followed by Subjects 2 and 3,
respectively. The number of syllables per utterance for untrussed
conversational-level reading range from 4 to 27 syllables for Subject 1, 2 to 20
syllables for Subject 2, and 1 to 18 syllables for Subject 3.

[INSERT TABLE 19]

[INSERT FIGURE 13]
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Syllables per utterance for these three subjects are reduced relative to
healthy adult subjects during reading (Hoit et al., 1989; Hoit & Hixon, 1987;
Hoit & Lohmeier, 1998; Solomon & Hixon, 1993). The reduced number of
syllables per utterance is similar to syllables per breath group in subjects with
cervical spinal cord injury (Hoit et al., 1990a) and subjects with Parkinson’s
disease (Solomon & Hixon, 1993).

With trussing, the average number of syllables per utterance increases for
each subject. The confidence limits for syllables per utterance when the
abdomen is trussed are 16.12 to 18.22 syllables for Subject 1, 12.40 to 13.46
syllables for Subject 2, and 10.20 to 12.48 syllables for Subject 3. There are a few
mean values for syllables per utterance which fall outside these limits.
However, there does not appear to be any consistent pattern that would
suggest learning or fatigue effects. Syllables per utterance range from 4 to 27
syllables, 7 to 27 syllables, and 3 to 25 syllables for Subjects 1, 2, and 3,
respectively for untrussed conversational-level reading. With trussing, two
trials for Subject 1, one trial for Subject 2, and five trials for Subject 3 have
greater mean values of syllables per utterance, as compared to the largest
mean value of syllables per utterance when the abdomen is untrussed. The
number of syllables per utterance for each subject increases, as calculated from
the difference between each subject’s untrussed and trussed grand mean, by
2.41 syllables (16%) for Subject 1, 1.32 syllables (11%) for Subject 2, and 1.79

syllables (19%) for Subject 1. Statistical testing found a significant difference
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for Subject 1 [t(12) = -3.067, p<0.001] and Subject 3 [t(12) = -2.958, p< 0.005], but
not for Subject 2 [t(12) =-2.190, p<0.049].

For these three subjects, the increase of syllables per utterance during
trussed conversational-level reading, is most likely due to the observed

increase of utterance duration during trussing.

Syllables Per Second

Part A of Table 20 shows the means and standard deviations of syllables
per second for each conversational-level reading passage. Means and
standard deviations for the untrussed and trussed means, collapsed within a
test period and grand means and standard deviations collapsed across test
periods, are shown in Part B of Table 20. Figure 14 displays the means and
standard deviations of syllables per second for each conversational-level
reading passage. Syllables per second is presented and discussed to examine if
rate may have contributed in any way to the number of syllables per utterance
between the untrussed and trussed conditions, rather than solely by an
increase of utterance duration. Confidence limits for syllables per second for
untrussed conversational-level reading range from 5.66 to 5.80 syllables per
second for Subject 1, 4.27 to 4.83 syllables per second for Subject 2, and 5.05 to
5.21 syllables per second for Subject 3. There are a few means that fall outside
the limits for each subject. However, there is no consistent pattern of

variation that indicates effects such as learning or fatigue. Syllables per



second is greatest for Subject 1 followed by Subjects 3 and 2, respectively.
Syllables per second for each utterance range from 4.07 to 6.98 syllables per
second for Subject 1, 2.55 to 5.56 syllables per second for Subject 2, and 2.70 to
8.00 syllables per second for Subject 3.

[INSERT TABLE 20]

{INSERT FIGURE 14]

Syllables per second during untrussed conversational-level reading is
similar to that reported elsewhere during reading in neurally healthy subjects
(Goldman-Eisler, 1956; Hoit & Lohmeier, 1998; Solomon & Hixon, 1993;
Turner & Weismer, 1993).

No real difference in syllables per second is observed between the
untrussed and trussed conditions for the three subjects. Confidence limits for
syllables per second for trussed conversational-level reading are 5.75 to 5.87
syllables per second for Subject 1, 4.33 to 4.85 syllables per second for Subject 2,
and 4.62 to 5.50 syllables per second for Subject 3. A few means for each
subject fall outside these limits. However, there is no consistent pattern of
variation that suggests a learning or fatigue effect for Subjects 1 and 2, and for
the most part, Subject 3. For Subject 3 with trussing, syllables per second for
the final trial of test period 2 was somewhat reduced. This may have been an
indication of fatigue. With trussing, syllables per second for each utterance
range from 4.91 to 6.66 syllables per second, 3.37 to 5.71 syllables per second,

and 3.24 to 7.87 syllables per second for Subjects 1, 2, and 3, respectively. With
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trussing, one trial for Subject 1, no trials for Subject 2, and three trials for
Subject 3 have a larger mean value of syllables per second, as compared to the
largest mean value of syllables per second with the abdomen untrussed.
During trussing, the number of syllables per second, based on the difference of
each subject’s untrussed and trussed grand mean, increases by 0.08 syllables
per second (1%) for Subject 1, increases by 0.04 syllables per second (1%) for
Subject 2, and decreases by -0.07 syllables per second (1%) for Subject 3. No
significant difference is found for Subject 1 [t(12)= -1.638, p< 0.127], Subject 2
[t(12)=-0.184, p< 0.857],0r Subject 3 [t(5.3)= 0.283, p< 0.788].

Because syllables per second during trussing does not change, this suggests
that the increase of syllables per utterance during trussing is more strongly
associated with the increase of utterance duration observed with trussing and

not an increase of syllables per second.

Utterances Per Reading Passage

The number of utterances per conversational-level reading passage are
shown in Part A of Table 21. Means and standard deviations for the
untrussed and trussed experimental values, collapsed within a test period and
between test periods, are shown in Part B of Table 21. Figure 15 displays the
number of syllables per utterance for each conversational-level reading
passage. The number of utterances per conversational-level reading passage

is less for Subject 1 followed by Subjects 2 and 3, respectively. The confidence
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limits for utterances per reading passage range from 10.67 to 12.33 utterances
for Subject 1, 13.40 to 15.86 utterances for Subject 2, and 16.44 to 18.05
utterances for Subject 3 with the abdomen untrussed. There are a few values
of the number of utterances per reading passage that fall outside these limits
for each subject. However, there is no pattern of variation that indicates
effects such as learning or fatigue.

[INSERT TABLE 21]

[INSERT FIGURE 15]

The number of utterances per reading passage is related to the length of
utterance duration. That is, the shorter the utterance duration and the fewer
the syllables per utterance, the greater the number of utterances per reading
passage. Utterance duration with the abdomen untrussed tends to be related
to the general status of each subject’s breathing apparatus. That is, subjects
with smaller untrussed vital capacities have more utterances per reading
passage.

With trussing, utterances per reading passage decrease for the three
subjects. Confidence limits for the number of utterances during trussed
conversational-level reading are 9.23 to 10.43 utterances for Subject 1, 12.50 to
13.50 utterances for Subject 2, and 13.65 to 16.00 utterances for Subject 3. There
are a few values of utterances per reading passage that fall outside these limits
for each subject. However, there is no consistent pattern of variation that

indicates effects such as learning or fatigue. During trussing, two trials for
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Subject 1, one trial for Subject 2, and one trial for Subject 3 have fewer
number of utterances, as compared to each subject’s smallest number of
utterances per reading passage without trussing. The number of utterances
decrease, based on the differences between each subject’s untrussed and
trussed grand mean, by 1.67 utterances (15%) for Subject 1, 1.63 utterances
(11%) for Subject 2, and 2.42 utterances (14%) for Subject 3. Statistical testing
reveals a significant difference between the two experimental conditions for
Subject 3 [t(12)= 3.438, p< 0.005], but not for Subject 2 [t(9.2)= 2.403, p< 0.039], or
Subject 1 [£(12)=2.984, p< 0.011].

Although there is a statistical difference for only one subject, the number
of utterances per reading passage decreases for all three subjects with trussing.
This decrement of utterances per conversational-level reading passage with
trussing is reflected by the increase of utterance duration and the increase of
syllables per utterance which, perhaps, were brought about by an increase of
efficiency of the breathing apparatus during trussing.

The greatest impact of trussing on utterances per reading passage was with
Subject 3. Subject 3 had the greatest reduction of vital capacity as compared to
the other two subjects. And, Subject 3 realized the greatest relative increase of
vital capacity, brought about by the increase of inspiratory capacity, with
trussing. The reduction of utterances per reading passage for Subject 3 may
especially have an impact over time. For example, the conversational-level

reading took approximately 50 seconds to complete. With trussing, Subject 3
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would require 44 fewer utterances after reading for 15 minutes as compared to

reading while untrussed.

Pause Boundary Locations

Table 22 displays the number of pauses taken at the different boundary
locations for each conversation-level reading passage. Table 23 displays the
total number of pauses at each boundary location for each test period within
an experimental condition and for the total within an experimental
condition. The percentage of the total number of pauses, for the untrussed
and trussed conditions within a test period and for both test periods combined
are also shown in Table 23. With the abdomen untrussed, a large majority of
pauses occur at boundary location 1 for Subject 1. Subject 2 has slightly over
half and Subject 3 slightly less than half of pauses during untrussed
conversational-level reading at boundary location 1. For Subject 1,
approximately one-quarter of his pauses occur at boundary location 2. For
Subject 2 slightly less than 40% and for Subject 3 slightly more than 45% occur
at boundarv location 2 for conversational-level reading. For Subject 1, no
pauses occur at boundary location 3. For Subjects 2 and 3, pauses occur at 5%
and 10%, respectively, for boundary location 3 for untrussed conversational-
level reading.

[INSERT TABLE 22 AND TABLE 23]
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In healthy adult subjects, pauses at sentences occur well over 50% of the
time during reading (Hammen & Yorkston, 1994; Winkworth, Davis, Ellis, &
Adams, 1994). All of the remaining pauses during reading take place at
boundary type 2 in healthy subjects (Hammen & Yorkston, 1994; Winkworth
et al., 1994). For boundary type 3, no pauses are taken during reading in
healthy subjects (Hammen & Yorkston, 1994; Winkworth et al., 1994).
Hammen and Yorkston (1994) report that 20% of pauses during reading
occurred at boundary type 3 in their group of subjects with dysarthria.
Hammen and Yorkston (1994) believe that pauses within a phrase or a
subordinate clause may contribute to decreased intelligibility and decreased
naturalness of speech. Reduced lung volume for speech, resulting in short
utterance durations and reduced syllables per utterance, may have
contributed to pauses being taken at boundary type 3.

With trussing, over half of the pauses occur at boundary location 1 for the
three subjects. The number of pauses at boundary location 2 also decrease for
the three subjects, and there are no pauses at boundary type 3 for the three
subjects with trussing. During trussing, the increase of the number of pauses
at boundary location 1 and the elimination of pauses at boundary location 3
suggests that subjects had sufficient lung volume to plan pauses at more

appropriate linguistic boundary locations.
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Average Sound Pressure Level

Part A of Table 24 shows the means and standard deviations for average
sound pressure level per utterance (in dB SPL) for each conversational-level
reading passage. Means and standard deviations for the untrussed and
trussed means, collapsed within a test period and grand means and standard
deviations collapsed across test periods, are shown in Part B of Table 24.
Figure 16 displays the means and standard deviations of average sound
pressure level (in dB SPL) for each conversational-level reading passage.
Confidence limits for average sound pressure level for untrussed
conversational-level reading are 75.74 to 78.38 dB SPL for Subject 1, 72.76 to
74.95 dB SPL for Subject 2, and 74.47 dB SPL to 77.42 dB SPL for Subject 3. A
few means are outside of these limits for Subjects 1 and 2. However, there
does not appear to be any consistent pattern of variability that suggests a
learning or fatigue effect. For Subject 3 during the untrussed condition,
average sound pressure level is about 4 dB less for test period 1 as compared
to test period 2. Conversational-level reading for Subject 3 is the very first
task of test period 1. Subject 3 may have been somewhat reticent to read at his
typical conversational level under the unfamiliar surroundings. Subject 1
followed closely by Subjects 3 and 2, respectively, has the greatest average
sound pressure level during untrussed conversational-level reading.
Individual values of average sound pressure level range from 72.20 to 85.60

dB for Subject 1, 61.90 - 79.70 dB for Subject 2, and 71.0 - 83.7 dB for Subject 3.
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[INSERT TABLE 24]
[INSERT FIGURE 16]

Average sound pressure level during conversational-level reading is
somewhat greater than what is reported for reading in healthy young adult
female subjects (Winkworth & Davis, 1997) and in a group of adult male
subjects (Robbins, Fisher, Blom, & Singer, 1984). A possible explanation for
the difference in average sound pressure level between this study and
Winkworth and Davis (1997) may be that men phonate with a greater sound
pressure level than women (Coleman, Mabis, & Hinson, 1977). With regard
to the difference of average sound pressure level reported by Robbins et al.
(1984), mouth-to-microphone distance was almost 6 inches, or twice the
distance, used for this experiment.

No change in average sound pressure level is observed during trussing.
Confidence limits for average sound pressure level during trussing range
from 75.31 to 77.57 dB SPL for Subject 1, 73.47 to 74.91dB SPL for Subject 2, and
73.86 to 77.42 dB SPL for Subject 3. For Subjects 1 and 2 no consistent pattern
of variation is observed that would suggest a learning or fatigue effect. For
Subject 3 during trussing, as is the case for the untrussed condition, average
sound pressure level is 4 dB SPL less for test period 1 as compared to test
period 2. The explanation suggested above for the difference of average
sound pressure level with the abdomen is most likely the same during the

trussed condition. With trussing, no trials for any of the three subjects have a
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larger mean value for average sound pressure level as compared to the largest
mean value of average sound pressure level during the untrussed condition.
Individual values of average sound pressure level range from 74.80 to 83.10
dB for Subject 1, 70.90 to 77.70 dB for Subject 2, and 70.50 to 82.30 dB for
Subject 3. Based on the difference between each subject’s untrussed and
trussed grand mean, average sound pressure level decreases by 0.62 dB SPL
(1%) for Subject 1, increases by 0.34 dB SPL (1%) for Subject 2, and increases by
0.31 dB SPL (= 0% increase) for Subject 3. No statistically significant difference
is found for any of the three subjects — Subject 1 [t(12)= 0.672, p< 0.514], Subject
2 [t(12)=0.481, p< 0.127], and Subject 3 [t(12)= 0.265, p< 0.795].

Average sound pressure level most likely does not increase with trussing
in these three subjects during conversational-level reading because the
subjects judged the loudness to be at an acceptable conversational level for
both experimental conditions and no additional adjustment was required.
Recall that these three subjects are able to substantially increase average

sound pressure level during the loud-level vowel-prolongation task.

Maximum Sound Pressure Level

Part A of Table 25 shows the means and standard deviations for
maximum sound pressure level (in dB SPL) for each conversational-level
reading passage. Means and standard deviations for the untrussed and

trussed means collapsed within a test period and grand means and standard
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deviations across test periods are shown in Part B of Table 25. Figure 17
displays the means and standard deviations of maximum sound pressure
level (in dB SPL) for each conversational-level reading passage. Confidence
limits for maximum sound pressure level during untrussed conversational-
level reading are 88.30 to 91.25 dB SPL for Subject 1, 85.61 to 88.13 dB SPL for
Subject 2, and 88.06 to 92.16 dB SPL for Subject 3. A few means fall outside
these limits for Subjects 1 and 2. However, there does not appear to be a
consistent pattern of variability to suggest a learning or fatigue effect for these
two subjects. For Subject 3, during untrussed conversational-level reading,
maximum sound pressure level is reduced for test period 1 as compared to
test period 2. As is the case for average sound pressure level, maximum
sound pressure level may be reduced because the conversational-level
reading task was the very first task performed and Subject 3 may have been
somewhat reticent to speak at his normal conversational level. Maximum
sound pressure level is greatest for Subject 3 followed closely by Subjects 1 and
2, respectively. With untrussed conversational-level reading, individual
values of maximum sound pressure level range from 83.40 to 98.30 dB for
Subject 1, 80.10 to 94.70 dB for Subject 2, and 83.20 to 99.30 dB for Subject 3.

[INSERT TABLE 25]

[INSERT FIGURE 17]

Maximum sound pressure level during reading is greater for the present

study relative to data from other studies. However, this may be due to a
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greater mouth-to-microphone distance of 8 inches (Canter, 1963) and 6 inches
(Hyman, 1955), as compared to the distance of 2.5 inches employed for this
study.

With trussing, no actual change is observed in maximum sound pressure
level during conversational-level reading. Confidence limits for maximum
sound pressure level range from 88.56 to 89.90 dB SPL for Subject 1, 86.03 to
87.38 dB SPL for Subject 2, and 89.16 dB SPL for Subject 3. A few means fall
outside these limits for Subjects 1 and 2. However, there does not appear to
be a consistent pattern of variation to suggest learning or fatigue effects for
these two subjects. For Subject 3, during trussed conversational-level reading,
as is the case for the untrussed condition, maximum sound pressure level is
less for test period 1 as compared to test period 2. As is discussed above,
Subject 3 may have been somewhat restrained in using his conversational-
level loudness for the very first task of test period 1. With trussing, no trials
for any of the three subjects have a greater mean value of maximum sound
pressure level as compared to the largest mean value of maximum sound
pressure level during the untrussea condition. Individual values of
maximum sound pressure level, per utterance, range from 84.00 to 95.00 dB
SPL for Subject 1, 82.40 to 98.70 dB SPL for Subject 2, and 83.40 to 97.20 dB SPL
for Subject 3. With trussing, maximum sound pressure level, as calculated
from each subject’s untrussed and trussed grand mean, decreases by 0.55 dB

SPL (= 1%) for Subject 1, decreases by 0.16 dB SPL (= 0%) for Subject 2, and
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increases by 0.27 dB SPL (= 0%) for Subject 3. No statistically significant
difference is found for any the three subjects -- Subject 1 [t(12)= 0.589, p< 0.567],
Subject 2 [#(12)= 0.180, p< 0.860], and Subject 3 [t(12)=-0.173 p< 0.865].
Maximum sound pressure level most likely does not increase with
trussing because subjects judged loudness levels to be adequate for
conversational-level reading and no further adjustments were required to

increase pressure thereby increasing loudness.

Loud-Level Reading

Pause Duration

Part A of Table 26 shows the means and standard deviations of pause
duration (in seconds) for each loud-level reading passage. Means and
standard deviations for the untrussed and trussed means collapsed within a
test period and grand means and standard deviations collapsed across test
periods, are shown in Part B of Table 26. Figure 18 displays the means and
standard deviations of pause duration (in seconds) for each loud-level
reading passage. Confidence limits for pause duration during untrussed
loud-level reading are 0.66 to 0.74 seconds for Subject 1, 0.60 to 0.72 seconds for
Subject 2, and 0.73 to 0.97 seconds for Subject 3. A few mean values fall
outside the limits for each subject. However, there appears to be no
consistent pattern that would suggest learning or fatigue effects for Subjects 1

and 2. For Subject 3, the first trial of test period 2 with the abdomen
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untrussed had longer average pause duration than other trials. It is unclear
as to why this may be the case, With the abdomen untrussed, Subject 2 has
the shortest pause duration, followed by Subjects 1 and 3, respectively.
Individual values of pause duration during loud-level reading range from
0.25 to 1.84 seconds for Subject 1, 0.39 to 1.89 seconds for Subject 2, and 0.38 to
3.28 seconds for Subject 3.

[INSERT TABLE 26]

[INSERT FIGURE 18]

With the abdomen untrussed, pause duration during loud-level reading is
similar to pause duration during conversational-level reading for Subjects 1
and 2. Pause duration for Subjects 1 and 2 is similar to pause duration during
inspiration in healthy subjects (Hoit & Lohmeier, 1998; Solomon & Hixon,
1993). With the abdomen untrussed, Subjects 1 and 2 may have increased
laryngeal airway resistance during loud-level reading. The increase of
laryngeal airway resistance may have decreased expiratory flow. And,
decreased expiratory flow would not have required as much lung volume
expenditure to produce an utterance. For Subject 3, pause duration is longer
during untrussed loud-level reading as compared to untrussed
conversational-level reading and to those values reported for healthy
subjects. For Subject 3, during conversational-level reading, approximately
14% of pause durations are greater than 1 second, whereas 28% of his pause

durations are greater than 1 second for loud-level reading. For untrussed
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loud-level reading, longer pause durations for Subject 3 relative to his
conversational-level reading, suggests that he may have required more time
to go to a larger lung volume. Subject 3 may have required more lung
volume expenditure because he may have had increased airflow through the
larynx during loud-level reading. Or, Subject 3 may have gone to a larger
lung volume to utilize increased expiratory recoil force for loud-level reading
as compared to his conversational-level reading and greater inspiratory time
may have been required.

With the abdomen trussed, pause duration for loud-level reading
decreases only for Subject 3. Confidence limits for pause duration during
trussed loud-level reading are 0.63 to 0.69 seconds for Subject 1, 0.55 to 0.63
seconds for Subject 2, and 0.62 to 0.70 seconds for Subject 3. A few mean
values fall outside these limits for each subject. However, there does not
appear to be a consistent pattern of variation which suggests a learning or
fatigue effect. Individual values of pause duration, with the abdomen
trussed, range from 0.25 to 1.21 seconds for Subject 1, 0.32 to 1.75 seconds for
Subject 2, and 0.23 to 1.58 seconds for Subjects 3. With trussing, one trial for
Subject 1, two trials for Subject 2, and two trials for Subject 3 have shorter
mean values of pause duration as compared to each subject’s shortest mean
value with the abdomen untrussed. Pause duration with trussing, as
calculated from the difference of each subject’s untrussed and trussed grand

mean, decreases by 0.04 seconds (6%) for Subject 1, 0.07 seconds (11%) for
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Subject 2, and 0.19 seconds (22%) for Subject 3. Pause duration with trussing
approaches significance for Subject 3, but statistical testing does not reveal a
significant difference for any of the three subjects -- Subject 1 [t(12)= 1.417, p<
0.182], Subject 2 [t(12)=1.898, p<0.082], and Subject 3 [t(8.3)=2.886, p<0.020].

Pause duration for trussed loud-level reading is similar to untrussed loud-
level reading for Subjects 1 and 2. With trussing, no change of pause
duration for Subjects 1 and 2 suggests the following three explanations: (a)
adequate lung volume was available for loud-level reading and no additional
time was required to inspire to a larger lung volume; (b) they judged pause
duration appropriate for loud-level reading and no additional modification of
pause time was required; or (c) they were able to take in more air in the same
amount of time as during the untrussed condition because of the
optimization of diaphragm function. For Subject 3, although pause duration
with trussing does not reach significance, pause duration decreases by over
22%. For loud-level reading 28% of pause durations were greater than 1
second with the abdomen untrussed, whereas 13% of pause durations were
greater than 1 second during the trussed condition. This suggests the
possibility, that for Subject 3, trussing mechanically optimized the function of
the diaphragm, so that deeper inspirations could be taken in a shorter

duration.
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Utterance Duration

Part A of Table 27 shows the means and standard deviations of utterance
duration (in seconds) for each loud-level reading passage. Means and
standard deviations for the untrussed and trussed means collapsed within a
test period and grand means and standard deviations collapsed across test
periods, are shown in Part B of Table 27. Figure 19 displays the means and
standard deviations of utterance duration (in seconds) for each loud-level
reading passage. Confidence limits for utterance duration with the abdomen
untrussed are 2.99 to 3.29 seconds for Subject 1, 3.03 to 3.46 seconds for Subject
2, and 1.55 to 1.75 seconds for Subject 3. Some mean values of utterance
duration fall outside of the limits for each subject. However, there does not
appear to be a consistent pattern of variation that suggests learning or fatigue
effects. Subject 2 has the longest utterance duration, followed closely by
Subject 1. Subject 3 has somewhat shorter utterance durations, with the
abdomen untrussed, relative to the other two subjects. Individual values of
utterance duration with the abdomen untrussed, range from 0.75 to 6.21
seconds for Subject 1, 1.33 to 5.44 seconds for Subject 2, and 0.48 to 3.41 seconds
for Subject 3.

[INSERT TABLE 27]
[INSERT FIGURE 19]
Utterance duration for Subjects 1 and 2 is longer for untrussed loud-level

reading as compared to untrussed conversational-level reading. Utterance



100

duration for Subjects 1 and 2 during loud-level reading is equivalent to breath
group duration in healthy subjects reading at an increased sound pressure
level under increased masking (noise) levels (Winkworth & Davis, 1997).
The increase of utterance duration for Subjects 1 and 2 suggests that they may
have altered laryngeal valving in such a way so as to decrease airflow during
loud-level reading. Laryngeal airway resistance is found to increase and
airflow to decrease in a group of healthy adult subjects (Holmes, Leeper, &
Nicholson, 1994; Stathopoulos & Sapienza, 1993) while producing a string of
syllables at increased sound pressure level. For Subject 3, utterance duration
is shorter during untrussed loud-level reading as compared to his untrussed
conversational-level reading. It is puzzling why utterance duration for
Subject 3 decreases during loud-level reading. Even though Subject 3 has
longer pause durations, presumably so that he could take in more air,
utterance duration decreases, relative to his conversational-level reading.
Perhaps, even in conditions of increased laryngeal resistance, Subject 3 used
proportionally higher airflow during loud-level reading than the other two
subjects.

With trussing, utterance duration increases for Subject 3 and shows a
slight increase for Subject 2, but no increase is observed for Subject 1.
Confidence limits for utterance duration are 3.01 to 3.29 seconds for Subject 1,
3.38 to 3.76 seconds for Subject 2, and 1.82 to 2.17 seconds for Subject 3. There

are some mean values that fall outside these limits for each subject.
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However, there does not appear to be any consistent pattern of variation that
suggests learning or fatigue effects. With trussing, no trials for Subject 1, two
trials for Subject 2, and four trials for Subject 3 have larger mean values for
utterance duration as compared to each subject’s largest mean value for
utterance duration with the abdomen untrussed. Individual values of
utterance duration during trussing range from 0.69 to 5.28 seconds for Subject
1, 1.13 to 5.77 seconds for Subject 2, and 0.45 to 3.54 seconds for Subject 3.
With trussing, utterance duration increases, as calculated from the difference
from each subject’s untrussed and trussed grand mean, by 0.01 seconds (= 0%)
for Subject 1, by 0.33 seconds (10%) for Subject 2, and by 0.37 seconds (22%) for
Subject 3. Statistical testing shows a statistical difference with the abdomen
trussed for Subject 3 [t(12)=-4.004, p<0.002], but not for Subject 1 [t(12)= -0.056,
p<0.956] or Subject 2 [t(12)=-2.149, p<0.052].

Trussing has somewhat different affects on utterance duration for each
subject. Utterance duration for Subject 1 during loud-level reading does not
change, because utterances may have been long enough in duration before
trussing. That is, Subject 1 may have found utterances to be of sufficient
length to reach syntactic markers before trussing, so that no change of
utterance duration was required. For Subject 2, absolute time for utterance
duration increases with trussing. However, the percentage increase of
utterance duration with trussing is modest. For Subject 3, utterance duration

with the abdomen trussed reaches significance. Trussing for Subject 3, may



102

have increased breathing function (i.e. optimized the function of the
diaphragm) so that he was able to inspire to larger lung volumes so that

utterance duration could be increased.

Syllables Per Utterance

Part A of Table 28 shows the means and standard deviations of syllables
per utterance for each loud-level reading passage. Means and standard
deviations from the untrussed and trussed means collapsed within a test
period and grand means and standard deviations collapsed across test periods,
are shown in Part B of Table 28. Figure 20 displays the means and standard
deviations of syllables per utterance for each loud-level reading passage.
Confidence limits for untrussed loud-level reading are 15.28 to 16.38 syllables
per utterance for Subject 1, 12.04 to 12.68 syllables per utterance for Subject 2,
and 6.60 to 7.70 syllables per utterance for Subject 3. There are a few mean
values that fall outside the limits for each subject. However, there does not
appear to be any strong consistent pattern of variability to suggest a learning
or fatigue effect. With the abdomen untrussed, Subject 1 has a few more
syllables per utterance than Subject 2. For Subject 3, syllables per utterance
during untrussed loud-level reading are substantially reduced relative to the
other two subjects. Individual values range from 4 to 27 syllables per
utterance for Subject 1, 5 to 20 syllables per utterance for Subject 2, and 1 to 17

syllables per utterance for Subject 3 for untrussed loud-level reading.
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[INSERT TABLE 28]
[INSERT FIGURE 20]

With the abdomen untrussed, syllables per utterance during loud-level
reading for Subjects 1 and 2 is much the same as syllables per utterance during
untrussed conversational-level reading. For Subject 3, syllables per utterance
for untrussed loud-level reading is reduced relative to his syllables per
utterance during his untrussed conversational-level reading. The reduction
of syllables per utterance for Subject 3 is most likely related to the decrease of
utterance duration during untrussed loud-level reading, relative to his
untrussed conversational-level reading.

With trussing, syllables per utterance is the same for Subjects 1 and 2, but
increases for Subject 3, relative to untrussed loud-level reading. Confidence
limits for syllables per utterance for trussed loud-level reading are 14.88 to
17.10 syllables per utterance for Subject 1, 11.58 to 12.48 syllables per utterance
for Subject 2, and 8.50 to 9.94 syllables per utterance for Subject 3. There are a
few mean values that fall outside the limits for each subject. However, there
does not appear to be any consistent pattern of variation that suggests a
learning or fatigue effect. With trussing, no trials for Subject 1, no trials for
Subject 2, and 4 trials for Subject 3 have larger mean values for syllables per
utterance as compared to each subject’s untrussed trial with the largest mean
value for syllables per utterance. Individual values range from 4 to 27

syllables per utterance for Subject 1, 4 to 20 syllables per utterance for Subject
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2, and 1 to 18 syllables per utterance for Subject 3. Syllables per utterance with
trussing, as calculated from the difference of each subject’s untrussed and
trussed grand mean, reveals an increase of 0.16 syllables (1%) for Subject 1, a
decrease of 0.18 syllables (2%) for Subject 2, and an increase of 2.04 syllables
(28%) for Subject 3. A statistical difference is found for Subject 3 [t(12)=3.610,
p< 0.004], but not for Subject 1 [t(12)=0.436, p<0.670] or Subject 2 [t(12)=0.436,
p<0.670].

For Subjects 1 and 2, trussing for loud-level reading most likely does not
appreciably change syllables per utterance because utterance duration does not
change. For Subject 3, trussing does affect syllables per utterance, presumably
because of the significant increase of utterance duration with the abdomen

trussed.

Syllables Per Second

Part A of Table 29 shows the means and standard deviations of syllables
per second for each loud-level reading passage. Means and standard
deviations from the untrussed and trussed means collapsed within a test
period and grand means and standard deviations collapsed across test periods,
are shown in Part B of Table 29. Figure 21 displays the means and standard
deviations of syllables per second for each loud-level reading passage.
Confidence limits for untrussed loud-level reading are 4.86 to 5.24 syllables

per second for Subject 1, 3.62 to 4.05 syllables per second for Subject 2, and 4.08



105

to 4.36 syllables per second for Subject 3. For Subject 1, syllables per second is
slightly greater for test period 2 versus test period 1, and syllables per second
for Subject 2 is slightly reduced for test period 2 relative to test period 1. The
trend of increase or decrease of syllables per second for test period 2 for
Subjects 1 and 2, respectively, show this trend with the abdomen trussed as
well. However, even in light of these patterns, there does not appear to be a
consistent pattern of variation indicating a pattern of learning or fatigue
effects for the three subjects. With the abdomen untrussed, Subject 1 has the
greatest mean value for syllables per second, followed by Subjects 3 and 2,
respectively. During untrussed loud-level reading, individual values range
from 3.04 to 6.04 syllables per second for Subject 1, 2.76 to 5.17 syllables per
second for Subject 2, and 1.82 to 6.67 syllables for Subject 3.

[INSERT TABLE 29]

[INSERT FIGURE 21}

During untrussed loud-level reading, syllables per second is slightly
reduced for the three subjects, relative to untrussed conversational-level
reading. For Subjects 1 and 2 during loud-level reading, the reduction of
syllables per second, relative to conversational-level reading, may account for
the same number of syllables per utterance, even though utterance duration
increases during loud-level reading. For Subject 3, during untrussed loud-

level reading, the reduction of syllables per second and decrease of utterance
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duration may account for fewer syllables per utterance, relative to untrussed
loud-level reading.

With trussing, syllables per second increases slightly for Subjects 1, and to
a moderate degree for Subject 3. Syllables per second during trussing for
Subject 2 decreases. Confidence limits for trussed loud-level reading range
from 4.87 to 5.44 syllables per second for Subject 1, 3.27 to 3.57 syllables per
second for Subject 2, and 4.45 to 4.63 syllables per second for Subject 3. There
are a few mean values that fall outside these limits for each subject.
However, there does not appear to be a consistent pattern of variation that
indicates a learning or fatigue effect. With trussing, three trials for Subject 1,
and four trials for Subject 3 have larger mean values of syllables per second as
compared to each subject’s largest mean value of syllables per second with the
abdomen untrussed. For Subject 2, five trials during trussing have smaller
mean values for syllables per second as compared to the smallest mean value
of syllables per second with the abdomen untrussed. Individual values for
loud-level reading range from 1.22 to 4.29 syllables per second for Subject 1,
1.22 to 4.29 syllables per second for Subject 2, and 2.22 to 5.71 syllables per
second for Subject 3. Syllables per second during trussing, as calculated from
the difference of each subject’s untrussed and trussed grand mean, increase by
0.11 syllables per second (2%) for Subject 1, decrease by 0.41 syllables per
second (11%) for Subject 2, and increase by 0.32 syllables per second (8%) for

Subject 3. Significance testing reveals that there is a statistical difference for
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Subiject 3 [t(12)=-3.524, p<0.004], but not for Subject 1 [t(12)=-0.649, p<0.528] or
Subject 2 [t(12)=2.812, p<0.016).

With trussing, there is no substantial change of syllables per second for
Subject 1. For Subject 2, syllables per second with trussing decreases, but does
not reach significance, possibly, because of large variance. For Subject 3
during trussing, the increase of syllables per second may have contributed to
the increase of syllables per utterance. The strength of the relationship of
syllables per utterance to syllables per second for Subject 3 during trussed
loud-level reading is r = 0.52 (Pearson-Correlation Coefficient). This suggests
that the increase of syllables per second during trussing may have contributed
somewhat to the increase of syllables per utterance. However, for Subject 3
with trussing, syllables per utterance during trussed loud-level reading, is

most strongly related to utterance duration (r=0.96).

Utterances Per Reading Passage

Part A of Table 30 shows the utterances per reading passage for loud-level
reading. Means and standard deviations for the untrussed and trussed means
collapsed within a test period and grand means and standard deviations
collapsed across test periods are shown in Part B of Table 30. Figure 22
displays utterances per reading passage for loud-level reading. Confidence
limits for untrussed loud-level reading are 10.27 to 10.99 utterances per

reading passage for Subject 1, 13.27 to 13.99 utterances per reading passage for
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Subject 2, and 21.77 to 25.23 utterances per reading passage for Subject 3.
There a few values of utterances per reading passage that fall outside these
limits for each subject. However, there does not appear to be any consistent
pattern of variation that suggests a learning or fatigue effect for the three
subjects. Subject 1, followed closely by Subject 2, has the fewest utterances for
each untrussed loud-level reading passage. Subject 3 has more utterances for
untrussed loud-level reading, than the other 2 subjects.

[INSERT TABLE 30]

[INSERT FIGURE 22]

The number of utterances for untrussed loud-level reading is equivalent
to the number of utterances for untrussed conversational-level reading for
Subjects 1 and 2. For Subject 3, the number of utterances for loud-level
reading is almost twice that for conversational-level reading. The increase in
the number of utterances for loud-level reading for Subject 3, relative to
conversational-level reading, is most likely as a result of the reduction in
utterance duration and a reduction in syllables per utterance during
untrussed loud-level reading.

With trussing, only Subject 3 shows a decrease of utterances per loud-level
reading passage. Confidence limits for trussed loud-level reading are 10.06 to
10.94 utterances per reading passage for Subject 1, 13.06 to 13.94 utterances per
reading passage for Subject 2, and 16.61 to 19.72 utterances per reading passage

for Subject 3. A few values of utterances per reading passage fall outside these
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limits for each subject. However, there does not appear to be any consistent
pattern of variation that suggests a learning or fatigue effect. With trussing,
no trials for Subject 1, no trials for Subject 2, and four trials for Subject 3 have
fewer utterances per loud-level reading passage as compared to the fewest
number of utterances per passage with the abdomen untrussed. During
trussing, utterances per reading passage, as calculated from the difference of
each subject’s untrussed and trussed grand mean, decrease by 0.13 utterances
(1%) for Subject 1, decrease by 0.13 utterances (1%) for Subject 2, and decrease
by 5.33 utterances (23%) for Subject 3. Statistical testing shows a significant
difference for Subject 3 [t(12)=3.601, p<0.004], but not for Subject 1 [t(12)= 0.436,
p<0.670], or Subject 2 [t(12)=0.436,p<0.670].

For Subjects 1 and 2, utterances per reading passage do not change in any
significant manner with trussing. This is, presumably, because utterance
duration and syllables per utterance does not change with trussing for
Subjects 1 and 2. Utterances per loud-level reading probably decrease with
trussing for Subject 3, because of the increase in utterance duration and
increase in syllables per utterance. As is the case for conversational-level
reading, the reduction of utterances per reading passage with trussing may
have a significant effect over time. For Subject 3 with trussing, after 15
minutes of loud-level reading, 96 fewer utterance would be required relative

to loud-level reading with the abdomen untrussed.
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Pause Boundary Locations

Table 31 displays the number of pauses taken at different boundary
locations within each loud-level reading passage. Table 32 displays the total
number of pauses and the percentage of the total number of pauses at each
boundary location for untrussed and trussed loud-level reading, summed
within a test period and across test periods for the three subjects. For Subject
2, and especially for Subject 1, the majority of pause boundaries occur at
sentences (boundary location 1). The remaining pauses for Subjects 1 and 2
during untrussed loud-level reading occur at phrases or subordinate clauses
(boundary location 2), and no pauses occur within phrases or subordinate
clauses (boundary location 3). For Subject 3, the majority of pauses occurs at
phrases or subordinated clauses, with one-third of the pauses occurring at
sentences and a small percentage occurring within phrases and subordinate
clauses.

[INSERT TABLE 31]
[INSERT TABLE 32]

Pause boundary locations for untrussed loud-level reading for Subjects 1
and 2 increase slightly at boundary location 1 and decrease slightly at
boundary location 2. There are no pauses at boundary location 3 for Subjects 1
and 2. Recall that Subject 2 had a small percentage of pauses at boundary
location 3 during untrussed conversational-level reading. For Subjects 1 and

2, the increase in the number of pauses at sentences and a decrease or



111

elimination of pauses at or within phrases or subordinate clauses, relative to
untrussed conversational-level reading, most likely was as a result in the
increase of utterance duration and decrease in syllables per utterance during
untrussed loud-level reading. The predominance of pauses at sentences is in
accordance with data for healthy subjects during reading at comfortable
loudness (Hammen & Yorkston, 1994). For Subject 3, during untrussed loud-
level reading, fewer pauses occur at sentences and more pauses occur at
phrases and subordinate clauses relative to untrussed conversational-level
reading. The percentage of pauses at boundary location 3 for Subject 3, during
untrussed loud-level reading, is the same as for untrussed conversational-
level reading. The pattern of pauses for Subject 3 during untrussed loud-
level reading relative to untrussed conversational-level reading most likely
reflects the decrease of utterance duration during untrussed loud-level
reading.

With the abdomen trussed, pauses essentially remained the same for
Subjects 1 and 2. For Subject 3, with the abdomen trussed, the number of
pauses increases at sentence boundaries and decreases at phrase and
subordinate clauses and within the phrase and subordinate clauses.

Perhaps, for Subjects 1 and 2, the lack of no difference of pause placement
for the untrussed and trussed conditions was because they increased laryngeal
airway resistance for loud-level reading. Increased laryngeal airway resistance

limited flow and thereby allowed these two subjects adequate lung volume to
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pause at what they perceived to be appropriate linguistic boundaries. For
Subject 3, with trussing, the increase of pauses at sentences and decrease of
pauses at and within phrases and subordinate clauses suggests that the
increase of utterance duration and increase of syllables per utterance, allowed
Subject 3 to pause, and presumably inspire, at what he considered to be more

appropriate linguistic boundary locations.

Average Sound Pressure Level

Part A of Table 33 shows the means and standard deviations for average
sound pressure level per utterance (in dB SPL) for each loud-level reading
passage. Means and standard deviations for the untrussed and trussed means
collapsed within a test period and grand means and standard deviations
collapsed across test periods are shown in Part B of Table 33. Figure 23
displays the means and standard deviations of average sound pressure level
for each loud-level reading passage. Confidence limits for average sound
pressure level for untrussed loud-level reading are 87.30 to 88.10 dB SPL for
Subject 1, 88.39 to 89.97 dB SPL for Subject 2, and 87.21 to 88.49 dB SPL for
Subject 3. There are a few mean values that fall outside these limits.
However, there is no consistent pattern of variation that would suggest
learning or fatigue effects. Average sound pressure level for untrussed loud-
level reading is greatest for Subject 2, followed closely by Subjects 3 and 1,

respectively. With the abdomen untrussed, individual values of average
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sound pressure level per utterance range from 81.78 to 96.69 dB SPL for
Subject 1, 83.97 to 107.07 dB SPL for Subject 2, and 59.10 to 116.80 dB SPL for
Subject 3.

[TABLE 33]

[FIGURE 23]

A comparison of average sound pressure level between untrussed
conversational-level reading relative to untrussed loud-level reading, based
on the difference between each subject’s untrussed and trussed grand means,
shows that average sound pressure level per utterance increases during loud-
level reading by 10.14 dB SPL, 15.33 dB SPL, and 11.90 dB SPL for Subjects 1, 2,
and 3, respectively. The increase of average sound pressure ievel with loud-
level reading, in the present study, is similar to an increase of average sound
pressure level reported for healthy subjects reading a passage to listeners at
increasing distances (Healey et al., 1997), and under increasing masking
(noise) levels (Winkworth & Davis, 1997). Several possible mechanisms may
explain the possible change of average sound pressure level with loud-level
reading relative to conversational-level reading. One, subjects may have
started at a larger lung volume to use increased expiratory recoil forces. Two,
subjects may have increased net expiratory muscle force for loud-level
reading. Three, the increase of average sound pressure level may also have

been augmented by increased mouth opening and changes at the larynx, such
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as increased laryngeal airway resistance (Holmes et al., 1994; Stathopoulos &
Sapienza, 1993).

With trussed loud-level reading, average sound pressure level does not
change appreciably. Confidence limits for average sound pressure level
during trussed loud-level reading are 87.61 to 91.01 dB SPL for Subject 1, 89.71
to 91.23 dB SPL for Subject 2, and 87.51 to 88.67 dB SPL for Subject 3. There are
some mean values that fall outside these limits for each subject. However,
there does not appear to be any consistent pattern of variation that suggests a
learning or fatigue effect. Individual mean values of average sound pressure
level range from 83.48 to 96.79 dB SPL for Subject 1, 85.87 to 94.17 dB SPL for
Subject 2, and 81.50 to 95.60 dB SPL for Subject 3. With trussing, four trials for
Subject 1, one trial for Subject 2, and one trial for Subject 3 have greater mean
values for average sound pressure level relative to the largest mean value of
average sound pressure level with untrussed loud-level reading. Average
sound pressure level during trussing, as calculated from the difference
between each subject’s untrussed and trussed grand mean, increases by 2.11 dB
SPL (2%), 1.29 dB SPL (2%), and 0.24 dB SPL (= 0%) for Subjects 1, 2, and 3,
respectively. Statistical testing reveals no significant difference for the three
subjects — Subject 1 [t12)=-2.310, p<0.039], Subject 2 [t(12) = -2.249, p<0.044], or
Subject 3 [t(12)=-0.512, p<0.613].

For these three subjects, average sound pressure level with trussed loud-

level reading may not have changed substantially, because trussing does not
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appear to increase net expiratory pressure, as indicated by no increase of
expiratory reserve volume with trussing. Or, subjects may have judged that
average sound pressure level for loud-level reading to be sufficient so that no

further increase was warranted.

Maximum Sound Pressure Level

Part A of Table 34 shows the means and standard deviations for
maximum sound pressure level (in dB SPL) for each loud-level reading
passage. Means and standard deviations for each untrussed and trussed mean
collapsed within a test period and grand means and standard deviations
collapsed across test periods are shown in Part B of Table 34. Figure 24
displays the means and standard deviations of maximum sound pressure
level (in dB SPL) for each loud-level reading passage. Confidence limits for
maximum sound pressure level for untrussed loud-level reading are 100.24
to 103.32 dB SPL for Subject 1, 102.40 to 104.04 dB SPL for Subject 2, and 101.91
to 103.47 dB SPL for Subject 3. There are a few mean values that fall outside
these limits for each subject. However, there does not appear to be any
consistent pattern of variation that suggests a learning or fatigue effect.
Maximum sound pressure level is largest for Subject 2 followed closely by
Subjects 1 and 3. With untrussed loud-level reading, individual values of
maximum sound pressure level range from 93.88 to 109.49 dB SPL for Subject

1, 98.67 to 117.27 dB SPL for Subject 2, and 94.90 to 136.00 dB SPL for Subject 3.
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[INSERT TABLE 34]
[INSERT FIGURE 24]

Maximum sound pressure level between untrussed conversational-level
reading and loud-level reading, as calculated from the difference of each
subject’s untrussed grand means, increases by 11.99 dB SPL for Subject 1, 16.33
dB SPL for Subject 2, and 12.38 dB SPL for Subject 3 with loud-level reading.
The increase of maximum sound pressure level with loud-level reading,
relative to conversational-level reading, is most likely brought about by the
possible mechanisms presented and discussed above under average sound
pressure level for loud-level reading.

With trussing, no substantial change of maximum sound pressure level is
noted during loud-level reading. Confidence limits for maximum sound
pressure level during trussed loud-level reading are 101.65 to 105.13 dB SPL
for Subject 1, 103.62 to 105.10 dB SPL for Subject 2, and 102.34 to 104.46 dB SPL
for Subject 3. There are a few means that fall outside these limits for each
subject. However, there does not appear to be any consistent pattern that
suggests a learning or fatigue effect. With trussing, individual values of
maximum sound pressure level range from 94.28 to 110.69 dB SPL for Subject
1, 100.97 to 108.17 dB SPL for Subject 2, and 96.20 to 136.50 dB SPL for Subject 3.
During trussed loud-level reading, two trials for Subject 1, no trials for Subject
2, and three trials for Subject 3 have greater mean values for maximum

sound pressure level as compared to the largest mean value with the



117

abdomen untrussed. With trussed loud-level reading, maximum sound
pressure level, as calculated from each subject’s untrussed and trussed grand
mean, increases by 1.63 dB SPL (2%) for Subject 1, 1.14 (1%) for Subject 2, and
0.91 (1%) dB SPL for Subject 3. Statistical testing shows no significant
difference for the three subjects when the abdomen was trussed — Subject 1
[t(12)=-1.368,p<0.197], Subject 2 [t(12)=-1.945,p<0.076], or Subject 3 [t(12) = -1.562,
p<0.144].

No change in maximum sound pressure level with trussed loud-level
reading, as compared to the untrussed loud-level reading, suggests that the
same mechanisms that are presented and discussed under trussed loud-level
reading for average sound pressure level are in operation for maximum

sound pressure level.

Preferential Listening Analysis

Recall that for each subject, six audio samples were taken from the two
untrussed conditions (Al and A2) and the one trussed condition (B) for test
periods 1 and 2 for the conversational-level and loud-level reading tasks. For
each reading task, the six samples were combined to form 72 pairs. The 72
pairs consist of all 30 possible pairs plus 6 pairings of each sample against
itself, with the 36 samples repeated. For each subject, a tape of each task,
consisting of 72 pairs, was presented to a panel of judges. Each judge within

the panel chose which member of a pair they preferred.
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The data that are included here are for judges who demonstrated within-
judge agreement of 70% or better (see below). To determine within judge
agreement, the number of times a judge preferred the same member of the
repetition of its pair was divided by the number of pairs (30). Only those pairs
in which a sample was not paired against itself were used in the

determination of within judge agreement.

Conversational-Level Reading

Data from the preferential listening for conversational-level reading are
shown in Table 35 for Subject 1 (top panel), Subject 2 (middle panel), and
Subject 3 (bottom panel). In each panel, TP1 represents test period 1 and TP2
represents test period 2. The experimental conditions in each panel are
represented by Al, the untrussed condition preceding the trussed (B)
condition, and A2 represents the untrussed condition following the trussed
condition. Six judges for Subject 1 (5, 6, 7, 11, 12), seven judges for Subject 2 (1,
5,7,10, 11, 12, 13), and seven judges for Subject 3 (1, 3, 6, 7, 8, 9, 10) met the
70% or greater within-judge criteria. The value within each cell is
dimensionless and represents the number of preferences for a particular pair-
combination. The number of possible preferences within a cell (N =) is
shown to the right of the subject code at the top of each panel. The number of
all possible pairs is equal to the number of judges multiplied by 2. The value

in each cell shows the number of times the member of a pair presented first,
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shown in the left column, was preferred to the member presented second,
shown in the top row. To illustrate, the second cell of data from the left in
the first row for Subject 1, shows that judges preferred Al from test period 1,
five out of twelve times, when it was presented first against sample B from
test period 1.

[INSERT TABLE 35]

Before analysis was performed to determine if there was a trussing effect,
the data were analyzed for order effects within a test period and for a
preference of one test period to the other test period. If an order effect was
present, this indicated that there was greater variance and that the results of
inferential testing should be guarded. To determine order effects within a test
period, samples were paired against themselves (e.g., Al from test period 1
paired against itself). Preferences for samples paired against themselves are
shown in the diagonal cells running from the upper left to the lower right in
each panel. First, to determine the strength of order effects within a test
period, an analysis for normal approximation to binomial distribution was
used to ascertain if the probability of choosing one member of pair over the
other was equal to 0.50 (Hays, 1973). This test had a critical value of 1.96 and
an alpha level set at 0.05 for a two-tailed test. If the null hypothesis was
rejected (Ho = 0.50), a second analysis was performed to determine pattern
and strength of the order effect. For this second analysis, another test was

performed to determine which pairs within a task showed an order effect. To
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perform this analysis, a region of acceptance was calculated (Hays, 1973). Any
value within one of the diagonal cells that fell inside the region of acceptance
indicated that a member of a pair had an equal probability of being selected.
Any pairs that fell outside the region of acceptance were examined for any
pattern that may have existed. The alpha level for the second test for an order
effect within a cell was set at 0.05 for a two-tailed test.

The same analyses that were performed to determine order effects within
a test period were employed to determine if there was a preference for one test
period to the other test period. If it was concluded that there was no
preference for one test period to the other, the data were collapsed from both
test periods for analysis of a trussing effect. If it was determined that there
was a test period preference, an analysis to determine a trussing effect was
performed separately for each test period. To examine if there was a test
period effect, pairs from the same experimental conditions (Al, B or A2) from
test period 1 were paired against those from test period 2. For example, the
sample from condition Al from test period 1 paired against the sample from
condition Al from test period 2 was used. If the null hypothesis from the
overall test of normal approximation to binomial distribution was rejected,
(Ho = 0.50), indicating a test period preference, the pairs were examined to see
which fell outside the range of acceptance. Those pairs that fell outside this
range were examined to determine pattern and strength of test period

preference.
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The data for experimental condition preference for conversational-level
reading are presented separately for each subject. The specific chi-square test
for pair-comparison analysis (David, 1988) has a critical value of 5.99 with 2
degrees of freedom for an alpha level set of 0.05 for a one-tailed test. If a
significant chi-square was found, a critical value was calculated to determine
which pairings were significant. In addition, judges were asked, following
each tape, to write down what they based their judgments of preference on.

With regard to conversational-level reading for Subject 1, the overall test
for an order effect within a test period has a result of -0.943 and is not
significant. The overall test for test period preference test reveals a score of
-0.942, and is not significant. Therefore, the data were collapsed across test
periods for analysis.

The probability for one experimental condition to be preferred over the
other experimental conditions is P(A1) = 0.500, P(B) = 0.401, and P(A2) = 0.599.
The chi-square score for trussing effect is 10.03. Therefore, the null hypothesis
that P(Al) = P(B) = P(A2) is rejected. However, in that P(B) = 0.401, the null
hypothesis (Ho: P(B) < 0.50) that the probability of preferring the trussed
condition (B), over the two untrussed conditions (Al and A2) is not rejected.
The test for trussing effect is directional and can only be rejected for
propabilities greater than 0.50. A critical difference was calculated of 23.52

(alpha = 0.05). This indicated that conditions Al and A2 are equivalent.
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Therefore, there is no positive trussing effect during conversational-level
reading for Subject 1.

There is no difference seen in the data of the acoustic, timing, and
linguistic analysis between B and A2 of the samples used for conversational-
level reading. Judges reported after making their judgements on Subject 1
that they made their preferences based on inflection and voice quality.
However, it may be that the case that this small sample taken from the
reading passage does not represent the entirety of trussed conversational-
level reading for Subject 1. That is, had the judges listened to the entire
paragraph, they may have perceived some of the attributes identified by
acoustic, timing and linguistic analysis (e.g., length of utterances).

For Subject 2, the overall test to determine an order effect within a test
period for conversational-level reading yields a score of —2.62. Therefore, the
null hypothesis (Ho = 0.5) is rejected. Two pairs, Al vs. Al and B vs. B from
test period 2, fall outside the range of acceptance (4-10). However, the pattern
of preference is not consistent when the samples are reversed in presentation
order.

The overall test for preference between test periods, for conversational-
level reading for Subject 2, yields a score of -3.489. Therefore, the null
hypothesis is rejected. Only one pair falls outside the region of acceptance (4-
10). Sample A2 from test period 2 presented second is preferred to A2 from

test period 1 presented first. With only one pair showing a test period




123

preference, the data from both test periods were collapsed for trussing effect
analysis.

The probabilities for selecting one member over the other member are
P(A1) = 0.540, P(B) = 0.549, and P(A2) = 0.411. The chi-square analysis for a
difference between the members yields a score of 7.167. Therefore the null
hypothesis is rejected. The calculated critical difference is 12.96. This reveals
that the trussed condition B is preferred over A2, but not over Al.

For Subject 2, with conversational-level reading, the sample from
condition A2 had 6 utterances versus 4 utterances for B for test period 1 and 7
utterances for A2 versus 5 utterances for B for test period 2. Several judges
wrote that for this tape, they made their judgements of preference based on
the number of utterances. Perhaps Subject 2 was fatigued during condition
A2, resulting in more utterances. Recall, there was no difference seen
between the trussed condition (B) and the first untrussed condition (A1l).

For Subject 3 with conversational-level reading, the overall test for order
effect within a test period has a result of -1.093. Therefore, the null
hypothesis (Ho = 0.50) is not rejected. However, there is a strong tendency for
test period 2 to be preferred over test period 1. The overall test for preference
between test periods yields a score of -90.05. Therefore, the null hypothesis is
rejected. Examination of the region of acceptance (3-11) shows only one pair,
Al from test period 2 presented first, against Al from test period 1 presented

second, falling within this range. Chi-square analysis was, therefore,
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performed separately for each test period. For test period 1, the probabilities
for an experimental condition to be preferred to the other experimental
conditions are P(A1) = 0.554, P(B) = 0.446, and P(A2) = 0.500. The chi-square
score is 0.429. Therefore, the null hypothesis was not rejected, indicating that
each experimental condition had an equal chance of being preferred. Analysis
of test period 2 is essentially the same as that for test period 1. For test period
2 the probabilities of an experimental condition to be preferred over the other
experimental conditions are P(A1) = 0.500, P(B) = 0.446, and P(A2) = 0.518. The
chi-square score is 2.429. Therefore the null hypothesis is not rejected,
indicating that there is no trussing effect.

For the most part, there is no clear trussing effect for conversational-level
reading for the three subjects. It may be the case, that because the subject’s had
no impairment of the larynx and upper airway, they were able to compensate
for the effects of an impaired breathing apparatus. Or, it may be the case that
had the judges been able to listen to the entire paragraph they may have
indicated a preference for the trussing condition. That is, had judges been
able to perceive a change of length of utterances, or increased syllables per
utterance, they may have preferred the trussed condition. This may have
especially been the case for Subjects 1 and 3, who showed a trussing effect for
some of the acoustic, timing, and linguistic data. However, given the design
of the listening task, the use of an entire paragraph for each condition would

have been impractical.
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Loud-Level Reading

Data for the preferential listening task for loud-level reading are shown in
Table 36. Table 36 is organized in the same manner as that for
conversational-level reading seen in Table 35. As is the case for
conversational-level reading, only those judges who agreed with themselves
70% or more were used in the analysis of loud-level reading. Six judges for
Subject 1 (3, 6, 7, 10, 11,12), 11 judges for Subject 2 (1, 2, 3,4, 5, 7,9, 10, 11, 12,
13), and 2 judges for Subject 3 (3, 6) met this criterion. For each subject, each
set of data was tested for an order effect within a test period and preference for
test period.

[INSERT TABLE 36]

With regard to loud-level reading for Subject 1, the overall test for order
effect within a test period is 1.17 and is not significant. However, the overall
analysis of test period preference reveals a statistically significant score of
-5.186. Four out of the six between-test-period contrasts fall outside the
region of acceptance (3-11). Therefore, testing for a trussing effect was done
separately for the two test periods. For test period 1, the probability of
preferring one experimental condition to the other two conditions are P(Al) =
0.229, P(B) = 0.854, and P(A2) = 0.417. The chi-square score is significant at
26.33. The critical difference is 23.52. One pairing, B against Al, exceeds the
critical value. Indicating that condition B is preferred over condition Al but

not A2 during test period 1.
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There is no difference between the acoustic, timing and linguistic data in
the samples used. Judges reported that they made preferential judgements for
Subject 1 for loud-level reading for test period 1 based on strained voice
quality and a voice break. There is a slight voice break in the untrussed
sample (A1) for loud-level reading for test period 1.

For test period 2, the probabilities of selecting one experimental condition
over another experimental condition for loud-level reading for Subject 1 are
P(A1) = 0.500, P(B) = 0.396, and P(A2) = 0.604. The chi-square score of 0.694 is
not significant, indicating that the trussing sample is not preferred over the
two untrussed samples.

For Subject 2 with loud-level reading, the overall test for order effect
within a test period is 1.17 and is not significant. However, the overall test of
preference for a test period reveals a significant value of —4.38. Examination
of individual pairings shows that five out six pairs fall outside the region of
acceptance (6-16). Therefore, each test period was analyzed separately. For
test period 1, the probabilities for one experimental condition to be preferred
over the other experimental conditions are P(A1) = 0.989, P(B) = 0.364, and
P(A2) = 0.148. A significant chi-square score of 89.50 is revealed. However, in
that P(B) = 0.364, the null hypothesis (Ho: P(B) < 0.50) is not rejected.
Therefore, the trussing sample is not preferred.

There is no difference seen in the acoustic, timing, and linguistic data for

the samples used for loud-level reading for Subject 2. The pattern of
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preference for test period 1 suggests fatigue. That is, Subject 2 complained of
his voice getting “tired” during loud-level reading. Several judges reported
that they based their judgements on “strained” voice quality.

For Subject 2 with loud-level reading for test period 2, the probabilities of
preferring one experimental condition to the other experimental conditions
are P(A1) = 0.890, P(B) = 0.080, and P(A2) = 0.550. A significant chi-square score
of 74.96 is revealed. However, in that P(B) = 0.080, the null hypothesis (Ho:
P(B) < 0.50) is not rejected. Therefore, the trussing sample is not preferred.

There is no difference in the acoustic, timing, and linguistic data for the
samples. Fatigue may have been a factor for Subject 2 during loud-level
reading for test period 2. Subject 2 complained of his voice “tiring” during
the loud-level reading task. Also, the sample used for trussing had a voice
break. Several judges reported that they made their preferential judgements
based on a “strained” voice quality and a voice break.

Because Subject 3 had so few judges that met the criteria of within-judge
agreement, his data are not analyzable. It is most likely the case that low
within-judge agreement reflects that there were no differences detected in the
samples used for loud-level reading.

As is the case for conversational-level reading, there is no clear trussing
effect for loud-level reading for the 3 subjects. In no instance was trussing
preferred over both untrussed conditions. It may have been the case that

because the subjects had no impairment of the larynx and upper airway, they
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were able to compensate for any impairment of the breathing apparatus. Or,
if judges were able to hear the entire paragraphs for each experimental
condition, especially for Subject 3, they may have indicated a preference for
the trussing condition.
SUMMARY

Table 37 shows a summary of the effect that trussing had on the criterion
measures for the respiratory tasks, vowel-prolongations tasks, and the reading
tasks. Table 37 indicates which measures show a statistically significant
difference (p< 0.01). For the three subjects, trussing the abdomen resulted in
an increase of vital capacity, brought about primarily by an increase of
inspiratory capacity relative to any increase observed in expiratory reserve
volume. There was a concurrent increase of maximum inspiratory pressure
for two of the three subjects (Subjects 1 and 3). With regard to the inspiratory
component of vital capacity, the results suggest trussing optimizes the
function of the diaphragm by placing its muscle fibers on a more
advantageous portion of their length-tension characteristic. The increase of
vital capacity with trussing is realized in some of the acoustic and timing
measures for the vowel-prolongation task and acoustic, timing and linguistic
measures for the reading tasks for Subject 1 and especially Subject 3, but not
for Subject 2.

{INSERT TABLE 37]
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It is curious why Subject 2 showed no change on some of the same
criterion measures as Subjects 1 and 3 for the vowel-prolongation and reading
tasks, even though Subject 2 realized an increase of vital capacity which
resulted in a significant increase of vital capacity with trussing. In some cases,
there was a trend observed in some variables to increase with trussing. For
example, utterance duration increased slightly but not to the extent observed
for the other two subjects. Perhaps, if Subject 2 were provided with training
in conjunction with the use of trussing, he may have been able to increase
such things as utterance duration.

For Subject 1, the increase of inspiratory capacity is realized in an increase
of phonation duration for conversational-level vowel prolongation and an
increase of utterance duration and related changes of syllables per breath
group, utterances per reading passage, and change of pause location for
conversational-level reading. However, these same changes were not
realized for loud-level vowel prolongation and loud-level reading. For the
loud-level tasks for Subject 1, there were perhaps interactions between the
control of the breathing apparatus and the larynx that may have resulted in
no difference in utterance duration with trussing.

Subject 3 realized the greatest relative changes for both reading tasks with
trussing. The vowel-prolongation data showed limited predictive value for
conversational-level reading, and no predictive value for loud-level reading.

The relative changes seen for Subject 3 suggest that the best candidates for
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trussing may be individuals with a greater loss of breathing function. For
example, individuals with cervical spinal cord injury with vital capacities
that are 30% or less, relative to their predicted values, may be better
candidates for trussing to improve speech production.

For all three subjects, there was no clear evidence that trussing had an
effect on the expiratory component of the breathing apparatus. Therefore no
change was observed on such variables as increase of sound pressure level for
the vowel-prolongation tasks or reading tasks with trussing. Subjects with
cervical spinal cord injury at C5 and C6 have little expiratory muscle control
following injury, whereas the major inspiratory muscle, the diaphragm is
typically intact (Fugl-Meyer, 1971; Morgan et al., 1986). It was hypothesized
that if subjects had some expiratory function remaining that trussing may
have increased sound pressure level by optimizing the function of the
expiratory muscles. However, with these three subjects, this is not the case.

Turning to the judgement of preference, these data are summarized in
Table 38. Table 38 provides a summary of which pairings show a statistically
significant difference (p< 0.05) for preference. With regard to these perceptual
results, there are no clear distinctions between the untrussed and trussed
conditions. For the most part, about half of the statistically significant results
were in favor of the trussed condition and half in favor of the untrussed
condition. As was suggested above, if judges had been able to listen to an

entire paragraph, they may have preferred the trussed samples to the
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untrussed samples of Subjects 1 and 3. That is, if the judges could have heard
the entire paragraph for these two subjects, they may preferred the paragraph
read during trussing, with the longer utterance durations and pauses at more
typical linguistic boundaries, as being preferable over the untrussed reading of
the paragraph.

[INSERT TABLE 38]
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EXPERIMENT 2

Experiment 2 was performed so as to observe the effect of different inward
trussing positions upon selected parameters of respiration and
conversational-level reading. Experiment 1 demonstrated that trussing
improved the inspiratory component of the breathing apparatus in three
subjects with cervical spinal cord injury. And, that in some cases, the
improvement in the inspiratory component had a salutary effect on some
speech production parameters. Because there was trussing effect in one
inward abdomen position, it was proposed to observe if there was a particular
inward abdominal position that demonstrated the greatest advantage to

respiration and subsequently to speech production and speech in one subject.

METHOD:
Subject

For this experiment, Subject 3 was selected because trussing had the
greatest relative effect on respiratory and conversational-level reading during
Experiment 1. On the day of testing, Subject 3 reported that he was not
suffering from any respiratory infections or allergies, and that his general
health was stable. No Ashworth scaling was performed because Subject 3
showed no signs of spasticity during Experiment 1. Experiment 2 was

performed with the subject’s abdominal binder removed.
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Trussing

For this experiment, the same trussing device and the subject’s custom-
built abdominal plate used for Experiment 1 were used. Three different
inward abdominal positions were chosen. These positions included 25%,
50%, and 75% inward placements relative to the full trussing excursion.
Recall, that the full trussing excursion was defined as where the abdominal
wall was at rest, with no trussing, to maximum inward abdominal placement,
as accomplished with the use of the trussing device. The determination of
the full trussing excursion was exactly the same as that used for Experiment 1.
Recall, linearized magnetometers, one pair for the rib cage and one pair for
the abdomen, were used to determine the range of full inward trussing
displacement. The electronic outputs of the coil pairs were routed to the
display of a storage oscilloscope to construct a chart. A new chart was made
for Experiment 2 that included the same landmarks as Figure 2, with
additional landmarks of 25% and 75% inward positions. See Figure 25 for a
depiction of the oscilloscope display used for Experiment 2. Recall that Point
A marked the beginning of the inward movement of the abdominal plate.
Point B marked the place at which the abdominal wall began to move inward,
as depicted by the outward movement of the rib cage wall. Point C represents
the place at which no further inward movement of the abdominal wall could
be detected. Following the determination of full inward abdominal

excursion, the three inward positions of 25% inward (Point D), 50% inward
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(Point E) and 75% inward (Point F) were marked relative to the distance
between Point B (0% inward placement) to Point C (100% inward placement).
Each time the abdomen was to be trussed, the abdominal plate was positioned
so that it was not touching the subject’s abdominal wall and then it was
moved to one of the three inward positions.
[INSERT FIGURE 25]
Tasks

For Experiment 2, Subject 3 performed the inspiratory capacity-vital
capacity task and the conversational-level reading task. The same room,
procedures, instructions, and equipment that were used for the inspiratory
capacity-vital capacity task and the conversational-level reading task for
Experiment 1 were employed for Experiment 2.

The inspiratory capacity-vital capacity task was performed to determine
the effect that different inward trussing positions had on the breathing
apparatus. The use of the inspiratory capacity-vital capacity task was selected
because it was believed to provide an adequately reliable indication of the
status of the subject’s breathing apparatus. The conversational-level reading
task was used because it was believed to have the greatest clinical significance.

That is, conversational-level speech would be the type used most frequently.
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Procedures

The order of presentation of the three inward trussing positions was
randomized. The order was 75%, 25%, and 50% inward displacement. For
each experimental condition (the three inward trussing positions), three trials
of the inspiratory capacity-vital capacity and conversational-level reading
tasks were performed. For each inward position, the inspiratory capacity-vital
capacity task was performed first, followed by the conversational-level
reading task. Adequate rest, as determined by the subject and the
experimenter, was provided between each task and task repetition.

For the inspiratory capacity-vital capacity task, inspiratory capacity, vital
capacity, and expiratory reserve volume were measured. Expiratory reserve
volume was obtained by taking the difference between inspiratory capacity
and vital capacity.

For the conversational-level reading task, the variables of pause duration,
utterance duration, syllables per utterance, syllables per second, utterances per
reading passage, pause boundaries, average sound pressure level per
utterance, and maximum sound pressure level per utterance were obtained
from the acoustic data recorded.

Descriptive statistics were calculated from data for the inspiratory capacity-
vital capacity task and the conversational-reading task. No inferential
statistics were calculated on these variables because there were only three

points per experimental condition.
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Additionally, as was the case for Experiment 1, portions from the
recording of the conversational-level reading task were submitted for
preferential judgement. The second and third sentences were taken from the
second trial of each of the three experimental conditions and yielded three
samples, one for each inward trussing position. The samples were paired in
various combinations to form 18 pairs. The 18 pairs consisted of 3 pairs of
each trussing sample against the other trussing samples, plus 3 reversals of
these pairs, plus 3 pairings of each sample with itself, times 2 repetitions of
each pair. The 18 pairings were randomized and recorded to tape. The tape,
was then played to 12 judges. Nine of the judges were doctoral students and 3
judges were faculty. Both the doctoral students and faculty were in the
Department of Speech and Hearing Sciences at The University of Arizona.
All judges had received their Certificate in Clinical Competence in Speech-
Language Pathology. Upon the playing of a pair, judges were asked to mark
which member of the pair they preferred. The preferential listening task was
performed in a classroom and took approximately one-half hour to complete.
The binomial test to determine order effect within the test session and the
chi-square test for pair-comparison analysis to determine an experimental

effect were the same as those used for Experiment 1.
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RE TS AND INTERPRETATION

Data for the inspiratory capacity-vital capacity and conversational-level

reading tasks are considered in this section for Subject 3 during Experiment 2.

Inspiratory Capacity-Vital Capacity Task
Inspiratory Capacity, Expiratory Reserve Volume, and Vital Capacity
Individual values for each trial of inspiratory capacity, expiratory reserve
volume, and vital capacity for the three inward trussing positions (25%, 50%,
and 75%) are shown in Table 39. Means and standard deviations of
inspiratory capacity, expiratory reserve volume, and vital capacity, collapsed
within an inward trussing position are also shown in Table 39. Individual
values of inspiratory capacity, expiratory reserve volume, and vital capacity
are shown in Figure 26. With one two exceptions, Figure 26 is similar to
Figure 3. The two exceptions are that the data are organized by inward
abdominal placement rather than by the untrussed versus trussed
experimental conditions and that only one test period is shown.
[INSERT TABLE 39]
[INSERT FIGURE 26]
As can be seen in Figure 26 with the three trussing positions, inspiratory
capacity, expiratory reserve volume, and vital capacity are markedly reduced
relative to predicted values. Inspiratory capacity is the least reduced and

expiratory reserve volume the most reduced component of vital capacity.
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Inspiratory capacity is essentially the same for the 75% and 50% trussing
positions and smaller for the 25% position, relative to the former two
positions. Mean values of inspiratory capacity relative the predicted value of
inspiratory capacity of Subject 3 are 40%, 48%, and 49% for the 25%, 50%, and
75% inward positions, respectively. The 50% trussing condition has one
inspiratory capacity value that is larger for each trial than any other value of
inspiratory capacity per trial for the other two trussing conditions. Differences
of inspiratory capacity for the three inward positions, based on mean values,
show a reduction of 0.340 Liters (23%) between the 25% position relative to
the 50% position, a reduction of 0.350 Liters (24%) between the 25% position
relative to the 75% position, and a reduction of 0.01 Liters (5%) between the
50% position relative to the 75% position.

The mean values of inspiratory capacity for the three trussing positions of
this experiment are larger than the untrussed grand mean of inspiratory
capacity of Experiment 1 for Subject 3. Inspiratory capacity for the inward
positions of 50% and 75% for this experiment are slightly larger than the
trussed grand mean of inspiratory capacity for Experiment 1. The mean value
of inspiratory capacity for the 25% inward position is somewhat smaller than
the trussed grand mean of inspiratory capacity for Experiment 1 for Subject 3.

The larger inspiratory capacities for the 75% and 50% positions, relative to
the 25% inward position, most likely are a result of the lengthening of the

muscle fibers of the diaphragm with inward abdominal wall placement
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brought about by trussing. As was discussed for Experiment 1, the
lengthening of the muscle fibers of the diaphragm, with inward abdominal
wall displacement, places them on a more advantageous portion of their
length-tension curve. Transdiaphragmatic pressure has been shown to
increase incrementally as abdominal placement is moved further inward in a
group of healthy subjects (Grassino, 1974). However, there appears to be no
additional benefit to position the abdomen inward more than the 50%
position, with regard to increasing inspiratory capacity.

With regard to expiratory reserve volume, there appears to be no
difference when the abdomen is trussed at the three inward positions. Mean
values of expiratory reserve volume relative to the predicted value for
Subject 3 are 18%, 16%, and 18% for the trussing positions of 25%, 50%, and
75%, respectively. The mean values of expiratory reserve volume for the 25%
and 75% trussing positions are equal and just slightly larger than the mean
value for the 50% trussing position. There are no individual values within
one trussing position that are greater than the largest value of expiratory
reserve volume in the other two trussing positions. Differences of expiratory
reserve volume for the three inward positions, based on mean values, show
an increase of 0.04 Liters (11%) between the 25% position relative to the 50%
position, no difference 0.00 L (0%) between the 25% position relative to the
75% position, and a reduction of 0.04 Liters (11%) between the 50% position

and the 75% position.
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Differential inward placement of the abdomen had no effect on the
expiratory component of the breathing apparatus, as indicated by expiratory
reserve volume. This finding corresponds with the results of Experiment 1.
Mean values of expiratory reserve volume for the three trussed positions of
Experiment 2 are essentially the same as the grand means for the untrussed
and trussed conditions of Experiment 1 for Subject 3.

For vital capacity, contrasting inward placements of the abdomen show an
effect. Mean values of vital capacity relative to the predicted value for Subject
3 are 33%, 38%, and 39% for the trussing positions of 25%, 50%, and 75%,
respectively. Vital capacities for the 75% and 50% trussing positions are
similar and both are larger than the 25% trussing position. Both the 50% and
75% positions show an individual value for vital capacity that is larger than
the largest value of vital capacity for the 25% position. Differences of vital
capacity for the three inward trussing positions, based on mean values, show
a reduction of 0.30 Liters (16%) between the 25% position relative to the 50%
position, a reduction of 0.35 Liters (19%) between the 25% position relative to
the 75% position, and a reduction 0.05 Liters (5%) between the 50% position
and the 75% position.

Mean values of vital capacity for the three trussed positions of this
experiment are larger than the untrussed grand mean for vital capacity of
Experiment 1. The trussed grand mean for vital capacity of Subject 3 for

Experiment 1 is essentially the same, relative to the mean vital capacities of
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the 75% and the 50% inward positions and larger than the mean vital capacity
for the 25% inward position for Experiment 2 for Subject 3.

The change of vital capacity observed between the three trussing positions
was brought about by an increase of inspiratory capacity. And, there appears
to be no additional benefit to moving the abdomen inward beyond the 50%

position as it pertains to increasing vital capacity.

Conversational-Level Reading Task
Data are reported for the variables of pause duration, utterance duration,
syllables per utterance, utterances per paragraph, pause boundary locations,
average sound pressure level, and maximum sound pressure level. In
addition, results from the preferential listening task are reported and

discussed.

Pause Duration

Table 40 shows the means and standard deviations for pause duration (in
seconds) for three trials within the three inward trussing positions. Table 40
also shows the grand mean and standard deviation for pause duration
collapsed within an inward trussing position. Figure 27 shows the means and
standard deviation of pause duration (in seconds) for each trial within an
inward trussing position. Individual values of pause duration range from

0.30 to 1.04 seconds for the 25% inward position, 0.26 to 1.09 seconds for the
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50% inward position, and 0.25 to 1.09 seconds for the 75% inward position.
Pause duration for the three inward positions is essentially the same. One
mean value of pause duration is shorter duration for the 50% condition as
compared to the shortest mean value for a reading passage for the other two
trussing positions. Differences of pause duration for the three inward
positions, based on grand means, show a reduction of 0.04 seconds (7%)
between the 25% position relative to the 50% and 75% positions, and a
reduction of 0.01 seconds (1%) between the 50% position relative to the 75%
position.

[INSERT TABLE 40]

[INSERT FIGURE 27]

Pause duration for the three trussing conditions of Experiment 2 is
equivalent to the pause duration for the trussed condition and slightly
shorter in duration than the untrussed condition for conversational-level
reading of Subject 3 for Experiment 1. Pause durations for this experiment are
similar to those of healthy subjects cited above under Experiment 1.

The slightly reduced pause durations observed for the three inward
positions for this experiment and the trussed condition of Experiment 1
relative to the pause duration for the untrussed condition of Experiment 1
may reflect the optimization of the diaphragm, brought about by inward

abdominal placement.
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Utterance Duration

Table 41 shows the means and standard deviations for utterance duration
(in seconds) for three trials within the three inward trussing positions. Table
41 also shows the grand mean and standard deviation for utterance duration
collapsed within an inward trussing position. Figure 28 shows the means and
standard deviations of pause duration (in seconds) for each trial within an
inward trussing position. Utterance duration is longer for the 50% inward
position followed closely by the 25% and 75% inward positions, respectively.
Individual values of utterance duration range from 0.32 to 4.16 seconds for
the 25% position, 0.65 to 4.45 seconds for the 50% position, and 0.61 to 3.24
seconds for the 75% position. The 25% and 50% inward positions have one
grand mean which are equal and are larger than the largest grand mean for
utterance duration for the 25% position. Differences of utterance duration for
the three inward positions, based on grand mean values, show a reduction of
0.06 seconds (3%) between the 25% position relative to the 50% position, an
increase of 0.10 seconds (5%) between the 25% position relative to the 75%
position, and an increase of 0.16 seconds (7%) between the 50% position
relative to the 75% position.

[INSERT TABLE 41]
[INSERT FIGURE 28]
All three inward trussing positions have grand means for utterance

duration that are slightly larger than the untrussed grand mean for utterance
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duration for conversational-level reading for Subject 3 during Experiment 1.
The grand mean values for the three inward trussing positions are essentially
the same as compared to the grand mean of utterance duration for the trussed
condition of Experiment 1. The increase of utterance duration observed for
trussing, both here and in Experiment 1, may reflect the optimization of the
inspiratory component of the breathing apparatus, as reflected by the increase
of inspiratory capacity. Utterance duration for this experiment is reduced
relative to healthy subjects as cited under Experiment 1.

Although inspiratory capacity was larger for the 50% and 75% positions as
compared the 25% position, the 75% position had shorter utterance durations.
It is unclear why this occurred. Perhaps, because the abdominal plate for the
75% position had an increased inward displacement, relative to the other two
positions, it may have been uncomfortable for Subject 3 to push against for
repeated deeper inspirations during running speech. Thus, he chose to

breathe less deeply and more frequently with the 75% inward position.

Syllables Per Utterance

Table 42 shows the means and standard deviations for syllables per
utterance for three trials within the three inward trussing positions. Table 42
also shows the grand means and standard deviations for utterance duration
collapsed within an inward trussing position. Figure 29 shows the means and

standard deviations of syllables per utterance for each trial within an inward
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trussing position. Syllables per utterance is greater for the 50% position
followed the 25% and 75% positions, respectively. Individual values for
syllables per utterance range from 1 to 18 syllables for the 25% position, 3 to 19
syllables for the 50% position, and 3 to 18 syllables for the 75% position. The
50% position had one mean value of syllables per utterance that was larger
than the largest mean value of the other two positions. The difference of
syllables per utterance for the three inward positions, based on grand mean
values, shows a reduction of 0.51 syllables between the 25% position relative
to the 50% position, an increase of 0.94 syllables between the 25% position
relative to the 75% position and an increase of 1.45 syllables between the 50%
position relative to the 75% position.

[INSERT TABLE 42]

[INSERT FIGURE 29]

The grand mean value of syllables per utterance for the 50% and 25%
positions of this experiment are slightly larger than the untrussed grand
mean value for Experiment 1. The slight increase of syllables per utterance
for the 50% and 25% positions, relative to the 75% position, suggests that this
is a reflection of the slightly longer utterance durations for the former two
positions. The grand mean for position 75% is less than the untrussed grand
mean value for Experiment 1. The grand mean values for syllables per

utterance for all three inward positions are only slightly reduced relative to
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the grand mean value for the trussed condition for Subject 3 during
Experiment 1.
Syllables Per Second

Table 43 shows the means and standard deviations for syllables per second
for three trials within the three inward trussing positions. Table 43 also
shows the grand means and standard deviations for syllables per second
collapsed within a inward trussing position. Figure 30 displays the means
and standard deviations syllables of per second for each trial within an
inward trussing position.

[INSERT TABLE 43]
[INSERT FIGURE 30]

Syllables per second are least for the 25% position, followed closely by the
50% and 75% positions, respectively. Individual values of syllables per
second range from 3.08 to 5.77 syllables per second for the 25% inward
position, 3.80 to 6.18 syllables per second for the 50% inward position, and 3.49
to 6.58 syllables per second for the 75% inward position. For the 25% position,
based on mean values, there are two trials which have reduced syllables per
second, as compared to the 50% position, and three trials that are reduced in
syllables per second as compared to the 75% position. Differences of syllables
per second for the three trussing positions show a decrease of 0.11 syllables per
second (2%) for the 25% position relative to the 50% position, a decrease of

0.22 syllables per second (4%) for the 25% position relative to the 75% position
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and a decrease of 0.11 syllables per second (2%) for the 50% position relative to
the 75% position.

There is essentially no differences between syllables per second and the
three inward positions. This indicates that syllables per second most likely
had little impact on the number of syllables per utterance observed between
the three inward positions for Experiment 2. With Experiment 2, syllables per
second for the three inward positions, relative to the untrussed and trussed
conditions of Experiment 1 for Subject 3 during conversational-level reading,

is much the same

Utterances Per Reading Passage

Table 44 shows the individual values for utterances per reading passage
for three trials within the three inward trussing positions. Table 44 also
shows the means and standard deviations for utterances per reading passage
collapsed within an inward trussing position. Figure 31 displays individual
values for each trial within an inward trussing position. The 50% and the
25% positions are essentially the same and have fewer utterances relative to
the 75% position. Differences between utterances per reading passage, based
on mean values, shows an increase of 0.30 utterances (2%) between the 25%
position relative to the 50% position, a decrease of 1 utterance (6%) between
the 25% position and the 75% position, and a decrease of 1.33 utterances (9%)

between the 50% position relative to the 75% position.



148

[INSERT TABLE 44]
[INSERT FIGURE 31]

The differences of utterances per reading passage for this experiment, most
likely reflect the differences of utterance duration and syllables per utterance.
Utterances per reading passage are slightly reduced for the three trussing
positions in this experiment relative to the untrussed condition of
conversational-level reading of Subject 3 for Experiment 1. And, utterances
per reading passage for the three trussing positions for this experiment is

essentially the same, relative to the trussed position of Experiment 1.

Pause Boundary Locations
Table 45 displays the number of pauses taken at the different linguistic

boundary locations for each conversational-level reading passage for each of
the inward trussing positions. Table 45 also displays the total number of
pauses at each boundary type, and the percentage of the total number of
pauses for each inward trussing position. For the most part, there are an
equal number of pauses, 50%, for the linguistic boundary types of 1 and 2 for
the three inward trussing positions. For boundary type 3, positions 25% and
50% have no pauses here, but position 75% has one pause at type 3 for the
first reading passage.

[INSERT TABLE 45]
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Pause boundary locations for positions 25% and 50% show a more equal
distribution of pauses at types 1 and 2 as compared to a greater proportion of
pauses at type 2 for the untrussed condition of Experiment 1. With regard to
the pause linguistic boundaries for positions 25% and 50% for this
experiment, they are similar to the trussed condition of Experiment 1. For the
trussed position of 75%, pause boundary locations are similar to the trussed
position of Experiment 1, with the exception of one pause taken within a
phrase or subordinate clause. The one pause at boundary type 3 for the 75%
position may be a reflection of the increase of utterances per reading passage

for this inward position.

Average Sound Pressure Level

Table 46 shows the means and standard deviations for average sound
pressure level (in dB SPL) for each conversational-level reading passage for
three trials within the three inward trussing positions for Subject 3. Table 46
also shows the grand means and standard deviations for average sound
pressure level collapsed within an inward trussing position. Figure 32
displays means and standard deviations for each trial within an inward
trussing position. Average sound pressure level for the 25% and 50%
trussing positions is essentially the same and is slightly greater than the 25%
position. Average sound pressure level ranges from 73.30 to 90.60 dB SPL for

the 25% inward position, 74.00 to 86.40 dB SPL for the 50% inward position,
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and 73.50 to 81.90 dB SPL for the 75% inward position. Position 25% has one
mean value of average sound pressure level that is larger than the largest
mean value for the other two positions. Differences of average sound
pressure per utterance, based on grand mean values, shows a decrease of 0.18
dB SPL (= 0%) between the 25% position relative to the 50% position, an
increase of 1.78 dB SPL (2%) between the 25% position and the 75% position,
and an increase of 1.99 dB SPL (3%) between the 50% position relative to the
75% position.

[INSERT TABLE 46]

[INSERT FIGURE 32]

With regard to the present experiment, average sound pressure level
shows little change between the different trussing positions. Presumably,
because Subject 3 judged loudness across the three positions to be adequate for
conversational-level reading and no further adjustment of loudness was
required. Average sound pressure level for this experiment is slightly greater
than average sound pressure level for conversational-level reading for both

the untrussed and trussed conditions of Experiment 1.

Maximum Sound Pressure Level

Table 47 shows the means and standard deviations for maximum sound
pressure level (in dB SPL) for each conversational-level reading passage for

three trials within the three inward trussing positions for Subject 3. Table 47




151

also shows the grand means and standard deviations for maximum sound
pressure level collapsed within a inward trussing position. Figure 32 displays
means and standard deviations of maximum sound pressure level (in dB
SPL) for each trial within an inward trussing position. Maximum sound
pressure level is equivalent for the 25% and 75% positions and slightly
reduced for the 75% position relative to the former two positions. Maximum
sound pressure level ranges from 89.40 to 98.50 dB SPL for the 25% inward
position, 89.50 to 97.20 dB SPL for the 50% inward position, and 85.90 to 95.30
dB SPL for the 75% inward position. One trial of conversational-level reading
of the 25% position has one mean value of maximum sound pressure level
that is greater than any other mean value for the other two inward positions.
Differences of maximum sound pressure level per utterance, based on grand
mean values, shows an increase of 0.07 dB SPL (= 0 %) between the 25%
position relative to the 50% position, an increase of 2.30 dB SPL (3%) between
the 25% position and the 75% position, and an increase of 2.23 dB SPL (2%)
between the 50% position relative to the 75% position.

[INSERT TABLE 47]

[INSERT FIGURE 33]

Values of maximum sound pressure level follow the same trend of that

for average sound pressure level for conversational level reading for this
experiment. That is, greater values are seen for the 25% and 50% positions

relative to the 75% position for both average and maximum sound pressure
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levels. Maximum sound pressure level for conversational-level reading for
the three inward positions of this experiment is slightly greater than
maximum sound pressure level for the untrussed and trussed conditions of
Experiment 1.
Preferential Listening Analysis

Data for the preferential listening analysis for conversational-level reading
for Subject 3 for Experiment 2 are next presented and discussed. As was the
case for Experiment 1, only those data are included here for judges who
showed within judge agreement 70% of the time. For this experiment, six
judges met this criterion. Table 48 shows the data for the preferential
listening task for the three trussing positions of 25%, 50%, and 75%. The
value within each cell is dimensionless and represents the number of
preferences for a particular pair-combination. The number of all possible
preference judgements within a cell (N=) is shown to the right of the subject
code at the top of each panel. The number of all possible pairs is equal to the
number of judges (6) multiplied by 2 (the number of presentations for each
pair). The value in each cell shows the number of times the member of a
pair, presented first, shown in the leftmost column, was preferred to the
member presented second, shown in the top row.

[INSERT TABLE 48]
For this experiment, the test for an order effect within a session and the

inferential test for experimental effect were the same as those used for
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Experiment 1. To review, an analysis for normal approximation to binomial
distribution was used to determine an order effect. For the order effect
analysis, a critical value of 1.96 and an alpha level of 0.05 for a two-tailed test
was set. Following this analysis, as was the case for Experiment 1, a test to
determine a region of acceptance was performed to reveal if any pair or pairs
showed an order effect. The range of acceptance for this experiment was 3 -
11. The specific chi-square test for pair-comparison analysis to determine an
experimental effect had a critical value of 5.99 with 2 degrees of freedom for
an alpha-level of 0.05 for a one-tailed test.

The overall test for an order effect within a session has a result of 0.75 and
is not significant. Therefore, the null hypothesis (Ho = 0.50) is not rejected.
However, one pair, the 50% sample paired against itself, shows that the
second element of the pairing was preferred over the first element.

The probability for one experimental condition to be preferred over the
other experimental conditions is P(25%) = 0.56, P(50%) = 0.85, and P(75%) =
0.08. The chi-square score for an experimental effect between the three
inward trussing positions is 55.39. Therefore, the null hypothesis of P(25%) =
P(50%) = P(75%) is rejected. A critical difference was calculated of 8.6 (alpha =
0.05). This shows that the sample from the 25% position is preferred to the
75% position, and that the sample from the 50% position was preferred to the

25% and 75% positions.




154

The results of the preferential listening task may have been as a result of
the number of utterances per sample. For the sentences selected for
preferential listening for this experiment, the sample for the 25% position
had 4 utterances, the sample for the 50% position had 3 utterances and the
75% position had 6 utterances. This resulted in shorter utterance durations
and fewer syllables per utterance between the three inward positions. Pause
duration, syllables per second, average sound pressure level, and maximum
sound pressure level per utterance were equivalent. Some judges reported,
following the preferential listening task, that they made their preferences

based on short utterances and the frequency of utterances.

UMMARY

The data from Experiment 2 indicate that with differential placement of
the abdomen inward, inspiratory capacity increases to some degree. The
positions of 50% and 75% had increased inspiratory capacities relative to the
25% position. However, there is no difference between the effect on
inspiratory capacity between the 50% and 75% position. With regard to the
effect of differential placement of the abdomen on speech production the
inward positions of 25% and 50% were equivalent and yielded greater effect
than the 75% position. As discussed above, the 75% position may have been

uncomfortable to repeatedly breathe against for speech, and Subject 3 choose
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to breathe more frequently. Therefore, the 50% position would appear to be

the preferred inward position for trussing.

CONCLUSIONS FOR EXPERIMENTS 1 AND 2

These two experiments were performed to examine the effect of trussing
on selected respiratory, vocalization, speech production and speech variables.
There have been numerous suggestions in the literature that trussing could
be used to improve speech and speech production in individuals with a weak
or paralyzed breathing apparatus. However, a review of the literature showed
that studies of the effect of trussing on speech were few, not well controlled
and were typically anecdotal. This study examined the effect of trussing on
three subjects in a standardized controlled manner and that one of the three
subjects was studied to examine if there was a ‘dose’ effect as it pertains to
inward abdominal wall position. Trussing for this study, for the most part,
had an effect on selected respiratory variables, but especially those that are on
the inspiratory side, and that an examination of the ‘dose’ effect data shows
that the 50% inward abdominal position may provide the greatest effect — at

least for one subject. The effect on the inspiratory side was most likely as a

result of the optimization of the diaphragm. 1

The resultant increase of the inspiratory component of the breathing

apparatus was realized, in some cases, for vowel prolongation by an increase
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of phonation duration. However, the increase of phonation duration was not
uniform across the three subjects and did not provide a useful predictor of the
effect trussing would have on speech production.

With regard to the effect of trussing on speech production variables, it
appears that trussing had the greatest impact on individuals with the most
significant impairment of the breathing apparatus. This was most evident for
Subject 3 who showed the greatest impact of trussing on speech production
variables. The vital capacity of Subject 3 was most reduced, relative to the
other two subjects, and who realized the greatest relative increase of vital
capacity with trussing.

The results for the preference data from Experiment 1 showed that no
clear effect was detected for trussing. However, had the judges been able to
listen to the entire paragraph, they may have preferred those samples that
had fewer utterances and pauses at more appropriate linguistic boundaries.
Recall, that fewer utterances and more appropriate pauses occurred during
the trussing condition for two of the subjects. The preference for fewer
utterances was indicated for Subject 3 during Experiment 2. Further research
is warranted to examine the effect of trussing on speech. Perhaps, a
judgement of naturalness of speech may provide more reliable and robust
results with regard to the effect of trussing on speech.

The effect of trussing was not as robust as might have been predicted from

the review of the literature, for example, the effect that trussing may have
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had on loudness. It may have been that these three subjects with cervical
spinal cord injury, and no detectable impairment of cranial nerves, were able
to make adjustments at the level of the larynx and upper airway to
compensate for the impairment of the breathing apparatus. Also, there was a
strong indication that these three subjects had little expiratory muscle control.
Perhaps, if they had less impairment of the expiratory component of the
breathing apparatus, trussing may have had a greater impact on speech and
speech production. It may be the case that trussing would have a more
significant impact on expiratory function and on the speech product in
persons with general muscle weakness of the breathing apparatus and
impairment of the cranial nerves, such as amyotrophic lateral sclerosis and
multiple sclerosis

With regard to clinical application, trussing the abdomen may have some
benefit. This especially is the case with respect to the degree of impairment
and to the inward position of the abdomen. Further research is indicated as
to the effect that trussing has on speech and speech production with regard to
the level of the impairment and other disorders that affect both the
inspiratory and expiratory component as well as other speech production

parameters such as laryngeal and upper airway control.
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Footnote 1

The optimization of the diaphragm may result in subjects perceiving a
decrease of effort for speaking. Subjects were informally asked at the end of
each experimental condition, Al, B, and A2 to describe the sense of effort they
sensed when speaking. All three subjects stated that the trussing condition
required less effort to speak. The reports of the three subjects are in line with
what is known of trussing’s affect on the mechanical efficiency of breathing.
Trussing optimizes the function of the diaphragm in subjects with cervical
spinal cord injury by placing the muscle fibers on a more advantageous
portion of it’s length-tension curve. This increase of efficiency of the
diaphragm is seen by the reduction of electromyography with increases of
transdiaphragmatic pressure. This reduction of electromyography to increase
of muscle force has been shown to decrease the sense of effort for breathing
(McCloskey, Gandevia, Potter, & Colebatch, 1983). The increase of efficiency
in the breathing apparatus has been shown to reduce the sense of effort in
breathing (Gandevia, 1982; Killian, Gandevia, Summers, & Campbell, 1984;
Shea, Banzett, & Lansing, 1995).

Further, trussing has been shown to decrease paradoxing of the rib cage
(Umrey et al., 1986). Paradoxing of the rib cage is a common during breathing
(DeTroyer, Estenne, & Vincken, 1986; Estenne & DeTroyer, 1985; Fugl-Meyer
& Grimby, 1971; Goldman, Williams, & Denison, 1988; Mortola &
Sant'Abmrogio, 1978; Scanlon et al., 1989; Umrey et al., 1986) and for speech
production (Hoit et al., 1990a) in subjects with cervical spinal cord injury.
Paradoxing of the rib cage is when the rib cage is moving in the opposite
direction to that of lung volume. This reduction of paradoxing may also
have contributed to the subject’s perception of decreased effort for speaking
with trussing. The impact on speech was not clear, however if trussing
indeed does reduce the sense of effort, it may still provide an ameliorative
effect on speech production that would allow an individual with cervical
spinal cord injury to speak for a longer period of time without fatiguing.



Figure 1: Schematic side view of the abdominal trussing device.
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Figure 2: Depiction of the storage oscilloscope display and points
marked on the display to determine the inward position of the
abdomen during the trussing segments of the experiment.
(See text for explanation of Points A, B, C, and Line D.)
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Figure 3: Inspiratory capacity, expiratory reserve volume and vital capacity (in
liters, L) across the experimental trials for the 3 subjects studied. Individual
panels for Subjects 1(S1), 2 (S2), and 3(S3) are arranged from the top to the
bottom of the figure. The solid vertical line within each graph divides the
untrussed trials (to the left), from the trussed trials (to the right). In each graph,
the solid horizontal line at 0 represents a subject’s resting end-expiratory-level.
The filled portion of each bar, above the horizontal line at 0, represents
inspiratory capacity (IC), the unfilled portion of each bar, below the horizontal
line at 0, represents expiratory reserve volume (ERV), and the total height of a
bar represents a subject’s vital capacity. The horizontal dotted lines above and
below 0 in each subject’s graph represents a subject’ predicted inspiratory
capacity and predicted expiratory reserve volume, respectively. The distance
between the 2 dotted horizontal lines in each graph represents a subject’s
predicted vital capacity. Test period, experimental conditions, and trials within
an experimental condition are coded at the bottom of the figure.
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Figure 3: Inspiratory capacity, expiratory reserve volume, and vital capacity

(in liters, L). See previous page for legend.
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Figure 4: Maximum inspiratory pressure, MIP, and maximum expiratory
pressure, MEP, (in cm H,0) across the experimental trials for the 3 subjects
studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are arranged from
the top to the bottom of the figure. The solid vertical line within each graph
divides the untrussed trials (to the left), from the trussed trials (to the right). In
each graph, the solid horizontal line at 0 represents pressure at resting end-
expiratory-level relative to atmosphere. The filled portion of each bar, above the
horizontal line at 0, represents maximum inspiratory pressure and the unfilled
portion of each bar, below the horizontal line at 0, represents maximum
expiratory pressure. The horizontal dotted lines above and below 0 in each
subject’s graph represents a subject’s predicted maximum inspiratory pressure
and maximum expiratory pressure, respectively. Test period, experimental
conditions, and trials within an experimental condition are coded at the bottom
of the figure.
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Expiratory Pressure, MEP, (in cm H,0). See previous page for legend.
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Figure 5: Phonation duration (in seconds) for conversational-level vowel
prolongation across the experimental trials for the three subjects studied.
Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are arranged from the top to
the bottom of the figure. Test period, experimental conditions, and trials within
an experimental condition are coded at the bottom of the figure.
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Figure 5: Phonation duration (in seconds) for conversational-level
vowel prolongation.
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Figure 6: Average sound pressure level (in dB SPL) for conversational-level
vowel prolongation across the experimental trials for the three subjects studied.
Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are arranged from the top to
the bottom of the figure. Test period, experimental conditions, and trials within
an experimental condition are coded at the bottom of the figure.
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Figure 7: Maximum sound pressure level (in dB SPL) for conversational-level
vowel prolongation across the experimental trials for the three subjects studied.
Individual panels for Subjects 1(S1), 2 (52), and 3(S3) are arranged from the top to
the bottom of the figure. Test period, experimental conditions, and trials within
an experimental condition are coded at the bottom of the figure.
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Figure 8: Phonation duration (in seconds) for loud-level vowel prolongation
across the experimental trials for the three subjects studied. Individual panels
for Subjects 1(S1), 2 (S2), and 3(S3) are arranged from the top to the bottom of the
figure. The solid vertical line within each graph divides the untrussed trials (to
the left), from the trussed trials (to the right). Test period, experimental
conditions, and trials within an experimental condition are coded at the bottom
of the figure.
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Figure 8: Phonation duration (in seconds) for loud-level vowel prolongation.
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Figure 9: Average sound pressure level (in dB SPL) for loud-level vowel
prolongation across the experimental trials for the three subjects studied.
Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are arranged from the top to
the bottom of the figure. The solid vertical line within each graph divides the
untrussed trials (to the left), from the trussed trials (to the right). Test period,
experimental conditions, and trials within an experimental condition are coded
at the bottom of the figure.
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Figure 9: Average sound pressure level (in dB SPL) for loud-level
vowel prolongation.
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Figure 10: Maximum sound pressure level (in dB SPL) for loud-level vowel
prolongation across the experimental trials for the three subjects studied.
Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are arranged from the top to
the bottom of the figure. The solid vertical line within each graph divides the
untrussed trials (to the left), from the trussed trials (to the right). Test period,
experimental conditions, and trials within an experimental condition are coded
at the bottom of the figure.
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Figure 11: Means and standard deviations (the crossed line above each bar) for
pause duration (in seconds) for each conversational-level reading passage for the
three subjects studied. Individual panels for Subjects 1(S1), 2 (52), and 3(S3) are
arranged from the top to the bottom of the figure. The solid vertical line within
each graph divides the untrussed trials (to the left), from the trussed trials (to the
right). Test period, experimental conditions, and trials within an experimental
condition are coded at the bottom of the figure.
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Figure 11: Means and standard deviations of pause duration (in seconds) for
conversational-level reading. See previous page for legend
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Figure 12: Means and standard deviations (the crossed line above each bar) for
utterance duration (in seconds) for each conversational-level reading passage for
the three subjects studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3)
are arranged from the top to the bottom of the figure. The solid vertical line
within each graph divides the untrussed trials (to the left), from the trussed trials
(to the right). Test period, experimental conditions, and trials within an
experimental condition are coded at the bottom of the figure.
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Figure 12: Means and standard deviations of utterance duration (in seconds)
for conversational-level reading. See previous page for legend.
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Figure 13: Means and standard deviations (the crossed line above each bar) for
syllables per utterance for each conversational-level reading passage for the three
subjects studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are
arranged from the top to the bottom of the figure. The solid vertical line within
each graph divides the untrussed trials (to the left), from the trussed trials (to the
right). Test period, experimental conditions, and trials within an experimental
condition are coded at the bottom of the figure.
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Figure 13: Means and standard deviations for syllables per utterance for

conversational-level reading. See previous page for legend.
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Figure 14: Means and standard deviations (the crossed line above each bar) for
syllables per second for each conversational-level reading passage for the three
subjects studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are
arranged from the top to the bottom of the figure. The solid vertical line within
each graph divides the untrussed trials (to the left), from the trussed trials (to the
right). Test period, experimental conditions, and trials within an experimental
condition are coded at the bottom of the figure.
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conversational-level reading. See previous page for legend.
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Figure 15: Number of utterances for each conversational-level reading passage
for the three subjects studied. Individual panels for Subjects 1(S1), 2 (52), and
3(S3) are arranged from the top to the bottom of the figure. The solid vertical line
within each graph divides the untrussed trials (to the left), from the trussed trials
(to the right). Test period, experimental conditions, and trials within an
experimental condition are coded at the bottom of the figure.
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Figure 15: Utterances per reading passage for conversational-level
reading. See previous page for legend.
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Figure 16: Means and standard deviations (the crossed line above each bar) for
average sound pressure level (in dB SPL) for each conversational-level reading
passage for the three subjects studied. Individual panels for Subjects 1(S1), 2
(52), and 3(S3) are arranged from the top to the bottom of the figure. The solid
vertical line within each graph divides the untrussed trials (to the left), from the
trussed trials (to the right). Test period, experimental conditions, and trials
within an experimental condition are coded at the bottom of the figure.
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Figure 16: Means and standard deviations for average sound pressure level
(in dB SPL) for each conversational-level reading passage.
See previous page for legend.

120 UNTRUSSED S1 TRUSSED
100 —
80
60

dB SPL

40
20 +

0 -
120

100 —
80 —

dB SPL

60 <
40 —

20 —

0O -
120 — S3

100 —

dB SPL

1_Al1_2

1_A12

1_.B_2

1.B_3

2. B2

2_Al12
1_B_1
2.B1
2 B3

1_A2 1
2_A1_1
2_A13
2._A21

i
=4
<
-



189

Figure 17: Means and standard deviations (the crossed line above each bar) for
maximum sound pressure level (in dB SPL) for each conversational-level reading
passage for the three subjects studied. Individual panels for Subjects 1(S1), 2
(52), and 3(S3) are arranged from the top to the bottom of the figure. The solid
vertical line within each graph divides the untrussed trials (to the left), from the
trussed trials (to the right). Test period, experimental conditions, and trials
within an experimental condition are coded at the bottom of the figure.
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Figure 17: Means and standard deviations for maximum sound pressure level
(in dB SPL) for conversational-level reading.

See previous page for legend
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Figure 18: Means and standard deviations (the crossed line above each bar) for
pause duration (in seconds) for each loud-level reading passage for the three
subjects studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are
arranged from the top to the bottom of the figure. The solid vertical line within
each graph divides the untrussed trials (to the left), from the trussed trials (to the
right). Test period, experimental conditions, and trials within an experimental
condition are coded at the bottom of the figure.
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Figure 18: Means and standard deviations for pause duration (in seconds) for
loud-level reading. See previous page for legend.
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Figure 19: Means and standard deviations (the crossed line above each bar) for
utterance duration (in seconds) for each loud-level reading passage for the three
subjects studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are
arranged from the top to the bottom of the figure. The solid vertical line within
each graph divides the untrussed trials (to the left), from the trussed trials (to the
right). Test period, experimental conditions, and trials within an experimental
condition are coded at the bottom of the figure.
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Figure 19: Means and standard deviations for utterance duration (in seconds)
for loud-level reading. See previous page for legend.

5 UNTRUSSED S1 TRUSSED

seconds

seconds

seconds

2_A13

1_A1_2

1_Al1_1
1_A1.2
A2 1
2_A11
2_A12
1.B_1
1_B_2
1.B_3
2 B_1
2B2
2 B3



195

Figure 20: Means and standard deviations (the crossed line above each bar) for
syllables per utterance for each loud-level reading passage for the three subjects
studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are arranged from
the top to the bottom of the figure. The solid vertical line within each graph
divides the untrussed trials (to the left), from the trussed trials (to the right). Test
period, experimental conditions, and trials within an experimental condition are
coded at the bottom of the figure.
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Figure 21: Means and standard deviations (the crossed line above each bar) for
syllables per second for each loud-level reading passage for the three subjects
studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are arranged from
the top to the bottom of the figure. The solid vertical line within each graph
divides the untrussed trials (to the left), from the trussed trials (to the right). Test
period, experimental conditions, and trials within an experimental condition are
coded at the bottom of the figure.
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Figure 22: Number of utterances for each loud-level reading passage for the
three subjects studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3) are
arranged from the top to the bottom of the figure. The solid vertical line within
each graph divides the untrussed trials (to the left), from the trussed trials (to the
right). Test period, experimental conditions, and trials within an experimental
condition are coded at the bottom of the figure.
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Figure 23: Means and standard deviations (the crossed line above each bar) for
average sound pressure level (in dB SPL) for each loud-level reading passage for
the three subjects studied. Individual panels for Subjects 1(S1), 2 (S2), and 3(S3)
are arranged from the top to the bottom of the figure. The solid vertical line
within each graph divides the untrussed trials (to the left), from the trussed trials
(to the right). Test period, experimental conditions, and trials within an
experimental condition are coded at the bottom of the figure.
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Figure 23: Means and standard deviations for average sound pressure level
(in dB SPL) for each loud-level reading passage.
See previous page for legend.
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Figure 24: Means and standard deviations (the crossed line above each bar) for
maximum sound pressure level (in dB SPL) for each loud-level reading passage
for the three subjects studied. Individual panels for Subjects 1(S1), 2 (S2), and
3(S3) are arranged from the top to the bottom of the figure. The solid vertical line
within each graph divides the untrussed trials (to the left), from the trussed trials
(to the right). Test period, experimental conditions, and trials within an
experimental condition are coded at the bottom of the figure.
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Figure 24: Means and standard deviations for maximum sound pressure level
(in dB SPL) for each loud-level reading passage.
See previous page for legend.
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Figure 25: Depiction of the storage oscilloscope display and points marked
on the display to determine the inward positions of the abdominal
wall for trussing for Experiment 2. See text of Experiment 1 for
explanation of Points A, B, C. Points D, E, and F represent the relative
inward abdominal positions of 25%, 50%, and 75%, respectively.

Outward

Rib Cage Wall Displacement

Inward

Inward <-@=—— Abdominal Wall Displacement Outward



206

Figure 26: Individual values of inspiratory capacity, expiratory reserve volume
and vital capacity (in liters, L) across the three inward trussing positions of
Experiment 2. The two solid vertical lines within the graph delineate the 25%
position to the left, the 50% position in the middle, and the 75% position to the
right. The solid horizontal line at 0 represents resting end-expiratory-level. The
filled portion of each bar, above the horizontal line at 0, represents inspiratory
capacity (IC), the unfilled portion of each bar, below the horizontal line at 0,
represents expiratory reserve volume (ERV), and the total height of a bar
represents the vital capacity for Subject 3. The horizontal dotted lines above and
below 0 represent the predicted inspiratory capacity and predicted expiratory
reserve volume, respectively for Subject 3. The distance between the 2 dotted
horizontal lines in each graph represent his predicted vital capacity. The three
inward trussing positions and the three trials within an inward position are
coded at the bottom of the graph. For example, 25%-2 represents the second trial
within the 25% inward position.




Figure 26: Inspiratory capacity (IC), expiratory reserve volume (ERV), and vital capacity (in liters, L)
for Subject 3 for the three inward trussing conditions of 25%, 50%, and 75%.
See previous page for legend.
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Figure 27: Means and standard deviations (the crossed line above each bar) of
pause duration (in seconds) across the three inward trussing positions of
Experiment 2. The two solid vertical lines within the graph delineate the 25%
position to the left, the 50% position in the middle, and the 75% position to the
right. The three inward trussing positions and the three trials within an inward
position are coded at the bottom of the graph.



Figure 27: Means and standard deviations for pause duration (in seconds) for Subject 3
for the three trussing positions. See previous page for legend.
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Figure 28: Means and standard deviations (the crossed line above each bar) of
utterance duration (in seconds) for the three inward trussing positions of
Experiment 2. The two solid vertical lines within the graph delineate the 25%
position to the left, the 50% position in the middle, and the 75% position to the
right. The three inward trussing positions and the three trials within an inward
position are coded at the bottom of the graph.



Figure 28: Means and standard deviations of utterance duration (in seconds) for Subject 3
for the three inward positions. See previous page for legend.
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Figure 29: Means and standard deviations (the crossed line above each bar) of
syllables per utterance for the three inward trussing positions of Experiment 2.
The two solid vertical lines within the graph delineate the 25% position to the
left, the 50% position in the middle, and the 75% position to the right. The three
inward trussing positions and the three trials within an inward position are
coded at the bottom of the graph.



Figure 29: Means and standard deviations of syllables per utterance for Subject 3
for the three inward positions. See previous page for legend.
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Figure 30: Means and standard deviations (the crossed line above each bar) of
syllables per second for the three inward trussing positions of Experiment 2. The
two solid vertical lines within the graph delineate the 25% position to the left, the
50% position in the middle, and the 75% position to the right. The three inward
trussing positions and the three trials within an inward position are coded at the
bottom of the graph.




Figure 30: Means and standard deviations of syllables per second for Subject 3
for the three inward positions. See previous page for legend.
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Figure 31: Individual values of utterances per reading passage for
conversational-level reading for the three inward trussing positions of
Experiment 2. The two solid vertical lines within the graph delineate the 25%
position to the left, the 50% position in the middle, and the 75% position to the
right. The three inward trussing positions and the three trials within an inward
position are coded at the bottom of the graph.



Figure 31: Individual values of utterances per reading passage for conversational-level reading for Subject 3 for
the three inward positions. See previous page for legend.
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Figure 32: Means and standard deviations (the crossed line above each bar) for
average sound pressure-level for each conversational-level reading passage for
the three inward trussing positions. The two solid vertical lines within the graph
delineate the 25% position to the left, the 50% position in the middle, and the 75%
position to the right. The three inward trussing positions and the three trials
within an inward position are coded at the bottom of the graph.



Figure 32: Means and standard deviations for average sound pressure level

for conversational-level reading for Subject 3 for the three inward positions.
See previous page for legend.
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Figure 33: Means and standard deviations (the crossed line above each bar) of
maximum sound pressure-level (in dB SPL) for each conversational-level reading
passage for the three inward trussing positions of Experiment 2. The two solid
vertical lines within the graph delineate the 25% position to the left, the 50%
position in the middle, and the 75% position to the right. The three inward
trussing positions and the three trials within an inward position are coded at the
bottom of the graph.



Figure 33:
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Table 1. Selected characteristics of the three subjects studied.

accident

Reported | Reported Cause Years
Subject Height Weight of Post -
Number | Age (cm) (kg) Injury Injury
1 41 185.4 65.8 diving 18
accident
2 24 182.9 60.1 automobile 9
accident
3 24 182.9 65.8 diving 7




Table 2: Course of study for Subject 1. Conditions (A = Untrussed; B = Trussed). Tasks (CR = Conversational-
Level Reading; LR = Loud-Level Reading; CV = Conversational-Level Vowel-Prolongation; LV = Loud-Level
Vowel-Prolongation; VC = Inspiratory Capacity-Vital Capacity Maneuver; MI = Maximum Inspiratory
Pressure Generation Maneuver; ME = Maximum Expiratory Pressure Generation Maneuver). The number in
parenthesis indicates the number of trials of a task within a condition. In the case of an A condition with a
task code listed above and below, the task above was completed before the next task was begun.

Test Period #1

' A B A B A B A B A B A
Vowel Session MI@3) MI@E) MI1); ME@) ME(1); LV(@E) LV(1) CV@) Cv(1),VC(3) vC(Q)
ME(3) LV(3) Cv(@3) VC(3) =
o
Reading A B A B A ]
Session LR(3) LR@B) LR(1); CR@3) CR() g
CR(3) E
Test Period #2
Reading A B A B A
Session CR(3) CR(3) CR(1); LR(3) LR(1)
LR(3)
Respiratory and A B A B A B A B A B A
Vowel Session VC(3) VC(3) VC(1); CV(3) CV(1); LV(3) LV(1); ME@) ME(l),; MI@3) MI)
CV(@3) LV(3) ME(3) MI(3)



Table 3: Course of study for Subject 2. Conditions (A = Untrussed; B = Trussed). Tasks (CR = Conversational-
Level Reading; LR = Loud-Level Reading; CV = Conversational-Level Vowel-Prolongation; LV = Loud-Level
Vowel-Prolongation; VC = Inspiratory Capacity-Vital Capacity Maneuver; MI = Maximum Inspiratory
Pressure Generation Maneuver; ME = Maximum Expiratory Pressure Generation Maneuver). The number in
parenthesis indicates the number of trials of a task within a condition. In the case of an A condition with a
task code listed above and below, the task above was completed before the next task was begun.

Test Period #1
A B A B A
Session CR(3) CR(3) CR(1); LR(3) LR(1)
LR(3)
Respiratory and A B A B A B A B A B A
Vowel Session LV(3) LV(3) LV(1); MI@3) MI1); CV@) CV(1); VC@B) VC(1); ME@3) ME(1)
MI(3) CV(3) VC(3) ME(3)
Test Period #2

Respiratory and A B A B A B A B A B A
Vowel Session ME(3) ME@3) ME(1);, VC@3) VC(1); CV(E) CV(1), MI@) MI(1);, LV(3) LV(1)

VC(3) CV(@3) MI(3) LV(3)
Reading A B A B A
Session LR@3) LR(3) LR(1); CR@3) CR(1)
CR(3)

¥cc



Table 4: Course of study for Subject 3. Conditions (A = Untrussed; B = Trussed). Tasks (CR = Conversational-
Level Reading; LR = Loud-Level Reading; CV = Conversational-Level Vowel-Prolongation; LV = Loud-Level
Vowel-Prolongation; VC = Inspiratory Capacity-Vital Capacity Maneuver; MI = Maximum Inspiratory
Pressure Generation Maneuver; ME = Maximum Expiratory Pressure Generation Maneuver). The number in
parenthesis indicates the number of trials of a task within a condition. In the case of an A condition with a
task code listed above and below, the task above was completed before the next task was begun.

Test Period #1

Reading A B A B A
Session CR(3) CR(3) CR(); LR(3) LR(1)
LR(3)

Respiratory and A B A B A B A B A B A
Vowel Session VC(3) VC(@) VC(1); ME(3)  ME(1); MI@3) MI1); LV(@) LV(l); CV(3) CV(1)
ME(3) MI(3) LV(3) CV(3)

Test Period #2

i A B A B A B A B A B A
Vowel Session CV(3) CV(3) CV(1); LV(3) LV(1); MI@3) MI(1); ME@3) ME(1), VC(@3) VC(1)
LV(3) MI(3) ME(3) VC(3)
Reading A B A B A
Session LR3) LR(3) LR(1); CR(3) CR(1)

CR(3)
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Table 5: Listing of judge number, student status, if CCC-SLP, number of years

of experience working with persons with dysarthria, and percentage of

caseload devoted to treating dysarthria.

Judge Student | CCC-SLP | Years Experience % of
Status Caseload
1 Doctoral Yes 4 20
2 Master’s No 0 0
3 Master’s No 0 0
4 Master’s No 0 0
5 Master’s No 0 0
6 Doctoral Yes 4 100
7 Doctoral Yes 4 15
8 Doctoral No <1 30
9 Doctoral Yes 1 10
10 Doctoral Yes 1 5
11 Doctoral Yes 17 20
12 Doctoral Yes 4 20
13 Doctoral Yes 5 20
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Table 6: Part A shows the individual values for inspiratory capacity (in liters)
for Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns
show the untrussed values and the rightmost six columns show the trussed
values. The topmost two rows from the top of Part A designate the experimental
conditions and trials. The experimental trials are coded as follows; the topmost
number represents either test period 1 or 2, the code below the number
represents the experimental conditions of A1l (untrussed), B (trussed), or A2
(untrussed), and the numbers (1-3) at the bottom represent the trial number
within a condition. Part B shows the means and standard deviations for
inspiratory capacity (in liters) for the untrussed and trussed conditions collapsed
within a test period and across test periods. The second row from the top of Part
B designates what conditions the means and standard deviations represent
(UT1= four untrussed trials for test period 1, UT2 = four untrussed trials for test
period 2, UT= the grand mean of all eight untrussed trials collapsed across both
test periods, TR1 = three trussed trials for test period 1, TR2 = three trussed trials
for test period 2, and TR= grand mean of all six trussed trials collapsed across
both test periods.



Table 6: Individual values (A) and descriptive statistics (B) for inspiratory capacity (in liters) for Subject 1 (S1),
Subject 2 (52), and Subject 3 (S3). See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al | A1 | A1 | A2 | A1 | A1 | A1 | A2 | B B B B B B
1 ]| 2 3 1 1 2 3 | 1 1 2 3 1 2 3

S1| 245 | 230 | 225 | 215 | 235 | 235 | 225 | 235 | 270 | 255 | 245 | 275 | 275 | 270

S2]1165) 180 ] 180 | 1.35| 145 | 1.55| 130 | 145 | 230 | 180 | 1.75 | 1.70 | 1.70 | 1.90

S3|1 115 | 125 | 145 | 145 | 135 140 | 1.35| 1.25 | 195 | 195 | 205 | 1.65 | 1.70 | 1.45

UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
2.29 2.33 2.31 2.57 2.73 2.65
S1| (0.12) (0.06) (0.10) (0.13) (0.03) (0.23)
1.65 1.44 1.54 1.95 1.77 1.86
S2 | (0.21) (0.10) (0.20) (0.30) (0.12) (0.25)
1.33 1.34 1.33 1.98 1.60 1.79
S3 | (0.15) (0.06) (0.11) (0.06) (0.13) (0.23)

8¢¢
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Table 7: Part A shows the individual values for expiratory reserve volume (in
liters) for Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight
columns show the untrussed values and the rightmost six columns show the
trussed values. The topmost two rows of Part A designate the experimental
conditions and trials. The experimental trials are coded as follows; the topmost
number represents either test period 1 or 2, the code below the number
represents the experimental conditions of Al (untrussed), B (trussed), or A2
(untrussed), and the numbers (1-3) at the bottom represent the trial number
within a condition. Part B shows the means and standard deviations for
expiratory reserve volume (in liters) for the untrussed and trussed conditions
collapsed within a test period and across test periods. The second row from the
top of Part B designates what conditions the means and standard deviations
represent (UT1= four untrussed trials for test period 1, UT2 = four untrussed
trials for test period 2, UT= the grand mean of all eight untrussed trials collapsed
across both test periods, TR1 = three trussed trials for test period 1, TR2 = three
trussed trials for test period 2, and TR= grand mean of all six trussed trials
collapsed across both test periods.




Table 7: Individual values (A) and descriptive statistics (B) for expiratory reserve volume (in liters) for Subject
1 (S1), Subject 2 (S2), and Subject 3 (S3). See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
A1 | A1 | A1 | A2 | A1 | A1 | A1 | A2 | B B B B B B
1 2 3 1 1 2 | 3 1 1 2 3 1 2 | 3

S1) 025} 035] 045 | 035 | 035 ] 035 | 040 | 040 | 025 | O.

w
a
=]
(&)
a
o
()
)
=]
1o
)

0.45

S21 030 | 015 0.09 | 045 | 0.15 | 0.07 | 0.06 | 0.15 | 0.10 | 040 | 0.40 | 0.25 | 0.20 | 0.10

S3]1015) 020 | 010 | 0.17 | 0.20 | 0.30 | 0.30 § 0.30 | 0.20 | 0.30 | 0.20 | 0.25 { 0.20 | 0.30

UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
0.35 0.38 0.36 0.32 0.38 0.35
S1| (0.08) (0.03) (0.06) (0.06) (0.05) (0.14)
0.25 0.11 0.18 0.30 0.18 0.24
S2| (0.16) (0.05) (0.14) (0.17) (0.08) (0.12)
0.15 0.28 0.22 0.23 0.25 0.24
S3 | (0.04) (0.05) (0.08) (0.06) (0.05) (0.05)

0€c
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Table 8: Part A shows the individual values vital capacity (in liters) for Subject 1
(S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show the
untrussed values and the rightmost six columns show the trussed values. The
topmost two rows of Part A designate the experimental conditions and trials.
The experimental trials are coded as follows; the topmost number represents
either test period 1 or 2, the code below the number represents the experimental
conditions of Al (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for vital capacity (in liters) for the untrussed and
trussed conditions collapsed within a test period and across test periods. The
second row from the top of Part B designates what conditions the means and
standard deviations represent (UT1= four untrussed trials for test period 1, UT2
= four untrussed trials for test period 2, UT= the grand mean of all eight
untrussed trials collapsed across both test periods, TR1 = three trussed trials for
test period 1, TR2 = three trussed trials for test period 2, and TR= grand mean of
all six trussed trials collapsed across both test periods.



Table 8: Individual values (A) and descriptive statistics (B) for vital capacity (in liters) for Subject 1 (S1),
Subject 2 (S2), and Subject 3 (S3). See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 | 2 3 1 1 2 3 1 | 2 3
S11 270 | 265 | 270 | 250 | 270 | 270 | 265 | 275 | 295 | 290 | 280 | 3.05 | 3.15 | 3.05
S21 1951 1951189 | 180 1601 162§ 136 | 1.60 | 240 | 220 | 215 | 195 | 190 | 2.00
S3| 130 145 | 155 | 162 | 1551 170} 165 | 155 | 215 | 2251 225 | 190 | 190 | 1.75
B
UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
2.64 2.70 2.67 2.88 3.08 2.98
S1| (0.09) (0.04) (0.10) (0.08) (0.08) (0.13)
1.90 1.55 1.73 2.25 1.95 2.10
S2 1 (0.07) (0.12) (0.21) (0.13) (0.05) (0.19)
1.48 1.61 1.55 2.22 1.85 2.03
S3| (0.14) (0.08) (0.13) (0.06) (0.09) (0.21)

4504
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Table 9: Part A shows the individual values for maximum inspiratory pressure
(in an H,O) for Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost
eight columns show the untrussed values and the rightmost six columns show
the trussed values. The topmost two rows of Part A designate the experimental
conditions and trials. The experimental trials are coded as follows; the topmost
number represents either test period 1 or 2, the code below the number
represents the experimental conditions of A1 (untrussed), B (trussed), or A2
(untrussed), and the numbers (1-3) at the bottom represent the trial number
within a condition. Part B shows the means and standard deviations for
maximum inspiratory pressure for the untrussed and trussed conditions
collapsed within a test period and across test periods. The second row from the
top of Part B designates what conditions the means and standard deviations
represent (UT1= four untrussed trials for test period 1, UT2 = four untrussed
trials for test period 2, UT= the grand mean of all eight untrussed trials collapsed
across both test periods, TR1 = three trussed trials for test period 1, TR2 = three
trussed trials for test period 2, and TR= grand mean of all six trussed trials
collapsed across both test periods.



Table 9: Individual values (A) and descriptive statistics (B) for maximum inspiratory pressure (in cm H,O) for
Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 | 3 1 1 2 3 1 1 2 3 1 2 3

S1 | -42.00| -46.00| -42.00 | -36.00 | -44.00 | -42.00 | -44.001 -50.00 | -52.00] -52.00 -50.00 | -60.00 -62.00 | -70.00

S2 |-50.00] -50.00] -60.00 | -60.00] -30.00{ -52.00 -50.00] -50.00 | -76.00] -50.00] -60.00 | -60.00} -60.00 | -56.00

S31-25.00] -36.00] -38.00 | -30.00{ -30.00] -30.00] -30.00| -32.00 | -44.00| -44.00 | -44.00 | -42.00} -42.00 | -42.00

UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
-41.50 -45.00 -43.25 -51.33 -64.00 -57.67
S1| (4.12) (3.46) (3.99) (1.15) (5.29) | (7.74)
-55.00 -45.50 -50.25 -62.00 -58.67 -60.33
S2| (5.77) (10.38) | (9.29) (13.11) (2.31) (8.62)
-32.25 -30.50 -31.38 -44.00 -42.00 -43.00
S3 | (5.91) (1.00) (4.03) (0.00) (0.00) (1.10)
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Table 10: Part A shows the individual values for maximum expiratory pressure
(in cm H,0O) for Subject 1 (S1), Subject 2 (52), and Subject 3 (S3). The leftmost
eight columns show the untrussed values and the rightmost six columns show
the trussed values. The topmost two rows of Part A designate the experimental
conditions and trials. The experimental trials are coded as follows; the topmost
number represents either test period 1 or 2, the code below the number
represents the experimental conditions of A1l (untrussed), B (trussed), or A2
(untrussed), and the numbers (1-3) at the bottom represent the trial number
within a condition. Part B shows the means and standard deviations for
maximum expiratory pressure for the untrussed and trussed conditions
collapsed within a test period and across test periods. The second row from the
top of Part B designates what conditions the means and standard deviations
represent (UT1= four untrussed trials for test period 1, UT2 = four untrussed
trials for test period 2, UT= the grand mean of all eight untrussed trials collapsed
across both test periods, TR1 = three trussed trials for test period 1, TR2 = three
trussed trials for test period 2, and TR= grand mean of all six trussed trials
collapsed across both test periods.



Table 10: Individual values (A) and descriptive statistics (B) for maximum expiratory pressure (in cm H,O) for
Subject 1 (S1), Subject 2 (52), and Subject 3 (53). See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B ! B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3
S11 18.00 | 20.00{ 10.00 | 10.00 | 10.00{ 4.00 | 4.00 | 10.00 | 8.00 | 10.001 10.00| 6.00 | 4.00 | 8.00
S$2 1110.00] 110.00}110.00}125.00} 105.00} 105.00] 105.00]105.00 | 130.00] 130.00] 120.00| 105.00}120.00|120.00
S3 1 10.00 | 10.00 | 15.00 | 26.00 | 30.00 | 25.00 | 25.00 | 45.00 | 45.00 | 35.00 | 35.00 { 45.00 | 35.00 | 35.00
B
UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
14.50 7.00 10.75 9.33 6.00 7.67
S1| (5.26) (3.46) (5.75) (1.15) (2.00) (2.34)
113.75 | 105.00 109.38 | 126.67 | 115.00 | 120.88
S2 | (7.50) (0.00) (6.78) (5.77) (8.66) (9.17)
15.25 31.25 23.25 38.33 38.33 38.33
S3 | (7.54) (9.46) (11.66) (5.77) (5.77) (5.16)

9¢C



237

Table 11: Part A shows the individual values for phonation duration (in
seconds) for conversational-level vowel prolongation for Subject 1 (S1), Subject 2
(52), and Subject 3 (S3). The leftmost eight columns show the untrussed values
and the rightmost six columns show the trussed values. The topmost two rows
of Part A designate the experimental conditions and trials. The experimental
trials are coded as follows; the topmost number represents either test period 1 or
2, the code below the number represents the experimental conditions of Al
(untrussed), B (trussed), or A2 (untrussed), and the numbers (1-3) at the bottom
represent the trial number within a condition. Part B shows the means and
standard deviations for phonation duration for the untrussed and trussed
conditions collapsed within a test period and across test periods. The second
row from the top of Part B designates what conditions the means and standard
deviations represent (UT1= four untrussed trials for test period 1, UT2 = four
untrussed trials for test period 2, UT= the grand mean of all eight untrussed
trials collapsed across both test periods, TR1 = three trussed trials for test period
1, TR2 = three trussed trials for test period 2, and TR= grand mean of all six
trussed trials collapsed across both test periods.



Table 11: Individual values (A) and descriptive statistics (B) for phonation duration (in seconds) for

conversational-level vowel prolongation. See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 | 3 1 | 2 3
S1| 460 | 470 | 540 | 690 | 580 | 640 | 6.10 | 570 | 6.20 { 10.70]| 870 | 870 | 9.00 | 7.90
S2| 490 | 470 | 340 | 450 | 345 | 410 | 330 | 400 | 520 | 570 | 450 | 440 | 460 | 3.80
S3| 350 )] 400} 410 | 290 | 490 | 470 | 340 | 450 | 550 | 410 | 440 | 520 | 570 | 4.50
B
UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 uUT TR1 TR2 TR
5.40 6.00 5.70 8.53 8.53 8.53
S1| (1.06) (0.32) (0.79) (2.25) (0.57) (1.47)
4.38 3.71 4.04 5.13 4.27 4.70
S2 | (0.67) (0.40) (0.62) (0.60) (0.42) (0.66)
3.63 4.38 4.00 4.67 5.13 4.90
S3 | (0.55) (0.67) (0.70) (0.74) (0.60) (0.65)
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Table 12: Part A shows the individual values for average sound pressure level
(in dB SPL) for conversational-level vowel prolongation for Subject 1 (S1), Subject
2 (S2), and Subject 3 (S3). The leftmost eight columns show the untrussed values
and the rightmost six columns show the trussed values. The topmost two rows
of Part A designate the experimental conditions and trials. The experimental
trials are coded as follows; the topmost number represents either test period 1 or
2, the code below the number represents the experimental conditions of Al
(untrussed), B (trussed), or A2 (untrussed), and the numbers (1-3) at the bottom
represent the trial number within a condition. Part B shows the means and
standard deviations for average sound pressure level for the untrussed and
trussed conditions collapsed within a test period and across test periods. The
second row from the top of Part B designates what conditions the means and
standard deviations represent (UT1= four untrussed trials for test period 1, UT2
= four untrussed trials for test period 2, UT= the grand mean of all eight
untrussed trials collapsed across both test periods, TR1 = three trussed trials for
test period 1, TR2 = three trussed trials for test period 2, and TR= grand mean of
all six trussed trials collapsed across both test periods.



Table 12: Individual values (A) and descriptive statistics (B) for average sound pressure level (in dB SPL) per
conversational-level vowel prolongation. See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al | A1 | A1 | A2 | A1 | A1 | A1 | A2 | B B B B B B
1 2 3 1 1 2 3 1 1 2 | 3 1 | 2 3
s1 | 82.00 | 84.00 | 84.00 | 82.00 | 84.00 | 84.00 | 81.00 | 83.00 | 86.00 | 84.00 | 84.00 | 83.00 | 82.00 | 82.00

S2 | 83.00 | 82.00 | 81.00 | 81.00 | 79.00 | 78.00 | 78.00 | 78.00 | 82.00 | 81.00 | 81.00 | 78.00 | 78.00 | 78.00

S3 1} 89.00 | 89.00 | 87.00 | 89.00 | 86.00 | 84.00 | 84.00 | 86.00 | 88.00 | 87.00 | 88.00 | 87.00 | 84.00 | 84.00

UNTRUSSED TRUSSED
Mean | Mean Mean Mean | Mean | Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
83.00 83.00 83.00 84.67 82.33 83.50
S1{ (1.15) (1.41) (1.20) (1.15) (0.58) (1.52)
81.75 78.25 80.00 81.33 78.00 79.67
S2 | (0.96) (0.50) (2.00) (0.58) (1.80) (1.86)
88.50 85.00 86.75 87.67 85.00 86.33
S3 ] (1.00) (1.15) (2.12) (0.58) (1.73) | (1.86)

0v¢



241

Table 13: Part A shows the individual values for maximum sound pressure level
(in dB SPL) for conversational-level vowel prolongation for Subject 1 (S1), Subject
2 (52), and Subject 3 (S3). The leftmost eight columns show the untrussed values
and the rightmost six columns show the trussed values. The topmost two rows
of Part A designate the experimental conditions and trials. The experimental
trials are coded as follows; the topmost number represents either test period 1 or
2, the code below the number represents the experimental conditions of Al
(untrussed), B (trussed), or A2 (untrussed), and the numbers (1-3) at the bottom
represent the trial number within a condition. Part B shows the means and
standard deviations for maximum sound pressure level for the untrussed and
trussed conditions collapsed within a test period and across test periods. The
second row from the top of Part B designates what conditions the means and
standard deviations represent (UT1= four untrussed trials for test period 1, UT2
= four untrussed trials for test period 2, UT= the grand mean of all eight
untrussed trials collapsed across both test periods, TR1 = three trussed trials for
test period 1, TR2 = three trussed trials for test period 2, and TR= grand mean of
all six trussed trials collapsed across both test periods.



Table 13: Individual values (A) and descriptive statistics (B) for maximum sound pressure level (in dB SPL)

for conversational-level vowel prolongation. See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3
S1|93.00} 89.00 | 91.00 | 88.00 | 89.00 | 91.00 | 86.00 | 87.00 | 90.00 | 92.00 | 88.00 | 87.00 | 85.00 | 88.00
S$2|94.00 | 91.00 | 90.00 | 88.00 | 88.00 | 86.00 | 87.00 | 80.00 | 88.00 | 86.00 | 87.00 | 86.00 | 85.00 | 82.00
S$3196.00] 97.00 [ 95.00 | 94.00 | 92.00 { 91.00 | 89.00 | 91.00 | 95.00 | 94.00 | 94.00 | 92.00 | 90.00 | 84.00
B
UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 uUT TR1 TR2 TR
90.25 88.25 89.25 90.00 86.67 88.33
S1| (2.22) (2.22) (2.32) (2.00) (1.53) (2.42)
90.75 85.25 88.00 87.00 84.33 85.67
S2 | (2.50) (3.59) (4.11) (1.00) (2.08) (2.07)
95.50 90.75 93.13 94.33 88.67 91.50
S3| (1.29) | (1.26) (2.80) (0.58) (4.16) (4.09)
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Table 14: Part A shows the individual values for phonation duration (in seconds)
for loud-level vowel prolongation for Subject 1 (S1), Subject 2 (52), and Subject 3
(S3). The leftmost eight columns show the untrussed values and the rightmost
six columns show the trussed values. The topmost two rows of Part A designate
the experimental conditions and trials. The experimental trials are coded as
follows; the topmost number represents either test period 1 or 2, the code below
the number represents the experimental conditions of Al (untrussed), B
(trussed), or A2 (untrussed), and the numbers (1-3) at the bottom represent the
trial number within a condition. Part B shows the means and standard
deviations for phonation duration for the untrussed and trussed conditions
collapsed within a test period and across test periods. The second row from the
top of Part B designates what conditions the means and standard deviations
represent (UT1= four untrussed trials for test period 1, UT2 = four untrussed
trials for test period 2, UT= the grand mean of all eight untrussed trials collapsed
across both test periods, TR1 = three trussed trials for test period 1, TR2 = three
trussed trials for test period 2, and TR= grand mean of all six trussed trials
collapsed across both test periods.



Table 14: Individual values (A) and descriptive statistics (B) for phonation duration (in seconds) for loud-

level vowel prolongation. See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3
S1| 660 | 590 | 620 | 510 | 790 | 730 | 800 | 6.80 | 5.00 | 6.60 | 650 | 9.40 { 8.70 | 11.00
S2|1 610 )| 870 | 830 | 750 | 850 | 850 | 870 | 7.50 | 11.00] 11.00 | 11.00 | 12.00 | 12.00 | 11.00
S3|1 350} 410 | 350 | 400 | 330 | 3.20 | 340 | 3.40 | 440 | 460 | 3.80 | 3.40 | 4.00 | 3.20
B
UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
5.95 7.50 6.73 6.03 9.70 7.87
S1| (0.64) (0.56) (1.00) | (0.90) (1.18) (2.22)
7.65 8.30 7.98 11.00 11.67 11.33
S2| (1.15) (0.54) (0.90) (0.00) (0.58) (0.52)
3.78 3.33 3.55 4,27 3.53 3.90
S3| (0.32) (0.10) (0.33) (0.42) (0.42) (0.55)
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Table 15: Part A shows the individual values for average sound pressure level
(in dB SPL) for loud-level vowel prolongation for Subject 1 (S1), Subject 2 (S2),
and Subject 3 (S3). The leftmost eight columns show the untrussed values and
the rightmost six columns show the trussed values. The topmost two rows of
Part A designate the experimental conditions and trials. The experimental trials
are coded as follows; the topmost number represents either test period 1 or 2, the
code below the number represents the experimental conditions of Al
(untrussed), B (trussed), or A2 (untrussed), and the numbers (1-3) at the bottom
represent the trial number within a condition. Part B shows the means and
standard deviations for averages sound pressure level for the untrussed and
trussed conditions collapsed within a test period and across test periods. The
second row from the top of Part B designates what conditions the means and
standard deviations represent (UT1= four untrussed trials for test period 1, UT2
= four untrussed trials for test period 2, UT= the grand mean of all eight
untrussed trials collapsed across both test periods, TR1 = three trussed trials for
test period 1, TR2 = three trussed trials for test period 2, and TR= grand mean of
all six trussed trials collapsed across both test periods.



Table 15: Individual values (A) and descriptive statistics (B) for average sound pressure level (in dB SPL) per
loud-level vowel prolongation. See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al | A1 | A1 | A2 | A1 |{ A1 | A1 | A2 | B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3

S1 {100.00] 100.00{100.00} 97.00 | 94.00 | 92.00 | 95.00 | 97.00 |103.00} 102.00} 99.00 | 99.00 | 98.00 | 98.00

$2 |103.00{ 100.00]102.00| 99.00 | 103.00{100.00| 102.00| 100.00|102.00} 102.00] 100.00| 103.00{ 103.00{103.00

S3 | 97.00 | 98.00 | 99.00 {100.00{ 101.00{102.00]| 100.00{104.00]101.00} 99.00 }100.00} 104.00{102.00{104.00

UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 uT TR1 TR2 TR
99.25 94.50 96.88 101.33 98.33 99.83
S1| (1.50) (2.08) (3.04) (2.08) (0.58) (2.14)
101.00 | 101.25 | 101.13 101.33 | 103.00 { 102.17
S2 | (1.83) (1.50) (1.55) (1.15) (0.00) (117)
98.50 101.75 | 100.13 100.00 | 103.33 | 101.67
S3| (1.29) (1.71) (2.23) (1.00) (1.15) (2.07)
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Table 16: Part A shows the individual values for maximum sound pressure level
(in dB SPL) for loud-level vowel prolongation for Subject 1 (S1), Subject 2 (S2),
and Subject 3 (S3). The leftmost eight columns show the untrussed values and
the rightmost six columns show the trussed values. The topmost two rows of
Part A designate the experimental conditions and trials. The experimental trials
are coded as follows; the topmost number represents either test period 1 or 2, the
code below the number represents the experimental conditions of Al
(untrussed), B (trussed), or A2 (untrussed), and the numbers (1-3) at the bottom
represent the trial number within a condition. Part B shows the means and
standard deviations for maximum sound pressure level for the untrussed and
trussed conditions collapsed within a test period and across test periods. The
second row from the top of Part B designates what conditions the means and
standard deviations represent (UT1= four untrussed trials for test period 1, UT2
= four untrussed trials for test period 2, UT= the grand mean of all eight
untrussed trials collapsed across both test periods, TR1 = three trussed trials for
test period 1, TR2 = three trussed trials for test period 2, and TR= grand mean of
all six trussed trials collapsed across both test periods.



Table 16: Individual values (A) and descriptive statistics (B) for maximum sound pressure level (in dB SPL)
for loud-level vowel prolongation. See previous page for legend.

A
UNTRUSSED TRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3

S$1 ]107.00} 105.00] 106.00105.00} 102.0 |102.00} 106.00}105.00}111.00 109.00} 106.00} 107.00] 106.00 | 107.00

S2 1105.00{ 106.00{106.00 | 104.00{ 107.00} 104.00| 108.00| 105.00 | 107.00} 106.00{105.00| 106.00}105.00 | 105.00

$3 1105.00] 105.00{105.00]110.00] 107.00| 108.00] 109.00{111.00] 105.00| 108.00{ 107.00{ 111.00]108.00}110.00

UNTRUSSED TRUSSED
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
105.75 | 103.75 | 104.75 | 108.67 | 106.67 | 107.67
S1| (0.96) (2.06) (1.83) (2.52) (0.58) (1.97)
105.25 | 106.00 | 105.63 | 106.00 { 105.33 | 105.67
S2 | (0.96) (1.83) (1.41) (1.00) (0.58) (0.82)
106.25 | 108.75 | 107.50 | 106.67 | 109.67 | 108.17
S3 | (2.50) (1.71) (2.39) (1.53) (1.53) (2.14)
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Table 17: Part A shows the means and standard deviations, in parenthesis, for
pause duration (in seconds) for each conversational-level reading passage for
Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show
the untrussed values and the rightmost six columns show the trussed values.
The topmost two rows of Part A designate the experimental conditions and trials.
The experimental trials are coded as follows; the topmost number represents
either test period 1 or 2, the code below the number represents the experimental
conditions of A1l (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for pause duration (in seconds) for the untrussed
and trussed conditions collapsed within a test period, and grand means and
standard deviations collapsed across test periods. The second row from the top
of Part B designates what conditions the means and standard deviations
represent (UT1= four untrussed trials for test period 1, UT2 = four untrussed
trials for test period 2, UT= the grand mean of all eight untrussed trials collapsed
across both test periods, TR1 = three trussed trials for test period 1, TR2 = three
trussed trials for test period 2, and TR= grand mean of all six trussed trials
collapsed across both test periods.



Table 17: Means and standard deviations, in parenthesis, of pause duration (in seconds) for conversational-
level reading (A) and means and standard deviations of pause duration collapsed within a test period and
grand means and standard deviations collapsed across test periods (B). See previous page for legend.

A
TRUSSED UNTRUSSED

1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3

072 | 0.70 | 062 | 073 | 062 | 065 | 0.74 | 0.72 | 067 | 062 | 0.70 | 0.76 | 0.76 | 0.73
s1 | (0.20) | (0.23)] (0.20) | (0.23) ] (0.21) | (0.22) | (0.23) | (0.18) | (0.18) | (0.14) | (0.20) | (0.18) | (0.18) | (0.14)
060 | 059 | 057 | 050 | 0.60 | 0.75 | 0.82 | 0.70 | 058 | 0.60 | 0.60 | 0.66 | 0.72 | 0.66
s2(0.14)| 0.11)] 0.12) | (012) | (0.25)| (0.21) ] (0.24) | (0.24) | (0.14) | (0.14)] (0.21) ] (0.19) | (0.16) | (0.19)
060 | 079 | 061 | 065 | 067 | 060 | 0.72 | 0.70 | 055 | 0.54 | 0.60 | 0.69 | 0.70 | 0.68
S3 | (0.29) | (0.55) | (0.25) | (0.36) | (0.26) | (0.26) | (0.28) | (0.29) | (0.17) | (0.20) | (0.23) | (0.26) | (0.32) | (0.65)

B
UNTRUSSED TRUSSED

Mean Mean Mean Mean Mean | Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
0.69 0.68 0.69 0.66 0.75 0.71

s1| (0.05) | (0.06) | (0.05) | (0.04) | (0.02) | (0.06)
0.59 0.72 0.65 0.59 0.68 0.64
s2| (001 | 009 | 009 | (o1 | ©03) | (0.05
0.66 0.70 0.68 0.56 0.69 0.63
s3| (0.09) | (0.02) | (0.06) | (0.03) | (0.01) | (0.07)
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Table 18: Part A shows the means and standard deviations, in parenthesis, for
utterance duration (in seconds) for each conversational-level reading passage for
Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show
the untrussed values and the rightmost six columns show the trussed values.
The topmost two rows of Part A designate the experimental conditions and trials.
The experimental trials are coded as follows; the topmost number represents
either test period 1 or 2, the code below the number represents the experimental
conditions of A1l (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for utterance duration (in seconds) for the
untrussed and trussed conditions collapsed within a test period, and grand
means and standard deviations collapsed across test periods. The second row
from the top of Part B designates what conditions the means and standard
deviations represent (UT1= four untrussed trials for test period 1, UT2 = four
untrussed trials for test period 2, UT= the grand mean of all eight untrussed
trials collapsed across both test periods, TR1 = three trussed trials for test period
1, TR2 = three trussed trials for test period 2, and TR= grand mean of all six
trussed trials collapsed across both test periods.



Table 18: Means and standard deviations, in parenthesis, of utterance duration (in seconds) for
conversational-level reading (A) and means and standard deviations of pause duration collapsed within a test

period and grand means and standard deviations collapsed across test periods (B). See previous page for
legend.

A
TRUSSED UNTRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2

Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3

768 | 249 | 252 | 301 | 223 | 229 | 272 | 289 | 280 | 271 | 299 | 3.14 | 3.23 | 3.40
s1|(1.20)] (0.87)] 1.13)| (1.07)] (1.03) | (1.05)| (0.89) | (1.13) | (1.18) | (1.25) | (1.20) | (1.49) | (1.19) | (1.36)
501 | 255 | 244 | 2.03 | 2.53 | 3.10 | 3.04 | 2.80 | 266 | 242 | 268 | 324 | 299 | 3.03
s2 | (0.68)| (0.75) | (0.66) | (0.95)| (0.83) | (0.83)| (0.73) ]| (0.82) | (0.67) | (0.62) | (0.78) | (1.26) | (0.80) | (0.83)
198 | 191 | 174 | 193 | 190 | 172 | 196 | 1.77 | 260 | 1.92 | 200 | 2.24 | 222 | 1.90
s3 | (0.68)] (0.61)] (0.57) | (0.66) | (0.66) | (0.65) | (0.67)] (0.54)| (0.91)] (0.68) | (0.65) | (0.69) | (0.66) | (0.65)

UNTRUSSED TRUSSED

Mean | Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
2.68 2.53 2.60 2.86 3.26 3.06

s1| (0.24) | 032) | (027) | (0.14) | ©.13) | (0.25)
2.26 2.87 2.56 2.59 3.09 2.84
s2( (0.28) | 026) | (041) | (015 | ©.13) | (0.30)
1.89 1.84 1.86 2.20 2.12 2.16
s3| (0.10) | (0.11) | (0.10) | (0.39) | (0.19) | (0.26)
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Table 19: Part A shows the means and standard deviations, in parenthesis, for
syllables per utterance for each conversational-level reading passage for Subject 1
(S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show the
untrussed values and the rightmost six columns show the trussed values. The
topmost two rows of Part A designate the experimental conditions and trials.
The experimental trials are coded as follows; the topmost number represents
either test period 1 or 2, the code below the number represents the experimental
conditions of Al (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for syllables per utterance for the untrussed and
trussed conditions collapsed within a test period, and grand means and standard
deviations collapsed across test periods. The second row from the top of Part B
designates what conditions the means and standard deviations represent (UT1=
four untrussed trials for test period 1, UT2 = four untrussed trials for test period
2, UT= the grand mean of all eight untrussed trials collapsed across both test
periods, TR1 = three trussed trials for test period 1, TR2 = three trussed trials for
test period 2, and TR= grand mean of all six trussed trials collapsed across both
test periods.



Table 19: Means and standard deviations, in parenthesis, of syllables per utterance for conversational-level
reading (A) and means and standard deviations of syllables per utterance collapsed within a test period and
grand means and standard deviations collapsed across test periods (B). See previous page for legend.

A

TRUSSED UNTRUSSED

1 1 1 1 2 2 2 2 1 1 1 2 2
Al Al Al A2 A1l Al Al A2 B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2

WERN

15.36 | 14.00 | 14.00 | 16.80 | 12.92 | 12.92 | 15.27 | 16.80 | 16.80 | 15.27 | 16.80 | 18.67 | 18.67 | 16.80
s1|(6.92) ] (492)| (5.83) | (5.92) | 5.61)| (5.62)] (4.56) | (6.76) | (6.76) | (6.63) | (6.76) | (5.50) | (5.50) | (6.76)

9.88 | 1292 | 12.00 | 9.82 | 1050 | 1292 | 1292 | 11.93 | 12.92 | 11.92 | 12.92 | 14.00 | 12.92 [ 12.92
s2 [ (3.69)| (3.81)] 2.39) | 3.64) | 4.35)| 3.82)| (3.14)| (3.58) | (3.14) | (3.02) | (3.82) | (5.71) | (3.82) | (3.82)

088 | 9.82 | 863 | 933 | 9.82 | 9.17 | 9.88 | 9.88 | 14.00| 1050 | 11.33 | 11.20 | 11.20 | 9.81
s3 | 3.08)| (2.67)] 3.22) | 3.05)| (3.75)| 4.25)| 3.81) | (3.72) | (4.49) | (3.46) | (4.13)| (3.71) | (3.71) | (3.80)

B
UNTRUSSED TRUSSED

Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
15.04 14.48 14.76 16.29 18.05 17.17

s1| (1.34) | (190) | (.55) | (0.88) | (1.08) | (1.31)
11.16 | 1207 | 1161 | 1259 | 1328 | 1293
s2| (155 | (114) | 1.35) | (058 | (0.62) | (0.66)
942 | 9.69 955 | 11.94 | 1074 | 11.34
s3| (058 | (0.35) | (047) | (1.83) | (0.80) | (1.43)
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Table 20: Part A shows the means and standard deviations, in parenthesis, for
syllables per second for each conversational-level reading passage for Subject 1
(51), Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show the
untrussed values and the rightmost six columns show the trussed values. The
topmost two rows of Part A designate the experimental conditions and trials.
The experimental trials are coded as follows; the topmost number represents
either test period 1 or 2, the code below the number represents the experimental
conditions of Al (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for syllables per second for the untrussed and
trussed conditions collapsed within a test period, and grand means and standard
deviations collapsed across test periods. The second row from the top of Part B
designates what conditions the means and standard deviations represent (UT1=
four untrussed trials for test period 1, UT2 = four untrussed trials for test period
2, UT= the grand mean of all eight untrussed trials collapsed across both test
periods, TR1 = three trussed trials for test period 1, TR2 = three trussed trials for
test period 2, and TR= grand mean of all six trussed trials collapsed across both
test periods.



Table 20: Means and standard deviations, in parenthesis, of syllables per second for conversational-level
reading (A) and means and standard deviations of pause duration collapsed within a test period and grand
means and standard deviations collapsed across test periods (B). See previous page for legend.

A

TRUSSED UNTRUSSED

1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3

5.78 | 565 | 569 | 557 | 587 | 5.75 | 569 | 5.82 | 586 | 5.78 | 569 | 580 | 5.79 | 5.92
s1|(0.42) | (0.61) | (0.54) | (0.40) | (0.60) | (0.50) | (0.49) | (0.39) | (0.40) | (0.54) | (0.45) | (0.45) | (0.43) | (0.52)

480 | 509 | 502 | 474 | 411 | 416 | 426 | 423 | 488 | 495 | 482 | 431 | 431 | 4.26
s2 | (0.70) | (0.51) | (0.49) | (0.70) | (0.56) | (0.39)] (0.27)| (0.38) | (0.38) | (0.48) | (0.45) | (0.40) | (0.44) | (0.42)

510 | 525 | 493 | 528 | 518 | 515 | 501 | 5.10 | 545 | 554 | 535 | 5.00 | 499 | 4.03
S3 | (0.59) | (0.66) | (0.81) | (0.67) | (0.55) | (1.20) | (0.61) | (0.67) | (0.38) | (0.60) | (1.08) | (0.96) | (0.69) | (0.95)

B
UNTRUSSED TRUSSED

Mean | Mean | Mean | Mean | Mean | Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UuT TR1 TR2 TR
5.67 5.78 5.73 5.78 5.84 5.81

S1 | (0.09) (0.08) (0.10) (0.09) (0.07) (0.08)

491 419 455 4.88 4.29 459

S2 | (0.17) (0.07) (0.40) 0.07) (0.03) (0.33)

5.14 5.11 5.13 5.45 4.67 5.06
s3| 0.16) | (007 | (012) | ©.10) | ©56) | (0.55)
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Table 21: Part A shows the utterances per reading passage for conversational-
level reading for Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost
eight columns show the untrussed values and the rightmost six columns show
the trussed values. The topmost two rows of Part A designate the experimental
conditions and trials. The experimental trials are coded as follows; the topmost
number represents either test period 1 or 2, the code below the number
represents the experimental conditions of Al (untrussed), B (trussed), or A2
(untrussed), and the numbers (1-3) at the bottom represent the trial number
within a condition. Part B shows the means and standard deviations for
utterances per reading passage for the untrussed and trussed conditions
collapsed within a test period and collapsed across test periods. The second row
from the top of Part B designates what conditions the means and standard
deviations represent (UT1= four untrussed trials for test period 1, UT2 = four
untrussed trials for test period 2, UT= the grand mean of all eight untrussed
trials collapsed across both test periods, TR1 = three trussed trials for test period
1, TR2 = three trussed trials for test period 2, and TR= grand mean of all six
trussed trials collapsed across both test periods.



Table 21: Utterances per reading passage for conversational-level reading (A) and means and standard

deviations for the number of utterances per reading passage, collapsed within a test period and across test
periods (B). See previous page for legend.

TRUSSED UNTRUSSED

1 1 1 1 2 2 2 2 1 1 1 2
Al Al Al A2 Al Al Al A2 B B B B
1 2 3 1 1 2 3 1 1 2 3 1

NN
LN

S§1]11.00| 12.00 | 12.00 | 10.00 | 13.00 | 13.00 { 11.00 { 10.00 { 10.00 | 11.00 | 10.00 | 9.00 | 9.00 | 10.00

S2117.00| 13.00 | 14.00 | 17.00 | 16.00 | 13.00 | 13.00 | 14.00 | 13.00 | 14.00 | 13.00 | 12.00 | 13.00 } 13.00

S§3|17.00{ 17.00 ] 19.00 | 18.00 | 17.00 | 18.00 | 15.00 | 17.00 | 12.00 | 16.00 | 15.00 | 15.00 | 15.00 | 16.00

UNTRUSSED TRUSSED

Mean { Mean | Mean | Mean | Mean | Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
11.25 11.75 11.50 10.33 9.33 9.83
S1| (0.96) (1.50) (1.20) (0.58) (0.58) (0.75)
15.25 14.00 14.63 13.33 12.67 13.00
S2 | (2.06) (1.41) (1.77) (0.58) (0.58) (0.63)
17.75 16.75 17.25 14.33 15.33 14.83
S3 | (0.96) (1.26) (1.16) (2.08) (0.58) (1.47)
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Table 22: The number of pauses taken at different boundary types for conversational-level reading for Subject

1(S1), Subject 2 (S2), and Subject 3(S3). Utterance boundary types (UTT BND) are: (1) primary syntactic
boundary -- pauses which occur at sentences; (2) secondary syntactic boundary -- pauses which occur at a

phrase or subordinated clause; and (3) other -- pauses which occur within a phrase or subordinated clause. In

the second row from the top, the leftmost eight columns show the untrussed values and the rightmost six

columns show the trussed values. The experimental trials are coded as follows: the topmost number
represents either test period 1 or 2; the code below the number represents the experimental conditions of Al

(untrussed), B (trussed), or A2 (untrussed); and the numbers (1-3) at the bottom represent the trial number
within a condition.

UNTRUSSED TRUSSED
UTT| 1 1 1 1 2 2 2 2 1 1 1 2 2 2
BND | A1l Al Al | A2 | A1 | A1l Al | A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3
1 8 8 8 7 7 8 8 8 8 8 8 8 8 8
S1| 2 2 3 3 2 5 4 2 1 1 2 1 0 0 1
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 8 7 8 8 8 7 8 8 8 7 8 8 8 8
S21 2 7 5 5 7 6 5 3 5 4 6 4 3 4 4
3 1 0 0 1 1 0 1 0 0 0 0 0 0 0
1 8 6 7 8 8 8 8 8 8 8 8 8 7 7
S3| 2 7 7 9 7 8 8 5 8 3 7 6 6 7 8
3 1 3 2 2 0 1 1 0 0 0 0 0 0 0

65¢
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Table 23: The total number and percentage of pauses which occur at different
boundary locations for the untrussed and trussed conditions within a test
period and across test periods for Subject 1(S1), Subject 2 (S2), and Subject 3
(83) during conversational-level reading. The number in the denominator is
the total number of pauses within either a test period within an experimental
condition or for the entire experimental conditions. Boundary locations
(BND LOC) are: (1) primary syntactic boundary — pauses which occurred at
sentences; (2) secondary syntactic boundary - pauses which occurred at a
phrase or subordinated clause; and (3) other — pauses that occurred within a
phrase or subordinated clause. The second row from the top of the table
designates the experimental conditions of: (1) UT1 - four untrussed trials for
test period 1; (2) UT2 — four untrussed trials for test period 2; (3) UT - the
grand mean of all eight untrussed trials collapsed across both test periods; (4)
TR1 -~ three trussed trials for test period 1; (5) TR2 — three trussed trials for
test period 2, and (6) TR — the grand mean of all six trussed trials collapsed
across both test periods.

UNTRUSSED TRUSSED
BND

LOC UT1 | UT2 UT TR1 TR2 TR
31/41 | 31/43 | 62/84 | 24/28 | 24/25 | 48/53
1 (76%) | (72%) | (74%) | (86%) | (96%) | (91%)

S1 10741 137437257841 4/38 1725 T 5/53
2 (24%) | (28%) | 26%) | (14%) | @%) | (9%)

0741 07437 0/84 0728 | 0/25 | 0/53

3 (0%) 0%) | (0%) 0%) | (0%) | (0%
31/57 | 31/52 | 62/109 | 23737 | 24/35 | 47/72
1 (54%) | (60%) | (57%) | (62%) | (69%) | (65%)
S2 24757 | 19752 | 437109 | 14737 | 1i/35 | 25/72
2 (42%) | G7%) | 39%) | (38%) | (31%) | (35%)
3757 3752 {47106 | 0737 | 0/3 | 0772

3 (4%) (3%) | (4%) 0%) | (%) | (0%)
29/67 | 32/63 | 61/130 | 24/40 | 22/43 | 16/83
1 43%) | (51%) | @7%) | (60%) | (51%) | (55%)
S3 30767 | 29763 | 597130 | 16740 | 21743 | 37/%3
2 (45%) | (46%) | (45%) | (40%) | (49%) | (45%)
8767 2763 | 107130 | 0/4 0740 | 0/83
3 (12%) | (3%) | (8%) 0%) | (0%) | (0%)
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Table 24: Part A shows the means and standard deviations, in parenthesis, for
average sound pressure level (in dB SPL) for each conversational-level reading
passage for Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight
columns show the untrussed values and the rightmost six columns show the
trussed values. The topmost two rows of Part A designate the experimental
conditions and trials. The experimental trials are coded as follows; the topmost
number represents either test period 1 or 2, the code below the number
represents the experimental conditions of A1l (untrussed), B (trussed), or A2
(untrussed), and the numbers (1-3) at the bottom represent the trial number
within a condition. Part B shows the means and standard deviations for average
sound pressure level for the untrussed and trussed conditions collapsed within a
test period, and grand means and standard deviations collapsed across test
periods. The second row from the top of Part B designates what conditions the
means and standard deviations represent (UT1= four untrussed trials for test
period 1, UT2 = four untrussed trials for test period 2, UT= the grand mean of all
eight untrussed trials collapsed across both test periods, TR1 = three trussed
trials for test period 1, TR2 = three trussed trials for test period 2, and TR= grand
mean of all six trussed trials collapsed across both test periods.



Table 24: Means and standard deviations, in parenthesis, of averages sound pressure level (in dB SPL) for
conversational-level reading (A) and means and standard deviations of average sound pressure level
collapsed within a test period and grand means and standard deviations collapsed across test periods (B). See
previous page for legend.

TRUSSED UNTRUSSED

1 1 1 1 7 | 2 2 | 2 1 T | 1 2
A1 | A1 | A1 | A2 A1 | A1 | A1 A2 B )| B | B | B
1 2 3 1 1 2 3 1 1 2 3 1
79.21 | 78.84 | 77.91 | 78.81 | 76.60 | 75.98 | 74.58 | 74.54 | 77.49 | 77.86 | 77.76 | 74.95 | 74.96 | 75.59
s1|(255)| 2.28)| (2.33) | @11)| (2.38)| 3.04)| (1.90) | (1.84) | 2.18)] (2.32)| (2.31) | (1.89) | (1.87) | 2.11)
7337 | 71.97 | 72.00 | 72.69 | 75.20 | 76.22 | 75.02 | 74.29 | 73.36 | 73.69 | 73.27 | 74.58 | 75.56 | 74.70
s2 | (2.62) | (1.58) | (2.00) | (3.69) | (2.16) | (1.45)| (1.55) | (1.28) | (1.26) | (1.33) | (1.39) | (1.36) | (1.39) | (1.53)
7481 | 73.53 | 73.74 | 73.91 | 77.72 | 78.01 | 78.24 | 77.62 | 73.16 | 74.22 | 73.53 | 77.89 | 77.23 | 77.79
s3 | (2.09) | (1.76) | (1.64) | (1.83) | (2.08) | 2.45)| (2.19) | (2.33) | 2.03)| (1.91)| (1.90) | (2.10) { (2.07) | (1.93)

NN
WEN

UNTRUSSED TRUSSED

Mean Mean Mean Mean | Mean | Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
78.69 75.43 77.06 77.70 75.17 76.44
S1| (0.55) (1.03) (1.91) (0.19) (0.37) (1.41)
72.51 75.18 73.85 73.44 74.95 74.19
S2 | (0.66) (0.80) (1.58) (0.22) (0.53) (0.90)
74.00 77.90 75.95 73.64 77.64 75.64
S3 | (0.56) (0.28) (2.13) (0.54) (0.36) (2.23)

[4°14
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Table 25: Part A shows the means and standard deviations, in parenthesis, for
maximum sound pressure level (in dB SPL) for each conversational-level reading
passage for Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight
columns show the untrussed values and the rightmost six columns show the
trussed values. The topmost two rows of Part A designate the experimental
conditions and trials. The experimental trials are coded as follows; the topmost
number represents either test period 1 or 2, the code below the number
represents the experimental conditions of Al (untrussed), B (trussed), or A2
(untrussed), and the numbers (1-3) at the bottom represent the trial number
within a condition. Part B shows the means and standard deviations for
maximum sound pressure level for the untrussed and trussed conditions
collapsed within a test period, and grand means and standard deviations
collapsed across test periods. The second row from the top of Part B designates
what conditions the means and standard deviations represent (UT1= four
untrussed trials for test period 1, UT2 = four untrussed trials for test period 2,
UT= the grand mean of all eight untrussed trials collapsed across both test
periods, TR1 = three trussed trials for test period 1, TR2 = three trussed trials for
test period 2, and TR= grand mean of all six trussed trials collapsed across both
test periods.



Table 25: Means and standard deviations, in parenthesis, of maximum sound pressure level (in dB SPL) for
conversational-level reading (A) and means and standard deviations of maximum sound pressure level
collapsed within a test period and grand means and standard deviations collapsed across test periods (B). See
previous page for legend.
A

TRUSSED UNTRUSSED
1 1 1 1 2 2 2 2 1 1 1 2
Al | A1 | A1 | A2 | Al | A1 | Al | A2 B B B B
1 2 3 1 1 2 3 1 1 2 3 1
92.53 | 91.12 | 90.65 | 91.70 | 90.13 | 87.78 | 87.44 | 86.88 | 89.08 [ 90.51 | 89.96 | 88.80 | 88.79 | 88.26
s1|(3.59)| (3.14) | (2.82) | (1.65) | (2.80) | (2.00) | (1.85) | (2.22) | (2.13) | (2.65) | (2.48) | (2.70) | (2.72) | (2.93)
86.70 | 84.62 | 84.28 | 86.80 | 87.77 | 89.88 | 88.14 | 86.79 | 85.30 | 85.59 | 85.48 | 87.32 | 89.20 | 87.35
S2 | (2.87) | (2.04) | (2.54) | (2.74) | (3.00) | (2.35) | (1.55) | (2.19) | (2.75) | (2.03) | (2.01) | (1.71) | (3.24) | (1.43)
88.61 | 86.88 | 87.59 | 86.63 | 92.03 | 92.56 | 93.68 | 92.90 | 87.60 | 88.26 | 88.11 | 93.39 | 92.58 | 92.31
s3 | (1.50) | (2.47)| (1.70) | (1.88) | (3.60) | (1.64) | (2.10)| (2.06) | (1.67)| (2.14)| (1.81) | (1.41) | (1.92) | (1.63)

NN
LN

B
UNTRUSSED TRUSSED

Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
91.50 88.06 89.78 89.85 88.62 89.23
S1| (0.81) (1.43) (2.13) (0.72) (0.31) (0.84)
85.60 88.15 86.87 85.46 87.96 86.71
S2 | (1.34) (1.29) (1.82) (0.15) (1.08) (1.53)
87.43 92.79 90.11 87.99 92,76 90.38
S3 | (0.89) (0.69) (2.96) (0.35) (0.56) (2.65)
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Table 26: Part A shows the means and standard deviations, in parenthesis, for
pause duration (in seconds) for each loud-level reading passage for Subject 1
(S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show the
untrussed values and the rightmost six columns show the trussed values. The
topmost two rows of Part A designate the experimental conditions and trials.
The experimental trials are coded as follows; the topmost number represents
either test period 1 or 2, the code below the number represents the experimental
conditions of Al (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for pause duration (in seconds) for the untrussed
and trussed conditions collapsed within a test period, and grand means and
standard deviations collapsed across test periods. The second row from the top
of Part B designates what conditions the means and standard deviations
represent (UT1= four untrussed trials for test period 1, UT2 = four untrussed
trials for test period 2, UT= the grand mean of all eight untrussed trials collapsed
across both test periods, TR1 = three trussed trials for test period 1, TR2 = three
trussed trials for test period 2, and TR= grand mean of all six trussed trials
collapsed across both test periods.



Table 26: Means and standard deviations, in parenthesis, of pause duration (in seconds) for loud-level
reading (A) and means and standard deviations of pause duration collapsed within a test period and grand
means and standard deviations collapsed across test periods (B). See previous page for legend.

A
TRUSSED UNTRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3
0721 070 | 062 { 073 | 072 { 062 | 077 | 0.71 | 067 | 062 | 0.70 | 0.60 | 0.69 | 0.69
S1|(0.21){ (0.23) { (0.20) | (0.23) | (0.26) | (0.30) | (0.24) | (0.24) | (0.18) | (0.14) | (0.20) | (0.21) | (0.25) | (0.25)
057 1 058105 |060] 071 | 068 | 077 | 0.74 | 055 | 052 | 058 | 0.61 | 0.59 | 0.66
S$21(0.11)| (0.14) | (0.16) | (0.15) | (0.20) | (0.16) | (0.31) { (0.15) | (0.12) | (0.13) | (0.13) | (0.12) | (0.14) | (0.14)
087 ] 069|074 | 065| 1201 095 | 094 | 0.79 | 0.60 | 0.69 | 067 | 0.72 | 0.61 | 0.69
S31(0.64)| (0.30)](0.31) | (0.36) | (0.91) | (0.63) | (0.49) | (0.36) | (0.22) | (0.33) | (0.24) | (0.41) | (0.27) | (0.34)
B
UNTRUSSED TRUSSED

Mean | Mean Mean Mean | Mean | Mean

(SD) (SD) (SD) (SD) (SD) (SD)

UT1 UT2 UT TR1 TR2 TR

0.69 0.71 0.70 0.66 0.66 0.66

S1| (0.05) (0.06) (0.05) (0.04) (0.05) (0.04)

0.59 0.73 0.66 0.55 0.62 0.59

S2 | (0.01) (0.04) (0.08) (0.03) (0.04) (0.05)

0.74 0.97 0.85 0.65 0.67 0.66

S3 | (0.10) (0.17) (0.18) (0.05) (0.06) (0.05)

99¢
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Table 27: Part A shows the means and standard deviations, in parenthesis, for
utterance duration (in seconds) for each loud-level reading passage for Subject 1
(S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show the
untrussed values and the rightmost six columns show the trussed values. The
topmost two rows of Part A designate the experimental conditions and trials.
The experimental trials are coded as follows; the topmost number represents
either test period 1 or 2, the code below the number represents the experimental
conditions of Al (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for utterance duration (in seconds) for the
untrussed and trussed conditions collapsed within a test period, and grand
means and standard deviations collapsed across test periods. The second row
from the top of Part B designates what conditions the means and standard
deviations represent (UT1= four untrussed trials for test period 1, UT2 = four
untrussed trials for test period 2, UT= the grand mean of all eight untrussed
trials collapsed across both test periods, TR1 = three trussed trials for test period
1, TR2 = three trussed trials for test period 2, and TR= grand mean of all six
trussed trials collapsed across both test periods.



Table 27: : Means and standard deviations, in parenthesis, of utterance duration (in seconds) for loud-level
reading (A) and means and standard deviations of pause duration collapsed within a test period and grand
means and standard deviations collapsed across test periods (B). See previous page for legend.

A

TRUSSED UNTRUSSED

1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B

1 2 3 1 1 2 3 1 1 2 3 1 2 3
323 | 333 | 348 | 308 | 312 | 3.17 | 290 | 2.80 | 3.18 | 3.23 | 340 | 2.84 | 3.12 | 3.10
s1{1.27)| 1.67)| 1.42) | .15) | (1.19) | 1.22) | (1.28) [ (1.10) | (1.49) | (1.19) | (1.35) | (1.38) | (1.24) | (1.25)
3.04 | 281 | 3.00 | 319 | 328 | 327 | 3.65 | 3.71 | 3.20 | 3.40 | 3.83 | 3.68 | 3.56 | 3.76
s2 | 0.80) | (0.73) | (0.74) | (0.74) | (0.82) | (1.04)| (1.00) | (0.99) | (1.14) | (0.81)| (1.03) | (0.94) | (1.04) | (1.01)
159 | 1.76 | 1.99 | 157 | 1.60 | 1.59 | 1.58 | 1.63 | 2.11 | 2.14 | 2.26 | 2.00 | 1.75 | 1.86
s3 | (0.63) | (0.71) | (0.71) | (0.60) | (0.63) | (0.63) | (0.67) | (0.63) | (0.70) | (0.74) | (0.54) | (0.62) | (0.74) | (0.75)

B
UNTRUSSED TRUSSED

Mean | Mean | Mean | Mean Mean | Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 uT TR1 TR2 TR
3.28 3.00 3.14 3.27 3.02 3.15
S1| (0.17) (0.18) (0.22) (0.12) (0.16) (0.18)
3.01 3.43 3.24 348 3.67 3.57
S2 | (0.16) (0.24) (0.31) (0.32) (0.10) (0.24)
1.73 1.58 1.65 217 1.87 2.02
S3 | (0.19) (0.03) (0.15) (0.08) (0.13) (0.19)
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Table 28: Part A shows the means and standard deviations, in parenthesis, for
syllables per utterance for each loud-level reading passage for Subject 1 (S1),
Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show the untrussed
values and the rightmost six columns show the trussed values. The topmost two
rows of Part A designate the experimental conditions and trials. The
experimental trials are coded as follows; the topmost number represents either
test period 1 or 2, the code below the number represents the experimental
conditions of Al (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for syllables per utterance for the untrussed and
trussed conditions collapsed within a test period, and grand means and standard
deviations collapsed across test periods. The second row from the top of Part B
designates what conditions the means and standard deviations represent (UT1=
four untrussed trials for test period 1, UT2 = four untrussed trials for test period
2, UT= the grand mean of all eight untrussed trials collapsed across both test
periods, TR1 = three trussed trials for test period 1, TR2 = three trussed trials for
test period 2, and TR= grand mean of all six trussed trials collapsed across both
test periods.



Table 28: Means and standard deviations, in parenthesis, of syllables per utterance for loud-level reading (A)
and means and standard deviations of syllables per utterance collapsed within a test period and grand means
and standard deviations collapsed across test periods (B). See previous page for legend.

A
TRUSSED UNTRUSSED
1 1 1 1 2 | 2 2 | 2 1 1] 1 2 | 2
A1 | A1 | A1 | A2 | A1 | A1 | A1l A2| B | B | B | B | B
1 2 | 3 1 1 2 3 | 1 1 2 | 3 1 2
15.18 | 15.27 | 16.80 | 15.27 | 16.80 | 16.80 | 15.27 | 15.27 | 1345 | 16.80 | 16.80 | 15.27 | 16.80 | 16.80
s1|(5.55)| (7.24) | (6.76) | (5.52) | (6.76) | (6.76) | (7.01) | (7.02) { (6.47) | (6.76) | (6.76) | (7.53) | (6.76) | (6.76)
12.92 [ 12.00 | 12.00 | 12.07 | 12.00 | 12.07 | 12.92 | 12.92 | 1200 | 12.00 | 12.00 | 12.15 | 12.00 | 12.92
s2 [ (3.82) | 3.16)| (3.16) | (3.29) | (3.16) | (4.23)| (3.82) | (3.81) | (4.66)| (3.16)| 3.16)| (3.72) | (3.68) | (3.82)
664 | 763 | 879 | 730 | 646 | 668 | 696 | 7.00 | 9.88 | 9.88 | 10.00| 9.28 | 7.86 | 8.40
s3 | (3.24)| (3.71)| (3.69) | (3.23) | (2.94)| (3.06) | (3.46)| (3.27) | (3.72)| (3.82)| (3.32) | (3.04) | (3.73) | (3.79)

wWEN

B
UNTRUSSED TRUSSED

Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
15.63 16.04 15.83 15.68 16.29 15.99
S1| (0.78) (0.88) (0.80) (1.93) (0.88) (1.39)
12.25 12.48 12.36 12.00 12,36 12.18
S2 | (0.45) (0.51) (0.46) (0.00) (0.49) (0.37)
7.59 6.78 7.18 9.92 8.51 9.22
S3 | (0.90) (0.25) (0.75) (0.07) (0.72) (0.90)

0s¢
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Table 29: : Part A shows the means and standard deviations, in parenthesis,
for syllables per second for each loud-level reading passage for Subject 1 (S1),
Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show the untrussed
values and the rightmost six columns show the trussed values. The topmost two
rows of Part A designate the experimental conditions and trials. The
experimental trials are coded as follows; the topmost number represents either
test period 1 or 2, the code below the number represents the experimental
conditions of Al (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for syllables per second for the untrussed and
trussed conditions collapsed within a test period, and grand means and standard
deviations collapsed across test periods. The second row from the top of Part B
designates what conditions the means and standard deviations represent (UT1=
four untrussed trials for test period 1, UT2 = four untrussed trials for test period
2, UT= the grand mean of all eight untrussed trials collapsed across both test
periods, TR1 = three trussed trials for test period 1, TR2 = three trussed trials for
test period 2, and TR= grand mean of all six trussed trials collapsed across both
test periods.



Table 29: Means and standard deviations, in parenthesis, of syllables per second for loud-level reading (A) and
means and standard deviations of pause duration collapsed within a test period and grand means and
standard deviations collapsed across test periods (B). See previous page for legend.

. TRUSSED UNTRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3
473 | 470 | 4.85 | 496 | 536 | 527 | 526 | 529 | 454 | 520 | 495 | 542 | 542 | 544
s1(0.32) | 053)] (0.38) | (0.30) | (0.32)] (0.28)| (0.38) | (0.44) | (1.13) | (1.06) | (0.29) | (0.49) | (0.35) | (0.41)
423 | 429 | 4.02 | 377 | 3.65 | 368 | 353 | 347 | 372 | 352 | 317 | 331 | 3.40 | 342
s2 | (0.38) | (0.49)] (0.41) | (037)] (0.33)| (0.36) | (0.34) | (0.34) | (0.38) | (0.36) | (0.68) ] (0.53) | (0.39) | (0.29)
403 | 419 | 431 | 454 | 393 | 409 | 410 | 4.44 | 462 | 457 | 456 | 466 | 447 | 437
s3 | (0.95) | (1.04)| (0.53) | (0.83) | (0.85)| (0.80) | (0.86) | (0.92) | (0.56)| (0.57) | (0.61) | (0.54) | (0.70) | (0.81)

B
UNTRUSSED TRUSSED

Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
4.81 5.30 5.05 490 5.43 5.16
S1| (0.12) (0.05) (0.27) (0.33) (0.01) (0.36)
4,08 3.58 3.83 3.47 3.38 3.42
S2 | (0.24) (0.10) (0.31) (0.28) (0.06) (0.19)
4.27 416 422 458 4.50 . 4.54
S3 | (0.21) (0.21) (0.21) (0.03) (0.15) (0.11)

(444
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Table 30: Part A shows the utterances per reading passage for loud-level
reading for Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight
columns show the untrussed values and the rightmost six columns show the
trussed values. The topmost two rows of Part A designate the experimental
conditions and trials. The experimental trials are coded as follows; the topmost
number represents either test period 1 or 2, the code below the number
represents the experimental conditions of Al (untrussed), B (trussed), or A2
(untrussed), and the numbers (1-3) at the bottom represent the trial number
within a condition. Part B shows the means and standard deviations for
utterances per reading passage for the untrussed and trussed conditions
collapsed within a test period and collapsed across test periods. The second row
from the top of Part B designates what conditions the means and standard
deviations represent (UT1= four untrussed trials for test period 1, UT2 = four
untrussed trials for test period 2, UT= the grand mean of all eight untrussed
trials collapsed across both test periods, TR1 = three trussed trials for test period
1, TR2 = three trussed trials for test period 2, and TR= grand mean of all six
trussed trials collapsed across both test periods).



Table 30: Utterances per reading passage for loud-level reading (A) and means and standard deviations for the

number of utterances per reading passage, collapsed within a test period and across test periods (B). See
previous page for legend.

A
TRUSSED UNTRUSSED
1 1 1 1 2 2 2 2 1 1 1 2 2 2
Al Al | Al A2 | A1l | Al Al | A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3

$1)11.00 {11.00 [10.00 |11.00 {10.00 |10.00 {11.00 {11.00 |11.00 {10.00 [10.00 }11.00 |11.00 |10.00

S2 {13.00 |14.00 {14.00 [14.00 |14.00 |[14.00 |13.00 (13.00 |14.00 |14.00 |13.00 }13.00 [14.00 {13.00

S3 125.00 }22.00 {19.00 |23.00 |26.00 [25.00 |24.00 |24.00 |17.00 [17.00 [16.00 (18.00 [21.00 [20.00

B
UNTRUSSED TRUSSED

Mean | Mean | Mean | Mean | Mean | Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
10.75 10.50 10.63 10.33 10.67 10.50
S1| (0.50) (0.58) (0.52) (0.58) (0.58) (0.55)
13.75 13.50 13.63 13.67 13.33 13.50
S2 | (0.50) (0.58) (0.52) (0.58) (0.58) (0.55)
22.25 24.75 23.50 16.67 19.67 18.17
s3 | (250) | 096) | (250) | (058) | (1.53) | (1.94)

1 744



Table 31: The number of pauses taken at different pause boundary locations for loud-level reading for Subject
1(S1), Subject 2 (S2), and Subject 3(53). Boundary locations (BND LOC) are: (1) primary syntactic boundary --
pauses which occurred at sentences; (2) secondary syntactic boundary -- pauses which occurred at a phrase or
subordinated clause; and (3) other -- pauses that occurred within a phrase or subordinated clause. In the
second row from the top, the leftmost eight columns show the untrussed values and the rightmost six
columns show the trussed values. The experimental trials are coded as follows: the topmost number
represents either test period 1 or 2; the code below the number represents the experimental conditions of Al
(untrussed), B (trussed), or A2 (untrussed); and the numbers (1-3) at the bottom represent the trial number
within a condition.

UNTRUSSED TRUSSED
BND| 1 1 1 1 2 2 2 2 1 1 1 2 2 2
LOC | Al Al | A1 | A2 | A1 | A1 | Al | A2 B B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2 3
1 8 8 8 8 8 8 8 8 8 8 8 8 8 8
S1| 2 2 2 1 2 1 1 2 2 1 1 1 2 2 1
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 7 8 8 8 8 8 8 8 8 8 8 7 7 8
S21 2 5 5 5 5 5 5 4 4 5 5 4 5 6 4
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 7 8 8 8 6 8 8 8 8 8 8 8 8 7
S3| 2 13 11 11 7 16 15 18 19 8 8 7 9 11 11
3 4 2 2 2 3 1 1 0 0 0 0 0 1 0

GLe
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Table 32: The total number and percentage of pauses which occur at different
boundary locations for the untrussed and trussed conditions within a test
period and across test periods for Subject 1(S1), Subject 2 (S2), and Subject 3
(S3) during loud-level reading. The number in the denominator is the total
number of pauses within either a test period within an experimental
condition or for the entire experimental conditions. Boundary locations
(BND LOC) are: (1) primary syntactic boundary — pauses which occurred at
sentences; (2) secondary syntactic boundary - pauses which occurred at a
phrase or subordinated clause; and (3) other —- pauses that occurred within a
phrase or subordinated clause. The second row from the top of the table
designates the experimental conditions of: (1) UT1 - four untrussed trials for
test period 1; (2) UT2 — four untrussed trials for test period 2; (3) UT — the
grand mean of all eight untrussed trials collapsed across both test periods; (4)
TR1 - three trussed trials for test period 1; (5) TR2 - three trussed trials for
test period 2, and (6) TR -~ the grand mean of all six trussed trials collapsed
across both test periods.

UNTRUSSED TRUSSED
BND

LOC UT1 UT2 UT TR1 TR2 TR

1 32739 | 32/38 | 64/77 | 24/27 | 24/29 | 48/56

(82%) | (84%) | (83%) | (89%) | (83%) | (86%)

Ss1 5 7739 6/38 113777 | 3727 8729 8/56
(18%) | (16%) | (17%) | 11%) | A7%) | (14%)

3 0739 0738 0777 | 0727 | 0/29 0/56

(0%) (0%) 0%) | (0%) | (0%) (0%)

1 31/51 | 32/50 | 63/101 | 24/38 | 22/37 | 46/75

61%) | (64%) | (62%) | (63%) | (59%) | (61%)
S2 3 50/51 | 18750 | 387101 | 14738 | 15/37 | 29/75
(39%) | 6%) | 38%) | (37%) | 41%) | (39%)

3 0/51 0750 | 07101 | 0/38 | 0737 0/75

0%) | (0%) 0%) | (0%) | (0%) (0%)
1 31/83 | 30/103 | 61/186 | 24/47 | 23/% | 47/102

(B7%) | 9%) | 33%) | (51%) | (42%) | (46%)
S3 3 783687103 | 1107186 | 23747 | 31/55 | 547102
(51%) | 66%) | (59%) | @9%) | (56%) | (53%)
3 10783 [ 57103 | 157186 | 0/47 | 1/55 | 17102

(12%) | (5%) 8%) | (0%) | (%) (1%)
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Table 33: Part A shows the means and standard deviations, in parenthesis, for
average sound pressure level (in dB SPL) for each loud-level reading passage for
Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3). The leftmost eight columns show
the untrussed values and the rightmost six columns show the trussed values.

The topmost two rows of Part A designate the experimental conditions and trials.
The experimental trials are coded as follows; the topmost number represents
either test period 1 or 2, the code below the number represents the experimental
conditions of Al (untrussed), B (trussed), or A2 (untrussed), and the numbers (1-
3) at the bottom represent the trial number within a condition. Part B shows the
means and standard deviations for average sound pressure level for the
untrussed and trussed conditions collapsed within a test period, and grand
means and standard deviations collapsed across test periods. The second row
from the top of Part B designates what conditions the means and standard
deviations represent (UT1= four untrussed trials for test period 1, UT2 = four
untrussed trials for test period 2, UT= the grand mean of all eight untrussed
trials collapsed across both test periods, TR1 = three trussed trials for test period
1, TR2 = three trussed trials for test period 2, and TR= grand mean of all six
trussed trials collapsed across both test periods.



Table 33: Means and standard deviations, in parenthesis, of averages sound pressure level (in dB SPL) for
loud-level reading (A) and means and standard deviations of average sound pressure level collapsed within a
test period and grand means and standard deviations collapsed across test periods (B). See previous page for
legend.

TRUSSED UNTRUSSED

1 1 1 1 2 2 2 2 1 1 1 2 2
Al Al Al A2 Al Al Al A2 B B B B B
1 2 3 1 1 2 3 1 1 2 3 1 2

8831 | 88.28 | 87.75 | 88.27 | 85.31 | 85.31 | 86.53 | 87.80 | 91.12 | 89.87 | 92.22 | 86.98 | 87.16 | 88.52
s1|(291)] (2.61)] 2.05) | 2.61)] (3.07)| (2.90)| (3.48) | (2.48) | (2.79) | (2.32) | (3.07) | (2.39) | (2.87) | (2.07)
88.18 | 88.64 | 89.50 | 89.01 | 87.73 | 91.44 | 89.84 | 88.99 | 91.08 | 91.19 | 91.57 | 90.21 | 89.48 | 89.31
S21(1.49) | (1.89) | (3.15) | (1.30) | (1.95)| (7.63) | (1.42) | (1.36) | (1.79)| (1.91) | (1.90) | (1.31)| (1.47) | (1.35)
86.80 | 87.29 | 87.56 | 87.44 | 89.88 | 88.38 | 87.78 | 87.58 | 88.80 | 88.08 | 87.99 | 86.92 | 87.80 | 88.85
S3(3.10)| (3.31) ]| 2.54) | 2.71) | (6.26) | (2.58) | (2.69) | (6.66) | (2.70) | (2.91) | (2.82) | (2.68) | (2.97) | (2.59)

WEN

UNTRUSSED TRUSSED

Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UuT2 UT TR1 TR2 TR
88.15 86.24 87.20 91.07 87.55 89.31
S1{ (0.27) (1.19) (1.30) (1.18) (0.84) (2.13)
88.86 89.50 89.18 91.28 89.67 90.47
S2 | (0.60) (1.56) (1.14) (0.26) (0.48) (0.95)
87.30 88.41 87.85 88.32 87.86 88.09
S3 1 (0.29) (1.04) (0.92) (0.50) (0.97) (0.73)

84¢



279

Table 34: Part A shows the means and standard deviations, in parenthesis, for
maximum sound pressure level (in dB SPL) for each loud-level reading passage
for Subject 1 (S1), Subject 2 (S2), and Subject 3 (53). The leftmost eight columns
show the untrussed values and the rightmost six columns show the trussed
values. The topmost two rows of Part A designate the experimental conditions
and trials. The experimental trials are coded as follows; the topmost number
represents either test period 1 or 2, the code below the number represents the
experimental conditions of Al (untrussed), B (trussed), or A2 (untrussed), and
the numbers (1-3) at the bottom represent the trial number within a condition.
Part B shows the means and standard deviations for maximum sound pressure
level for the untrussed and trussed conditions collapsed within a test period, and
grand means and standard deviations collapsed across test periods. The second
row from the top of Part B designates what conditions the means and standard
deviations represent (UT1= four untrussed trials for test period 1, UT2 = four
untrussed trials for test period 2, UT= the grand mean of all eight untrussed
trials collapsed across both test periods, TR1 = three trussed trials for test period
1, TR2 = three trussed trials for test period 2, and TR= grand mean of all six
trussed trials collapsed across both test periods.



Table 34: Means and standard deviations, in parenthesis, of maximum sound pressure level (in dB SPL) for
loud-level reading (A) and means and standard deviations of maximum sound pressure level collapsed

within a test period and grand means and standard deviations collapsed across test periods (B). See previous
page for legend.

A
TRUSSED UNTRUSSED

1 1 1 1 2 2 2 2 1 1 2 2 2
Al Al Al A2 Al Al Al A2 B B B B B

1 2 3 1 1 2 3 1 2 3 1 2 3
103.07] 103.50/102.73] 105.20| 98.73 | 99.59 | 99.92 | 101.40] 105.43]104.51 ] 105.93] 100.73] 101.36] 102.46
S1|(3.01)| (2.72)| (1.39)| (2.13) | (2.86) | (2.41) | (2.27) | (2.42) | (2.48) | (1.89) | (2.51) | (2.39) | (3.08) | (2.58)
102.37]101.93|103.48| 101.98] 102.80{104.35] 105.29] 103.52| 104.78] 102.80105.29( 105.16| 104.10{ 104.00
S2 | (1.44) | (1.84)| (2.08)| (1.37) | (1.51) | (1.23)| (1.11) | (1.11) | (1.94) | (1.51) | (1.11) | (1.03) | (1.41) | (0.97)
101.44]102.26{102.49] 101.78{103.40[103.87[ 101.85] 102.86| 105.89103.49]102.79] 102.12] 102.66[ 103.42
S3|(1.63)| (2.43) | (2.02) | (2.40) | (2.18) | (2.18) | (2.50) | (2.29) | (8.12) | (2.19) | (2.12) | (2.40) | (2.90) | (2.10)

e

B
UNTRUSSED TRUSSED

Mean | Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
UT1 UT2 UT TR1 TR2 TR
103.63 99.91 101.77 | 105.29 | 101.52 { 103.40
S1| (1.10) (1.11) (2.23) (0.72) (0.88) (2.19)
102.44 | 10399 | 103.22 | 104.29 } 10442 | 104.36
S2| (0.72) (1.07) (1.18) (1.32) (0.64) (0.93)
101.99 | 103.00 | 102.49 | 104.06 | 102.73 | 103.40
S3 | (0.47) (0.87) (0.84) (1.63) (0.65) (1.32)

08¢
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Table 35: Data for the preferential listening task for conversational-level
reading. Data for Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3) are presented in
panels from top to bottom. In each panel TP1 and TP2 represent test period 1
and test period 2, respectively. The experimental conditions are represented by
Al (untrussed), B (trussed), and A2 (untrussed). For each panel, the two leftmost
columns of Al, B, and A2 for test periods 1 and 2 represent the samples that were
presented first against the samples that were presented second in a pair, and are
represented by the topmost two rows.
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Table 35: Perceptual data from the preferential listening task for conversational-
level reading. See previous page for legend.

S1(N=12)
TP1 TP2
Al | B | A2 | A1 | B | A2
Al | 7 5 10 7 9 1
; B 2 4 11 5 10 0
11 A2 2 2 7 4 7 0
Al | 2 4 7 7 6 0
}; B 3 4 7 7 5 0
2 | A2 9 10 | 11 10 | 11 2
S2 (N =14)
TP1 TP2
Al | B | A2 | A1 | B | A2
Al | 6 9 9 5 4 4
; B 5 7 4 4 6
11 A2 3 3 5 4 4 1
Al | 9 8 10 2 3 6
}: B 9 10 8 5 3 6
2 | A2 | 9 8 7 4 2 7
S3 (N =14)
TP1 TP2
Al | B | A2 | A1 | B | A2
Al | 12 7 5 1 2 1
}; B 5 5 6 0 0 0
1) A2 4 7 7 1 1 0
A1 | 9 12 | 11 7 4 2
}: B 9 13 | 12 3 2 2
2 | A2 | 13 |13 | 14 3 4 4
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Table 36: Data for the preferential listening task for loud-level reading. Data for
Subject 1 (S1), Subject 2 (S2), and Subject 3 (S3) are presented in panels from top
to bottom. In each panel TP1 and TP2 represent test period 1 and test period 2,
respectively. The experimental conditions are represented by Al (untrussed), B
(trussed), and A2 (untrussed). For each panel, the two leftmost columns of Al, B,
and A2 for test periods 1 and 2 represent the samples that were presented first
against the samples that were presented second in a pair, and are represented by
the topmost two rows.



Table 36: Perceptual data from the preferential listening task for loud-level
reading. See previous page for legend.

S1 (N =12)
TP1 TP2
Al | B | A2 | A1 | B | A2
Al 7 3 0 1 2
§ B 12 2 9 3 2 3
1 1 A2 9 1 5 0 1 3
Al | 12 6 7 8 6 3
; B 1 | 10 | 12| 4 4 4
2 | A2 | 12 | 10 | 12 5 7 2
S2 (N =22)
TP1 TP2
Al | B | A2 | A1 | B | A2
Al | 9 21 | 22 | 18 | 22 | 22
}Q B 0 8 21 1 19 6
1 1 A2 0 12 | 17 1 12 0
T A1 | O 19 | 21 7 | 21 | 13
p | B 0 11 | 16 1 15 5
2 A2 0 18 | 21 0 22
S3 (N =4)
TP1 TP2
Al | B | A2 | A1 | B | A2
Al | 4 2 1 3 2 2
; B 2 3 3 2 2 4
1 1 A2 | 3 2 1 3 2 4
Al | 2 2 2 2 2 3
}J B 1 2 2 3 2 4
2 A2/ 0 0 1 2 0 4







