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FATIGUE AND RECOVERY PATTERNSIN THE MOUTH

MUSCLESUSED TO PLAY THE CLARINET

. INTRODUCTION

Purpose of the Study

Although sport-science researchers have done much exploration in the area of
fatigue and recovery of muscles, musicians have largely failed to apply these findings
to their own physically demanding activities. Fatigue and more serious medical
problems such as TMJ dysfunction, focal dystonia, and carpel tunnel syndrome can
and do result from the demanding rehearsal schedules imposed on performers by
teachers, conductors, and themselves. Athletes are aware that a rest/recovery period
after aworkout is necessary for optimal gainsin strength and endurance and to
prevent injury. Because of research in the field of sport science, athletic training
protocols also call for tapering of strenuous workouts prior to the need for peak
performance on “game day.” Musicians, however, often do not follow these same
principles when preparing for a performance. Musicians often practice every day,
often at the recommendation of atrusted teacher, and never take aday to allow the
muscles involved in playing their instrument to rest and recover. Rehearsal schedules
often become more intense and rigorous prior to a public performance. This often
results in musicians suffering from fatigue which detracts from the quality of their
performances or, more serioudly, suffering from the previously mentioned medical

problems.



For this study the fatigue and recovery patterns of one particular mouth
muscle, the orbicularis oris, used while playing the clarinet was studied by using the
Biopac MP 150 EMG system with non-invasive surface electrodes. Although several
muscles are activated in the formation of a clarinet embouchure with the buccinator
being perhaps the most active, the orbicularis orisis joined to the buccinator and is
the most readily available for monitoring with non-invasive surface electrodes.* The
purpose of this study was to examine how and when these muscles fatigue during
performance, and how a period of rest affects muscle endurance.

The benefits of performing this research lie in the importance of improving
clarinet pedagogy and performance. Understanding how the muscles used to play the
clarinet fatigue and recover will lead to the development of rehearsal schedules with
appropriate amounts of rest and will result in fewer overuse injuries, quicker gainsin

endurance, and increased quality of performance.

Limitations
Any instrumentalist engages in many complex physiological processes while
playing hisinstrument. For the wind instrumentalist, these processes include the use
of the arms, breathing apparatus, the fine motor control and training of the fingers,
and several muscle groups involved in forming the embouchure specific to each
instrument and player. Although a detailed study could be devoted to each of these

areas, this study will focus on only the fatigue and recovery of one muscle group in

! James A. Howard and Anthony T. Lovrovich, “Wind Instruments: Their Interplay with
Orofacial Structures,” Medical Problems of Performing Artists 4 (June 1989): 60.



the clarinet embouchure because “the lips are more vulnerable to injury and fatigue

than any part of the body used by the clarinetist.”?

Need for the Study

Ever increasing performance standards for instrumentalists place comparably
increasing demands for practice and rehearsal. One result is an increasing occurrence
of overuse syndromes like carpel tunnel, TMJ dysfunction, and focal dystonia. This
problem calls for amore efficient and safer means to obtain high performance
standards. Woodwind instrumentalists are often faced with demands of versatility of
performance with more than one instrument. Although it isimpractical for a
musician to maintain the highest performance standards on more than one instrument
at all times, the woodwind instrumentalist is often required to “double,” or play an
additional contrasting instrument in performance. These demands often make it
necessary for the woodwind instrumentalist to bring his performance abilities with the
auxiliary instrument to an appropriate level quickly and efficiently.

Musicians often compare themselves to athletes, but this comparison is most
often with respect to the mental aspects of performance. The book, The Inner Game
of Music, for example, was modeled after a sport-related book with asimilar title.
Both books deal with the mental aspects of performance. Although there has been
some work in the area of sport science applied to musical training such as “Pumping

Brass: The Application of Athletic Weight Training Principles to Trumpet

2 Heston L. Wilson, “Lips,” The Clarinet 27 (September 2000):38.

3 Barry Green with W. Timothy Gallwey, The Inner Game of Music (New York: Doubleday,
1986).



Embouchure Development,” woodwind musicians have largely ignored the sport-
science principles used to train athletes efficiently.* A small sample of recent sport-
science includes: “Recovery Strategies for Sports Performance,” and “Overtraining
Syndrome: A Guide to Diagnosis, Treatment, and Prevention,” and “Recovery -
Adaptation: Strength and Power Sports,” and “Proper Recovery - Waysto Avoid
Fatigue.”>

Although the areas of fatigue and recovery have largely been ignored by
musi cians, there has been some research involving el ectromyography to study activity
in the muscles used in musical performance: An Electromyographic Study of
Preparatory Set in Snging as Influenced by the Alexander Technique, The Effect of
Electromyographic Biofeedback Training on Sngerswith Tension Problemsin the
Laryngeal Musculature, A Spectrographic and Electromyographic Investigation of
the Relationship of the Effects of Selected Parameters Upon Concurrent Study of
Voice and Oboe, An Electromyographic Examination of Wrist Motion While
Executing Selected Drumstick Techniques with Matched Grip, The Effects of

Electromyographic Training on Violoncello Performance: Tone Quality and Muscle

Tension, Electromyographic Investigation of Abdominal Musculature during

* John O. Pursell, “Pumping Brass: The Application of Athletic Weight Training Principles to
Trumpet Embouchure Development,” 1TG Journal 24 (March 2000).

® A. Calder “Recovery Strategies for Sports Performance,” Olympic Coach 15 (Summer
2003); C. J. Hawley and R. B. Schoene, “Overtraining Syndrome: A Guide to Diagnosis, Treatment,
and Prevention,” Physician and Sportsmedicine 31(June 2003); M. H. Stone, and M. E. Stone,
“Recovery-Adaptation: Strength and Power Sports,” Olympic Coach 15 (Summer 2003); J. Turner and
M. Byrne. “Proper Recovery — Waysto Avoid Fatigue and Overtraining,” Performance Conditioning
Soccer 9 (2003).



Measured Active Expiration, and An Electromyographic Investigation of the
Rel ationship Between Abdominal Muscular Effort, and Rate of Vocal Vibrato °

A limited number of studies involving electromyography and the clarinet
embouchure aso exist: An Exploratory Sudy of the Functioning of Selected
Masticatory Muscles during Clarinet Playing as Observed Through
Electromyography and The Activity of Certain Facial Musclesin the B-flat Soprano
Clarinet Embouchure: An Exploratory Sudy Utilizing Electromyography.” These
studies provide abasis for an exploration of the clarinet embouchure using

electromyography, but none of them deal specifically with fatigue and recovery.

Design and Procedures
This research was approved by The University of Oklahoma Office of Human

Research Participation Protection (see appendix V).

® Robert James Englehart, An Electromyographic Study of Preparatory Set in Singing as
Influencd by the Alexander Technique, Ph.D. diss. (Ohio State University, 1989); Thomas Edwin
Garrison, The Effect of Electromyographic Biofeedback Training on Sngerswith Tension Problemsin
the Laryngeal Musculature, D.A. diss. Ball State University, 1978 (Ann Arbor, Michigan: University
Microfilms, 1978); Claude Washington Gossett, Jr., A Spectrographic and Electromyographic
Investigation of the Relationship of the Effects of Selected Parameters Upon Concurrent Sudy of Voice
and Oboe, Ph.D. diss. University of Southern Mississippi, 1977 (Ann Arbor, Michigan: University
Microfilms, 1977); Todd Alan Johnson, An Electromyographic Examination of Wrist Motion While
Executing Selected Drumstick Techniques with Matched Grip, D.M.A. diss. (The University of
Oklahoma, 1999); James Martin Kjelland, The Effects of Electromyographic Biofeedback Training on
Violoncello Performance: Tone Quality and Muscle Tension, Ph.D. diss. The University of Texas at
Austin, 1985 (Ann Arbor, Michigan: University Microfilms, 1987); Ken Doty Peterson,
Electromyographic Investigation of Abdominal Musculature during Measured Active Expiration, D.A.
diss. (University of Northern Colorado, 2001); Ethel Closson Smith, An Electromyographic
Investigation of the Relationship Between Abdominal Muscular Effort and Rate of Vocal Vibrato, D.M.
diss. Indiana University, 1967 (Ann Arbor, Michigan: University Microfilms, 1969).

" Campbell, Bonnie Heather, An Exploratory Sudy of the Functioning of Selected
Masticatory Muscles during Clarinet Playing as Observed Through Electromyography D. M. diss.
Indiana University, 1999 (Ann Arbor, Michigan: University Microfilms, 2000); William Jackson
Newton, The Activity of Certain Facial Musclesin the B-Flat Soprano Clarinet Embouchure: An
Exploratory Study Utilizing Electromyography Ed.D. diss. University of North Texas, 1972 (Ann
Arbor, Michigan: University Microfilms, 1972).



The subject pool consisted of nine subjects, four men and five women. This
limited number of subjectsis reasonable based on two factors. Previous related
studies used a similar number of subjects. Bonnie Heather Campbell in her study,
“An Exploratory Study of the Functioning of Selected Masticatory Muscles during
Clarinet Playing as Observed through Electromyography,” used ten subjects.® In the
study, “The Activity of Certain Facial Muscles in the B-Flat Soprano Clarinet
Embouchure: An Exploratory Study Utilizing Electromyography,” William Newton
Jackson used twelve subjects.” Todd Alan Johnson used nine subjectsin his study,
“An Electromyographic Examination of Wrist Motion While Executing Selected
Drumstick Techniques with Matched Grip.”*° A. W. Kelman and S. Gatehouse
studied the electromyographic activity of the orbicularis orisin a study involving
phonetics, and they used only two subjects.™* A study conducted by Frank Heuser and
Jill McNitt-Gray concerning trumpet players with asymmetrical mouthpiece
placement used eight subjects.? Finally, because of the large volume of data

generated by each subject, it was impractical to use alarger number of subjects.

8 Campbell, Bonnie Heather, An Exploratory Sudy of the Functioning of Selected
Masticatory Muscles during Clarinet Playing as Observed Through Electromyography D. M. diss.
Indiana University, 1999 (Ann Arbor, Michigan: University Microfilms, 2000): 6.

° William Jackson Newton, The Activity of Certain Facial Musclesin the B-Flat Soprano
Clarinet Embouchure: An Exploratory Study Utilizing Electromyography Ed.D. diss. University of
North Texas, 1972 (Ann Arbor, Michigan: University Microfilms, 1972): 33.

19 Todd Alan Johnson, An Electromyographic Examination of Wrist Motion While Executing
Selected Drumstick Techniques With Matched Grip D. M. A. diss. The University of Oklahoma, 1999,
60.

1 A.W. Kelman and S. Gatehouse, “A Study of the Electromyographic Activity of the
Musculus Orbicularis Oris,” Folia Phoniatrica 27 (1975): 353.

12 Frank Heuser and Jill L. McNitt-Gray, “EMG Pattern in Embouchure Muscles of Trumpet
Players with Asymmetrical Mouthpiece Placement,” Medical Problems of Performing Artists 8
(September 1993): 97.



The subjects were al clarinetists recruited from the University of Oklahoma-
Norman Campus. The subjects were selected from the clarinet studio at The
University of Oklahoma and were not involved in a teacher/student relationship with
the researcher. All subjects were informed of risk, which was limited to some
discomfort associated with an intense playing session, and protocol before the start of
the testing, and they all signed an informed consent form (see appendix I).

Because the orbicularisis a small muscle, it demanded specia attention in the
selection of electrodes. Fine wire indwelling or needle el ectrodes were an option, but
because they are invasive, they are unattractive to clarinetists. Surface electrodes are
non-invasive and pose no threat to the delicate muscles of the embouchure. Surface
electrodes are also superior to fine wire electrodes when activity of the entire muscle
is a concern because the fine wire electrodes only provide data from alimited number
of motor units, and fine wire electrodes demonstrate a greater intrasubject
variability.® In early trials the commonly used self-adhesive electrodes were too
large and did not keep positive contact with the skin. A. W. Kelman and S.
Gatehouse studied the orbicularis oris with respect to phonetics, and they used
“silver/silver chloride cup electrodes (having a 5-mm active diameter.)”** The
decision to use the same type of electrodes was confirmed by the Biopac Product

Specidist, Elie Braun. Before use a self-adhesive collar was placed on each electrode

3 Frank Heuser and Jill L. McNitt-Gray, “EMG Pattern in Embouchure Muscles of Trumpet
Players with Asymmetrical Mouthpiece Placement,” Medical Problems of Performing Artists 8
(September 1993): 98.

4 A.W. Kelman and S. Gatehouse, “A Study of the Electromyographic Activity of the
Musculus Orbicularis Oris,” Folia Phoniatrica 27 (1975): 351.



so that they would adhere to the skin, and the electrode cups were filled with

conductive gel.

..‘,_

Figure 1: Sde view of electrode, electrode with conductive disc facing up, electrode
outfitted with adhesive collar. (Scalein centimeters)

The experimental testing for each subject occurred on three days, with at |east
two days of rest (no clarinet playing) between the second and third day of testing.
The number of test days was limited to three because a trained adaptation effect
would likely occur in the subjectsif they were tested on more days. Each subject was
asked to play the clarinet in individual practice, ensemble rehearsal, or performance
ten to twenty hours during the week prior to testing. This playing schedule is
consistent with the norma amount of playing for a college clarinetist and was
necessary to insure that al subjects were in acommensurate state of fatigue for the
first day of testing. Prior to the first testing session, each subject was asked to

respond to a questionnaire (see appendix 1) concerning their playing schedules and



the types of musical tasks that they find particularly fatiguing. On each day of testing
the subject’ s skin was prepared with alcohol to reduce impedance, and the EMG
electrodes were placed over the appropriate muscles of the subject’s mouth (the left
and right upper orbicularis oris which surround the mouth like aring) at a distance of

1 cm. Grounding surface electrodes were placed on the subject’ s forehead.

Figure 2: Arrangement of electrodes on a test subject.



Subjects were allowed to perform a playing warm-up to become accustomed
to the electrodes and to make certain that their instruments were in working order.
They were then asked to play a 25 minute musical exercise. This exercise consisted
of thefirst several pages of Practical Study of the Scales for the Clarinet by Emile
Stiévenard with the rests omitted and breaths marked every twelve to sixteen beats.
The subjects were asked to play with a metronome set at sixty beats per minute and to
define the eighth note as the beat unit throughout the test period. Because of the
omission of rests, the controlled slow tempo, and the limited number of breaths, this
was a physically demanding exercise. The EMG activity of the mouth muscles and
the changes therein were measured and recorded with the Biopac MP 150 system.
Because of the large amount of datainvolved with the 25 minute testing period, The
Biopac MP 150’ s data acquisition software (AcgKnowledge 3.7.3, Biopac Systems,
Goleta, California) was set to record only the first 10 seconds of datafrom every 50
second interval. Thisresulted in 30 trials across each day of testing. The subject’s
musical performance was recorded using an Audio-Technica AT822 stereo
microphone with a Superscope PSD300 CD recording system. This recordingwas
reviewed for loss of tone quality. The quality of musical tone and the loss therein are
highly subjective. However, the presence of the hiss associated with clarinetists not
being able to maintain an air seal with the embouchure is one objective indicator of a
compromised tone, and the hiss caused by air leaks in the embouchure was monitored
as an indicator of loss of tone quality. The recordings were also used to monitor
when and how frequently pauses were made by the performer. These pauses, which

were not indicated in the music, were also used as an indicator of fatigue. On the
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second day of testing the subjects were, again, outfitted with the electrodes, alowed
to warm-up, and asked to play the musical exercise. The subjects were asked to
refrain from playing clarinet for two days and return after this rest period for the third
day of testing. The procedure for the third day of testing was the same as the first
two. After each test session each subject was asked severa questions regarding their
self-perceived level of fatigue and how they felt their tone quality changed during the
test session.

After testing was complete, the data from the three testing sessions for each
subject was analyzed with respect to the following questions: When did fatigue occur
in each day? Were subjects more fatigued after the second day of testing? Did the
period of rest improve endurance? Was there a discernable difference in tone quality
associated with fatigue? The answers to these questions with information gathered
from sport-science research were used to synthesize a science based protocol for

creating a training program which devel ops embouchure endurance in the clarinetist.

Explanation of Relevant Terms
Embouchure: Keith Stein, a prominent clarinet teacher defined clarinet
embouchure as:

Embouchure concerns the manner of holding the lips and associated flesh
around the mouthpiece to effect aseal. More importantly, the embouchure
(aided by the breath) controls the many varied tone colorings, pitch changes,
degrees of tonal strength, and nuances — al by delicate fluctuations of lip
pressure against the reed.’

> Keith Stein, “The Stein Corner,” The Clarinet 7 (Fall 1979): 27

11



There are two basic types of clarinet embouchure in common usage, the
single-lip and double-lip embouchures. In hisarticle, “Trendsin Clarinet
Embouchures,” John Graulty gave these descriptions of single-lip and doublelip
clarinet embouchures:

There are two fundamental clarinet embouchures and in both the lower lip

covers the biting edge of the bottom teeth. In asingle-lip embouchure the top

teeth touch the top of the mouthpiece, whereas for a double-lip embouchure
the top lip tucks in between the top teeth and the top of the mouthpiece,
duplicating the bottom lip’s position.*®
Graulty surveyed 347 college clarinet teachers and symphony orchestra clarinetists as
to their use of single-lip embouchure or double-lip embouchure, and 75 percent said
that they preferred the single-lip embouchure, 10 percent favored the double-lip
embouchure and 15 percent switch back and forth between the two.*’

Orbicularisoris: Theorbicularisorisisacomplicated, multi layered muscle
of thelips. Thefibersof the orbicularis oris run in many directions but most run
circularly around the mouth. It inserts into muscles and skin around the mouth, and
functions to close, purse, and protrude lips. It is the kissing and whistling muscle.'®
Although the orbicularis oris can be considered anatomically as asingle unit (a
sphincter muscle surrounding the oral orifice), functionally the lips must be
considered as two separate muscles, the orbicularis oris superioris (the upper lip) and

the orbicularis orisinferioris (the lower lip) because there are fewer fibersin the

corners of the mouth.*® In addition, the majority of the fibersin the upper and lower

16 John Graullty, “Trendsin Clarinet Embouchures,” The Instrumentalist 44 (April 1990): 50.
Y Ibid.

18 Elaine N. Marieb, Human Anatomy & Physiology 5" ed. (San Francisco: Benjamin
Cummings, an Imprint of Addison Wesley Longman, Incorporated, 2001), 334.

12



portions of the orbicularis oris are confined to one side, interlacing at the midline with

the fibers of the other side.?°

Calea
aponeurotica
Frontalis Epicranius
Carrugatar supercilii
Orbicularis oculi Occipitalis
Levater labii _
superioris & Temporalis
%
Zygomaticus
minor and major
Buccinator
Masseter

Risorius
Orbicularis oris Sternocleidemastoid

Mentalis

Trapezius
Depressor
labii inferioris Seleiiis
Depressor anguli oris capitis

Platysma

Figure3: Lateral view of the muscles of the scalp, face, and neck.*

Overuse: Overuse can be defined as, “symptoms associated with activity that

exceeds the biological limits of the tissue involved.”

¥ Elmer R. White and John V. Basmajian, “Electromyographic Analysis of Embouchure
Muscle Function in Trumpet Playing,” Journal of Research in Music Education 22 (Winter 1974): 299.

2 \illiam Jackson Newton, The Activity of Certain Facial Muscles in the B-Flat Soprano
Clarinet Embouchure: An Exploratory Study Utilizing Electromyography Ed.D. diss. University of
North Texas, 1972 (Ann Arbor, Michigan: University Microfilms, 1972): 6.

2L Elaine N. Marieb, Human Anatomy & Physiology 5™ ed. (San Francisco: Benjamin
Cummings, an Imprint of Addison Wesley Longman, Incorporated, 2001), 335. Copyright © 2001 by
Benjamin Cummings, an Imprint of Addison Wesley Longman, Incorporated. Reprinted by
permission of Pearson Education, Inc.

% James A. Howard and Anthony T. Lovrovich, “Wind Instruments: Their Interplay with
Orofacial Structures,” Medical Problems of Performing Artists 4 (June 1989): 64.

13



TMJ: TMJisthe commonly used abbreviation for temporomandibular joint.
TMJisaso commonly used to refer to dysfunction of thisjoint. Ron Odrich, a
clarinetist and dentist described thisjoint:

The temporomandibular joint is a complicated apparatus where the
lower jaw articulates with the upper jaw. It islocated just in front of your ear.
Put your finger there and slowly open and close your mouth. What you feel is
the head of the lower jaw joint dliding from the “fossa,” the socket in which it
sits, over asloping surface as it glides forward.

This slope, a part of the skull, angles downward and forward. The
lower jaw slides over it as the chin is brought downward. The lower jaw, the
mandible, slides forward by means of muscles, which pull its articulating part
over theslope. The part that glides over this slope is shaped more or less like
asmall egg—it iscalled the “head of the condyle.” Interposed between the
condylar head and the slopeis acartilage disc. Thedisciskept in place
between the head of the condyle and the slope by its own set of muscles,
which coordinate with the muscles of the jaw opening. That coordination
ensures a smooth comfortable “ride” when opening your mouth.?

The dysfunction of thisjoint, called TMJ dysfunction or TMD or TMJ, in
clarinet players often comes from players, usually those who have an overbite, who
force their lower jaw forward into a strained, unnatural position to meet the reed.
This strained position causes the muscles to spasm if the position is held too long, and
coordination of the joint will no longer be possible, leading to pain.?*

Focal Dystonia: Focal dystonia can be defined as, “a syndrome of sustained
muscle contractions, frequently causing twisting and repetitive movements, or
abnormal posture. In musicians, dystoniais usually confined to the hand or arm or to

the muscles of embouchure, often experienced only with certain activities.”?® Focal

Dystonia, also known as occupational cramp, is a mysterious problem with much

% Ronald B. Odrich, “Claridontology,” The Clarinet 26 (September 1999): 26.
* Ibid.

% gtephan Schule and Richard J. Lederman. “Focal Dystoniain Woodwind Instrumentalist:
Long-term Outcome,” Medical Problems of Performing Artists 18 (March 2003): 15.

14



controversy related to its diagnoses, treatment, and specific causes. Possible causes
are genetics and overuse.”®

Tapering: Tapering, “atechnique widely used in avariety of sportsand is
perhaps the most critical phase of an athlete's preparation for competition,” isthe
systematic reduction of training intensity prior to an event where peak performanceis
desired.?” Athletic coaches are widely aware that performance can be increased if
athletes are trained close to the point of overtraining and then allowed to recover by
gradually reducing the training intensity.?®

Anatomy of Skeletal Muscle: There are three basic types of muscle tissuein
the human body: skeletal muscle, cardiac muscle and smooth muscle. Cardiac and
smooth muscle tissues are involuntary (they are not subject to conscious control) and
are found in the heart and in the walls of the hollow internal organs respectively.
Skeletal muscle is the tissue of concern for the present study. Skeletal muscle tissues
are attached to bone or, as in the case of the orbicularis oris, to surrounding tissue,
and are controlled conscioudly. All skeletal muscles have a similar anatomy and are

subject to the same physiological and chemical processes for their functioning.?

% Frank R. Wilson, “Current Controversies on the Origin, Diagnosis and Management of
Focal Dystoniain Musicians,” in International Dystonia On-line Support Group Website: available at
http://www.dystonia-support.org/L A-Focal %20Dystonia%20in%20M usi cians.htm, Accessed 13
September 2004.

%" 3ye L. Hooper, Laurel T. Mackinnon, and Alf Howard, “ Physiological and Psychometric
Variables for Monitoring Recovery during Tapering for Maor Competition,” Medicine and Science in
Foorts and Exercise 31 (August 1999): 1205.

% Ibid.

# Elaine N. Marieb, Human Anatomy & Physiology 5™ ed. (San Francisco: Benjamin
Cummings, an Imprint of Addison Wesley Longman, Incorporated , 2001), 277.

15



Each skeletal muscle is a discrete organ, made up of several types of tissue
and can be considered a bundle of groupings of fibers each with its own outer
wrapping. Thelargest structure, the muscle itself, is wrapped in atissue called the
epimysium that blends with surrounding tissue such as tendons and the epimysium of
other muscles. Within thislarger structure, there are hundreds to thousands of fibers

gathered in bundles which are known as fascicles.*

Muscle (organ)

Epimysium Fascicle Muscle Tendon

Figure 4: Diagram of muscle.*

These fascicles are grouped together by a covering called perimysium. Each
fascicleis abundle of the individual muscle fibers which are individual,
multinucleated cells, and each fiber is wrapped in its cell membrane called the
sarcolemma and covered by afine sheath of connective tissue known as the

endomysium.*

% |bid., 278.

3 |bid., 282. Copyright © 2001 by Benjamin Cummings, an Imprint of Addison Wesley
Longman, Incorporated. Reprinted by permission of Pearson Education, Inc.

% |bid., 278.
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Fascicle (a portion of the muscle)

i

Muscle fiber
(cell)

Part of a fascicle Perimysium

Figure5: Diagram of fascicle.®

On the microscopic level each muscle fiber contains alarge number (hundreds

to thousands) of myofibrils which run parallel to each other, extend the entire length

of the cell, and have a banded appearance.®

Muscle fiber (cell)
Nucleus

Part of a muscle fiber Striations

Figure 6: Diagram of muscle fiber.*®

% bid., 282. Copyright © 2001 by Benjamin Cummings, an Imprint of Addison Wesley
Longman, Incorporated. Reprinted by permission of Pearson Education, Inc.

3 |bid., 280.

% bid., 282. Copyright © 2001 by Benjamin Cummings, an Imprint of Addison Wesley
Longman, Incorporated. Reprinted by permission of Pearson Education, Inc.
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The banding pattern on the myofibrils arises from the presence of an
interlocking and overlapping arrangement of thin (actin) filaments and thick (myosin)
filaments. Each area of banding is the smallest functional unit of muscle tissue and is

called a sarcomere.*®

Myofibril or fibril (complex organelle composed of
bundles of myofilaments)

Myofibril
Sarcomere

Figure 7: Diagram of myofibril.*’

The sarcomere is the contractile unit of the muscle and is composed of
myofilaments made up of contractile proteins. The vertical line bisecting the

sarcomereisreferred to asthe M line.®®

% |bid., 280.

3 |bid., 282. Copyright © 2001 by Benjamin Cummings, an Imprint of Addison Wesley
Longman, Incorporated. Reprinted by permission of Pearson Education, Inc.
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Sarcomere (2 segment of a myofibril)

«——— Sarcomerg —————>

Thin (actin) filament Thick (myosin) filament

Figure8: Diagram of sarcomere.®

The thin filaments within each sarcomere are made of two smaller
interlocking proteins. The thick filaments have a more complex shape created by
many heads, made of the protein myosin, which protrude from the side of each
filament. These heads are sometimes called cross bridges because they link the thick
and thin filaments together and create the tension devel oped by a muscle cell during

contraction.*

* |bid., 282. Copyright © 2001 by Benjamin Cummings, an Imprint of Addison Wesley
Longman, Incorporated. Reprinted by permission of Pearson Education, Inc.
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Myofilament or filament (extended macromolecular structure)

Actin molecules

Thin filament

i ;.-.._ ,_ o .,,. ; I :

Thick filament Head of myosin molecule

Figure9: Diagram of filaments.*

Muscle Contraction: During contraction, the sarcomeres within the muscle
become shorter due to a four-step electrochemidl cycle involving the introduction of
adenosine triphosphate (ATP), an energy rich molecule. In thefirst stage, the myosin
heads are strongly attached chemically to the thin filaments and are in a high energy
state. In the second phase, the working stroke, the myosin head pivots from this high-
energy configuration to its bent, low-energy shape, which pulls on the thin filament,
diding it toward the M line (center) of the sarcomere. At the same time adenosine
diphosphate (ADP) and inorganic phosphate (P;) generated during the prior
contraction cycle are released from the myosin head. During the third stagean ATP
molecule binds to the myosin head, and breaks the connection of the myosin to the
thin filament. In thefinal stage of the contraction cycle, the ATP is broken down into
ADP and P,. This provides the energy needed for the myosin head to return to its

attached, high-energy position.*?

L bid., 282. Copyright © 2001 by Benjamin Cummings, an Imprint of Addison Wesley
Longman, Incorporated. Reprinted by permission of Pearson Education, Inc.
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Myosin head

(high-energy

configuration) 27
y

@ Myosin cross bridge attaches to the actin
myofilament

Thin filament

ADP and P,
{Inorganic
phosphate)
released

o TaTP s, S
< hydrolysis + r

(@) As ATP is split into ADP and P, cocking of (&) Warking stroke—the myosin head pivots and
the myosin head occurs ! bends as it pulls on the actin filament, sliding
it ioward the M line

Myosin head
{low-gnergy
configuration)

@ As new ATP attaches to the myosin head,
the cross bridge detaches

Figure 10: Diagram of muscle contraction.*®

A single working stroke results in a shortening of the muscle by about only

1%. Because a muscle shortens by about 30% to 35% of its resting length during a

3 |bid., p. 287. Copyright © 2001 by Benjamin Cummings, an Imprint of Addison Wesley
Longman, Incorporated. Reprinted by permission of Pearson Education, Inc.
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full contraction, myosin heads must detach and attach many times during asingle
contraction.”

Motor Units: Each muscleis associated with at least one nerve thatbranches
to several individual muscle fibers. The nerve and all of the muscle fibersit servesis
called amotor unit. A motor unit may contain several hundred individual fibers, for
large load bearing muscles, or as few as four, for muscles that exert fine control. The
muscle fibersin amotor unit are not clustered together. Instead, they are spread
throughout the muscle. Thisresultsin aweak contraction of the entire muscleif only
one motor unit is stimulated. A muscle will produce a stronger and stronger
contraction as more and more motor units are recruited.®

Resting and Action Potentials. The sarcolemma, the muscle fiber’s outer
membrane, like all cell membranes, selectively permits certain ions to pass through it.
When amuscle fiber is a rest, the selective permeability of the sarcolemma allows
more potassium ionsinto the cell while leaving a higher concentration of sodium ions
outside the membrane. This causes the inside of the cell to have a negative charge
compared to the outside. This charge of the muscle fiber at rest is known as the
resting potential.

The electrical signal from the nerve causes a series of events that cause the
muscle to contract. When anerve signal stimulates the negatively charged resting
muscle fiber, the sarcolemma allows sodium ions to enter the cell and causes the cell

interior to become less negative. If the nerve impulse is strong enough, this process

“ |bid., 288.

5 |bid., 293.
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will propagate throughout the fiber. The change in voltage across the sarcolemmais
called the action potential. The action potential lasts for only a fraction of a second
before the resting potential isrestored by fall in the sodium permeability of the
sarcolemma and its drawing of potassium into the interior of the cell.*® The action
potentials must arrive continuously to maintain the contraction. *’

These electrical action potentials can be measured with electromyography,
and the scientific literature has documented the relationship between muscle force
production and EMG amplitudes as well as the relationship between muscle fatigue
and EMG activity.®

EMG: Electromyography or EMG is a“technique for studying live muscle
function through the use of various types of electrodes and associated electronic
apparatus that can detect, measure, and record minute electrical discharges (EMG
potentials or action potentials) produced by muscles during contraction.”*® Figure 11

isan example of atypical EMG output from this research project.
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Figure 11. Typical EMG output.

| bid., 289.
47 |bid., 292.

“*8 RS Clinic. Homepage for the RSI Clinic. Available at http://www.rsiclinic.com/index.html.
Accessed 7 March 2004.

“* Elmer R. White and John V. Basmajian, “Electromyographic Analysis of Embouchure
Muscle Function in Trumpet Playing,” Journal of Research in Music Education 22 (Winter 1974): 293.
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EMG requires the use of either needle electrodes which penetrate the skin to measure
the activity in only one isolated motor unit, or surface electrodes which are non-
invasive and adhere to the skin. Surface electrodes measure the firing of many motor
units at one time and provide a better statistical sampling than the use of needle
electrodes.® There are two characteristics of the EMG signal which are of interest to
researchers. the amplitude of the signal (measured in micro volts, puv) and the
frequency of the signal (measured in Hertz, Hz). The amplitude of the signal isan
indication of how many motor units are being recruited to perform a particular
contraction. During a sustained maximal effort (working a muscle as hard as
possible) there may be an increase in EMG amplitude (especially in large muscles)
because more and more motor units are recruited as others fatigue. Eventually,
however, there will be a decreasein EMG amplitude as the entire muscle fatigues.
Because the orbicularis orisis a small muscle, and most of its motor units are
recruited from the beginning of each contraction, a decrease in EMG amplitude
indicates its fatigue. The frequency of the EMG signal is an indication of how fast
the electrical impulses from the brain stimulate each contraction. Asamuscle
fatigues, these impulsestravel slower. Therefore, adecreasein EMG frequency is an
indication of fatigue.

Integrated EMG: Integrated EMG or IEMG is aprocessed version of the

EMG signa which is graphically more useful. Thefirst step of integrating the signa

* Housh, Terry J., DonaJ. Housh, and Herbert A. deVries, Applied Exercise and Sport
Physiology (Scottsdale, Arizona: Holcomb Hathaway, 2003), 231.
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isto render all values as positive values by inverting the negative values.>* Thearea
under the rectified signal is calculated; values are summed over time and then divided
by the total number of values.®* Theresult isagraphic output thatis always positive.
Aswith the amplitude of the EMG signal, adecrease in IEM G indicates fatigue.
Fatigue: Elaine N. Marieb defined muscular fatigue as, “a state of
physiological inability to contract.”>® Thisis caused by the demand for ATPin the
muscle exceeding the production of ATP. A small amount of ATP is aways present
in the muscles, but it quickly becomes depleted during muscle activity. By thetime
the ATP in amuscle is depleted through activity, the body will have begun producing
more ATP through the breakdown of carbohydrates which are also stored in the
muscle. These carbohydrates are used to produce lactic acid which in time release
energy to produce more ATP. If the muscles become saturated with lactic acid,
however, fatigue will set in and the muscle will not able to contract. A time of
recovery is needed to alow the bloodstream to carry away excess lactic acid.>
Marieb also differentiated between physiological muscle fatigue as described
above and psychological fatigue “in which we voluntarily stop exercising when we

fedl tired.”*

*! John V. Basmajian and Carlo J. De Luca, Muscles Alive: Their Functions Revealed by
Electromyography, 5" ed. (Baltimore: Williams and Wilkins, 1985), 95.

2 1bid., 97.

%% Elaine N. Marieb, Human Anatomy and Physiology, 5" ed. (San Francisco: Benjamin and
Cumming, an Imprint of Addison Wesley Longman, Incorporated), 300.

> John O. Pursell, “Pumping Brass: The Application of Athletic Weight Training Principles
to Trumpet Embouchure Development,” 1TG Journal 24 (March 2000): 55.

% Elaine N. Marieb, Human Anatomy and Physiology, 5" ed. (San Francisco: Benjamin and
Cumming, an Imprint of Addison Wesley Longman, Incorporated, 2001), 300.
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Symptoms of fatigue include tremors, loss of muscle strength, loss of
coordination, and feelings of weariness and irritability.>®

Measuring fatigue with EMG is a complicated issue. Asmotor units begin to
fatigue, additional motor units are recruited to continue the same task, especialy in
large muscles. Thisincreasein recruitment of motor units, caused by fatigue, can
actually appear as an increase in integrated EM G voltage. Over a prolonged period of
sustained muscle activity, however, the general trend in voltage is downward.

Endurance: Enduranceisthetimelimit that a personisableto maintain a
specific muscle contraction or power level involving combinations of muscle
contractions and relaxations.”’

Training Principles: Thegoal of training, for either athletic performance or
musical performance, isto bring about a biologic adaptation that improves
performance. Although there are different training regimens designed to bring about
different adaptations depending on the goals of each individual, severa principals are
common to any successful program. These common principlesare: Overload
principle, specificity principle, individual differences principle, and reversibility
principle. Overload istraining at an intensity higher than normal which causes an
adaptation toward more efficient body function. An appropriate overload for an
individual can be achieved by increasing the frequency, intensity, and duration of
training. Specificity refersto the fact that specific adaptations result from the specific

type of overload imposed. For the clarinetist an example of this principle would be

% Terry J. Housh, Dona J. Housh, and Herbert A. deVries, Applied Exercise and Sport
Physiology (Scottsdale, Arizona: Holcomb Hathaway, 2003), 225.

> William D. McArdle, Frank |. Katch, and Victor L. Katch, Exercise Physiology: Energy,
Nutrition, and Human Performance, 4" ed. (Baltimore: Williams and Wilkins, 1996), 702.
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that effective and specific practice focused on endurance at soft dynamic levels would
bring about an adaptation in that area and would not likely have an effect on
endurance at loud dynamic levels. Individua differences refersto the fact that each
person will benefit in an individual way from different types of training, and that
successful training programs should be designed for each individual to meet the
specific needs of each individual. The reversibility principle deals with the loss of
training benefits when a person ceases participation in atraining program.
Measurable losses in training benefits can occur after as little as one week of not
training.

Recovery: Thisterm can be difficult to define because, as stated by
Kellmann, “A clear and sufficient definition of recovery can rarely be found in the
literature. Authors discussing overtraining, especialy in the field of sports medicine,
often refer to recovery but do not provide detailed information on what physiological
and psychological recovery isabout.”*® Kellmann did, however, generally define
recovery as, “the compensation of deficit states of an organism (e.g., fatigue or
decrease in performance) and according to the homeostatic principle, are-

establishment of the initial state.”®°

® William D. McArdle, Frank |. Katch, and Victor L. Karch, Exercise Physiology: Energy,
Nutrition, and Human Performance, 4™ ed. (Baltimore: Williams and Wilkins, 1996), 393-96.

%9 Michael Kellmann. “Underrecovery and Overtraining: Different Concepts-Similar
Impact?’ Olympic Coach 15, Summer 2003 [journal on-lin€];
http://coaching.usol ympicteam.com/coaching/kpub.nsf/v/2SEPT03; I nternet; accessed 29 June 2004.
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Stone and Stone offered a very direct definition of recovery: “regaining what
was lost.”® They noted that this concept becomes frustrating because it returns the
athlete only to where they started.

Recovery-Adaptation: Stone and Stone went on to define adaptation as, “the
process of adjustment to a specific stimulus ... which ultimately lead[s] to improved
performance.”® Thisis amuch more satisfying prospect, and in a situation of
training for an increased level of performance, “recovery-adaptation becomes
paramount.” %

Underrecovery: Kellmann described underrecovery as, “the failure to fulfill
current recovery demands. Underrecovery can be the result of excessively prolonged
and/or intense exercise, stressful competition, or other stressors.”® Kellmann also
noted that “underrecovery is the precursor/cause of overtraining.”

Overtraining: Kellmann described overtraining as, “an imbalance between
stress and recovery.”® Stressin this definition can take the form of all training,

competition and additional non-training stress factors such as social, nutritional and

other environmental factors.®’

® Michael H. Stone and Margaret. E. Stone. “Recovery-Adaptation: Strength and Power
Sports.” Olympic Coach 15, Summer 2003 [journal on-line];
http://coaching.usolympicteam.com/coaching/kpub.nsf/v/4Sept03; Internet; accessed 29 June 2004.
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The 1998 United States Olympic Committee defined overtraining as, “the
syndrome that results when an excessive, usualy physical, overload on an athlete
occurs without adequate rest, resulting in decreased performance and the inability to
train.”®

Periodization: Periodization isatraining concept first revealed by a Russian
scientist in 1972. It involves subdividing atraining period, such as a year
(macrocycle), into smaller phases (mesocycles). Each mesocycleis further divided
into weekly microcycles. The purpose of this fractioning of the mesocycleisto
manipulate the training intensity, volume, frequency, rest periods, and variety of
workouts. The desired result is the reduction of overtraining related to physiological

muscle fatigue and staleness related to psychological muscle fatigue. This approach

to training has been successfully used by both novice and champion athletes.®

* Ibid.

% K risten Peterson. “Athlete Overtraining and Underrecovery: Recognizing the Symptoms
and Strategies for Coaches.” Olympic Coach 15 Summer 2003 [journal on-line];
http://coaching.usol ympicteam.com/coaching/kpub.nsf/v/5Sept03; I nternet; accessed 29 June 2004.
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II. REVIEW OF RELATED LITERATURE

Literature relevant to this study comes from several diversefields: Clarinet
pedagogy, musical performance endurance, overuse injuries, medical studies
involving the orbicularis and EMG, studies involving EMG and musicians, and sport-

science studies involving fatigue, recovery, and training protocols.

Clarinet Pedagogy

Steven W. Allen began his discussion of clarinet embouchure by describing
three distinct types of clarinet embouchures, the French double-lip embouchure, the
German, and the American single lip embouchure, each having its own distinct
timbre. Hisarticle continued and focused on the American embouchure which was a
fusion of the French and German styles. He gave four essentia steps for achieving
the American embouchure and subsequently the characteristic timbre:

(1) thetop teeth must be firmly planted on the top of the clarinet mouthpiece;

(2) the chin must be pulled flat and firm to keep excess lip away from the

reed; (3) just enough bottom lip must be placed over the bottom teeth so that

acushion for the teeth is provided; (4) the corners of the mouth must be held

firm and pushed in toward the mouthpiece.”
Thislast step shows the importance of the orbicularis orisin forming the clarinet
embouchure because it is this muscle that creates the action of pushing the corners of
the mouth toward the mouthpiece.

John Graulty discussed the differences in the single-lip and the double-lip

clarinet embouchures, and he noted that some teachers use the double-lip embouchure

0 Steven W. Allen, “Embouchure and Tone Production,” The Instrumentalist 28
(January 1974): 51.
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“asaway of encouraging players to engage the top lip muscles when forming the
embouchure.””* Thetop lip is, of course, the obicularis oris, and Graulty stated that,
“one thing all clarinetists seem to agree on is that the top lip serves as more than an
air seal on the top of the mouthpiece...the most important function of the top lip in
embouchure formation is to provide muscular support aswell as an air seal on the top
of the mouthpiece.” ”? Graulty highlighted the importance of the muscular activity of
the orbicularis oris, but he offered no suggestions to devel op the appropriate control.
Because “intonation is acritical and ever-changing situation,” Kalman Bloch
offered several suggestions to clarinetistsin his article “Clarinet Intonation.””® He
stated that:
The first and most obvious way of changing a note’s pitch iswith the
embouchure. Tightening the lips around the reed and mouthpiece sharpens a
pitch, relaxing flattens it. Because most clarinetists play with afirm
embouchureit is easier to flatten than sharpen; lowering a pitch by as much as
asemi-toneis not difficult. Y ou should be able to increase or diminish
embouchure pressure by infinitesimal degrees as asmall shift resultsin
appreciable pitch change.™
These embouchure control requirements rely on the effective use of the orbicularis
oris muscle, and these fine tuning adjustments become more difficult or impossible if
the muscleisfatigued. Although Bloch gave reasons for the importance of the
embouchure muscles, he did not offer any suggestions to devel op the muscles.

Walter Boeykens addressed the issue of air escaping around the mouthpiece

while playing the clarinet.

™ John Graulty, “Trendsin Clarinet Embouchures,” The Instrumentalist 44 (April 1990): 50.
 Ibid.
3 Kalman Bloch, “Clarinet Intonation,” The Instrumentalist 46 (November 1991): 42.
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Most clarinetists, even professionals, make this airy sound, especially
when playing loudly. The slur or liason [sic] between notesis easier to play
when more air is allowed to escape. When the mouth is closed more firmly, it
becomes more difficult to make anice liason [sic]. Clarinetists think it’s not
serious, but non-clarinetists are disturbed and unnerved by this noisy escape of
ar.
A good teacher reminds the student not to allow the air to escape out
of the sides of the mouth.”
Closing the mouth “more firmly” implies increased muscle activity, and this already
difficult task becomes more difficult asfatigue setsin. Escaping air istherefore an
indicator of and associated with fatigue. Boeykens suggested that the clarinetist
“approach the problem as an athlete would, developing one area (like the biceps) at a
time” and focus on this one problem for several weeks.”® This suggestion is flawed
because he offered no athletic training regimen to correct the problem, and athletes, in
genera do not focus on just one areafor several weeks. If an athlete trains one
muscle group more than an opposing muscle group, thereis a greater chance for
injury due to imbalance, loss of flexibility, and thereis less time for recovery for the
muscle of focus.”’

James Collis wrote his article, “On Clarinet Embouchures,” in 1969, and
began his discussion making it clear that, “no two [professional clarinetists] use the

same embouchures.” ”® He pointed out that any good embouchure must produce good

tone, attack, articulation, and intonation, and a“flabby, soft, and lumpy lip will give

= Walter Boeykens, “Playing the Clarinet with Finesse,” The Instrumentalist 42 (November
1987): 28.

% bid.

" Elaine N. Marieb, Human Anatomy & Physiology 5" ed. (San Francisco: Benjamin
Cummings, an Imprint of Addison Wesley Longman, Incorporated, 2001), 306.

8 James Collis, “On Clarinet Embouchures,” The Instrumentalist 23 (May 1969): 58.
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us none of theseresults.””® The descriptors of an inadequate embouchure he used are
associated with alack of muscle activity, and he went on to state that, “afirmlipisa
requirement.”®® Firmnessis associated with sustained muscle activity. Much of his
article was concerned with flexibility which can be increased by nerve impul se speed.
The speed of the nerve impulses can be encouraged by proper training.2*  Although
he stated that, “the lip muscles alone have sufficient strength, when devel oped, for all
playing requirements,” he offered no suggestions for the proper development of these
muscles.® His use of the word “strength” is perhaps erroneous because Fuhrimann,
Schipbach, Thier and Ingervall found that in a study of clarinetists, trumpeters, and a
control group of non-musicians, that the musicians had the same lip strength as the
control group.®® Collis may have been more accurate if he had emphasized the
development of endurance.

Clarinet pedagogue David Pino studied with Keith Stein for fifteen years, and
presented a summary of Stein’sideas on clarinet embouchure in The Clarinet.
Although he acknowledged that thereis little information about exactly how the
embouchure should function for maximal results, and ideas regarding embouchure
vary greatly from teacher to teacher, he observedhat to achieve maximal results the

embouchure should have “the flexibility to encompass the widest intervals with ease,

" 1bid.
% 1pid.

8 John Pursell, “Pumping Brass: The Application of Athletic Weight Training Principlesto
Trumpet Embouchure Development,” 1TG Journal 24 (March 2000): 56.

8 James Collis, “On Clarinet Embouchures,” The Instrumentalist 23 (May 1969): 58.

8 Susanne Fuhrimann, Andres Schiipbach, Urs Thiler and Bengt Ingervall, “Natural Lip
Function in Wind Instrument Players,” European Journal of Orthodontics 9 (August 1987): 216.
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and [maintain] relatively the same degree of muscular firmnessin al registers.” %

This pointsto the fact that the embouchure muscles must perform a static contraction
with little rest during rests and breathing. These rest periods are exceedingly short
compared to the time spent actually playing. Pino divided the procedure for forming
aclarinet embouchure into steps pertaining to the “lower half” and the “upper half.”
He describes the “upper half” as the “rectangular area of flesh and musculature
bounded by the mouth line below, the nostrils above, and ranging outward to the
mouth corners.”® Although he did not name the muscle involved, heis clearly
describing and illuminating the importance of the orbicularis oris superioris. He
further emphasized the importance of this muscle by stating that one of three factors
for the success of an embouchure is * maintaining sufficient firmness in the upper
lip.”® Thisis not possibleif the orbicularis oris becomes fati gued.

In an earlier article in The Clarinet, Tom Ridenour disagreed with Pino on the
point of pedagogical agreement. Ridenour claimed, “there is genera agreement
among clarinet teachers about the basic elements of a correct clarinet embouchure.”®
He then contradicted himself by describing “two methods which are used in exerting

pressure to control the reed.”® He did, however, agree with Pino that the upper lip

plays an important role in the formation of a good embouchure, and that players who

8 David Pino, “The Clarinet Teaching of Keith Stein, Part Two: The Embouchure,” The
Clarinet 30 (December 2002): 82

8 1bid., 84.
% |bid., 85.

8 Tom Ridenour, “The Hidden Embouchure: A Monograph on Clarinet Embouchure,” The
Clarinet 9 (Summer 1982): 16.
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use a single-lip embouchure “ should develop the upper lip to share control of the
mouthpiece.”® He did not, however, address any issues concerning the consequences
of fatigue and how to develop the upper lip.

Thomas Gerbino also agreed with the importance of the upper lip in the
clarinet embouchure. He deemphasized the role of the lower lip stating that it is often
a source of too much tension and unnecessary pain. He stated that “the use of the
upper lip” answers the question of how to gain maximum embouchure control
without pain.*® He noted that in a good clarinet embouchure the upper lip should
appear “curled, and rather tight against the upper teeth.”®* This description certainly
indicates that arelatively high and steady level of muscle activity isrequired from the
orbicularis oris to form a clarinet embouchure.

Earl M. Thomas captured the foundation of the present study when he opened
hisarticle:

One of the most gratifying clarinet teaching experiences | know is that
which comes when | observe my student maintain a sameness of embouchure
angle and a firmness of chin throughout along period of playing time. There
are many factors involved in achieving this satisfaction — one of the most
significant is careful and patient development of the student’s muscles of
facial expression.*?

He also named and diagramed all of the muscles used in forming a clarinet

embouchure, including the orbicularis oris. In his closing he related athletic training

to training the embouchure muscles and emphasized the importance allowing

8 1bid., 17.
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35



“sufficient rest during practice sessions.”*® Although he recognized fatigue as a
negative factor in developing a proper embouchure, he did not propose any
suggestions for how to implement a practice schedule with an appropriate amount of
rest.

Michael Webster al'so made an athletic training connection to clarinet
pedagogy. His, however, was focused on developing speed of the fingers. Herelated
the interval training of runners, where runners train with an aternation of sprints and
walks to build speed while minimizing fatigue, to building technical speed on the
clarinet. For sprinting on the clarinet, he suggested that the player limit the number
of notes attempted and start with easy fingering combinations. These short bursts of
guick technique should be aternated with slower passages that give the fingers a
chance to rest and to allow the player to recover mentally.** Thismusical training
approach, based in well-established athletic training protocols, is supported by the
ideathat all skeletal muscles respond in a similar manner to conditioning regardless
of where they are located.

Bonnie Heather Campbell conducted a study similar to the present project,
and she drew some relevant conclusions in her survey of clarinet literature. She
found a variety of explanations of clarinet embouchure because thereis a“wide range
of opinion on various aspects of embouchure formation such as the position and
function of the upper and lower lips, tongue position, amount of mouthpiece in the

mouth (often referred to as ‘bite’), the oral cavity, angle at which the instrument is

% bid., 11.

% Michael Webster, “Gaining Speed (A New Kind of Interval Training),” The Clarinet 29
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held, and jaw position and function.”® She cited several authors who believed that
the embouchure should remain in a steady state of tension at all times while playing
the clarinet, and she cited several authors who believed that the embouchure should
be more flexible. She found that some authors gave explanations that were
paradoxical in nature because at times some authors seemed to be “saying, ‘ The
embouchure should remain stable during playing, but there are certain adjustments
that need to be made.”” % Campbell concluded her discussion on clarinet
embouchure pedagogy by acknowledging that “athough some of the seeming
contradictions in explanations of embouchure function may be largely semantic, the
issue of muscular adjustments during playing is, indeed, complex.”¥” This agrees
with Basmajian, an electromyography expert, that “neuromuscular control of skillful

motor performance reaches its acmein music”®

Musical Performance Endurance
David Baldwin, Professor of Trumpet at The University of Minnesota at
Minneapolis, divulged his “Seven Secrets of Endurance” in arecent article. Although
he offered no scientific basis for his suggestions, severa of his secrets followed the

principles of athletic training. He suggested that players, “ ease mouthpiece pressure

% Bonnie Heather Campbell. An Exploratory Sudy of the Functioning of Selected
Masticatory Muscles during Clarinet Playing as Observed Through Electromyography D.M. diss.
Indiana University, 1999 (Ann Arbor, Michigan: University Microfilms, 2000): 25.
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at al rests and phrase endings,” to allow the blood to re-circul ate back into the lips.*
He also recommended that players, “Practice in specific chunks of time — play then
rest,” and to “use pedal tones and a 10-20 [sic] minute break ...”*® These
suggestions encourage the prevention of excessive fatigue and are similar to a pre-
determined athletic training regimen involving a specific number of repetitions of a
particular exercise followed by arest period. His last suggestion was for the player to
“do isometric exercises with the lips’ twice aday.'® Thislast suggestion isnot in
agreement with athletic training protocols because he does not suggest a break or
recovery period from this exercise.

Andrew Pelletier offered several suggestionsin his article, “Embouchure
Health and Maintenance.” He suggested that players be sensitive to the feel of the
embouchure and adjust practice strategies accordingly. He suggested that long
practice sessions be divided into smaller sessions interspersed with periods of rest.
He also suggested that performers get enough rest at the end of each day.'® Although
he did address the issue of rest, he did not consider the idea of not playing for aday or
two on occasion. Thisisinteresting because the introduction of his article describes
one of Pelletier’s personal experiences with sharp muscle pain around his mouth
which lead to a nine month recovery period. He recognized that he had inured muscle

tissue and that the injury was avoidable, much like a sport-related injury.
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John Pursell, the Senior Ceremonia Trumpet Player inthe U. S. Air Force
Band in Washington, D. C., published an article titled, “Pumping Brass. The
Application of Athletic Weight Training Principlesto Trumpet Embouchure
Development,” inthe TG Journal. In theintroduction to this article Pursell stated
that, “For both the athlete and the trumpet player, the two most important elements of
physical conditioning are strength and endurance. No athlete or trumpet player can
perform successfully if one of these attributesiis absent.” % Although Pursell was
writing for an audience trumpet players, many of his comments are relevant to this
study because both trumpet and clarinet embouchures use common muscles,
specifically the orbicularis oris.*® In the first section of the article, Pursell gave a
clear description of the physiological aspects of muscle function. He discussed
catabolism, where substances are broken down and anabolism where larger molecules
are built from smaller ones. He discussed the catabolic process in which the chemical
adenosine triphosphate (ATP), the “most important source of chemical energy for all
living organisms” is produced and used by the muscles.’® He discussed the effects of
exercise on muscles and pointed to several effects including the muscle becoming
larger, the muscle becoming stronger, the muscle gaining endurance, the nerve
impulses traveling more quickly, and an increase in the number of capillariesin a
trained muscle, and therefore, better circulation of blood to the muscle. Pursell

highlighted the last two effects with respect to their specialrelation to embouchure
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development because “the rapid flow of nerve impulses to the muscle fibers would
seem to be an aid to flexibility and ...a greater number of capillaries would mean
increased blood flow to the embouchure muscles, thereby increasing the amount of
oxygen flow. Thiswould aid in quicker production of ATP, reducing recovery
time.”!% Pursall continued his article with a section sub-titled, “Necessity of Rest.”
He stated that, “Rest is essentia to the proper function of the muscles. It is during the
rest period that the muscles ‘recharge’ themselveswith ATP.”**” He made a
distinction between short rest periods within a practice session and longer periods of
rest between sessions, and he emphasized that both were necessary. He thoroughly
discussed how the short periods of rest should be worked into a practice session. He
did not, however, make any comments about how to design a practice routine with an
appropriate amount of rest between practice sessions.’®

Chase Sanborn, another trumpet player, wrote about building endurance
because “endurance is often cited as aweakness by trumpet students.”*% Although
he equated endurance with strength, which is not how sport-scientists use these terms,
he related building endurance in trumpet playing to building endurance in an athlete.
He used an accurate example of along-distance runner who would gradually increase
the length of daily runs, running increasingly longer distance on some days, alowing
for shorter runs on others, and allowing sufficient rest time for the muscles to rebuild.

He reminded the reader that the embouchure is made of flesh and tissue and “it is
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going to get tired with extended playing, and needs rest.”**° He failed to cite,
however, how much rest is necessary for the runner or trumpet player. Inthe
conclusion of his articles he stated that “the really great days are few and far between,
and rarely occur when we most need them.”*'* Although Sanborn made some
accurate parallels to athletic and musical training, he seemed to fail to realize that the
“great days’ could be intentionally placed by an effective training regimen.

Because the question of endurance came up most at his clinics, trumpet player
Mike Vax aso wrote on endurance. Although Vax did not make any direct sport-
science relationships, he did note, “Rest is of primary importance in your practice
schedule. The practice period becomes much more meaningful if you are not fighting
fatigue while trying to concentrate on improvement.”**?  Although Vax did make
suggestions for planning periods of rest during a practice session, he made no

comments on how much to rest between practice sessions.

Overuselnjuries
In hisarticletitled, “What Every Musician Needs to Know about the Body,”
David Nesmith discussed a process known as body mapping which isintended to help
prevent overuse injuries. The body mapis, “one’s self representation in one’'s own
brain.” The body map can be accurate, which would encourage proper use of the

body, or the body map can be erroneous, which can lead to improper use of the body
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and injury.™® This recently popularized concept of body mapping and related
subjects such as the Alexander Technique, which also involves proper usage of the
body, is similar to the idea of self-perceived endurance levels. It isvery important for
performers to be aware of not only their anatomy and how to properly use their
bodies, but also their own endurance limitations.

Susan Betz, an amateur clarinetist, wrote about her temporomandibular joint
(TMJ) dysfunction. She described the general symptoms which included severe
headaches; pain in the back, shoulder, arm, chest, around the ears, face, and neck;
difficulty in opening the mouth; fatigue in the tongue, and general fatigue. She also
described problems specific to clarinetists such as eyes blurring while playing, feeling
fatigued while playing, dropping the clarinet due to pain, and embouchure muscles
shaking while playing.*** Many of these symptoms are related to fatigue and can be
exacerbated by fatigue and overuse.®> Because of the serious nature of this problem,
Betz was careful not to offer any medical advice, but instead referred clarinetists to
competent medical authorities.

Ron B. Odrich, clarinetist and periodontist, gave a very good description of
TMJ dysfunction, which appearsin the introduction. The simple solution to the pain

caused by forcing the lower jaw forward he gaveis, “don’t do that.”**® He continued
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by suggesting that players who suffer from this condition play with a natural
orientation of their jaws. Finally he pointed out that this new arrangement could
seem awkward at first, and to “approach it slowly because another set of muscles
needs to be devel oped to support the reed.”**’” He approached the topic of fatigue and
building endurance, but he did not offer a sample training regimen to effectively and
safely train the embouchure into proper usage.

Two dentists, James A. Howard and Anthony T. Lovrovich, reported on a
varied collection of surveys involving the problems of the facial muscles suffered by
wind musicians. They reported that overuse or misuse of orofacial structures can
become a medical malady and that, “poor lip control, muscle fatigue ... can all
compromise the embouchure.” *® They also found that rapidly increased practice
time for awind musician predisposes the musician to overuse injuries.**®

Spahn, Hildebrandt, and Seidenglanz studied an elective course at the Zirich
Conservatory. The course designed to prevent playing-related health problems,
consisted of a“combination of practice and theory, integrating methods of physical
training and physical awareness and performance training with basic knowledge in
anatomy, physiology, psychology, and learning techniques.”** They found that not
only did the students involved find “the subject of ‘ Physiology of Music and

Performing Arts Medicine,” regular coursesin it, and thelir institutionalization
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important,” but also that “all the participants of the course-independently of any
symptomsinitially present-profited in areas of significance to musicians.”*** This
study supports the notions that musicians are interested in playing related concepts of
physical conditioning and that musicians can benefit from such training.

Joann Marie Kirchner conducted a survey of pianists who suffer from
performance anxiety, and although performance anxiety is not an overuseinjury, it
could berelated. Kirchner enumerated symptoms of performance anxiety that
included muscle reactions. In this area she found that respondents suffered from
shaking where “the anxiety within the individual resulted in movements over which
they had no control. These physiologic manifestations included involuntary shaking
or tremors, of various body parts, especialy the hands and legs.”*** She also found
that “in addition to involuntary shaking or trembling, the participants reported
increased muscle tension. Several pianist specifically mentioned tension in the arms,
back, and shoulders. At times, the tension would be noted by the pianists for several
days before subsiding.”**® These symptoms are very closely related to those of
fatigue, and a pianist who practices excessively prior to a performance would be more
susceptible to fatigue, especially under the stress of performance.®* It is possible that

proper endurance-building training could aleviate these symptoms.
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Janet Davies and Sandra Magion surveyed 240 professional musicians for
causes of playing-related pain. The most common reply for causes of pain was long
sessions of playing or practice, and the situations that triggered the most severe
episodes of pain and subsequent recurrences of pain were heavy professional
schedules and long sessions.*® The topics of endurance and recovery time are critical
here and should not be ignored. Thistype of pain can possibly be prevented if the
body is properly conditioned and allowed to recover regularly.

In an excerpt from his book titled Medical Problems of the Instrumentalist
Musician, Frank R. Wilson described several issues related to focal dystoniain
musicians. His research indicated that “there is now considerabl e anecdotal evidence
associating occupational cramps [focal dystonia] with cumulative trauma disorder

(CTD), overuse syndrome (OS), repetitive strain injuries (RSI).” %

Medical StudiesInvolving EMG
A. W. Kelman and S. Gatehouse highlighted the extensive use of EMG in the
field of phonetics, but they noted that different electrode placements made it difficult
to correlate results of different studies. In their study involving the activity of the
orbicularis orisin the production of certain phonetic sounds, they used small standard

silver/silver chloride cup electrodes filled with electrode jelly and attached with
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adhesive disks. They aso used a grounding electrode attached to the forehead.™*’
They found that there was very little difference in the activity of the left and right
sides of the orbicularis oris.'*®

EMG feedback has been used in therapeutic settings. A study published in the
American Journal of Physical Medicine showed that subjects with facial palsy
benefited from the use of visual displays of EMG feedback for muscle reeducation.*
EMG feedback may, therefore, aso be useful in clarinet pedagogy to correct

embouchure deficiencies.

Studies Involving EM G and Musicians

Patrice Berque and Heather Gray used electromyography to study how the use
of the trapezius muscle and pain are related in violin and viola players. Their
research indicated that the musculoskeletal problems suffered by instrumentalists are
no different than those suffered by those who have any other occupation.’*  This
supports the idea that muscular problems and conditioning issues are the same
throughout the body regardless of endeavor. Bergque and Gray studied the upper-
trapezius muscles in violin and viola players under three conditions: rest,

performance of an easy piece, and performance of adifficult piece. Their subjects
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were divided into two groups:. those with playing-related pain and those who were
pain-free. They prepared their subject’s skin with acohol to reduce impedance and
placed two self-adhesive electrodes on both the |l eft and right upper trapezius parallel
to the muscle fibers. Two grounding el ectrodes were placed on the bony area of the
spine. They found that their pain-free subjects developed more upper trapezius
muscle activity while playing than the subjects who complained of playing-related
pai n.131

White and Basmajian noted that “neuromuscular control of skillful motor
performance reaches its acme in music” and they observed that, “the pedagogical
literature consist of contradictory and highly controversial theories concerning
virtualy all of the physical and physiological functionsin brass playing, leading one
writer to characterize brass pedagogy as being in a‘ state of chaos.’”** This “ state of
chaos’ and “controversial theories’ regarding physiological function are also present
in clarinet pedagogy. In their study of trumpeter’slipsthey utilized
electromyography to study the muscles orbicularis oris superioris (the upper lip),
orbicularis orisinferioris (the lower lip), levator anguli oris, and depressor anguli oris
during fifty-one playing tasks.***  Although the specific findings of their trumpet
study are not relevant to the present study, they did successfully measure muscle

activity of the orbicularis oris superioris to the benefit of musical teaching. Although
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White and Basmgjian studied muscles in common with the present study, they did not
address fatigue or the development of endurance in these muscles.

Frank Heuser and Jill L. McNitt-Gray also used EMG to study the
embouchures of trumpet players. They used pairs of miniature silver-silver chloride
surface electrodes placed parallel to muscle fibers of interest in their study, and they
placed a grounding electrode for each pair on the collar bone. Their 1991 study was
concerned with the patterns of embouchure muscle activity just prior to the
production of atone. They found that players who have trouble with accurate tone
commencement also exhibit patterns of EMG embouchure activity which differ from
players who do not have tone commencement difficulties.***

In 1993 Heuser and McNitt-Gray published a study thatdealt with trumpet
players with asymmetrical mouthpiece placement. The 1993 study was designed
similarly to the 1991 study. This second EMG study found that trumpet players with
asymmetrical mouthpiece placement exhibit similar embouchure activity to players
with centered placement.**

Heuser and McNitt-Gray integrated the findings of their EM G studies into
trumpet pedagogy. They hypothesized that EMG data could be used to improve
embouchure muscle activation by showing the data to students, and that EMG data

could be used to evaluate instruction by allowing the instructor to see the gains made

in embouchure muscle activation after specific instruction. Using EMG patterns of
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professional players as models and comparing them with those of student trumpet
players, Heuser and McNitt Gray were successful in improving the playing abilities
of the students, thus proving their assumptions.**

Bonnie Heather Campbell used surface electromyography to study the activity
of jaw muscles used during clarinet performance. Although she did not address
fatigue or overuse, she focused on the possibility of misuse of the jaw as a cause of
jaw disorders. She compared patterns of EM G activity collected from her subjects

with standard pedagogical practices.*

Sport-Science Studies I nvolving Fatigue, Recovery, and Training Protocols
Wayne Goldsmith, a swimming trainer, wrote an article discussing the
benefits of recovery-based training. He began his article by describing acommon but

inappropriate style of training called work-based training which “focuses on the
volume and intensity of work that an athlete can endure in a specific time.”**® This
style of training is not effective because the athlete is subjected to more stress than
recovery and is exposed to higher risk of injury and strain on the immune system.**
This work-based concept of training is also the approach that musicians take in their

practice regimens when they practice as much and as often as they feel they are able.
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Goldsmith suggested a different approach called recovery-based training in which a
proactive attitude is taken with respect to recovery and restoration practices. He
stated that the goal of this system, which is probably the same goa of many
clarinetists, isto “find ways to train athletes to achieve their maximum potential
without pushing them *‘over the edge’ (i.e., overtraining, which can lead to health
issues).”** In describing recovery-based training, Goldsmith emphasized that
training programs should be individualized and based on each athlete’ s own ability to
recover. Thisallowsthe athlete to eventually train even harder as the natural process
of recovery is enhanced. He also noted that technique can be more easily monitored
and improved if the athlete is not working out in a continuous state of fatigue.***
Although the concepts of swimming technique are obviously different from those of
clarinet technique, it is clear that the performer in either field can more easily focus
on refinement of technique during a practice session if he has had an appropriate
amount of recovery and is not fatigued. Goldsmith avoided any suggestions of a
specific amount of recovery, probably because of the individuality of an effective
training program, but he did offer several methods to evaluate the need for recovery
including self-monitoring of level of fatigue after awork-out and monitoring of
psychological issues like mood because this can be asign “of overtraining and

overstraining in the pursit of excellence.” 42
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Sue L. Hooper, who aso emphasized individualized training programs, began
her article titled, “Physiological and Psychometric Variables for Monitoring Recovery
during Tapering for Mgjor Competition” with the following statement:

Regeneration from the negative aspects of intense training is an
important focus of tapering, the period of reduced training load before major
competition. It haslong been known that performance may be best optimized
if athletes are trained close to the point of overtraining and then allowed to
recover while training load istapered. The taper allows supercompensation
[sic] processes to maximize the positive effects of training and recovery
processes to eliminate fatigue and other negative effects of training. Runners,
swimmers, and cyclists who taper show significant improvementsin

performance, muscular strength and power, and factors such as sleep
disturbances, stress, fatigue, ratings of perceived exertion, and mood states.*

43
The effectiveness of tapering iswidely known in the field of sport-science and
Hooper’ s study was concerned with the refinement of thistype of training regimen.
Her study involved elite swimmers who decreased their training time and intensity
over aperiod of two weeks prior to amajor competition. Although each swimmer
was placed on an individual tapering plan as programmed by his or her coach, the
average swimming distance decreased from 47 km to 30.5 km per week, average gym
work-out time decreased from 5.3 hours to 0.4 hours per week, and self perceived
intensity levels decreased from 5.3t0 4.2 on a7 point scale. The result of this study
showed that there were improvements, but these improvements were not as great as
those shown in studies with less competitive athletes.***

T. Rellly agreed with Hooper that tapering is a beneficial tool in physical

training. With regard to soccer training, Reilly stated that there is aneed “to regulate
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training loads between games so that a balance is achieved between maintaining
training stimuli and optimizing preparation for competition.”**> Thisisthe same
type of balance that clarinetists might seek while preparing for performances. Reilly
noted that the body’ s organs are stressed and muscles are depleted of glycogen
reserves during strenuous activity. Because of this, “high intensity training should be
avoided the day after a game but can be gradually stepped up in subsequent days, and
that “hard training on successive days may prevent the normal restoration of energy
stores. He cited a specific effective training regimen for an English soccer team in
which there was “ a systematic build up to amid-week peak, followed by atapering
off as the match day [approached].”**® He noted, “This practice helps to avoid the
circumstance of a player starting agame low in muscle glycogen.”**" In his
concluding comments he also highlighted the importance of psychological rest in an
effective training program.**

Michael Kellmann detailed the causes and effects of underrecovery and
overtraining in his article titled “Underrecovery and Overtraining: Different
Concepts— Similar Impact.” He stated that in sports there is an obvious connection
between recovery and performance and that, “to avoid overtraining and to optimize
performance in sports, physiological and psychological recovery should be

programmed as an integral component of training.”**° Although these observations
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are generally accepted by physical trainers and coaches, they are not in widespread
use by clarinet teachers. Clarinet pedagogy often suggests a steady schedule of
individual practice, rehearsals, and performances without an adequate amount of rest.
This type of heavy workload can result in the same type “training mistakes” that
Kellmann listed:

Monotonous training programs,

More than three hours of training per day,

More than a 30 percent increase in training load each week,

Ignoring the training principle of aternating hard and easy training days or
by following two hard days with an easy day,

No training periodization and respective regeneration microcycles after
two or three weeks of training, or

6. No rest days.**

hpOODNPRE
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Kellmann also reported that in a 1998 survey of 298 United States Olympic athletes,
twenty-eight percent felt that overtraining had a negative impact on their
performance, and of these overtrained athletes, more than athird cited lack of rest as
the number one action that hurt their performance. The same survey also revealed
that the need to taper, rest, and to not overtrain were changes that they would make if
given the opportunity to prepare again for the Olympics.*™*

Stone and Stone agreed with Kellmann. They stated, “ The training process is
to enhance performance... and it may be argued that enhancing performance is

actually a process of intentionally repeating stimuli (exercise), which result in
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recovery-adaptation, while attempting to avoid overstress-overtraining.” > They
emphasized that an effective training program must include “built in rest.”*>

Angela Calder also agreed with Kellmann, and she began her article with a
guote from Barry Barnes, the Head Coach of the Australian Men’s 1996 Olympic
Basketball Team: “If there was one single factor that hel ped this team to perform to
the level they did at Atlanta, it was the recovery program that was put in place ... and
monitored throughout our 1996 program.”*>* Calder noted that many athletes forget
or ignore the known benefits of recovery which is “one of the basic principlesin
training methodology.”*>> She, therefore, approached this subject as a coach should,
to monitor an athlete’ s fatigue, recovery, and adaptation for optimal performance.
She listed several observations that a coach could use to evaluate an athlete’s level of
fatigue. These observable signsincluded direct communication, such as complaints
of not feeling well or being tired; body language, such as posture or signs of
frustration; performance, such as poor skill execution or slow response time; and
psychological signs, like low motivation or lack of self-confidence.™®® Thesesigns

which Calder suggested be monitored by a coach, are also observable by a clarinet

instructor working with a student or by a clarinetist monitoring his own level of
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fatigue. Calder concluded her discussion of the importance of monitoring recovering
by stating, “Rest days are essential. Idedlly at |east one day per week should be a
non-training day. This alowstime for physical and psychological recovery aswell as
time for other interests and personal and family relationships.”*>

Kristen Peterson aso reported that athletes, at times, fail to monitor their own
recovery needs. She listed several overtraining symptoms which included: apathy,
lethargy, depression, decreased self-esteem, emotional instability, impaired
performance, restlessness, irritability, increased vulnerability to injuries, and muscle
pain/soreness.*® Although Peterson was describing the symptoms of an overtrained
athlete, all of the symptoms listed here could also apply to the overtrained clarinetist.

Scott Riewald wrote about strength training for young athletes, and athough
he did not specifically mention rest, he did suggest that the “initial goal of any
program should be to build some muscular endurance” and that training should occur
“three times aweek.”*™® Later in his article he cited the National Strength and
Conditioning Association’s Recommendations for Y outh Strength Training which
included the suggestion that training occur “on two-three non-consecutive days [each

week.]” This certainly implies the necessity for days of rest in a program designed to

build endurance and strength regardless of the musclesinvolved.
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1. PRESENTATION AND ANALYSISOF DATA

Questionnaire Summary
Each subject was asked to respond to a questionnaire (see appendix 1) involving the
subject’s personal profile, playing habits, and self-perceived levels of fatigue and tone
depreciation following each day of testing. The following is acompilation of all

responses. Free responses were transcribed exactly as written on the questionnaire.

Age Sex Height (in.) Weight
Subject 1 19 F 64 130
Subject 2 19 F 67 198
Subject 3 21 M 70 155
Subject 4 21 F 69 150
Subject 5 22 M 68 235
Subject 6 28 F 71 165
Subject 7 22 M 68 185
Subject 8 36 M 72 200
Subject 9 24 F 66 150

How long have you been playing the clarinet?
Subject 1 8 years
Subject 2 9years

Subject 3 8 years
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Subject 4
Subject 5
Subject 6
Subject 7
Subject 8

Subject 9

9 years

10 years
1/7years
10 years
24 years

14 years

Do you play with a single-lipped embouchure or a double-lipped embouchure? |
both, what percentage of your playing timeis spent with each?

Subject 1
Subject 2
Subject 3
Subject 4
Subject 5
Subject 6
Subject 7
Subject 8

Subject 9

99% singlelip

both about 50%

single-lipped

single-lipped

single-lipped

single-lipped

10% double-lipped, 90% single-lipped
single-lipped

single-lipped

On average, on how many days each week do you play the clarinet? (Include
individual practice, rehearsals and performance — everything.)

Subject 1
Subject 2
Subject 3

Subject 4

5

7
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Subject 5 5

Subject 6 7
Subject 7 6
Subject 8 5
Subject 9 6

On average, how many hour s per week do you play the clarinet? (Again, include al
practice, rehearsal and performance.)

Subject 1 85

Subject 2 28
Subject 3 9

Subject4 14
Subject 5 9

Subject 6 30
Subject 7 30
Subject 8 10
Subject 9 22

In the few weeks prior to an important performance do you find that the time you
gpend playing:  (Increases, decreases, or stays about the same)

Subject 1 Increases
Subject 2 Stays about the same
Subject 3 Stays about the same
Subject 4 Increases

Subject 5 Increases
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Subject 6
Subject 7
Subject 8

Subject 9

Increases
Stays about the same
Increases

Increases

Do you ever experience fatigue (muscle “burn” or loss of strength) in your
embouchure while you play the clarinet? If yes, please explain.

Subject 1

Subject 2

Subject 3

Subject 4

Subject 5

Subject 6

Subject 7

Subject 8

Subject 9

Yes! Mostly in lower lip, low sides — presumably due to old bad
embouchure habits and occasiona inattention to detail.

Occasionally, when | fedl tired | change double-lip/single-lip.
Yes| do. When I've been focusing on litle embouchure
movement for 45 minutes or more, the muscles above my upper lip

beginsto burn.

Yes. If | practice for along time, my ability to control my
embouchure becomes harder.

Yes, if | practice for along period of time, | will get tired and want to
relax my mouth

Yes, if | spend a considerable amount of time continuously playing
without rest.

Yes. Loss of strength in 4™ consecutive hour of playing.

Yes. | feel fatigueif play for along period of time, or if | haven't been
playing for severa days, | don’t have the endurance | had before the
long break.

Yes. When | first start playing. Or if I’ ve taken aweek or so off
practicing. I'll aso experience fatigue after 40 or 50 min. of playing.

Is endurance ever a problem for you during public performance? If yes, please

explain.

Subject 1

Y es, stress builds up easily in performance situations for me, and | get
tense ... it just makesit worse. Also, dealing with old embouchure
issues gets harder in long performances.
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Subject 2

Subject 3

Subject 4

Subject 5
Subject 6
Subject 7

Subject 8

Subject 9

No.

Yes. Itisusually aproblem for mein the band setting because the
clarinet section plays most of the time.

Yes. If thereare not alot of breaks to rest my “chops,” | easily
become tired.

No, my performances usually aren’'t very long.
No.
No.

Yes, | get tired and have trouble maintaining good tone and tuning
especialy on slow stuff.

No. | usualy try to work up my endurance b/f a performance.

Many performers take a short break (afew days perhaps) from playing following an
important performance for which they have prepared especialy intensely. Isthis
something that you do? Please comment on why or why not.

Subject 1

Subject 2

Subject 3

Subject 4

Subject 5

Subject 6

Subject 7

Yes. For me, it's often more about the stress than anything. | try to
keep adecent balance, but it’s always nice to take a day off after
working that hard.

Yes, | feel my endurance increase after afew days of rest.

No. | don't because | try to do something to better my playing
everyday.

Yes. Thisisto decrease the possibility of burn-out while playing the
clarinet. 1 don’t do primarily to rest anything.

Yes. | have been doing so much with that music that | want to have a
break where | don't think about it.

Yes. Mentally | need abreak after strenuous psychologica and
physical preparation.

No. | need to stay in shape. Performances are rather close together
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Subject 8 Yes. | get very tired — mentally and physically after a performance. |
feel like | need the rest.

Subject 9 Yes. Release. Need an emotional and mental break.
If you do take a break after one of these important performances how do you feel with
respect to endurance after you resume your normal playing routine?

Subject 1 About the same endurance, to far lower. If the break is more than 3 —
4 days. | find endurance to be areal issue.

Subject 2 | can generally play longer.

Subject3  N/A

Subject 4 | feel like I loose some of my endurance.
Subject 5 | don’t notice much difference.
Subject 6 If | break for a couple of days, there is usually no difference

physically, but mentally | feel refreshed.
Subject 7 N/A
Subject 8 More energetic
Subject 9 Great.
Has it ever been suggested to you by a music educator (private instructor, band
director, conductor, method book author, etc) that you should play every day? If yes,
please explain.

Subject 1 Yes. Everyone seemsto say that. Personally, | don’'t awaysdo it, but
tomeit’sso normal that | can & will doiit if | need to.

Subject 2 Yes. I've beentold to practice little bits of music every day.

Subject 3 Yes. Itissomething that | have aways heard about. Never redlly
explained very well though.

Subject 4 Yes. Every director has mentioned that at one time or another.

Subject 5 Yes. Itisusually recommended to play for a set amount of time every
day to keep up technique.
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Subject 6
Subject 7

Subject 8

Subject 9

Yes. | wastold to play at least alittle bit every day.
Yes. Stay focused on music

Yes. | once had aband director who posted asign in the band hall that
read, “Play only on the days you eat.”

No.

Do you have a specific individua practice schedule? If yes, please describe.

Subject 1

Subject 2
Subject 3
Subject 4
Subject 5
Subject 6
Subject 7
Subject 8

Subject 9

End of semester testing has disrupted it, but | usually practice for
several hourson Tuesday & Thursday with breaks and for 30 mins or
so on M/W/F.

No.

No.

Yes. Usually | practice about 1% hr. each day, except Saturdays.

No.

No.

No.

No.

Yes. M =S, 3—4hoursaday in 1% — 2 hour sessions

If you have a specific practice schedule does it ever change? If yes, please describe
the factors which affect a change in this schedule.

Subject 1

Subject 2
Subject 3

Subject 4

Yes. All thetime! It'sflexible. My mood, if | have a performance to
prepare for or that | just finished.

N/A
N/A

Yes. Busyness and schedule overload.
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Subject 5
Subject 6
Subject 7
Subject 8

Subject 9

N/A
N/A
N/A
N/A

Yes. Unanticipated changes to schedule

What types of performance tasks do you find particularly fatiguing?

Subject 1
Subject 2

Subject 3

Subject 4
Subject 5
Subject 6
Subject 7
Subject 8

Subject 9

High-stress (solos, juries)
big/loud ensembles

Sustained passages fatigue me the most. Loud passages often result in
abit of fatigue aswell.

Tonguing alot and playing alot of long tones in the higher register.
Long passages without rest and holding long notes.

Slow, sustained pieces or exercise that last for several minutes.
None.

Soft playing, high notes, and music with few rests.

Slow and high.
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After First, Second, and Third Day of Testing:

How do you feel with respect to embouchure fatigue now? (On ascaleof 1t010; 1 =
not fatigued at all, 10 = completely fatigued.)

Subject 1
Subject 2
Subject 3
Subject 4
Subject 5
Subject 6
Subject 7
Subject 8

Subject 9

After first day

After second day

After third day

7

2

9.5

8

3.5

8

6

10

5.5

2

6.5

Estimate at what point your embouchure began to feel tired? (Within the first five
minutes of testing, after 5 minutes of testing, after10 minutes of testing, after 15
minutes of testing, after 20 minutes of testing, or did not experience any fatigue.)

Subject 1
Subject 2
Subject 3
Subject 4
Subject 5
Subject 6

Subject 7

After first day

After second day

After third day

After 5 minutes

No fatigue

Within first 5 minutes
Within first 5 minutes
After 15 minutes
Within first 5 minutes

After 10 minutes

Within first 5 minutes

After 15 minutes

Within first 5 minutes

Within first 5 minutes

Within first 5 minutes

Within first 5 minutes

After 15 minutes
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After 15 minutes

After 5 minutes

After 5 minutes

Within first 5 min.

Within first 5 min.

After 20 minutes



Subject 8 After 5 minutes Withinfirst 5 minutes  After 15 minutes
Subject 9 After 15 minutes After 5 minutes After 5 minutes
How much do you feel that your tone quality deteriorated during this test session?

(On ascaleof 1to 10; 1 = tone improved or there was no change, 10 = tone
deteriorated to your worst possible sound.)

After first day After second day After third day
Subject 1 9 8 8
Subject 2 1 5 35
Subject 3 10 8 6
Subject 4 7 8 8
Subject 5 6 8 7
Subject 6 3 4 1
Subject 7 7 4 2
Subject 8 6 8 5
Subject 9 8 6 3

The subject’ s responses to questionnaire provide evidence that clarinetists
could benefit from an endurance building protocol that would correct training
mistakes and is based in sport-science. Five of the nine subjects found endurance to
be a problem during important performances. Six of the subjects reported some type
of psychological fatigue related to preparing for an important performance. Four
subjects played for more than eighteen hours each week, and this could create an
overtraining effect. Although seven of the subjects actually took at least one day of

rest each week, eight of the nine had been taught at some point during their playing
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career that theindividual should practice every day. Only three subjects claimed to
have aregular practice schedule, and al of the three reported that the regular schedule
islikely to change due to environmental or psychological factors. All of the subjects
reported experiencing some type of fatigue, none of them tapered their training
schedule prior to an important performance; six subjects actually increased training

prior to a performance.

EMG Output
The following graphs represent the EM G output for each subject on each of
three days of testing. Thefirst and second lines of information on each chart
represent the raw EMG signal from the right and left sides of the of the upper
orbicularis oris. The lower two lines of information represent the integrated EMG for

the right and | eft sides of the upper orbicularis oris.
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Integrated EM G Data

EMG data was collected from the left and right sides of the upper portion of
the orbicularis oris. The following charts present the average integrated EMG values
and maximum integrated EM G value for each of the thirty ten-second intervals during

each of the three testing sessions.
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Subject 1

Interval Averages and Interval Maximums (measured in volts)

Day 1 Day 2 Day 3
Interval  Right EMG Integrated Interval Maximum Interval  Right EMG Integrated Interval Maximum Interval Right EMG Integrated  Interval Maximum
1 0.01957 0.03263 1 0.01844 0.02863 1 0.01959 0.03399
2 0.01882 0.03188 2 0.01674 0.03062 2 0.01701 0.03732
3 0.0168 0.03021 3 0.016 0.02774 3 0.01668 0.02798
4 0.01439 0.02613 4 0.01376 0.02915 4 0.01344 0.02939
5 0.01159 0.03957 5 0.0137 0.02648 5 0.01615 0.03503
6 0.01771 0.03217 6 0.01562 0.0297 6 0.01204 0.02898
7 0.01309 0.02764 7 0.01546 0.025 7 0.01204 0.02438
8 0.01262 0.02148 8 0.01398 0.02664 8 0.01419 0.02621
9 0.00781 0.02931 9 0.00779 0.02556 9 0.01536 0.02655
10 0.01254 0.02911 10 0.01356 0.02886 10 0.01479 0.02782
11 0.01777 0.03388 11 0.01411 0.0278 11 0.01421 0.02416
12 0.01453 0.0354 12 0.01131 0.03035 12 0.01419 0.03648
13 0.0166 0.03251 13 0.01314 0.02525 13 0.01253 0.02223
14 0.01466 0.03149 14 0.00955 0.03332 14 0.01353 0.02723
15 0.01447 0.02329 15 0.01503 0.03 15 0.01202 0.02314
16 0.01086 0.0327 16 0.01207 0.02566 16 0.01014 0.02429
17 0.01446 0.02882 17 0.00916 0.01807 17 0.00936 0.02781
18 0.00968 0.02521 18 0.01134 0.02145 18 0.01446 0.02702
19 0.01284 0.02681 19 0.00978 0.02193 19 0.01057 0.02718
20 0.01064 0.02036 20 0.00996 0.02041 20 0.00978 0.02312
21 0.00514 0.01956 21 0.01131 0.02121 21 0.01039 0.02294
22 0.01025 0.02138 22 0.00871 0.02293 22 0.01069 0.01804
23 0.0094 0.02039 23 0.00963 0.03022 23 0.01168 0.03163
24 0.01232 0.0255 24 0.01043 0.02319 24 0.0104 0.02804
25 0.00909 0.02814 25 0.01173 0.02693 25 0.01038 0.0245
26 0.01296 0.02325 26 0.01134 0.01882 26 0.01106 0.01945
27 0.01207 0.02312 27 0.0113 0.0188 27 0.00963 0.02526
28 0.01318 0.02378 28 0.01068 0.01984 28 0.01051 0.02016
29 0.01212 0.03107 29 0.01079 0.01835 29 0.00819 0.01853
30 0.01132 0.02202 30 0.00638 0.02037 30 0.00879 0.02005
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01285 0.03957 0.0118 0.0333 0.01233 0.03732
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.003289025 0.005121024 0.002810082 0.004376407 0.002756334 0.00503469
Day 1 Day 2 Day 3
Interval  Left EMG Integrated Interval Maximum Interval  Left EMG Integrated  Interval Maximum Interval  Left EMG Integrated  Interval Maximum
1 0.01435 0.02465 1 0.01612 0.02483 1 0.01568 0.03051
2 0.01295 0.02471 2 0.01509 0.02973 2 0.01285 0.02457
3 0.01156 0.01956 3 0.01416 0.02511 3 0.01181 0.02019
4 0.0092 0.01802 4 0.01156 0.02042 4 0.00909 0.01581
5 0.00773 0.02346 5 0.01052 0.02338 5 0.01204 0.02364
6 0.0116 0.02007 6 0.01254 0.02419 6 0.00867 0.0226
7 0.0094 0.02025 7 0.01216 0.02353 7 0.00842 0.0149
8 0.00877 0.01569 8 0.01163 0.02098 8 0.01047 0.01887
9 0.00575 0.02316 9 0.00653 0.0208 9 0.01166 0.02292
10 0.01017 0.02351 10 0.01117 0.0221 10 0.01186 0.0217
11 0.01323 0.02226 11 0.01193 0.02329 11 0.01071 0.02204
12 0.01038 0.01987 12 0.0096 0.02375 12 0.01129 0.02233
13 0.01214 0.02846 13 0.01132 0.01985 13 0.00983 0.02274
14 0.01006 0.01954 14 0.00768 0.02803 14 0.0101 0.01917
15 0.01098 0.02122 15 0.01171 0.02015 15 0.009 0.0168
16 0.00825 0.02259 16 0.00943 0.02177 16 0.00734 0.01544
17 0.01108 0.01985 17 0.00772 0.01601 17 0.00702 0.01908
18 0.00784 0.02352 18 0.00963 0.01742 18 0.0104 0.02046
19 0.01049 0.02029 19 0.00799 0.01785 19 0.00726 0.01646
20 0.00874 0.01812 20 0.00839 0.01586 20 0.00705 0.01685
21 0.00463 0.01753 21 0.00932 0.01608 21 0.0068 0.01532
22 0.00801 0.01669 22 0.00772 0.01537 22 0.00685 0.01199
23 0.00734 0.01839 23 0.00763 0.02195 23 0.00768 0.0178
24 0.01015 0.0207 24 0.00852 0.01899 24 0.00668 0.01601
25 0.00684 0.02146 25 0.00963 0.02107 25 0.00676 0.01364
26 0.0099 0.01905 26 0.01015 0.01643 26 0.0062 0.01173
27 0.00983 0.01669 27 0.00998 0.01998 27 0.00627 0.01317
28 0.01128 0.02017 28 0.00874 0.01495 28 0.00655 0.01134
29 0.00921 0.02124 29 0.00868 0.01504 29 0.00518 0.01283
30 0.00938 0.0169 30 0.00501 0.01658 30 0.00604 0.01298
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.00963 0.02846 0.0098 0.0297 0.00881 0.03051
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.002159402 0.002858345 0.002480753 0.00388607 0.002532827 0.00459774
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Subject 2

Interval Averages and Interval Maximums (measured in volts)

Day 1 Day 2 Day 3
Interval  Right EMG Integrated Interval Maximum Interval  Right EMG Integrated Interval Maximum Interval Right EMG Integrated  Interval Maximum

1 0.01917 0.03878 1 0.01762 0.0339 1 0.01266 0.02338
2 0.01663 0.02916 2 0.01435 0.03164 2 0.01014 0.01967
3 0.01207 0.03582 3 0.0109 0.02455 3 0.00836 0.01904
4 0.01322 0.02525 4 0.01405 0.025 4 0.01027 0.01794
5 0.01226 0.02616 5 0.01052 0.0232 5 0.00985 0.02101
6 0.0151 0.02636 6 0.01208 0.02991 6 0.00828 0.01893
7 0.01275 0.03198 7 0.01105 0.0258 7 0.00795 0.01716
8 0.01482 0.02609 8 0.01178 0.02365 8 0.0087 0.02431
9 0.01257 0.0267 9 0.00904 0.01897 9 0.00952 0.02052
10 0.01297 0.0305 10 0.00886 0.0205 10 0.00768 0.01838
11 0.01174 0.02441 11 0.0081 0.02027 11 0.00939 0.01937
12 0.01088 0.02238 12 0.00852 0.0224 12 0.00667 0.01773
13 0.01382 0.02399 13 0.01224 0.02883 13 0.00761 0.01804
14 0.0118 0.02771 14 0.01258 0.02332 14 0.00872 0.01619
15 0.01394 0.02355 15 0.01487 0.03538 15 0.00902 0.01829
16 0.01231 0.02868 16 0.00963 0.02414 16 0.01118 0.02423
17 0.01429 0.02885 17 0.01253 0.02644 17 0.00911 0.01614
18 0.01347 0.0254 18 0.0105 0.02501 18 0.01202 0.02133
19 0.01143 0.02018 19 0.01031 0.02086 19 0.0119 0.0197
20 0.01295 0.02556 20 0.00744 0.02027 20 0.00788 0.01687
21 0.01251 0.02665 21 0.0119 0.02629 21 0.01126 0.02128
22 0.01068 0.02405 22 0.01164 0.02239 22 0.0088 0.02276
23 0.0121 0.02527 23 0.01024 0.01766 23 0.00869 0.01553
24 0.01208 0.02532 24 0.00912 0.0186 24 0.00928 0.01596
25 0.01091 0.02091 25 0.01011 0.02071 25 0.0104 0.01847
26 0.01118 0.0243 26 0.00808 0.01687 26 0.00979 0.02011
27 0.01136 0.02091 27 0.01171 0.03158 27 0.00652 0.01422
28 0.01069 0.02006 28 0.01035 0.01821 28 0.01083 0.02244
29 0.00982 0.02141 29 0.0086 0.01841 29 0.00877 0.01617
30 0.00954 0.01932 30 0.00912 0.02099 30 0.01032 0.02383

Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01248 0.03878 0.01093 0.03538 0.00939 0.02431
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.

0.001997097 0.004416231 0.002279539 0.004927885 0.001520478 0.00276425

Day 1 Day 2 Day 3
Interval  Left EMG Integrated Interval Maximum Interval  Left EMG Integrated  Interval Maximum Interval  Left EMG Integrated  Interval Maximum

1 0.02033 0.03506 1 0.01915 0.02947 1 0.01422 0.0247
2 0.01725 0.03431 2 0.01426 0.02932 2 0.01018 0.01922
3 0.01312 0.03747 3 0.01295 0.0256 3 0.00914 0.01972
4 0.01495 0.03253 4 0.01398 0.02264 4 0.0102 0.01758
5 0.01493 0.02869 5 0.0131 0.02733 5 0.01095 0.01966
6 0.01604 0.02654 6 0.01335 0.02813 6 0.00914 0.02031
7 0.01368 0.02859 7 0.01254 0.02383 7 0.00821 0.02104
8 0.01611 0.03068 8 0.01342 0.0276 8 0.00943 0.02291
9 0.01366 0.03079 9 0.01138 0.02334 9 0.01061 0.02152
10 0.01396 0.03101 10 0.01182 0.02573 10 0.00917 0.01995
11 0.01336 0.02859 11 0.01102 0.02122 11 0.01168 0.02157
12 0.01297 0.02768 12 0.00972 0.02502 12 0.00804 0.01882
13 0.01495 0.02693 13 0.01332 0.02571 13 0.00883 0.02154
14 0.01285 0.02529 14 0.01497 0.02669 14 0.01117 0.02389
15 0.01507 0.02782 15 0.01546 0.02576 15 0.01122 0.02435
16 0.01338 0.02895 16 0.01152 0.02529 16 0.01332 0.02706
17 0.01463 0.02902 17 0.01264 0.02337 17 0.01133 0.02113
18 0.01432 0.02757 18 0.01164 0.02413 18 0.01402 0.02421
19 0.01385 0.0246 19 0.01121 0.02272 19 0.01466 0.02564
20 0.01509 0.02836 20 0.0096 0.02394 20 0.0092 0.02061
21 0.01402 0.02666 21 0.0136 0.02381 21 0.00466 0.00814
22 0.01362 0.0273 22 0.01299 0.02415 22 0.00413 0.00807
23 0.01362 0.02719 23 0.01155 0.0235 23 0.00433 0.00811
24 0.01378 0.02493 24 0.01015 0.02808 24 0.00542 0.00995
25 0.01337 0.02538 25 0.01184 0.02365 25 0.00668 0.01323
26 0.01309 0.02466 26 0.00986 0.01934 26 0.00542 0.01066
27 0.014 0.02839 27 0.01191 0.0266 27 0.00381 0.00795
28 0.0129 0.02281 28 0.01277 0.02256 28 0.00563 0.00943
29 0.01265 0.02968 29 0.01054 0.01974 29 0.00477 0.00917
30 0.01363 0.0231 30 0.01179 0.01966 30 0.00502 0.01029

Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01414 0.03747 0.01247 0.02947 0.00882 0.02431
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.

0.001563199 0.003374392 0.001953111 0.002670634 0.003231938 0.006290695
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Subject 3

Interval Averages and Interval Maximums (measured in volts)

Day 1 Day 2 Day 3
Interval  Right EMG Integrated Interval Maximum Interval Right EMG Integrated  Interval Maximum Interval Right EMG Integrated  Interval Maximum

1 0.01096 0.01864 1 0.01237 0.02036 1 0.01003 0.01731
2 0.00839 0.01613 2 0.00991 0.01723 2 0.00848 0.01469
3 0.00856 0.01677 3 0.00957 0.01606 3 0.00802 0.01613
4 0.01092 0.02052 4 0.00989 0.01831 4 0.00882 0.01606
5 0.01025 0.01963 5 0.01026 0.01916 5 0.00862 0.01635
6 0.01054 0.01983 6 0.00971 0.01782 6 0.00928 0.01564
7 0.01121 0.0187 7 0.01059 0.01889 7 0.00961 0.01643
8 0.00778 0.0178 8 0.00997 0.02068 8 0.00999 0.01993
9 0.01045 0.02044 9 0.0087 0.01823 9 0.00918 0.0159
10 0.0116 0.02002 10 0.01036 0.02051 10 0.00887 0.0177
11 0.01007 0.02032 11 0.01076 0.02154 11 0.00817 0.0145
12 0.01039 0.01785 12 0.00906 0.02157 12 0.00909 0.01837
13 0.01008 0.01962 13 0.01095 0.01919 13 0.00902 0.01626
14 0.01034 0.01615 14 0.00885 0.0161 14 0.00895 0.0166
15 0.01016 0.01801 15 0.00877 0.01419 15 0.00946 0.0166
16 0.0101 0.02161 16 0.00804 0.01513 16 0.00853 0.01804
17 0.01038 0.02174 17 0.00763 0.01394 17 0.00689 0.01504
18 0.00976 0.01736 18 0.00779 0.01341 18 0.00843 0.01463
19 0.00985 0.01908 19 0.00661 0.01126 19 0.00839 0.01564
20 0.00962 0.0168 20 0.00665 0.01329 20 0.00791 0.01598
21 0.00891 0.01719 21 0.0063 0.01054 21 0.0079 0.01511
22 0.00792 0.0166 22 0.00585 0.01033 22 0.00816 0.0155
23 0.0093 0.02056 23 0.00576 0.01017 23 0.00829 0.01629
24 0.00937 0.01743 24 0.00583 0.00964 24 0.00766 0.01463
25 0.00923 0.01644 25 0.00597 0.0115 25 0.008 0.01389
26 0.00826 0.01603 26 0.00571 0.00953 26 0.00738 0.01528
27 0.00848 0.01537 27 0.00562 0.00957 27 0.00779 0.01507
28 0.00821 0.01446 28 0.00497 0.00907 28 0.00704 0.01448
29 0.00713 0.01383 29 0.00497 0.00959 29 0.00755 0.0157
30 0.00844 0.01342 30 0.00476 0.00869 30 0.00635 0.0136

Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.00956 0.02174 0.00807 0.02156 0.0084 0.01993
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.

0.001128034 0.002223382 0.002174523 0.004371363 0.000885121 0.001373945

Day 1 Day 2 Day 3
Interval  Left EMG Integrated Interval Maximum Interval  Left EMG Integrated  Interval Maximum Interval  Left EMG Integrated  Interval Maximum

1 0.01056 0.01832 1 0.01362 0.02187 1 0.00897 0.01504
2 0.00866 0.01624 2 0.01101 0.02408 2 0.00762 0.01271
3 0.00919 0.01701 3 0.01056 0.01894 3 0.00674 0.01392
4 0.01115 0.02479 4 0.01012 0.02111 4 0.00714 0.01261
5 0.01013 0.02046 5 0.01092 0.02426 5 0.00676 0.01175
6 0.01047 0.01881 6 0.01066 0.02175 6 0.00693 0.01171
7 0.01158 0.02049 7 0.01181 0.02118 7 0.00753 0.01222
8 0.00792 0.01803 8 0.01203 0.02893 8 0.00796 0.01556
9 0.01106 0.02147 9 0.01031 0.02396 9 0.00733 0.01373
10 0.01236 0.02122 10 0.01194 0.03042 10 0.00796 0.01922
11 0.0102 0.02284 11 0.01227 0.02146 11 0.00675 0.01323
12 0.01127 0.01918 12 0.01072 0.02794 12 0.00772 0.01474
13 0.01052 0.01923 13 0.01244 0.02358 13 0.00759 0.01368
14 0.01118 0.0179 14 0.01108 0.02025 14 0.00714 0.01329
15 0.01124 0.02178 15 0.01125 0.01694 15 0.00828 0.01331
16 0.01002 0.0186 16 0.01198 0.02363 16 0.00735 0.01318
17 0.00994 0.01661 17 0.01088 0.02141 17 0.00583 0.01346
18 0.00899 0.01469 18 0.01165 0.02056 18 0.0073 0.01187
19 0.00942 0.0162 19 0.0117 0.0208 19 0.00772 0.01251
20 0.00921 0.01684 20 0.01152 0.02182 20 0.00698 0.01245
21 0.00865 0.016 21 0.01056 0.02168 21 0.00716 0.01335
22 0.008 0.01737 22 0.01064 0.02136 22 0.00759 0.01418
23 0.00883 0.01606 23 0.01079 0.01889 23 0.00749 0.01826
24 0.0092 0.01622 24 0.01053 0.0221 24 0.00784 0.01912
25 0.00886 0.01673 25 0.01037 0.0162 25 0.00773 0.01725
26 0.00732 0.01382 26 0.01044 0.01843 26 0.0072 0.01442
27 0.00814 0.01564 27 0.01111 0.01995 27 0.00794 0.01349
28 0.00796 0.01353 28 0.00993 0.02692 28 0.00748 0.01513
29 0.00642 0.01268 29 0.0106 0.02381 29 0.00781 0.01911
30 0.00795 0.01316 30 0.01016 0.02028 30 0.00807 0.02081

Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.00955 0.02479 0.01112 0.030423 0.00747 0.02081
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.

0.001431995 0.002933644 0.000828626 0.003253314 0.000578133 0.002505363
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Subject 4

Interval Averages and Interval Maximums (measured in volts)

Day 1 Day 2 Day 3
Interval  Right EMG Integrated Interval Maximum Interval  Right EMG Integrated Interval Maximum Interval Right EMG Integrated  Interval Maximum
1 0.01198 0.02149 1 0.01335 0.02044 1 0.01555 0.02862
2 0.00909 0.0169 2 0.01104 0.02002 2 0.01248 0.02177
3 0.00993 0.01646 3 0.01138 0.01884 3 0.01256 0.02295
4 0.00936 0.01752 4 0.01101 0.01918 4 0.01221 0.02338
5 0.00836 0.0155 5 0.01122 0.0197 5 0.01246 0.02312
6 0.00902 0.01607 6 0.0117 0.02077 6 0.01248 0.02408
7 0.00832 0.02103 7 0.01166 0.01872 7 0.01289 0.02283
8 0.00912 0.01705 8 0.01092 0.02061 8 0.01334 0.02196
9 0.00828 0.017 9 0.01186 0.02245 9 0.01266 0.02435
10 0.00659 0.0121 10 0.01165 0.01913 10 0.01289 0.02236
11 0.00745 0.01346 11 0.01174 0.02158 11 0.01305 0.02248
12 0.00672 0.01225 12 0.01017 0.01749 12 0.01085 0.01801
13 0.00611 0.01236 13 0.0113 0.01905 13 0.01198 0.02156
14 0.0062 0.01133 14 0.01129 0.0196 14 0.01207 0.02193
15 0.0056 0.01169 15 0.01099 0.01949 15 0.01152 0.02061
16 0.00601 0.01109 16 0.01062 0.0194 16 0.01112 0.02063
17 0.0059 0.01178 17 0.01037 0.01783 17 0.01299 0.02174
18 0.00531 0.0096 18 0.01053 0.01928 18 0.01119 0.01962
19 0.00573 0.0095 19 0.00966 0.01571 19 0.01127 0.02048
20 0.00488 0.00912 20 0.01002 0.01651 20 0.01009 0.0175
21 0.00553 0.0103 21 0.00903 0.01538 21 0.01003 0.01744
22 0.00487 0.00832 22 0.00959 0.01529 22 0.00931 0.01461
23 0.00549 0.00896 23 0.00997 0.01698 23 0.00881 0.01646
24 0.00501 0.00885 24 0.00975 0.01857 24 0.00839 0.01475
25 0.00464 0.01044 25 0.00897 0.01602 25 0.00779 0.0159
26 0.00509 0.0088 26 0.00903 0.01487 26 0.00835 0.0146
27 0.00522 0.00992 27 0.00886 0.01584 27 0.00851 0.01585
28 0.00516 0.00907 28 0.00872 0.01577 28 0.00825 0.01385
29 0.00563 0.01037 29 0.00921 0.01636 29 0.0073 0.01302
30 0.0058 0.00985 30 0.00895 0.01602 30 0.0071 0.01341
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.00675 0.02149 0.01049 0.02245 0.01099 0.02862
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.00187749 0.003745313 0.001151795 0.002077034 0.002144649 0.003949774
Day 1 Day 2 Day 3
Interval  Left EMG Integrated Interval Maximum Interval  Left EMG Integrated  Interval Maximum Interval  Left EMG Integrated  Interval Maximum
1 0.01522 0.02695 1 0.01688 0.02559 1 0.01738 0.02842
2 0.01247 0.0213 2 0.01381 0.02733 2 0.01369 0.02239
3 0.01266 0.0207 3 0.01288 0.02247 3 0.01312 0.02383
4 0.0128 0.02527 4 0.013 0.02374 4 0.01343 0.02111
5 0.01152 0.0205 5 0.01286 0.02161 5 0.01295 0.02554
6 0.01248 0.02314 6 0.01362 0.02344 6 0.01279 0.02247
7 0.01127 0.02113 7 0.01406 0.02381 7 0.01368 0.0229
8 0.01314 0.02415 8 0.01331 0.0244 8 0.01341 0.02524
9 0.01145 0.01951 9 0.01346 0.02416 9 0.01338 0.02223
10 0.0105 0.01861 10 0.0132 0.02108 10 0.0136 0.02657
11 0.01119 0.01957 11 0.01478 0.02735 11 0.01292 0.02431
12 0.01151 0.01946 12 0.01291 0.02659 12 0.0111 0.01931
13 0.01118 0.01857 13 0.01389 0.02571 13 0.01248 0.02312
14 0.01264 0.02297 14 0.01385 0.02321 14 0.01206 0.01947
15 0.01087 0.01931 15 0.01333 0.02459 15 0.01183 0.02446
16 0.01173 0.0215 16 0.01305 0.02754 16 0.0112 0.01986
17 0.01175 0.01864 17 0.01388 0.02644 17 0.01322 0.02136
18 0.01125 0.01862 18 0.01274 0.02396 18 0.01288 0.0226
19 0.01224 0.01937 19 0.01248 0.02124 19 0.01337 0.02261
20 0.01012 0.01906 20 0.01305 0.02195 20 0.01166 0.01929
21 0.01109 0.01952 21 0.012 0.02188 21 0.01144 0.02427
22 0.01034 0.0182 22 0.01272 0.02252 22 0.01102 0.02494
23 0.01176 0.02053 23 0.01358 0.02298 23 0.0106 0.02031
24 0.01089 0.01934 24 0.01358 0.02262 24 0.01091 0.02215
25 0.00943 0.02168 25 0.01158 0.02306 25 0.00899 0.0197
26 0.01116 0.02117 26 0.01251 0.02225 26 0.0106 0.01933
27 0.01026 0.01693 27 0.01247 0.02133 27 0.01066 0.01763
28 0.01021 0.01819 28 0.01184 0.01995 28 0.01092 0.01914
29 0.01225 0.02287 29 0.01245 0.0238 29 0.0096 0.01781
30 0.01274 0.0242 30 0.01238 0.0208 30 0.00933 0.01521
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01161 0.02695 0.01321 0.02754 0.01215 0.02842
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.001150366 0.002352193 0.000992697 0.002076371 0.001695993 0.002934265
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Subject 5

Interval Averages and Interval Maximums (measured in volts)

Day 1 Day 2 Day 3
Interval  Right EMG Integrated Interval Maximum Interval  Right EMG Integrated Interval Maximum Interval Right EMG Integrated  Interval Maximum
1 0.00668 0.01172 1 0.0079 0.01308 1 0.00904 0.01604
2 0.00698 0.01528 2 0.00704 0.01219 2 0.00785 0.0181
3 0.00667 0.01179 3 0.00742 0.01297 3 0.00958 0.01928
4 0.00705 0.01451 4 0.00755 0.01278 4 0.0073 0.01329
5 0.00706 0.01256 5 0.00889 0.01542 5 0.00832 0.01615
6 0.00772 0.01272 6 0.00698 0.01497 6 0.00838 0.01552
7 0.00817 0.01526 7 0.00796 0.01422 7 0.00831 0.01557
8 0.00827 0.01513 8 0.00771 0.01374 8 0.00705 0.01859
9 0.00711 0.0151 9 0.00708 0.01514 9 0.00729 0.01538
10 0.00853 0.01447 10 0.00731 0.0111 10 0.00858 0.01347
11 0.00944 0.01467 11 0.00695 0.01385 11 0.00939 0.01504
12 0.00853 0.01477 12 0.00685 0.01252 12 0.00797 0.01477
13 0.00926 0.01483 13 0.0053 0.01071 13 0.00737 0.01305
14 0.00879 0.01759 14 0.00441 0.0081 14 0.00711 0.01419
15 0.00894 0.01878 15 0.00416 0.00683 15 0.00779 0.01687
16 0.00822 0.01525 16 0.0035 0.00651 16 0.00752 0.01236
17 0.00877 0.01423 17 0.00334 0.00589 17 0.00706 0.01272
18 0.00771 0.0143 18 0.00313 0.00519 18 0.00669 0.01203
19 0.00653 0.01334 19 0.00278 0.00532 19 0.00632 0.01132
20 0.00617 0.01296 20 0.00269 0.00568 20 0.00651 0.01515
21 0.00638 0.01067 21 0.00271 0.00552 21 0.00668 0.01519
22 0.00588 0.01065 22 0.00177 0.00298 22 0.00533 0.00867
23 0.00672 0.0102 23 0.00225 0.00386 23 0.00813 0.01478
24 0.00526 0.01016 24 0.00211 0.0043 24 0.00649 0.01072
25 0.00567 0.00949 25 0.00229 0.00356 25 0.00694 0.01352
26 0.00496 0.00984 26 0.00197 0.00385 26 0.0065 0.0123
27 0.00512 0.00901 27 0.00214 0.00346 27 0.00657 0.01285
28 0.00582 0.01012 28 0.00204 0.0037 28 0.00575 0.01023
29 0.00561 0.00951 29 0.00208 0.00355 29 0.00533 0.00946
30 0.00463 0.01062 30 0.00168 0.0037 30 0.00593 0.00962
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.00709 0.01878 0.00467 0.01542 0.08378 0.01927
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.001382065 0.002562411 0.002478553 0.004497513 0.001109364 0.002682889
Day 1 Day 2 Day 3
Interval  Left EMG Integrated Interval Maximum Interval  Left EMG Integrated  Interval Maximum Interval  Left EMG Integrated  Interval Maximum
1 0.00774 0.01375 1 0.00674 0.01142 1 0.04727 0.08052
2 0.00899 0.01607 2 0.00694 0.0148 2 0.04926 0.08718
3 0.00776 0.01481 3 0.00679 0.0161 3 0.10072 0.21214
4 0.00909 0.01542 4 0.00684 0.01507 4 0.10655 0.20293
5 0.00807 0.01736 5 0.00899 0.01526 5 0.11377 0.21597
6 0.00814 0.01497 6 0.007 0.01287 6 0.1012 0.18967
7 0.00925 0.01742 7 0.0078 0.01589 7 0.10509 0.19738
8 0.00938 0.0168 8 0.00818 0.01418 8 0.09848 0.17627
9 0.00787 0.01617 9 0.00716 0.01506 9 0.09217 0.22259
10 0.00915 0.01619 10 0.00833 0.01422 10 0.10941 0.17444
11 0.00905 0.0147 11 0.0084 0.013 11 0.11053 0.16878
12 0.00887 0.01617 12 0.00869 0.01414 12 0.10725 0.17454
13 0.00925 0.01613 13 0.00835 0.01431 13 0.10441 0.20656
14 0.00843 0.0143 14 0.00782 0.01397 14 0.09876 0.22477
15 0.0092 0.01698 15 0.00911 0.01559 15 0.11075 0.17627
16 0.00762 0.01296 16 0.00778 0.01264 16 0.10353 0.18651
17 0.009 0.01572 17 0.00838 0.01304 17 0.09787 0.17669
18 0.00865 0.01522 18 0.0084 0.01616 18 0.08881 0.15021
19 0.00869 0.01426 19 0.00782 0.01311 19 0.08874 0.15593
20 0.00883 0.01749 20 0.00779 0.0139 20 0.08564 0.14535
21 0.00861 0.01383 21 0.00773 0.01371 21 0.08885 0.15106
22 0.00846 0.01406 22 0.00615 0.01027 22 0.06284 0.10239
23 0.00846 0.01441 23 0.00658 0.01079 23 0.06432 0.11422
24 0.00727 0.01322 24 0.00735 0.01681 24 0.05784 0.0883
25 0.00772 0.01353 25 0.00811 0.01357 25 0.05928 0.0936
26 0.00728 0.01373 26 0.00741 0.01283 26 0.05221 0.10921
27 0.00734 0.01319 27 0.00854 0.0137 27 0.05369 0.08456
28 0.00784 0.01289 28 0.00827 0.01554 28 0.05036 0.08176
29 0.00723 0.01242 29 0.00779 0.01318 29 0.04992 0.08556
30 0.00572 0.01278 30 0.00649 0.01199 30 0.05284 10148
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.0083 0.01749 0.00773 0.01681 0.08378 0.22477
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.000838808 0.001526093 0.000777789 0.001586848 0.02382035 1852.734915
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Subject 6

Interval Averages and Interval Maximums (measured in volts)

Day 1 Day 2 Day 3
Interval  Right EMG Integrated Interval Maximum Interval  Right EMG Integrated Interval Maximum Interval Right EMG Integrated  Interval Maximum
1 0.02584 0.04378 1 0.02221 0.03601 1 0.01986 0.03159
2 0.02183 0.03517 2 0.01422 0.02705 2 0.01356 0.02468
3 0.01493 0.03242 3 0.00898 0.0252 3 0.00954 0.02071
4 0.01507 0.02797 4 0.01488 0.02712 4 0.01215 0.02272
5 0.01149 0.02374 5 0.01277 0.0222 5 0.0124 0.02502
6 0.01425 0.02765 6 0.01253 0.02688 6 0.01146 0.02408
7 0.01538 0.02444 7 0.01318 0.02375 7 0.01235 0.02545
8 0.013 0.02781 8 0.01021 0.02099 8 0.0129 0.02394
9 0.0152 0.03231 9 0.01283 0.02465 9 0.01225 0.02584
10 0.01518 0.02867 10 0.01634 0.0284 10 0.01252 0.02621
11 0.00638 0.01935 11 0.01276 0.02786 11 0.01177 0.02331
12 0.01634 0.02925 12 0.01411 0.024 12 0.01291 0.0235
13 0.01576 0.03285 13 0.01228 0.02207 13 0.01125 0.02506
14 0.00918 0.03594 14 0.01236 0.03113 14 0.01414 0.02741
15 0.01256 0.02431 15 0.00856 0.02458 15 0.01017 0.02249
16 0.01489 0.03047 16 0.01165 0.02339 16 0.00953 0.01928
17 0.01416 0.02798 17 0.01204 0.0207 17 0.01125 0.02007
18 0.01178 0.02307 18 0.01097 0.02313 18 0.01103 0.02262
19 0.01257 0.03513 19 0.01371 0.02744 19 0.0104 0.01941
20 0.01169 0.02744 20 0.01141 0.0216 20 0.01173 0.02469
21 0.01329 0.02412 21 0.01204 0.02255 21 0.01142 0.02321
22 0.01436 0.02424 22 0.00585 0.01916 22 0.01091 0.02214
23 0.01307 0.02358 23 0.00972 0.02192 23 0.00994 0.02396
24 0.01126 0.02341 24 0.01046 0.02345 24 0.00999 0.01686
25 0.01248 0.02325 25 0.01138 0.02156 25 0.0102 0.01802
26 0.01179 0.02118 26 0.01149 0.0219 26 0.0084 0.02059
27 0.01192 0.02085 27 0.011 0.02806 27 0.00843 0.01645
28 0.01122 0.0186 28 0.00943 0.01995 28 0.01132 0.02077
29 0.01313 0.02214 29 0.00748 0.01434 29 0.01075 0.02068
30 0.01072 0.02154 30 0.00805 0.02058 30 0.00842 0.01738
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.0137 0.04378 0.01184 0.03601 0.01144 0.03199
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.003511432 0.005746341 0.003005283 0.004080644 0.002161719 0.003348764
Day 1 Day 2 Day 3
Interval  Left EMG Integrated Interval Maximum Interval  Left EMG Integrated  Interval Maximum Interval  Left EMG Integrated  Interval Maximum
1 0.01835 0.031 1 0.01775 0.03165 1 0.0181 0.02988
2 0.01658 0.02804 2 0.01183 0.02068 2 0.01266 0.02581
3 0.01155 0.02275 3 0.00854 0.02264 3 0.0089 0.01716
4 0.01177 0.02611 4 0.01179 0.02079 4 0.0097 0.01886
5 0.01048 0.02627 5 0.01073 0.02072 5 0.01054 0.0233
6 0.01076 0.02156 6 0.01115 0.02141 6 0.00912 0.01867
7 0.01126 0.02076 7 0.01018 0.01808 7 0.01098 0.0232
8 0.01006 0.01965 8 0.00906 0.01642 8 0.01024 0.0163
9 0.01088 0.02095 9 0.01164 0.02577 9 0.01037 0.0243
10 0.01133 0.02631 10 0.015 0.02483 10 0.01026 0.01796
11 0.00525 0.01784 11 0.01119 0.02302 11 0.00982 0.02024
12 0.01277 0.02362 12 0.01165 0.02021 12 0.01064 0.01814
13 0.01115 0.01961 13 0.01097 0.02523 13 0.01047 0.01962
14 0.00713 0.02257 14 0.01025 0.02061 14 0.01191 0.02207
15 0.00871 0.01704 15 0.00675 0.0141 15 0.00949 0.01977
16 0.00994 0.02027 16 0.00814 0.01638 16 0.0082 0.0141
17 0.00902 0.01761 17 0.00814 0.01525 17 0.00964 0.01707
18 0.008 0.01716 18 0.00737 0.01312 18 0.00998 0.02032
19 0.00803 0.01871 19 0.00849 0.01608 19 0.00972 0.01638
20 0.00689 0.01507 20 0.00656 0.01215 20 0.01055 0.02316
21 0.00924 0.02029 21 0.00661 0.01207 21 0.00945 0.01863
22 0.00894 0.01633 22 0.00368 0.01213 22 0.00899 0.01859
23 0.00748 0.01565 23 0.00589 0.01335 23 0.00842 0.01666
24 0.00652 0.01268 24 0.00633 0.01335 24 0.00912 0.01757
25 0.00715 0.01475 25 0.00631 0.01203 25 0.00918 0.0178
26 0.00633 0.01304 26 0.00639 0.01288 26 0.00765 0.01948
27 0.00679 0.0119 27 0.0063 0.01398 27 0.00796 0.01492
28 0.00592 0.01102 28 0.00421 0.00854 28 0.00946 0.01716
29 0.00673 0.0128 29 0.0031 0.00714 29 0.00978 0.02065
30 0.00621 0.01305 30 0.00323 0.00717 30 0.00714 0.01513
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.00938 0.031 0.00865 0.03165 0.00996 0.02988
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.003025622 0.005164321 0.00340667 0.00592108 0.001929664 0.003468395
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Subject 7

Interval Averages and Interval Maximums (measured in volts)

Day 1 Day 2 Day 3
Interval  Right EMG Integrated Interval Maximum Interval  Right EMG Integrated Interval Maximum Interval Right EMG Integrated  Interval Maximum
1 0.01772 0.0307 1 0.01375 0.02371 1 0.01341 0.02547
2 0.01238 0.0229 2 0.00995 0.01966 2 0.01093 0.01874
3 0.01512 0.03324 3 0.01486 0.02746 3 0.01234 0.0202
4 0.01077 0.01785 4 0.01024 0.01976 4 0.01363 0.02477
5 0.01166 0.02781 5 0.01116 0.02822 5 0.012 0.02534
6 0.01446 0.02701 6 0.00817 0.0216 6 0.01158 0.01851
7 0.0121 0.03283 7 0.01144 0.02521 7 0.01264 0.03331
8 0.01181 0.02738 8 0.01253 0.02173 8 0.00913 0.02378
9 0.01029 0.02316 9 0.01264 0.02447 9 0.00869 0.0297
10 0.00934 0.01843 10 0.01056 0.02735 10 0.01602 0.03118
11 0.00799 0.02244 11 0.01222 0.02089 11 0.01326 0.02744
12 0.00921 0.01967 12 0.00973 0.02138 12 0.01285 0.02578
13 0.01361 0.02354 13 0.00747 0.01679 13 0.01034 0.02077
14 0.01274 0.02236 14 0.01017 0.01876 14 0.01146 0.0214
15 0.01346 0.02431 15 0.01011 0.0214 15 0.01147 0.02013
16 0.01125 0.01979 16 0.01062 0.01922 16 0.00814 0.02004
17 0.00896 0.02113 17 0.00888 0.02044 17 0.01538 0.02717
18 0.00972 0.01792 18 0.01335 0.02404 18 0.01427 0.02776
19 0.01333 0.02714 19 0.01664 0.02891 19 0.01233 0.02461
20 0.01241 0.02253 20 0.01 0.0278 20 0.00683 0.01918
21 0.0091 0.01747 21 0.01078 0.0201 21 0.00882 0.02061
22 0.00879 0.01913 22 0.00734 0.02141 22 0.01044 0.02052
23 0.01521 0.02672 23 0.00831 0.02653 23 0.01315 0.02721
24 0.01089 0.02057 24 0.01457 0.02748 24 0.00923 0.02383
25 0.00662 0.01668 25 0.00956 0.01644 25 0.0134 0.03375
26 0.0097 0.02355 26 0.00895 0.01823 26 0.01519 0.03084
27 0.00889 0.0177 27 0.00816 0.02248 27 0.01551 0.02743
28 0.00848 0.01552 28 0.00833 0.01618 28 0.01527 0.02912
29 0.00561 0.01481 29 0.00858 0.01917 29 0.00792 0.01532
30 0.00863 0.01845 30 0.01044 0.01853 30 0.00882 0.02172
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01101 0.03324 0.01065 0.02891 0.01182 0.03375
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.002726829 0.004930002 0.002311934 0.00378446 0.002547618 0.004713769
Day 1 Day 2 Day 3
Interval  Left EMG Integrated Interval Maximum Interval  Left EMG Integrated  Interval Maximum Interval  Left EMG Integrated  Interval Maximum
1 0.02136 0.0385 1 0.01789 0.03466 1 0.01377 0.02407
2 0.01559 0.03199 2 0.01281 0.02413 2 0.01125 0.01929
3 0.01841 0.03501 3 0.01871 0.03282 3 0.01273 0.02266
4 0.01284 0.02401 4 0.01294 0.02324 4 0.01243 0.02026
5 0.01408 0.03174 5 0.01315 0.03531 5 0.01064 0.02177
6 0.01805 0.03391 6 0.0107 0.03083 6 0.01074 0.01548
7 0.01357 0.03117 7 0.01376 0.02495 7 0.01217 0.0216
8 0.0148 0.03095 8 0.01586 0.02639 8 0.00863 0.01792
9 0.01252 0.02318 9 0.01633 0.03446 9 0.0083 0.02656
10 0.01231 0.02276 10 0.01264 0.03028 10 0.01188 0.0242
11 0.01008 0.02456 11 0.01553 0.02645 11 0.01234 0.02252
12 0.01237 0.02804 12 0.01235 0.02753 12 0.01062 0.02164
13 0.01671 0.03413 13 0.00977 0.01954 13 0.01005 0.01765
14 0.01598 0.03144 14 0.01302 0.0288 14 0.01038 0.02307
15 0.01751 0.03735 15 0.01253 0.0229 15 0.01099 0.0212
16 0.01464 0.02612 16 0.01267 0.02494 16 0.00805 0.0171
17 0.0121 0.03103 17 0.01163 0.02611 17 0.01138 0.0233
18 0.01273 0.0232 18 0.01635 0.03017 18 0.01051 0.02058
19 0.01705 0.03949 19 0.02046 0.0414 19 0.01031 0.01823
20 0.01727 0.02967 20 0.01244 0.03025 20 0.00734 0.01542
21 0.01224 0.02248 21 0.0135 0.0264 21 0.00772 0.0171
22 0.01196 0.02584 22 0.00996 0.0287 22 0.00898 0.01782
23 0.01954 0.03496 23 0.01122 0.02789 23 0.01021 0.01843
24 0.01386 0.02931 24 0.01843 0.03472 24 0.00891 0.01785
25 0.00966 0.02397 25 0.01326 0.02396 25 0.01116 0.02716
26 0.01366 0.02812 26 0.01128 0.02395 26 0.01148 0.01988
27 0.01333 0.02398 27 0.00987 0.03335 27 0.01122 0.01888
28 0.01296 0.02379 28 0.01252 0.0218 28 0.01113 0.02315
29 0.00808 0.02335 29 0.01079 0.02611 29 0.00759 0.01259
30 0.01165 0.02424 30 0.01312 0.02704 30 0.00797 0.01589
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01424 0.03949 0.01352 0.0414 0.01037 0.02716
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.003019688 0.005163987 0.002758022 0.004836488 0.001691579 0.003417294
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Subject 8

Interval Averages and Interval Maximums (measured in volts)

Day 1 Day 2 Day 3
Interval  Right EMG Integrated Interval Maximum Interval  Right EMG Integrated Interval Maximum Interval Right EMG Integrated  Interval Maximum
1 0.01772 0.03348 1 0.01436 0.02848 1 0.01565 0.02397
2 0.01301 0.0221 2 0.01092 0.01903 2 0.01242 0.02159
3 0.01207 0.02293 3 0.0105 0.01873 3 0.01208 0.02103
4 0.01101 0.02156 4 0.01077 0.01759 4 0.01266 0.02442
5 0.01151 0.02121 5 0.0118 0.02414 5 0.01349 0.02786
6 0.0116 0.01901 6 0.0116 0.02145 6 0.01226 0.02252
7 0.01365 0.02281 7 0.00868 0.02128 7 0.01221 0.02168
8 0.01099 0.01956 8 0.01064 0.01921 8 0.01322 0.0233
9 0.01411 0.02621 9 0.00752 0.02317 9 0.01285 0.0241
10 0.01105 0.02051 10 0.0088 0.01858 10 0.01203 0.02454
11 0.013 0.0239 11 0.01035 0.02174 11 0.01226 0.02212
12 0.01271 0.02294 12 0.01285 0.02452 12 0.01077 0.01947
13 0.01152 0.02119 13 0.01004 0.01927 13 0.01184 0.01933
14 0.01192 0.02325 14 0.01062 0.01823 14 0.01132 0.02068
15 0.01087 0.01906 15 0.00912 0.01865 15 0.01004 0.01749
16 0.01064 0.01705 16 0.01092 0.02078 16 0.01108 0.01766
17 0.01157 0.02091 17 0.01152 0.02295 17 0.0108 0.01991
18 0.01189 0.02112 18 0.01164 0.02566 18 0.0103 0.01623
19 0.01088 0.02198 19 0.00987 0.01685 19 0.00944 0.01806
20 0.01212 0.02011 20 0.00819 0.01849 20 0.00994 0.01737
21 0.00988 0.01832 21 0.01057 0.01651 21 0.01078 0.01909
22 0.01221 0.02158 22 0.01229 0.02338 22 0.01064 0.01687
23 0.00987 0.01945 23 0.0106 0.01821 23 0.00965 0.018
24 0.0119 0.02326 24 0.0112 0.02112 24 0.01048 0.01925
25 0.01029 0.0191 25 0.00998 0.0184 25 0.00871 0.01521
26 0.00944 0.01858 26 0.01017 0.01826 26 0.00976 0.01894
27 0.00956 0.0158 27 0.00985 0.01889 27 0.00949 0.01684
28 0.00959 0.01865 28 0.00988 0.01569 28 0.00787 0.01844
29 0.00918 0.01609 29 0.00844 0.01512 29 0.009 0.01435
30 0.0097 0.01684 30 0.00946 0.01761 30 0.00895 0.01574
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01152 0.03348 0.01044 0.02848 0.01107 0.02786
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.001732789 0.003396513 0.001428556 0.003102785 0.001690626 0.003225658
Day 1 Day 2 Day 3
Interval  Left EMG Integrated Interval Maximum Interval  Left EMG Integrated  Interval Maximum Interval  Left EMG Integrated  Interval Maximum
1 0.01772 0.03201 1 0.01508 0.02579 1 0.01541 0.02705
2 0.0134 0.02177 2 0.01118 0.02001 2 0.01367 0.02277
3 0.01235 0.0196 3 0.00969 0.01657 3 0.01362 0.02331
4 0.01171 0.01983 4 0.01198 0.02296 4 0.01446 0.0262
5 0.01311 0.02248 5 0.01155 0.02155 5 0.01354 0.02328
6 0.01261 0.0194 6 0.01275 0.02296 6 0.01356 0.02411
7 0.01389 0.02586 7 0.00938 0.0229 7 0.01327 0.02344
8 0.01119 0.02213 8 0.01066 0.02023 8 0.01432 0.02338
9 0.01529 0.02504 9 0.00713 0.01858 9 0.01429 0.02345
10 0.01188 0.02383 10 0.00889 0.0199 10 0.01295 0.02361
11 0.0142 0.02816 11 0.00966 0.01952 11 0.01344 0.02303
12 0.01291 0.02419 12 0.01379 0.0234 12 0.01147 0.0218
13 0.01308 0.0232 13 0.00968 0.0232 13 0.01289 0.02329
14 0.01156 0.02072 14 0.01017 0.01731 14 0.01222 0.02068
15 0.01245 0.02203 15 0.0092 0.01815 15 0.01045 0.01781
16 0.01199 0.02016 16 0.01081 0.02036 16 0.01147 0.02108
17 0.01317 0.02048 17 0.01106 0.01783 17 0.01116 0.01886
18 0.01217 0.02253 18 0.01092 0.01814 18 0.0104 0.0166
19 0.01177 0.02448 19 0.01005 0.0202 19 0.00982 0.02004
20 0.01348 0.02212 20 0.00916 0.01971 20 0.0104 0.01781
21 0.01121 0.02796 21 0.0101 0.01681 21 0.01098 0.02155
22 0.0128 0.02367 22 0.01335 0.02502 22 0.01054 0.01754
23 0.01061 0.02038 23 0.00915 0.01395 23 0.0098 0.01694
24 0.0126 0.02173 24 0.00969 0.01713 24 0.01019 0.01823
25 0.01074 0.02165 25 0.00873 0.01492 25 0.00905 0.01539
26 0.01089 0.02136 26 0.01081 0.01945 26 0.01011 0.01741
27 0.0104 0.01978 27 0.0092 0.01873 27 0.00946 0.01971
28 0.00973 0.01548 28 0.00938 0.01801 28 0.00793 0.01696
29 0.01068 0.01833 29 0.00775 0.01611 29 0.00966 0.0163
30 0.0108 0.01825 30 0.00995 0.01944 30 0.00965 0.01993
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01235 0.03201 0.01037 0.02578 0.01168 0.02705
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.001619924 0.003307364 0.001727103 0.002876823 0.001963981 0.003142472
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Subject 9

Interval Averages and Interval Maximums (measured in volts)

Day 1 Day 2 Day 3
Interval  Right EMG Integrated Interval Maximum Interval  Right EMG Integrated Interval Maximum Interval Right EMG Integrated  Interval Maximum
1 0.02884 0.04862 1 0.02685 0.04516 1 0.01853 0.02993
2 0.02556 0.04878 2 0.0253 0.04445 2 0.01665 0.02619
3 0.01628 0.02576 3 0.02271 0.0403 3 0.01363 0.02429
4 0.01453 0.02738 4 0.01663 0.02581 4 0.01158 0.02201
5 0.01699 0.03045 5 0.02015 0.03549 5 0.01345 0.02277
6 0.01931 0.03171 6 0.02083 0.04433 6 0.01417 0.02236
7 0.01821 0.03724 7 0.01496 0.03279 7 0.0128 0.02178
8 0.01803 0.03023 8 0.01924 0.03554 8 0.0141 0.02495
9 0.01639 0.04765 9 0.01843 0.03216 9 0.01358 0.02473
10 0.01816 0.03842 10 0.01785 0.03235 10 0.01281 0.02308
11 0.01928 0.03943 11 0.02028 0.03728 11 0.01482 0.02355
12 0.01971 0.03543 12 0.01668 0.03604 12 0.01319 0.02669
13 0.0172 0.03049 13 0.01979 0.03332 13 0.01444 0.02787
14 0.01443 0.02798 14 0.0169 0.03221 14 0.01279 0.0193
15 0.01399 0.02474 15 0.021 0.03497 15 0.01405 0.02399
16 0.01599 0.0349 16 0.01931 0.03164 16 0.01395 0.02389
17 0.01255 0.02054 17 0.01664 0.03175 17 0.01249 0.02365
18 0.01189 0.02394 18 0.01987 0.03442 18 0.01379 0.02423
19 0.01109 0.02385 19 0.01761 0.0391 19 0.01183 0.01924
20 0.01003 0.01982 20 0.01624 0.02797 20 0.01187 0.02433
21 0.0085 0.01881 21 0.01653 0.02822 21 0.01119 0.02026
22 0.00893 0.01626 22 0.01682 0.03717 22 0.01195 0.02171
23 0.00671 0.01414 23 0.01425 0.02916 23 0.01139 0.02312
24 0.00661 0.01302 24 0.01536 0.02905 24 0.01155 0.01974
25 0.00628 0.01055 25 0.01406 0.03254 25 0.01075 0.02009
26 0.00573 0.01058 26 0.01198 0.02109 26 0.01116 0.01864
27 0.0059 0.01185 27 0.0132 0.02699 27 0.01014 0.01932
28 0.00474 0.00923 28 0.01597 0.02802 28 0.01029 0.01796
29 0.00515 0.01076 29 0.01587 0.0277 29 0.00986 0.01957
30 0.00491 0.00918 30 0.01467 0.02369 30 0.01072 0.01838
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01341 0.04878 0.01788 0.04516 0.01279 0.02993
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.006303319 0.012076969 0.003365935 0.005914823 0.001922777 0.002963999
Day 1 Day 2 Day 3
Interval  Left EMG Integrated Interval Maximum Interval  Left EMG Integrated  Interval Maximum Interval  Left EMG Integrated  Interval Maximum
1 0.0262 0.04253 1 0.02704 0.04872 1 0.0205 0.03354
2 0.02375 0.03841 2 0.02324 0.03802 2 0.0179 0.03031
3 0.01767 0.03038 3 0.02045 0.03276 3 0.0137 0.02198
4 0.01401 0.03136 4 0.01413 0.02702 4 0.01234 0.02509
5 0.01708 0.02695 5 0.01852 0.03514 5 0.01339 0.02275
6 0.01758 0.0339 6 0.018 0.03069 6 0.01399 0.02211
7 0.01765 0.03808 7 0.01311 0.03203 7 0.01297 0.02558
8 0.01681 0.03071 8 0.01711 0.04237 8 0.01464 0.02319
9 0.01527 0.03219 9 0.01543 0.02503 9 0.01318 0.02233
10 0.01667 0.03585 10 0.01587 0.03456 10 0.01375 0.02464
11 0.01693 0.03076 11 0.01775 0.03081 11 0.01518 0.02756
12 0.0191 0.03531 12 0.01353 0.02935 12 0.01401 0.0277
13 0.01751 0.02966 13 0.01537 0.02622 13 0.01482 0.02528
14 0.01487 0.02687 14 0.01234 0.02369 14 0.01336 0.02142
15 0.01343 0.02209 15 0.01488 0.02654 15 0.01449 0.02425
16 0.01661 0.02753 16 0.0146 0.02567 16 0.01366 0.02738
17 0.01428 0.02805 17 0.01242 0.02174 17 0.01317 0.02409
18 0.0142 0.02749 18 0.0149 0.02823 18 0.01413 0.02637
19 0.01391 0.02991 19 0.01247 0.02249 19 0.01245 0.02172
20 0.01309 0.02793 20 0.01142 0.02069 20 0.01234 0.02147
21 0.01135 0.02044 21 0.01106 0.0236 21 0.0109 0.0197
22 0.01375 0.02421 22 0.0113 0.02016 22 0.01259 0.02212
23 0.01 0.02044 23 0.00994 0.02334 23 0.01063 0.02032
24 0.01228 0.02631 24 0.01046 0.0192 24 0.01154 0.01851
25 0.01098 0.02321 25 0.01006 0.02276 25 0.0112 0.0241
26 0.01003 0.01775 26 0.00816 0.01566 26 0.01125 0.02037
27 0.01041 0.01775 27 0.00918 0.02081 27 0.00992 0.01917
28 0.00983 0.01721 28 0.01117 0.01836 28 0.01047 0.01882
29 0.01187 0.02268 29 0.01066 0.01845 29 0.00957 0.02056
30 0.01092 0.01771 30 30 0.00989 0.01873
Mean Absolute Max. Mean Absolute Max. Mean Absolute Max.
0.01494 0.04253 0.01415 0.04872 0.01307 0.03354
Std. dev. Std. dev. Std. dev. Std. dev. Std. dev. Std. dev.
0.003870379 0.006639762 0.00429398 0.007599166 0.002314471 0.003561196
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Integrated EM G Data Graphs

The following graphs were created by plotting the above integrated EMG
values. Each graph contains only data from one side of the orbicularis oris. The data
from al three testing sessions for each subject are plotted on the same chart for
comparison. A genera downward tendency can be observed in each chart indicating

adecline of muscle activity, and therefore, fatigue.
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Tone Quality Data

Tone quality is a subjective matter, and the researcher has made no attempt to
make an absol ute evaluation of the subjects’ tone quality or the depreciation of tone
quality during the testing session. Quantifiable observations, however, were made
with respect to elements related to tone quality. Walter Boeykens addressed the
problem of air escaping around the mouthpiece and noted that listeners are often
unnerved and disturbed by the noiseit creates.™® This problem is related to fatigue
and instances of escaping air during the testing sessions were recorded. Theses
instances were of two types. avery short air leak lasting for a second or less or along
hiss lasting severa beats and usually being corrected after the player took a breath.
The exact length of the long air leaks was difficult to measure because the noise was
often intermittent and would fade and reappear slowly during a phrase. In both cases,
long leak or short leak, only the beginning time of the leak was noted.

Another problem related to tone that appeared during the test sessions was that
of the players taking un-notated pauses. These pauses may have been related to
psychological fatigue and became more frequent toward the end of each testing
Session.

The following time lines show the instances of these events (short air leaks,
long air leaks, and un-notated pauses.) Each subject’s chart contains three distinct
time lines for each of the threetrias. In most cases the density of the eventsin
guestion become greater at the end of each trial, and in most cases the second day of

testing, in general, has ahigher density of events than the first or the third.

180 \Walter Boeykens, “Playing the Clarinet with Finesse,” The Instrumentalist 42 (November
1087): 28.
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Signal Processing

The raw EMG signals were collected using the Biopac MP 150 and itsrelated
software (AcgKnowledge 3.7.3, Biopac Systems, Goleta, California). Theraw EMG
signal's were bandpass filtered (4™ — order Butterworth) using Labview software
(version 7 Express, National Instruments, Austin, Texas). This software yielded the
average amplitude (uv) and average frequency (Hz) values for each trial. The
AcgKnowledge software was used to generate the average IEMG (v) values for each
trial.

A. W. Kelman and S. Gatehouse found that while performing EMG testing on
the orbicularis oris, there were very little differences in left-side and right-side data.*®*
The data collected in this project is consistent with that finding with the exception of
the data collected on subject five on the third day. The left-side datafor thistrial was
obviously inconsistent and was probably affected by some type of equipment failure
or researcher error. Because of the large amount of datainvolved, the findings of

Kelman and Gatehouse, and the one instance of inconsistent |eft-side data, only right-

Side datawas used for statistical analysis.

Statistical Analysis
The descriptive data (age, height, weight, experience, time spent playing the
clarinet, and self-perceived levels of fatigue and tone depreciation) are reported as
means + SD (Standard Deviation). The percent change over trials for the outcome

variables of IEMG (v), amplitude (uv), and frequency (Hz) were calculated by

181 A, W. Kelman and S. Gatehouse. “A Study of the Electromyographical Activity of the
Musculus Orbicularis Oris,” Folia Phonaitrica 27 (1975): 361.
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subtracting post value (mean of values for trials 29 and 30) from initial value (mean
of valuesfor trials 1 and 2) and dividing the sum by theinitial data value (mean of
valuesfor trials 1 and 2). Statistical analyses were performed using SPSS 11.5 for
Windows. Comparisons between the days (3) over trials (30) were accomplished
using 2-way ANOV A with repeated measures. If the main effect of day was found to
be significant, a Bonferoni, post-hoc, pair-wise comparison was used to determine
differences. If the main effect of trial was found to be significant, then a post-hoc
trend analysis (linear, quadratic, or cubic) was used to describe the overall shape of
the trends. Statistical significance was set at an alphalevel of p = 0.05.1%

Based on the 2-way (day{ 3} and trial {30} ) repeated measures ANOVA, there
were no significant day effectsfor IEMG (p = .91), amplitude (p = .42), frequency (p
=.32), percent declinein IEMG (p = .54), or percent declinein amplitude (p = .51).
This indicates that these variables from all three days exhibited asimilar pattern with
respect to the 30 trials on each day, and that the rest period did not have an effect.

There was, however, asignificant day effect for the percent declinein
frequency (p = .007). Post-hoc analysisindicated that day 1 had a greater declinein
frequency compared to the declines in frequency of day 2 and day 3. This indicates,
with respect to frequency, that the subjects were more fatigued at the end of day 1
than either day 2 or 3 and that the level of fatigue for day 2 and 3 were similar. The

rest period had no significant effect on the frequency, and the lower declinesin

162 gignificance levels show how likely aresult is due to chance. The most common level,
used by statisticians to mean that something is good enough to be believed, is.95. This means that the
finding has a 95% chance of being true. It isreported, however, asp = .05 meaning that the finding
has a 5% (0.05) chance of not being true.
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frequency on days 2 and 3 could be, perhaps, due to atraining effect in which the
subjects adapted to the repeated playing task.

There were significant trial effects for both IEMG (p = .000) and amplitude (p
=.036) but no trial effect for frequency (p = .222). Post-hoc trend analysis indicated
that there was only a significant linear decline from trial 1 toward trial 30 for both
IEMG and amplitude. This indicates that fatigue was a steady process from beginning
to end of each day, and there was not a period of no fatigue followed by a specific
point where fatigue set in. There were no significant day by trial interactions for
IEM G, amplitude or frequency indicating that the pattern of decline across trials for

|[EM G and amplitude were similar for each day of testing.
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Descriptive Statistics

Variable N=9 Mean Std. Deviation
Statistic Statistic

subject age 23.6 5.4
subject height in inches 68.3 2.5
subject weight in pounds 174.2 32.8
years subject has played clarinet 12.1 5.4
days each week subject plays 5.9 0.8
hours spent playing each week 17.2 8.8
perceived fatigue level, day 1 6.5 2.4
perceived fatigue level, day 2 6.5 2.5
perceived fatigue level, day 3 5.3 2.4
perceived beginning of fatigue (minutes), day 1 8.7 8.3
perceived beginning of fatigue (minutes), day 2 4.6 6.1
perceived beginning of fatigue (minutes), day 3 7.6 7.2
perceived depreciation of tone, day 1 6.3 2.8
perceived depreciation of tone, day 2 6.6 1.8
perceived depreciation of tone, day 3 4.8 2.6
percent decline in v, day 1 (Integrated EMG) 44.2 17.8
percent decline in v, day 2 (Integrated EMG) 44.5 17.6
percent decline in v, day 3 (Integrated EMG) 36.5 11.6
percent decline in amplitude, day 1 35.2 18.1
percent decline in amplitude, day 2 41.1 20.6
percent decline in amplitude, day 3 30.6 11.3
percent decline in frequency, day 1 14.2 125
percent decline in frequency, day 2 -0.1 7.9
percent decline in frequency, day 3 1.0 11.8

Figure 12: Descriptive Satistics.

Discussion of Descriptive Statistics

At the end of each day, subjects were asked to report their perceived level of

fatigue on ascale of 1 to 10, with 1 representing no fatigue and 10 representing

complete fatigue. The mean for al subjects was 6.5 for both the first and second
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days. After the period of rest, however, the mean perceived level of fatigue was only
5.3 indicating, by observation of the means, that, as a group, subjects were less
fatigued at the end of the third day of testing than after either of the first two.
Because of the high standard deviations, the level of significance when comparing
perceived level of fatigue across days (p = .057) wasjust dightly higher than the set
level of significance (p = .05) causing this comparison to be not statistically
significant. At the end of each day, subjects were asked to estimate at what point they
began to experience fatigue during the 30 trials. The mean for the first day was 8.7
minutes. Perceived fatigue set in more quickly, at a mean time of 4.6 minutes for the
group on the second day. The time of perceived beginning of fatigue of 7.6 minutes
for the third day shows by observation of the means an improvement of endurance
compared to the second day and is close to the endurance level indicated for the first
day. For perceived beginning of fatigue, the statistical level of significance (p =.20)
was too high to make this comparison statistically significant. After each day
subjects were also asked to evaluate their perceived depreciation of tone quality
during the 30 trials on ascale of 1 to 10, with 1 representing no depreciation in tone
quality and 10 representing their worst possible sound. The mean for the first day
was 6.3, and there was a similar mean of 6.5 for the second day. The mean for level
of perceived depreciation of tone of 4.8 for the third day indicates by observation of
the means that the subjects as a group perceived less tone quality depreciation during
the third day than during the first two days. Although the comparison of the variable
of perceived depreciation of tone across days was not statistically significant, the

level of statistical significance for perceived depreciation of tone (p = .06) was very
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closeto set level of significance (p =.05). Although statistical significance was not
achieved in the subject reported variables of perceived fatigue level, perceived
beginning of fatigue and perceived depreciation of tone compared across the three
days, observation of the means indicates that endurance was improved after two days
of rest. Statistical significance could be, perhaps, improved with alarger pool of
subjects.

The declinesin integrated EM G, amplitude, and frequency data for the three
days follow a similar pattern as the subject-reported data (see Figure 12). Although
statistical significance is not present, observation of the means supports the

conclusion that endurance was improved after the rest period.
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V. SUMMARY

In the introduction four questions were posed. The answers to these questions
are based on the EM G data collected, researcher observations of the live and recorded
musical performances, and information provided by the subjects.

When did fatigue occur in each day? Due to the linear declines of IEMG
and amplitude values, this data indicates that fatigue was a steady process from
beginning to end of each day. The information provided by the subjects, however,
indicates that they began to experience fatigue at different times during each day of
testing. For thefirst day of testing, the mean time for perceived beginning of fatigue
was 8.7 minutes. Perceived fatigue set in more quickly with amean time of 4.6
minutes on the second day. On the third day, after the rest period, there was an
improvement in endurance compared with the second day with perceived fatigue
beginning at a mean time of 7.6 minutes on the third day. Because of the small
number of subjects and the relatively high standard deviations for this data, the apha
level for statistical significance (p = 0.05) was not met.

Wer e subjects morefatigued after second day of testing? Observation of
the mean values indicates that the subject-reported level of fatigue was the same for
both the first and second day. Observation of mean values also indicates there were
greater declines on the second day in IEM G values and amplitude than on the first
day. Although statistical significance was not met, there is some evidence that

subjects were more fatigued after the second day than after the first.
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Did the period of rest improve endurance? Observation of mean values for
perceived beginning of fatigue, perceived level of fatigue, percent declinein IEMG,
and percent decline in voltage all indicate that there was some improvement in
endurance after the rest period. Although statistical significance was not met with
these variabl es, the consistent trend does connect improved endurance to the rest
period.

Wasthereadiscernable differencein tone quality associated with
fatigue? Observation of mean values for perceived depreciation of tone quality
indicate that the subjects believed that their tone suffered the most on the second day
and depreciated the least on the third day which was after the rest period. Tone
guality inhibiting factors such as air leaks and non-notated pauses in the performance

tended to be most frequent on the second day and least frequent on the third day

Protocol for Developing an Endurance Building Program

The established sport-science practices of periodization and tapering with the
principles of training can be used to design a program to improve endurance
systematically. Because each individual responds to training in a unique manner,
each program should be custom designed to fit the needs and physical responses to
training of the individual. An effective program should include: cycles, varied
practice sessions, control of intensity, control of practice time, tapering, rest, and
consistency. Cyclesinvolve gradually increasing practice intensity to produce a
reasonabl e overload effect and maintaining a reasonable amount of practice time.

Practice sessions can be varied by time, intensity, literature, and performance focus.
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Varying practice sessions will help to avoid the staleness which can lead to
psychological fatigue. Intensity of practice sessions can be controlled through the use
of non-performance related activities such as mental practice, score-study, and the
evauation of recordings. A low intensity practice session might include 30% actual
playing time and 70% non-performance activities, and a moderate intensity practice
session could include 60% actual playing time and 40% non-performance activities.
A high intensity session would, perhaps, include up to 90% actua playing time and
10% non-performance activities. The control of practice timeis often not easily
obtained dueto lifestyle issues and work-related demands. Michael Kellmann
suggested that athletes limit training time to no more than three hours aday.'®® This
limitation of training time could also be a reasonable maximum for the clarinetist.
The amount of practice time should, however, be adjusted according to the intensity
level. Astheintensity of practice increases, the amount of time spent practicing
should decrease. The weekly increase of either time or intensity should be
approximately 10% to achieve an effective overload effect. To prevent overtraining,
these weekly increases should not exceed 30%. During the two or three weeks before
an important performance such as a solo recital, practice time and intensity should be
tapered to allow for the body to make arecovery adaptation. Thiswill alow for
optimum endurance at the important performance. Rest days should also be included
as aregular feature of an effective program. Rest days allow the body to recover

from overload, adapt and reduce the risk of overuse injuries. Because the effects of

163 Michael Kellmann. “Underrecovery and Overtraining: Different Concepts-
Similar Impact?’ Olympic Coach 15, Summer 2003 [journal on-ling];
http://coaching.usol ympicteam.com/coaching/kpub.nsf/v/2SEPT03; I nternet; accessed 29 June 2004.
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any training are reversible after the training ceases, consistency must be continued to

achieve and maintain the desired adaptation.
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V. FUTURE RESEARCH

The conclusions of this study, supported by well-established sport-science
training practices, indicate that rest days are necessary for an effective endurance
building training regimen. The optimal amount of rest or frequency of rest periods
for effective endurance building in clarinetists has not been established by this study.
Further study involving different rest periodsis necessary to establish such a protocaol.

EMG feedback could be used as a valuable tool in clarinet pedagogy
especialy in the areas of reed selection, embouchure control during staccato-style
playing and relaxation during breaths.

In hisarticle, “Hard or Soft Clarinet Reeds,” James Collis addressed the issue
of reed selection. Thisisacomplicated issue because of the variables involved, such
as mouthpiece design and the strength of the individua’s embouchure. With regard
to embouchure Collis stated:

If lip pressureis very heavy, avery strong reed must be used to
counterbalanceit; if lip pressureislight, only a soft reed is needed. One
player will pick up an instrument and jam the reed closed against the
mouthpiece, or perhaps play flat on the upper tones; another player will pick
up the same instrument and play it easily and skip up lightly to the highest C.
The difference is in the embouchure.*®*

EMG feedback could be used in aiding clarinetists in selection of reed strength. If a
clarinetist exhibited arelatively high level of embouchure muscle activity, that player

would be a candidate for harder reeds. Conversdly, if aclarinetist exhibited low

embouchure muscle activity, a softer reed would possibly be a better choice.

164 James Collis. “Hard or Soft Clarinet Reeds,” The Instrumentalist 20 (December 1965): 70.
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Heuser and McNitt-Gray found that el ectromyography is a useful tool in
trumpet instruction because it “ has the potential to provide empirical evidence
validating relationships between pedagogical information and improvementsin
performance-related motor skills.”*® This same approach could be taken with
clarinet instruction. The proper performance of notes articulated in staccato-style,
notes separated with avery brief silence, isapoint of concern. With regard to
articulating a single note, John Davies and Paul Harrisinstructed clarinetists to “form
your embouchure before articulation and not actually at the moment of articulation”
and to “not allow the embouchure to relax in any way until after ending a note.” **°
When aclarinetist plays a series of staccato-style (separated) notes, the pause
between the notes is so brief that it isimpractical to alow the embouchure to relax
and still maintain the highest quality of sound. The embouchure must remain formed
because the brief pause does not allow for arelaxation followed by another
preparation. Because the embouchure must form an air tight seal around the
mouthpiece, Daniel Bonade implied that the formation of the embouchure remains
intact throughout a staccato passage when he reminded clarinetists “that the wind

167 some clarinetists, however,

pressure never relaxes’ when playing staccato style.
have difficulty producing a proper staccato style when they allow the embouchure to

relax between the production of individua notes. The effect created is often a

185 Frank Heuser and Jill L. McNitt-Gray. “Enhancing and Validating Pedagogical Practice:
The Use of Electromyography during Trumpet Instruction,” Medical Problems of Performing Artists
13 (December 1998): 155.

186 John Davies and Paul Harris, Essential Clarinet Technique: Tone, Intonation, Articulation,
Finger Technique (London: Faber Music Limited, 1985), 37.

187 Daniel Bonade The Clarinetist’s Compendium: Including Method of Staccato and Art of
Adjusting Reeds (Kenosha, Wisconsin: Leblanc Publications, Incorporated, 1962), 9.
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distorted or less clear sound due to the reforming of the embouchure at the moment of
articulation. Figure 13 showsthe EMG of atest subject performing a staccato

excerpt with poor technique.
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<] | »[ St

Figure 13: EMG activity of an improper staccato performance.

In the interval between 210 seconds and 220 seconds the subject allowed his
embouchure to relax for a brief time between notes. The diminished EMG activity is
clearly visible at regular periods during thisinterval. The following interval, from
220 seconds to 230 seconds, shows a more typical pattern of EMG activity which
would be appropriate for sustained or staccato-style playing. Allowing aclarinetist,
such as the one in this example, to view the real-time EMG while playing could be a
useful pedagogical tool in identifying the inappropriate technique and correcting it.
Never allowing the embouchure to relax can also be aproblem. If the
clarinetist continuously maintains embouchure formation, fatigueislikely to set in
more quickly than if the clarinetist allows the embouchure to relax momentarily
during a breath. Figure 14 shows atypical relaxation (reduced muscle activity)

during a breath at about 275 seconds.
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Figure 14. Breath taken at 275 seconds.
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Figure 15 shows continuous muscle activity with no relaxation of the embouchure

even though the subject took a breath at about 135 seconds.
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Figure 15: No breath visible.
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This pattern of continuously maintaining embouchure formation could be detrimental

to endurance. Real-time EMG feed-back could be used to help a clarinetist identify

and correct this problem.

EMG feedback could also be pedagogically useful in correcting other

difficulties such as proper embouchure adjustments for pitch correction, for tone
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consistency during dynamic extremes, and for €liminating extraneous jaw movement
during articulation.

EMG studies could also offer valuable insight into other areas of clarinet
performance not addressed by this study. The breathing apparatus, the right arm and
hand which support the clarinet, and the fingers could all be studied using EMG. Such
studies would be significant in advancing pedagogical approaches to improving

efficiency.
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INFORMED CONSENT FORM FOR RESEARCH BEING CONDUCTED UNDER THE AUSPICES OF THE
UNIVERSITY OF OKLAHOMA-NORMAN CAMPUS

INTRODUCTION: Thisstudy is entitled: “Fatigue and Recovery Patternsin the Mouth Muscles Used to Play the
Clarinet.” The persons directing this project are David Belcher — DMA Candidate and Dr. David Etheridge —
Professor of Clarinet, The University of Oklahoma. This document defines the terms and conditions for
consenting to participate in this study.

DESCRIPTION OF THE STUDY: This study involves the measurement of muscle activity in the mouth muscles
used while playing the clarinet and the fatigue and recovery of those muscles. Muscle activity will be measured
through the use of small, surface electrodes placed over the appropriate mouth muscles so that EM G data can be
recorded. Participantswill be asked to come to the neuromuscular lab in the Huston Huffman Center on the
campus of The University of Oklahoma for three testing sessions lasting no more than forty-five minutes each.
During each session the participant will be provided with the sheet music for amusical exercise and be asked to
play for thirty minutes, (No preparation time will be required.) The participant will be asked to return the
following day for asimilar session. After the second day of testing, the participant will be asked to not play the
clarinet for two days. After thistwo-day rest period, the participant will be asked to return for the final day of
testing.

RISKS AND BENEFITS: Therisk of participation in this study is limited to some mild discomfort associated
with intense, fatiguing performance. The benefitsinclude a contribution to clarinet pedagogy which would allow
for the development of more refined practice routines, increased gains in endurance and a reduction of overuse
injuries.

CONDITIONS OF PARTICIPATION: Participation isvoluntary. Refusal to participate will involve no penalty
or loss of benefits to which the subject is otherwise entitled. Furthermore, the participant may discontinue
participation at any time without penalty or loss of benefits to which the participant is otherwise entitled.

CONFIDENTIALITY: Findingswill be presented in aggregate form with no identifying information to ensure
confidentiality.

AUDIO TAPING OF STUDY ACTIVITIES: To assist analysis of data, your musical performance may be
recorded on an audio recording device. Interview/discussion will not be recorded. Participants have the right to
refuse to allow such recording without penalty. Please select one of the following options.

[ 11 consent to the use of audio recording.

[ 11 do not consent to the use of audio recording.

CONTACTS FOR QUESTIONS ABOUT THE STUDY': Participants may contact David Belcher:
<david.e.belcher-1@ou.edu> 940-696-3137 or Dr. David Etheridge: <david-etheridge@ou.edu> 405-325-4372
with questions about the study.

For inquires about rights as a research participant, contact the University of Oklahoma-Norman Campus
Ingtitutional Review Board (OU-NC IRB) at 405/325-8110 or irb@ou.edu.

PARTICIPANT ASSURANCE: | have read and understand the terms and conditions of this study and | hereby
agree to participate in the above-described research study. | understand my participation is voluntary and that |
may withdraw at any time without penalty.

Signature of Participant Date

Printed Name of Participant Researcher Signature
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Date:

Subject #:

Fatigue Patterns in the Mouth Muscles Used to Play the Clarinet

Questionnaire

The purpose of this questionnaire is to gather general information about you and your

playing habits. Please be assured that your identity will be kept confidential and
nothing will be written that could link you to your answers. Y ou may either bring
your completed questionnaire to the first test session or, if you prefer, it will be
completed by the investigator during your test session.

Please answer the following questions as precisely as possible. If you need more
space, fedl free to attach extra pages.

Age Sex: Height: Weight:
How long have you been playing the clarinet?

Do you play with a single-lipped embouchure or a double-lipped embouchure? |
both, what percentage of your playing timeis spent with each?

On average, on how many days each week do you play the clarinet? (Include
individual practice, rehearsals and performance — everything.)

On average, how many hours per week do you play the clarinet? (Again, include all
practice, rehearsal and performance.)

In the few weeks prior to an important performance do you find that the time you
spend playing:
(Circle one)

Increases Decreases Stays about the same

156



Do you ever experience fatigue (muscle “burn” or loss of strength) in your
embouchure while you play the clarinet? If yes, please explain.

Is endurance ever a problem for you during public performance?
If yes, please explain.

Many performers take a short break (afew days perhaps) from playing following an
important performance for which they have prepared especialy intensely. Isthis
something that you do?

Please comment on why or why not.

If you do take a break after one of these important performances how do you feel with
respect to endurance after you resume your normal playing routine?
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Has it ever been suggested to you by amusic educator (private instructor, band
director, conductor, method book author, etc) that you should play every day?

If yes, please explain.

Do you have a specific individua practice schedule?

If yes, please describe.

If you have a specific practice schedule does it ever change?

If yes, please describe the factors which affect a change in this schedule.

What types of performance tasks do you find particularly fatiguing?
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Date:

Subject #:

After First Day of Testing:

How do you feel with respect to embouchure fatigue now? Circle one.
(1 = not fatigued at al. 10 = completely fatigued)

1 2 3 4 5 6 7 8 9 10
Estimate at what point your embouchure began to feel tired? Circle one.
Began to fed tired...

Within the first five minutes of testing

After 5 minutes of testing

After10 minutes of testing

After 15 minutes of testing

After 20 minutes of testing

Did not experience any fatigue

How much do you feel that your tone quality deteriorated during this test session?
Circleone. (1=toneimproved or there was no change. 10 = tone deteriorated to your
worst possible sound.)

1 2 3 4 5 6 7 8 9 10
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Date:

Subject #:

After Second Day of Testing:

How do you feel with respect to embouchure fatigue now? Circle one.
(1 =not fatigued at all. 10 = completely fatigued)

1 2 3 4 5 6 7 8 9 10
Estimate at what point your embouchure began to fed tired? Circle one.

Began to fed tired...
Within the first 5 minutes of testing
After 5 minutes of testing
After10 minutes of testing
After 15 minutes of testing
After 20 minutes of testing

Did not experience any fatigue

How much do you feel that your tone quality deteriorated during this test session?
Circleone. (1=toneimproved or there was no change. 10 = tone deteriorated to your
worst possible sound.)

1 2 3 4 5 6 7 8 9 10
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Date:

Subject #:

To be completed by the researcher at the beginning of
the third test session.

Have you played the clarinet since the | ast testing session?
If no: Testing continues
If yes: How long did you play and when?

If lessthan an hour: Testing continues

If more than an hour: Testing ends and data discarded

If playing occurred on the day of the third day of testing: Testing ends and data
discarded.
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Date:

Subject #:

After Third Day of Testing:

How do you feel with respect to embouchure fatigue now? Circle one.
(1 = not fatigued at al. 10 = completely fatigued)

1 2 3 4 5 6 7 8 9 10
Estimate at what point your embouchure began to feel tired? Circle one.

Began to fed tired...
Within the first 5 minutes of testing
After 5 minutes of testing
After10 minutes of testing
After 15 minutes of testing
After 20 minutes of testing

Did not experience any fatigue

How much do you feel that your tone quality deteriorated during this test session?
Circleone. (1=toneimproved or there was no change. 10 = tone deteriorated to your
worst possible sound.)

1 2 3 4 5 6 7 8 9 10
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APPENDIX I11

Raw Data
The following section contains the raw right-side data values for: IEMG
(volts), amplitude (uv), frequency (Hz), subject information, subject perceived fatigue
level, subject perceived beginning of fatigue, subject perceived depreciation of tone,
percent declinein IEMG, percent decline in amplitude, and percent decline in

frequency.
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T

subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 1 trial 1 IEMG (v) 0.01957 | 0.01917 | 0.01096 | 0.01198 | 0.00668 | 0.02584 | 0.01772 | 0.01772 | 0.02884
day 1 trial 1 IEMG (v) 0.01882 | 0.01663 | 0.00839 | 0.00909 | 0.00698 | 0.02183 | 0.01238 | 0.01301 | 0.02556
day 1 trial 3 IEMG (v) 0.0168 | 0.01207 | 0.00856 | 0.00993 | 0.00667 | 0.01493 | 0.01512 | 0.01207 | 0.01628
day 1 trial 4 IEMG (v) 0.01439 | 0.01322 | 0.01092 | 0.00936 | 0.00705 | 0.01507 | 0.01077 | 0.01101 | 0.01453
day 1 trial 5 IEMG (v) 0.01159 | 0.01226 | 0.01025 | 0.00836 | 0.00706 | 0.01149 | 0.01166 | 0.01151 | 0.01699
day 1 trial 6 IEMG (v) 0.01771 | 0.0151 | 0.01054 | 0.00902 | 0.00772 | 0.01425 | 0.01446 | 0.0116 | 0.01931
day 1 trial 7 IEMG (v) 0.01309 | 0.01275 | 0.01121 | 0.00832 | 0.00817 | 0.01538 | 0.0121 | 0.01365 | 0.01821
day 1 trial 8 IEMG (v) 0.01262 | 0.01482 | 0.00778 | 0.00912 | 0.00827 0.013 | 0.01181 | 0.01099 | 0.01803
day 1 trial 9 IEMG (v) 0.00781 | 0.01257 | 0.01045 | 0.00828 | 0.00711 | 0.0152 | 0.01029 | 0.01411 | 0.01639
day 1 trial 10 IEMG (v) 0.01254 | 0.01297 | 0.0116 | 0.00659 | 0.00853 | 0.01518 | 0.00934 | 0.01105 | 0.01816
day 1 trial 11 IEMG (v) 0.01777 | 0.01174 | 0.01007 | 0.00745 | 0.00944 | 0.00638 | 0.00799 0.013 | 0.01928
day 1 trial 12 IEMG (v) 0.01453 | 0.01088 | 0.01039 | 0.00672 | 0.00853 | 0.01634 | 0.00921 | 0.01271 | 0.01971
day 1 trial 13 IEMG (v) 0.0166 | 0.01382 | 0.01008 | 0.00611 | 0.00926 | 0.01576 | 0.01361 | 0.01152 | 0.0172
day 1 trial 14 IEMG (v) 0.01466 | 0.0118 | 0.01034 | 0.0062 | 0.00879 | 0.00918 | 0.01274 | 0.01192 | 0.01443
day 1 trial 15 IEMG (v) 0.01447 | 0.01394 | 0.01016 | 0.0056 | 0.00894 | 0.01256 | 0.01346 | 0.01087 | 0.01399
day 1 trial 16 IEMG (v) 0.01086 | 0.01231 | 0.0101 | 0.00601 | 0.00822 | 0.01489 | 0.01125 | 0.01064 | 0.01599
day 1 trial 17 IEMG (v) 0.01446 | 0.01429 | 0.01038 | 0.0059 | 0.00877 | 0.01416 | 0.00896 | 0.01157 | 0.01255
day 1 trial 18 IEMG (v) 0.00968 | 0.01347 | 0.00976 | 0.00531 | 0.00771 | 0.01178 | 0.00972 | 0.01189 | 0.01189
day 1 trial 19 IEMG (v) 0.01284 | 0.01143 | 0.00985 | 0.00573 | 0.00653 | 0.01257 | 0.01333 | 0.01088 | 0.01109
day 1 trial 20 IEMG (v) 0.01064 | 0.01295 | 0.00962 | 0.00488 | 0.00617 | 0.01169 | 0.01241 | 0.01212 | 0.01003
day 1 trial 21 IEMG (v) 0.00514 | 0.01251 | 0.00891 | 0.00553 | 0.00638 | 0.01329 | 0.0091 | 0.00988 | 0.0085
day 1 trial 22 IEMG (v) 0.01025 | 0.01068 | 0.00792 | 0.00487 | 0.00588 | 0.01436 | 0.00879 | 0.01221 | 0.00893
day 1 trial 23 IEMG (v) 0.0094 | 0.0121 | 0.0093 | 0.00549 | 0.00672 | 0.01307 | 0.01521 | 0.00987 | 0.00671
day 1 trial 24 IEMG (v) 0.01232 | 0.01208 | 0.00937 | 0.00501 | 0.00526 | 0.01126 | 0.01089 | 0.0119 | 0.00661
day 1 trial 25 IEMG (v) 0.00909 | 0.01091 | 0.00923 | 0.00464 | 0.00567 | 0.01248 | 0.00662 | 0.01029 | 0.00628
day 1 trial 26 IEMG (v) 0.01296 | 0.01118 | 0.00826 | 0.00509 | 0.00496 | 0.01179 | 0.0097 | 0.00944 | 0.00573
day 1 trial 27 IEMG (v) 0.01207 | 0.01136 | 0.00848 | 0.00522 | 0.00512 | 0.01192 | 0.00889 | 0.00956 | 0.0059
day 1 trial 28 IEMG (v) 0.01318 | 0.01069 | 0.00821 | 0.00516 | 0.00582 | 0.01122 | 0.00848 | 0.00959 | 0.00474
day 1 trial 29 IEMG (v) 0.01212 | 0.00982 | 0.00713 | 0.00563 | 0.00561 | 0.01313 | 0.00561 | 0.00918 | 0.00515




qaT

subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 1 trial 30 IEMG (v) 0.01132 | 0.00954 | 0.00844 | 0.0058 | 0.00463 | 0.01072 | 0.00863 | 0.0097 | 0.00491
day 2 trial 1 IEMG (v) 0.01844 | 0.01762 | 0.01237 | 0.01335 | 0.0079 | 0.02221 | 0.01375 | 0.01436 | 0.02685
day 2 trial 2 IEMG (v) 0.01674 | 0.01435 | 0.00991 | 0.01104 | 0.00704 | 0.01422 | 0.00995 | 0.01092 | 0.0253
day 2 trial 3 IEMG (v) 0.016 | 0.0109 | 0.00957 | 0.01138 | 0.00742 | 0.00898 | 0.01486 | 0.0105 | 0.02271
day 2 trial 4 IEMG (v) 0.01376 | 0.01405 | 0.00989 | 0.01101 | 0.00755 | 0.01488 | 0.01024 | 0.01077 | 0.01663
day 2 trial 5 IEMG (v) 0.0137 | 0.01052 | 0.01026 | 0.01122 | 0.00889 | 0.01277 | 0.01116 | 0.0118 | 0.02015
day 2 trial 6 IEMG (v) 0.01562 | 0.01208 | 0.00971 | 0.0117 | 0.00698 | 0.01253 | 0.00817 | 0.0116 | 0.02083
day 2 trial 7 IEMG (v) 0.01546 | 0.01105 | 0.01059 | 0.01166 | 0.00796 | 0.01318 | 0.01144 | 0.00868 | 0.01496
day 2 trial 8 IEMG (v) 0.01398 | 0.01178 | 0.00997 | 0.01092 | 0.00771 | 0.01021 | 0.01253 | 0.01064 | 0.01924
day 2 trial 9 IEMG (v) 0.00779 | 0.00904 | 0.0087 | 0.01186 | 0.00708 | 0.01283 | 0.01264 | 0.00752 | 0.01843
day 2 trial 10 IEMG (v) 0.01356 | 0.00886 | 0.01036 | 0.01165 | 0.00731 | 0.01634 | 0.01056 | 0.0088 | 0.01785
day 2 trial 11 IEMG (v) 0.01411 | 0.0081 | 0.01076 | 0.01174 | 0.00695 | 0.01276 | 0.01222 | 0.01035 | 0.02028
day 2 trial 12 IEMG (v) 0.01131 | 0.00852 | 0.00906 | 0.01017 | 0.00685 | 0.01411 | 0.00973 | 0.01285 | 0.01668
day 2 trial 13 IEMG (v) 0.01314 | 0.01224 | 0.01095 | 0.0113 | 0.0053 | 0.01228 | 0.00747 | 0.01004 | 0.01979
day 2 trial 14 IEMG (v) 0.00955 | 0.01258 | 0.00885 | 0.01129 | 0.00441 | 0.01236 | 0.01017 | 0.01062 | 0.0169
day 2 trial 15 IEMG (v) 0.01503 | 0.01487 | 0.00877 | 0.01099 | 0.00416 | 0.00856 | 0.01011 | 0.00912 0.021
day 2 trial 16 IEMG (v) 0.01207 | 0.00963 | 0.00804 | 0.01062 | 0.0035 | 0.01165 | 0.01062 | 0.01092 | 0.01931
day 2 trial 17 IEMG (v) 0.00916 | 0.01253 | 0.00763 | 0.01037 | 0.00334 | 0.01204 | 0.00888 | 0.01152 | 0.01664
day 2 trial 18 IEMG (v) 0.01134 | 0.0105 | 0.00779 | 0.01053 | 0.00313 | 0.01097 | 0.01335 | 0.01164 | 0.01987
day 2 trial 19 IEMG (v) 0.00978 | 0.01031 | 0.00661 | 0.00966 | 0.00278 | 0.01371 | 0.01664 | 0.00987 | 0.01761
day 2 trial 20 IEMG (v) 0.00996 | 0.00744 | 0.00665 | 0.01002 | 0.00269 | 0.01141 0.01 | 0.00819 | 0.01624
day 2 trial 21 IEMG (v) 0.01131 | 0.0119 | 0.0063 | 0.00903 | 0.00271 | 0.01204 | 0.01078 | 0.01057 | 0.01653
day 2 trial 22 IEMG (v) 0.00871 | 0.01164 | 0.00585 | 0.00959 | 0.00177 | 0.00585 | 0.00734 | 0.01229 | 0.01682
day 2 trial 23 IEMG (v) 0.00963 | 0.01024 | 0.00576 | 0.00997 | 0.00225 | 0.00972 | 0.00831 | 0.0106 | 0.01425
day 2 trial 24 IEMG (v) 0.01043 | 0.00912 | 0.00583 | 0.00975 | 0.00211 | 0.01046 | 0.01457 | 0.0112 | 0.01536
day 2 trial 25 IEMG (v) 0.01173 | 0.01011 | 0.00597 | 0.00897 | 0.00229 | 0.01138 | 0.00956 | 0.00998 | 0.01406
day 2 trial 26 IEMG (v) 0.01134 | 0.00808 | 0.00571 | 0.00903 | 0.00197 | 0.01149 | 0.00895 | 0.01017 | 0.01198
day 2 trial 27 IEMG (v) 0.0113 | 0.01171 | 0.00562 | 0.00886 | 0.00214 0.011 | 0.00816 | 0.00985 | 0.0132
day 2 trial 28 IEMG (v) 0.01068 | 0.01035 | 0.00497 | 0.00872 | 0.00204 | 0.00943 | 0.00833 | 0.00988 | 0.01597
day 2 trial 29 IEMG (v) 0.01079 | 0.0086 | 0.00497 | 0.00921 | 0.00208 | 0.00748 | 0.00858 | 0.00844 | 0.01587
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subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 2 trial 30 IEMG (v) 0.00638 | 0.00912 | 0.00476 | 0.00895 | 0.00168 | 0.00805 | 0.01044 | 0.00946 | 0.01467
day 3 trial 1 IEMG (v) 0.01959 | 0.01266 | 0.01003 | 0.01555 | 0.00904 | 0.01986 | 0.01341 | 0.01565 | 0.01853
day 3 trial 2 IEMG (v) 0.01701 | 0.01014 | 0.00848 | 0.01248 | 0.00785 | 0.01356 | 0.01093 | 0.01242 | 0.01665
day 3 trial 3 IEMG (v) 0.01668 | 0.00836 | 0.00802 | 0.01256 | 0.00958 | 0.00954 | 0.01234 | 0.01208 | 0.01363
day 3 trial 4 IEMG (v) 0.01344 | 0.01027 | 0.00882 | 0.01221 | 0.0073 | 0.01215 | 0.01363 | 0.01266 | 0.01158
day 3 trial 5 IEMG (v) 0.01615 | 0.00985 | 0.00862 | 0.01246 | 0.00832 | 0.0124 0.012 | 0.01349 | 0.01345
day 3 trial 6 IEMG (v) 0.01204 | 0.00828 | 0.00928 | 0.01248 | 0.00838 | 0.01146 | 0.01158 | 0.01226 | 0.01417
day 3 trial 7 IEMG (v) 0.01204 | 0.00795 | 0.00961 | 0.01289 | 0.00831 | 0.01235 | 0.01264 | 0.01221 | 0.0128
day 3 trial 8 IEMG (v) 0.01419 | 0.0087 | 0.00999 | 0.01334 | 0.00705 | 0.0129 | 0.00913 | 0.01322 | 0.0141
day 3 trial 9 IEMG (v) 0.01536 | 0.00952 | 0.00918 | 0.01266 | 0.00729 | 0.01225 | 0.00869 | 0.01285 | 0.01358
day 3 trial 10 IEMG (v) 0.01479 | 0.00768 | 0.00887 | 0.01289 | 0.00858 | 0.01252 | 0.01602 | 0.01203 | 0.01281
day 3 trial 11 IEMG (v) 0.01421 | 0.00939 | 0.00817 | 0.01305 | 0.00939 | 0.01177 | 0.01326 | 0.01226 | 0.01482
day 3 trial 12 IEMG (v) 0.01419 | 0.00667 | 0.00909 | 0.01085 | 0.00797 | 0.01291 | 0.01285 | 0.01077 | 0.01319
day 3 trial 13 IEMG (v) 0.01253 | 0.00761 | 0.00902 | 0.01198 | 0.00737 | 0.01125 | 0.01034 | 0.01184 | 0.01444
day 3 trial 14 IEMG (v) 0.01353 | 0.00872 | 0.00895 | 0.01207 | 0.00711 | 0.01414 | 0.01146 | 0.01132 | 0.01279
day 3 trial 15 IEMG (v) 0.01202 | 0.00902 | 0.00946 | 0.01152 | 0.00779 | 0.01017 | 0.01147 | 0.01004 | 0.01405
day 3 trial 16 IEMG (v) 0.01014 | 0.01118 | 0.00853 | 0.01112 | 0.00752 | 0.00953 | 0.00814 | 0.01108 | 0.01395
day 3 trial 17 IEMG (v) 0.00936 | 0.00911 | 0.00689 | 0.01299 | 0.00706 | 0.01125 | 0.01538 | 0.0108 | 0.01249
day 3 trial 18 IEMG (v) 0.01446 | 0.01202 | 0.00843 | 0.01119 | 0.00669 | 0.01103 | 0.01427 | 0.0103 | 0.01379
day 3 trial 19 IEMG (v) 0.01057 | 0.0119 | 0.00839 | 0.01127 | 0.00632 | 0.0104 | 0.01233 | 0.00944 | 0.01183
day 3 trial 20 IEMG (v) 0.00978 | 0.00788 | 0.00791 | 0.01009 | 0.00651 | 0.01173 | 0.00683 | 0.00994 | 0.01187
day 3 trial 21 IEMG (v) 0.01039 | 0.01126 | 0.0079 | 0.01003 | 0.00668 | 0.01142 | 0.00882 | 0.01078 | 0.01119
day 3 trial 22 IEMG (v) 0.01069 | 0.0088 | 0.00816 | 0.00931 | 0.00533 | 0.01091 | 0.01044 | 0.01064 | 0.01195
day 3 trial 23 IEMG (v) 0.01168 | 0.00869 | 0.00829 | 0.00881 | 0.00813 | 0.00994 | 0.01315 | 0.00965 | 0.01139
day 3 trial 24 IEMG (v) 0.0104 | 0.00928 | 0.00766 | 0.00839 | 0.00649 | 0.00999 | 0.00923 | 0.01048 | 0.01155
day 3 trial 25 IEMG (v) 0.01038 | 0.0104 0.008 | 0.00779 | 0.00694 | 0.0102 | 0.0134 | 0.00871 | 0.01075
day 3 trial 26 IEMG (v) 0.01106 | 0.00979 | 0.00738 | 0.00835 | 0.0065 | 0.0084 | 0.01519 | 0.00976 | 0.01116
day 3 trial 27 IEMG (v) 0.00963 | 0.00652 | 0.00779 | 0.00851 | 0.00657 | 0.00843 | 0.01551 | 0.00949 | 0.01014
day 3 trial 28 IEMG (v) 0.01051 | 0.01083 | 0.00704 | 0.00825 | 0.00575 | 0.01132 | 0.01527 | 0.00787 | 0.01029
day 3 trial 29 IEMG (v) 0.00819 | 0.00877 | 0.00755 | 0.0073 | 0.00533 | 0.01075 | 0.00792 0.009 | 0.00986
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subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 3 trial 30 IEMG (v) 0.00879 | 0.01032 | 0.00635 | 0.0071 | 0.00593 | 0.00842 | 0.00882 | 0.00895 | 0.01072
day 1 trial 1 amplitude (uv) 2.86715 | 2.57474 | 1.79966 | 1.79717 | 1.05448 | 3.73087 | 2.79011 | 2.5052 | 4.58113
day 1 trial 2 amplitude (uv) 2.83711 | 2.68891 | 1.39145 | 1.71652 | 1.18331 | 3.37017 | 2.08761 | 2.11926 | 3.7296
day 1 trial 3 amplitude (uv) 3.07806 | 2.34215 | 1.72819 | 1.84139 | 1.01189 | 2.77492 | 3.58764 | 2.00166 | 2.34788
day 1 trial 4 amplitude (uv) 2.57232 | 2.46598 | 1.98652 | 1.66053 | 1.2314 | 2.59859 | 1.82823 | 1.86162 | 2.30125
day 1 trial 5 amplitude (uv) 2.986 | 2.0959 | 1.68954 | 1.5682 | 1.10376 | 2.18806 | 2.57857 | 1.97823 | 2.96984
day 1 trial 6 amplitude (uv) 2.9789 | 2.35621 | 1.91456 | 1.51885 | 1.21348 | 2.42798 | 2.71269 | 1.95708 | 3.08723
day 1 trial 7 amplitude (uv) 2.33978 | 2.43108 | 2.04726 | 1.68174 | 1.37446 | 2.72879 | 2.45138 | 2.04628 | 3.03826
day 1 trial 8 amplitude (uv) 2.01781 | 2.4558 | 1.7821 | 1.63918 | 1.47378 | 2.15428 | 2.39589 | 1.92545 | 3.15633
day 1 trial 9 amplitude (uv) 1.8545 | 2.39732 | 2.11967 | 1.68108 | 1.20906 | 2.97663 | 1.69131 | 2.38255 | 3.13093
day 1 trial 10 amplitude (uv) 2.331 | 2.94624 1.986 | 1.11378 | 1.32851 | 2.68366 | 1.84628 | 2.14514 | 3.20143
day 1 trial 11 amplitude (uv) 3.10693 | 2.33721 | 1.8321 | 1.54281 | 1.41786 | 1.70019 | 1.76567 | 2.3333 | 3.5163
day 1 trial 12 amplitude (pv) 2.47256 | 2.06308 | 1.75151 | 1.13311 | 1.60848 | 2.40228 | 2.17105 | 1.98323 | 2.99996
day 1 trial 13 amplitude (uv) 2.99351 | 2.13906 | 1.84117 | 1.04906 | 1.40836 | 2.50463 | 2.62146 | 2.02198 | 2.88706
day 1 trial 14 amplitude (uv) 2.84695 | 2.37218 | 1.62965 | 1.17701 | 1.58599 | 2.30599 | 2.03873 | 2.00556 | 2.32706
day 1 trial 15 amplitude (uv) 2.55184 | 2.37559 | 1.94277 | 1.04749 | 1.52875 | 2.18053 | 2.46909 | 1.98501 | 2.38471
day 1 trial 16 amplitude (uv) 2.35034 | 2.09076 | 1.99722 | 1.01609 | 1.5279 | 2.70998 | 2.30105 | 1.7837 | 2.90739
day 1 trial 17 amplitude (pv) 2.43267 | 2.6318 | 1.78496 | 1.08019 | 1.41753 | 2.34865 | 1.86855 | 1.90915 | 2.2897
day 1 trial 18 amplitude (uv) 2.05993 | 2.58526 | 1.68077 | 0.92968 | 1.3737 | 2.13744 | 1.80267 | 1.75839 | 2.0706
day 1 trial 19 amplitude (uv) 2.37258 | 2.17575 | 1.76483 | 1.01011 | 1.11518 | 2.14713 | 2.77135 | 1.89904 | 1.95142
day 1 trial 20 amplitude (uv) 1.99084 | 2.43187 | 1.73502 | 0.79012 | 1.02153 | 2.0549 | 2.37726 | 1.92415 | 1.68063
day 1 trial 21 amplitude (pv) 151334 | 2.26023 | 1.47599 | 0.93697 | 0.92273 | 2.48482 | 1.74274 | 1.51967 | 1.37005
day 1 trial 22 amplitude (uv) 41.0155 | 2.22123 | 1.45031 | 0.91896 | 1.02438 | 2.31886 | 2.03353 | 2.2506 | 1.46199
day 1 trial 23 amplitude (uv) 1.67614 | 2.0433 | 1.73453 | 0.89643 | 1.01237 | 2.30405 | 2.73062 | 1.99685 | 1.2098
day 1 trial 24 amplitude (uv) 2.05733 | 2.5672 | 1.46624 | 0.89516 | 0.90588 | 2.01743 | 1.85494 | 1.97393 | 1.11172
day 1 trial 25 amplitude (uv) 1.81368 | 2.19074 | 1.5334 | 0.96303 | 0.98042 | 2.29089 | 1.52401 | 1.67623 | 1.04358
day 1 trial 26 amplitude (uv) 2.21086 | 2.00681 | 1.3283 | 0.81894 | 0.8415| 1.9267 | 2.03867 | 1.45126 | 1.01476
day 1 trial 27 amplitude (pv) 2.05133 | 2.0193 | 1.45657 | 0.93294 | 0.80673 | 1.86813 | 1.48503 | 1.68087 | 1.03414
day 1 trial 28 amplitude (uv) 2.01799 | 1.72972 | 1.51741 | 0.82468 | 0.99405 | 1.9321 | 1.41572 | 1.63028 | 0.8059
day 1 trial 29 amplitude (uv) 2.50348 | 1.85534 | 1.22676 | 0.96558 | 0.93646 | 2.44234 | 1.2034 | 1.60648 | 1.00014
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subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 1 trial 30 amplitude (uv) 1.94706 | 1.95689 | 1.25584 | 0.94889 | 0.87093 | 1.9082 | 1.86612 | 1.75344 | 0.87639
day 2 trial 1 amplitude (uv) 2.33911 | 3.32153 | 1.9047 | 2.00448 | 1.15403 | 3.49485 | 1.94708 | 2.22545 | 4.0576
day 2 trial 2 amplitude (uv) 2.59546 | 2.84112 | 1.82792 | 2.04578 | 1.11145 | 2.69207 | 1.6087 | 1.95798 | 4.18118
day 2 trial 3 amplitude (uv) 2.56099 | 2.2409 | 1.67393 | 2.03258 | 1.2368 | 1.91859 | 2.63509 | 1.82092 | 3.83726
day 2 trial 4 amplitude (uv) 2.48855 | 2.46886 | 1.45331 | 1.94179 | 1.20223 | 2.53403 | 1.82624 | 1.59619 | 2.69177
day 2 trial 5 amplitude (uv) 2.22017 | 2.27047 | 1.74334 | 2.12694 | 1.38812 | 2.28281 | 2.28865 | 2.0148 | 3.70059
day 2 trial 6 amplitude (uv) 2.7334 | 2.27492 | 1.52555 | 2.06787 | 1.0869 | 2.39887 | 1.69562 | 1.98808 | 3.63728
day 2 trial 7 amplitude (uv) 2.56313 | 2.03956 | 1.78152 | 1.91382 | 1.19696 | 2.18236 | 1.97979 | 1.71457 | 3.40466
day 2 trial 8 amplitude (uv) 2.2555 | 2.29875 | 1.73753 | 1.79541 | 1.17612 | 2.04971 | 2.01093 | 1.78572 | 3.40466
day 2 trial 9 amplitude (uv) 1.90211 | 2.07809 | 1.91413 | 1.9693 | 1.25053 | 2.24355 | 1.98007 | 1.85987 | 3.18028
day 2 trial 10 amplitude (uv) 2.398 | 1.70382 | 1.69341 | 2.10036 | 1.03984 | 2.94611 | 2.41571 | 1.55953 | 3.14405
day 2 trial 11 amplitude (uv) 2.48321 | 1.62589 | 1.71757 | 2.27935 | 1.23341 | 2.31943 | 1.95356 | 1.99263 | 3.21284
day 2 trial 12 amplitude (pv) 2.46609 | 1.64188 | 1.72984 | 1.87534 | 1.08116 | 2.32925 | 1.91014 | 2.43113 | 2.96977
day 2 trial 13 amplitude (uv) 2.32824 | 2.23974 | 1.71536 | 1.78548 | 0.90706 | 2.21718 | 1.44869 | 1.89675 | 3.15319
day 2 trial 14 amplitude (uv) 2.30281 | 2.23048 | 1.61234 | 1.97119 | 0.77007 | 2.18151 | 2.03776 | 1.72209 | 2.56224
day 2 trial 15 amplitude (uv) 2.52903 | 2.63051 | 1.31677 | 1.80439 | 0.71777 | 1.69081 | 1.77498 | 1.70124 | 4.39498
day 2 trial 16 amplitude (uv) 2.19002 | 2.0716 | 1.34022 | 1.85416 | 0.59106 | 2.06212 | 1.83438 | 1.89074 | 3.13248
day 2 trial 17 amplitude (pv) 1.76534 | 2.22783 | 1.25913 | 1.81823 | 0.54339 | 2.06539 | 1.84194 | 1.79895 | 3.03207
day 2 trial 18 amplitude (uv) 2.06472 | 1.89139 | 1.23573 | 1.82983 | 0.49971 | 1.92414 | 2.63618 | 1.97139 | 2.9863
day 2 trial 19 amplitude (uv) 1.91224 | 1.78149 | 1.09564 | 1.81327 | 0.52205 | 2.28462 | 2.96425 | 1.68453 | 3.00931
day 2 trial 20 amplitude (uv) 1.84829 | 1.56693 | 1.16977 | 1.6909 | 0.49044 | 1.9177 | 2.24075 | 1.5577 | 2.60141
day 2 trial 21 amplitude (pv) 1.93463 | 2.10944 | 1.05157 | 1.6313 | 0.42755 | 2.13015 | 1.86605 | 1.74759 | 2.75667
day 2 trial 22 amplitude (pv) 1.85904 | 2.08889 | 0.99253 | 1.81979 | 0.2601 | 1.39326 | 1.45277 | 1.92119 | 3.14055
day 2 trial 23 amplitude (uv) 2.09355 | 1.66979 | 0.99075 | 1.60446 | 0.3217 | 1.73199 | 1.75886 | 1.92598 | 2.4413
day 2 trial 24 amplitude (uv) 1.81223 | 1.66401 | 0.99422 | 1.83823 | 0.3823 | 1.87134 | 2.57712 | 1.8878 | 2.43268
day 2 trial 25 amplitude (uv) 2.17484 | 1.73226 | 0.98909 | 1.54051 | 0.37338 | 1.84885 | 1.89768 | 1.58409 | 2.6631
day 2 trial 26 amplitude (uv) 2.06542 | 1.49626 | 0.92715 | 1.52009 | 0.32111 | 1.89212 | 1.45622 | 1.72853 | 2.01316
day 2 trial 27 amplitude (pv) 1.83963 | 2.15904 | 0.8938 | 1.42965 | 0.32455 | 1.90846 | 1.7257 | 1.73643 | 2.1926
day 2 trial 28 amplitude (uv) 1.83478 | 1.6784 | 0.79368 | 1.37027 | 0.34445 | 1.59867 | 1.59749 | 1.41282 | 2.45335
day 2 trial 29 amplitude (uv) 1.66372 | 1.39071 | 0.87011 | 1.59687 | 0.36779 | 1.25754 | 1.66843 | 1.42644 | 2.59239
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subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 2 trial 30 amplitude (uv) 1.29827 | 1.65292 | 0.81827 | 1.44008 | 0.28627 | 1.3826 | 1.77204 | 1.69022 | 2.1944
day 3 trial 1 amplitude (uv) 2.85697 | 2.38724 | 1.6278 | 2.65244 | 1.45037 | 3.06581 | 2.13835 | 2.40998 | 2.5351
day 3 trial 2 amplitude (uv) 2.97178 | 1.69075 | 1.36005 | 2.06061 | 1.37264 | 2.33677 | 1.88144 | 2.03412 | 2.22023
day 3 trial 3 amplitude (uv) 3.13681 | 1.56042 | 1.39551 | 2.15698 | 1.78336 | 1.81794 | 2.1521 | 2.01442 | 1.9801
day 3 trial 4 amplitude (uv) 2.48246 | 1.67582 | 1.45745 | 2.09053 | 1.16794 | 2.17867 | 1.98926 | 2.07654 | 1.74707
day 3 trial 5 amplitude (uv) 2.99166 | 1.96681 | 1.47289 | 2.13678 | 1.34764 | 2.17451 | 2.32226 | 2.06542 | 2.13137
day 3 trial 6 amplitude (uv) 2.2272 | 1.6208 | 1.38226 | 2.29031 | 1.36228 | 2.24411 | 1.70859 | 2.00286 | 2.17147
day 3 trial 7 amplitude (uv) 1.89579 | 1.36128 | 1.46859 | 2.31323 | 1.33211 | 1.89123 | 2.45406 | 2.01553 | 1.74991
day 3 trial 8 amplitude (uv) 2.17131 | 1.56342 | 1.58574 | 2.22582 | 1.21203 | 2.27307 | 1.98706 | 2.2929 | 2.34135
day 3 trial 9 amplitude (uv) 2.41543 | 1.71944 | 1.52928 | 2.4731 | 1.29755 | 2.49168 | 1.88224 | 1.95293 | 2.19067
day 3 trial 10 amplitude (uv) 2.74192 | 1.58207 | 1.78234 | 2.47631 | 1.38376 | 2.31639 | 2.88606 | 2.22971 | 1.99191
day 3 trial 11 amplitude (uv) 2.52763 | 1.64092 | 1.36481 | 2.18033 | 1.42407 | 2.30067 | 2.37256 | 1.87597 | 2.46194
day 3 trial 12 amplitude (pv) 2.82144 | 1.5657 | 1.89886 | 1.96928 | 1.38085 | 2.05639 | 2.40121 | 1.75527 | 2.28113
day 3 trial 13 amplitude (uv) 2.12252 | 1.40444 | 1.34532 | 2.19788 | 1.18258 | 1.85883 | 2.02711 | 1.84946 | 2.06866
day 3 trial 14 amplitude (uv) 2.62786 | 1.36919 | 1.72582 | 2.03646 | 1.26935 | 2.25075 | 2.1325 | 1.70505 | 1.94396
day 3 trial 15 amplitude (uv) 2.01722 | 1.72101 | 1.57065 | 2.40362 | 1.38233 | 1.72662 | 2.02792 | 1.6225 | 2.04774
day 3 trial 16 amplitude (uv) 1.97202 | 2.14454 | 1.50821 | 2.00679 | 1.18763 | 1.85382 | 1.75599 | 1.7391 | 2.22708
day 3 trial 17 amplitude (pv) 2.48464 | 1.55628 | 1.30754 | 2.24179 | 1.21553 | 2.01903 | 2.80381 | 1.94627 | 2.07095
day 3 trial 18 amplitude (uv) 2.44604 | 2.03219 | 1.3504 | 2.21823 | 1.11746 | 2.0626 | 2.34998 | 1.81736 | 2.00609
day 3 trial 19 amplitude (uv) 1.99091 | 1.76493 | 1.49704 | 2.01697 | 0.99556 | 2.00655 | 2.06826 | 1.50824 | 2.00185
day 3 trial 20 amplitude (uv) 1.92059 | 1.56039 | 1.36688 | 1.95816 | 1.23528 | 2.01884 | 1.60459 | 1.61897 | 2.03816
day 3 trial 21 amplitude (uv) 2.0775| 1.8539 | 1.46246 | 1.89529 | 1.23912 | 1.93194 | 1.80112 | 1.49291 | 1.67706
day 3 trial 22 amplitude (pv) 1.78102 | 1.96655 | 1.34041 | 1.50574 | 0.84851 | 1.82211 | 2.0213 | 1.48552 | 2.17482
day 3 trial 23 amplitude (uv) 2.29735 | 1.58587 | 1.60471 | 1.61735 | 1.26911 | 1.75997 | 2.63828 | 1.5198 | 1.85068
day 3 trial 24 amplitude (uv) 2.28431 | 1.56554 | 1.36364 | 1.49957 | 1.08683 | 1.66723 | 1.67026 | 1.60154 1.826
day 3 trial 25 amplitude (uv) 2.28687 | 1.91631 | 1.32745 | 1.52761 | 1.10923 | 1.93537 | 2.7039 | 1.51534 | 1.82847
day 3 trial 26 amplitude (pv) 1.85531 | 1.93401 | 1.3702 | 1.42758 | 1.12852 | 1.66157 | 2.66525 | 1.76075 | 1.51676
day 3 trial 27 amplitude (uv) 1.89443 | 1.12781 | 1.44028 | 1.43677 | 1.04013 | 1.41615 | 2.84704 | 1.4981 | 1.68129
day 3 trial 28 amplitude (uv) 1.82131 | 1.94311 | 1.12897 | 1.34151 | 0.87191 | 1.95648 | 2.84704 | 1.65696 | 1.54475
day 3 trial 29 amplitude (uv) 1.58342 | 1.59669 | 1.27924 | 1.31947 | 0.83922 | 1.85507 | 1.33567 | 1.27148 | 1.83641
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subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 3 trial 30 amplitude (uv) 1.61356 1.928 | 1.21054 | 1.33423 | 1.18489 | 1.57544 | 1.52091 | 1.45332 | 1.77851
day 1 trial 1 frequency (Hz) 47.6334 | 45.1333 | 36.6058 | 40.8617 | 44.6247 | 40.0715 | 38.1099 | 42.2068 | 43.2396
day 1 trial 2 frequency (Hz) 42.2531 | 42.6084 | 40.9164 | 35.4727 | 36.0188 | 46.7515 | 33.8918 | 40.061 | 42.2228
day 1 trial 3 frequency (Hz) 36.6317 | 44.5931 | 31.9813 | 35.0183 | 42.9087 | 34.3952 | 23.2489 | 36.5532 | 40.3341
day 1 trial 4 frequency (Hz) 36.9033 | 39.5467 | 38.0618 | 27.593 | 35.5664 | 43.5617 | 35.9922 | 36.8977 | 36.0838
day 1 trial 5 frequency (Hz) 27.7574 | 39.3496 | 37.4377 | 42.1937 | 38.2005 | 34.892 | 31.171 | 37.6275 | 34.8823
day 1 trial 6 frequency (Hz) 39.4097 | 49.4169 | 31.3424 | 42.3402 | 39.7069 | 42.5686 | 30.6066 | 36.7427 | 38.0025
day 1 trial 7 frequency (Hz) 2.33978 | 45.6138 | 36.8143 | 28.9741 | 38.7956 | 41.4652 | 38.7407 | 38.4672 | 40.1905
day 1 trial 8 frequency (Hz) 44.8223 | 43.5432 | 21.7754 | 34.5837 | 39.3003 | 42.8503 | 29.3528 | 29.0556 | 30.8269
day 1 trial 9 frequency (Hz) 34.0235 | 41.126 | 31.1839 | 40.063 | 46.6476 | 46.0506 | 42.2273 | 40.3153 | 40.5217
day 1 trial 10 frequency (Hz) 41,5166 | 34.2265 | 40.7314 | 39.7825 | 36.2867 | 35.8544 | 32.5202 | 35.9037 | 36.7534
day 1 trial 11 frequency (Hz) 39.0134 | 38.4104 | 33.8769 | 30.7406 | 38.0938 | 23.7103 | 39.0356 | 39.1314 | 40.5057
day 1 trial 12 frequency (Hz) 43.0904 | 37.3019 | 41.7866 | 41.5683 | 31.2566 | 42.2897 | 29.2909 | 45.1078 | 39.7187
day 1 trial 13 frequency (Hz) 36.664 | 44.4751 | 38.2941 | 35.4813 | 39.3281 | 38.373 | 30.8356 | 37.2653 | 37.9862
day 1 trial 14 frequency (Hz) 34.8033 | 41.1568 | 38.8778 | 32.4711 | 36.6957 | 36.0857 | 42.9365 | 35.6468 | 37.8918
day 1 trial 15 frequency (Hz) 34.9208 | 39.2415 | 34.3372 | 32.2952 | 33.2372 | 36.1883 | 34.5929 | 33.5194 | 35.0182
day 1 trial 16 frequency (Hz) 33.9914 | 44.3177 | 36.4804 | 40.7303 | 33.0085 | 34.4928 | 33.6727 | 40.276 | 31.0744
day 1 trial 17 frequency (Hz) 36.4173 | 37.8981 | 35.8113 | 32.6452 | 36.6404 | 38.6871 | 43.0167 | 41.6153 | 35.2206
day 1 trial 18 frequency (Hz) 24.5834 | 30.3663 | 38.9543 | 36.3833 | 35.2927 | 33.0866 | 29.4374 | 45.0417 | 36.0679
day 1 trial 19 frequency (Hz) 31.3885 | 38.0587 | 38.3568 | 39.0594 | 47.3523 | 40.7629 | 25.3329 | 40.8238 | 36.4832
day 1 trial 20 frequency (Hz) 31.8814 | 41.8925 | 33.7519 | 40.1851 | 45.5699 | 39.0339 | 35.9526 | 38.2358 | 39.482
day 1 trial 21 frequency (Hz) 41.0155 | 38.0055 | 39.7038 | 41.2606 | 41.9803 | 41.9625 | 32.2222 | 39.7846 | 41.148
day 1 trial 22 frequency (Hz) 41.0155 | 37.5303 | 33.2786 | 40.1357 | 34.1718 | 41.1965 | 26.1589 | 31.6755 | 33.1106
day 1 trial 23 frequency (Hz) 39.0057 | 44.8422 | 33.6112 | 36.9848 | 43.3828 | 35.4386 | 33.2779 | 34.9705 | 37.2291
day 1 trial 24 frequency (Hz) 37.6227 | 31.1113 | 42.0885 | 37.1055 | 38.1971 | 41.6034 | 41.7042 | 39.5673 | 37.234
day 1 trial 25 frequency (Hz) 32.5579 | 38.8406 | 39.5577 | 36.3473 | 35.8113 | 38.6894 | 27.8663 | 37.8967 | 37.5195
day 1 trial 26 frequency (Hz) 41.6733 | 40.3707 | 40.4228 | 37.881 | 34.785 | 37.9877 | 29.0167 | 41.1316 | 30.9642
day 1 trial 27 frequency (Hz) 36.8261 | 41.4405 | 36.8804 | 37.9132 | 44.1704 | 44.5274 | 35.9962 | 34.9744 | 38.1669
day 1 trial 28 frequency (Hz) 33.1561 | 42.9066 | 32.0037 | 42.719 | 36.6217 | 37.3439 | 41.1074 | 35.8818 | 38.3144
day 1 trial 29 frequency (Hz) 27.1007 | 37.5249 | 34.5952 | 36.5829 | 34.4516 | 39.6205 | 37.3675 | 33.907 | 29.2822




T.T

subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 1 trial 30 frequency (Hz) 33.598 | 34.0209 | 41.1495 | 45.5123 | 37.6247 | 34.8533 | 25.7998 | 36.1582 | 30.198
day 2 trial 1 frequency (Hz) 43.5707 | 34.9183 | 37.5018 | 45.1589 | 41.7803 | 39.5039 | 41.2279 | 32.046 | 41.6971
day 2 trial 2 frequency (Hz) 39.56 | 39.5512 | 31.1096 | 34.7077 | 44.2717 | 34.2403 | 31.8282 | 34.9471 | 42.6024
day 2 trial 3 frequency (Hz) 39.1616 | 27.7928 | 39.7811 | 33.5629 | 37.8996 | 37.5422 | 29.0264 | 35.8218 | 38.2189
day 2 trial 4 frequency (Hz) 37.4697 | 41.2741 | 40.7312 | 38.836 | 39.5348 | 41.081 | 32.8371 | 43.8447 | 39.041
day 2 trial 5 frequency (Hz) 38.33 | 32.3964 | 33.1602 | 34.7276 | 38.4094 | 34.769 | 33.8525 | 37.9039 | 35.4366
day 2 trial 6 frequency (Hz) 39.822 | 33.729 | 42.3034 | 43.9118 | 37.4913 | 32.6542 | 33.9263 35.54 | 41.2446
day 2 trial 7 frequency (Hz) 42.919 | 43.4165 | 40.8395 | 34.7402 | 39.8981 | 42.113 | 40.9043 | 33.9933 | 37.0679
day 2 trial 8 frequency (Hz) 39.9518 | 38.8193 | 40.8894 | 34.4516 | 39.0185 | 42.2373 | 39.6564 | 43.3221 | 37.0679
day 2 trial 9 frequency (Hz) 43.1417 | 39.7805 | 32.1542 | 43.2566 | 35.0857 | 34.8067 | 40.2669 | 26.0814 | 33.9956
day 2 trial 10 frequency (Hz) 48.6314 | 40.9972 | 39.2737 | 38.3426 | 44.8258 | 36.2727 | 29.338 | 30.0811 | 40.3323
day 2 trial 11 frequency (Hz) 38.6072 | 33.5535 | 41.4276 | 36.2537 | 35.3327 | 35.8104 | 38.2299 | 41.1895 | 39.1865
day 2 trial 12 frequency (Hz) 33.5372 | 37.8834 | 30.7899 | 34.039 | 37.5687 | 40.5735 | 41.2316 | 36.9232 | 45.0727
day 2 trial 13 frequency (Hz) 36.3582 | 37.3244 | 46.085 | 38.9838 | 36.4835 | 42.2708 | 37.133 | 39.0352 | 46.7291
day 2 trial 14 frequency (Hz) 37.6197 | 40.1826 | 37.7416 | 38.2589 | 35.5958 | 38.5203 | 32.5703 | 37.6337 | 46.8043
day 2 trial 15 frequency (Hz) 39.6231 | 35.7146 | 45.5418 | 37.0799 | 36.5548 | 38.6473 | 39.2124 | 40.471 | 31.8487
day 2 trial 16 frequency (Hz) 40.3327 | 39.5902 | 34.4099 | 34.947 | 44.5844 | 36.2336 | 41.1173 | 36.5555 | 37.461
day 2 trial 17 frequency (Hz) 31.7018 | 38.4945 | 41.8021 | 32.2876 | 45.8694 | 35.9735 | 29.3896 | 34.7461 | 33.853
day 2 trial 18 frequency (Hz) 34.0544 | 43.4556 | 44.4851 | 41.6372 | 37.026 | 40.2814 | 26.8437 | 40.3113 | 38.7978
day 2 trial 19 frequency (Hz) 43.7704 | 37.863 | 39.1912 | 36.8142 | 29.9363 41.76 | 32.5504 | 36.289 | 37.6254
day 2 trial 20 frequency (Hz) 33.1119 | 35.4109 | 38.1996 | 38.2768 | 36.9359 | 38.5001 | 36.3061 | 37.3218 | 37.7276
day 2 trial 21 frequency (Hz) 33.0022 | 45.7059 | 35.4939 39.24 | 38.8554 | 34.9124 | 39.7694 | 39.8168 | 36.9927
day 2 trial 22 frequency (Hz) 35.8088 | 36.5219 | 35.0019 | 38.8413 | 37.5492 | 32.1427 | 31.0493 | 45.3717 | 34.8134
day 2 trial 23 frequency (Hz) 32.4942 | 46.7029 | 36.035 | 42.6042 | 48.8803 | 38.9572 | 30.6415 | 33.0367 | 36.8732
day 2 trial 24 frequency (Hz) 36.8069 | 45.5617 | 35.3385 | 35.9519 | 36.4029 | 34.6054 | 31.1929 | 34.3598 | 43.9929
day 2 trial 25 frequency (Hz) 37.1019 | 40.1905 | 37.886 | 38.9435 | 37.1868 | 36.2832 | 44.5732 | 38.7121 | 31.6949
day 2 trial 26 frequency (Hz) 37.2498 | 37.8509 | 41.4633 | 34.6675 | 37.1845 | 36.2385 | 34.6667 | 38.6698 | 40.8774
day 2 trial 27 frequency (Hz) 39.1503 | 35.7985 | 40.7079 | 43.2028 | 40.5132 | 38.8708 | 33.3134 | 30.6864 | 34.7263
day 2 trial 28 frequency (Hz) 33.4351 | 39.9947 | 44.3931 | 42.5854 | 35.216 | 38.7028 | 32.1399 | 40.5511 | 36.9287
day 2 trial 29 frequency (Hz) 45.8794 | 43.4006 | 38.485| 39.105 | 36.4318 | 37.2081 | 34.1674 | 38.2536 | 36.6262




(AN

subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 2 trial 30 frequency (Hz) 43.24 | 34.7385 | 36.0088 | 43.3974 | 36.3282 | 38.7625 | 37.297 | 29.2735 | 39.6155
day 3 trial 1 frequency (Hz) 38.8841 | 36.2577 | 34.2813 | 37.8873 | 37.0585 | 43.4588 | 36.1063 | 37.4354 | 42.0927
day 3 trial 2 frequency (Hz) 40.9562 | 40.2591 | 35.6883 | 33.3532 | 40.0355 | 33.7143 | 30.563 | 40.1801 | 47.8968
day 3 trial 3 frequency (Hz) 3.13681 | 45.7531 | 41.8816 | 32.4852 | 37.2558 | 35.0528 | 34.5068 | 38.9638 | 39.7701
day 3 trial 4 frequency (Hz) 34.4888 | 38.5375 42.37 | 35.7459 | 41.7334 | 35.5006 | 44.1027 | 36.1611 | 45.3741
day 3 trial 5 frequency (Hz) 34.3329 | 30.708 | 37.431| 41.884 | 38.0505 | 33.2284 | 27.347 | 40.8151 | 38.7001
day 3 trial 6 frequency (Hz) 41.0509 | 35.8495 | 43.3748 | 35.9938 | 40.2677 | 37.0824 | 43.5037 | 37.1315 | 42.8654
day 3 trial 7 frequency (Hz) 38.6142 | 41.0122 | 39.3285 | 35.687 | 37.7459 | 48.0427 | 33.939 | 32.1011 | 42.9902
day 3 trial 8 frequency (Hz) 39.486 | 36.5138 | 47.5014 | 42.8565 | 38.9126 | 40.8776 | 31.4165 | 37.4551 | 37.0539
day 3 trial 9 frequency (Hz) 37.0355 | 49.2277 | 42.2447 | 36.189 | 34.7407 | 33.4659 | 42.2951 | 39.9478 | 32.7454
day 3 trial 10 frequency (Hz) 33.9465 | 30.0422 | 37.9024 | 33.6194 | 40.0812 | 35.4546 | 36.361 | 31.946 | 41.1322
day 3 trial 11 frequency (Hz) 39.6804 | 37.9902 | 42.4972 | 40.9576 | 43.7695 | 33.8173 | 31.0721 | 38.0343 | 42.4686
day 3 trial 12 frequency (Hz) 34.5261 | 34.4945 | 32.2684 | 38.955 | 36.4877 | 44.2278 | 36.0662 | 38.1514 | 39.1611
day 3 trial 13 frequency (Hz) 44.9444 | 35.0844 | 39.2508 | 33.2816 | 42.7762 | 41.2869 | 39.0983 | 39.9542 | 42.3873
day 3 trial 14 frequency (Hz) 30.2113 | 40.706 | 35.2979 | 40.7684 | 35.4254 | 41.0801 | 39.8124 | 39.3923 | 46.3327
day 3 trial 15 frequency (Hz) 43.6834 | 32.7889 | 38.712 | 34.2707 | 39.5043 | 40.4615 | 39.8838 | 37.7694 | 47.5375
day 3 trial 16 frequency (Hz) 40.4457 | 32.1136 | 35.301 | 34.6994 | 40.8897 | 40.944 | 31.3502 | 36.6959 | 35.1286
day 3 trial 17 frequency (Hz) 25.0279 | 37.6151 | 35.0634 | 35.9841 | 40.613 | 37.6231 | 36.9487 | 40.1779 | 44.066
day 3 trial 18 frequency (Hz) 40.3096 | 45.3358 37.95 | 39.7697 | 37.7404 | 41.2277 | 33.0131 | 38.171 | 40.5525
day 3 trial 19 frequency (Hz) 30.6341 | 45.764 | 35.3485 | 34.675 | 42.9706 | 33.0034 | 36.231 | 32.4426 | 35.7172
day 3 trial 20 frequency (Hz) 36.1514 | 39.173 | 42.3354 | 35.8336 | 33.8014 | 42.2838 | 31.5546 | 37.7018 | 35.1384
day 3 trial 21 frequency (Hz) 38.1382 | 37.3018 | 34.3537 | 41.8354 | 37.3444 | 47.8648 | 25.5669 | 44.1764 | 39.2283
day 3 trial 22 frequency (Hz) 39.5773 | 26.5723 | 40.973 | 42.8868 | 44.7503 | 35.5843 | 31.5146 | 47.0584 | 33.018
day 3 trial 23 frequency (Hz) 31.8153 | 36.2497 | 37.0434 | 37.6702 | 48.7482 | 35.2594 | 36.0076 | 42.3962 | 35.747
day 3 trial 24 frequency (Hz) 30.12 | 40.3909 | 40.2038 | 39.8624 | 35.8711 | 43.312 | 36.2684 | 37.6891 | 43.7592
day 3 trial 25 frequency (Hz) 33.2293 | 33.8404 | 42.6754 | 35.7933 | 45.9083 | 39.7229 | 32.9286 | 37.5022 | 36.7623
day 3 trial 26 frequency (Hz) 40.3952 | 35.1337 | 37.6256 | 39.5482 | 33.9696 | 38.3463 | 34.1816 | 35.1657 | 46.4254
day 3 trial 27 frequency (Hz) 32.8167 | 44.4287 | 40.1518 | 40.9819 | 37.1837 | 37.8753 | 41.8196 | 36.092 | 38.0395
day 3 trial 28 frequency (Hz) 38.9962 | 34.9462 | 47.4565 | 41.9217 | 48.8179 | 32.5639 | 41.8196 | 31.4299 | 44.9521
day 3 trial 29 frequency (Hz) 37.0701 | 38.679 | 34.5361 | 34.9641 | 37.4908 | 41.4627 | 44.4279 | 44.8504 | 32.2013




A

subject | subject | subject | subject | subject | subject | subject | subject | subject
variable 1 2 3 4 5 6 7 8 9

day 3 trial 30 frequency (Hz) 40.2809 | 38.4872 | 35.2203 | 36.0125 | 39.1369 | 37.9093 | 33.8671 | 34.7207 | 32.3583
subject age 19 19 21 21 22 28 22 36 24
subject height in inches 64 67 70 69 68 71 68 72 66
subject's weight in pounds 130 198 155 150 235 165 185 200 150
yeas subject has played clarinet 8 9 8 9 10 17 10 24 14
days each week subject plays 5 7 6 6 5 7 6 5 6
hours spent playing each week 8.5 28 9 14 9 30 24 10 22
perceived fatigue level, day 1 7 2 9.5 7 8 7 3 7 8
perceived fatigue level, day 2 8 3.5 8 6 10 7 2 8 6
perceived fatigue level, day 3 5.5 2 6.5 5 8 9 2 6 4
perceived beginning of fatigue minutes,
day 1 5 25 1 1 15 1 10 5 15
perceived beginning of fatigue minutes,
day 2 1 15 1 1 1 1 15 1 5
perceived beginning of fatigue minutes,
day 3 1 15 5 5 1 1 20 15 5
perceived depreciation of tone, day 1 9 1 10 7 6 3 7 6 8
perceived depreciation of tone, day 2 8 5 8 8 8 4 4 8 6
perceived depreciation of tone, day 3 8 3.5 6 8 7 1 2 5 3
percent decline in IEMG for day 1 38.94 45.92 19.53 45.75 25.04 49.97 52.69 38.56 81.51
percent decline in IEMG day 2 51.19 44.57 56.33 25.54 74.83 57.37 19.75 29.19 41.44
percent decline in IEMG for day 3 53.61 16.27 24.91 48.63 33.33 42.64 31.22 36.05 41.5
percent decline in amplitude for day 1 21.98 27.57 22.2 45.51 19.23 38.73 37.07 27.34 77.42
percent decline in amplitude for day 2 39.97 50.61 54.77 25.02 71.13 57.33 3.24 25.5 41.9
percent decline in amplitude for day 3 45.15 13.57 16.67 43.69 28.3 36.5 28.94 38.69 23.98
percent decline in frequency for day 1 32.47 18.46 2.29 -7.55 10.62 14.22 12.27 14.83 30.4
percent decline in frequency for day 2 -7.2 -4.93 -8.57 -3.3 15.45 -3.02 2.18 -0.8 9.56
percent decline in frequency for day 3 3.12 -0.85 0.3 0.37 0.6 -2.85 -17.44 -2.52 28.26
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The Umvem:zy of Oklahoma

OFFICE OF HUMAN RESEARCH PARTICIPANT PROTECTION
April 6, 2004

Mr. David Belcher
School of Music
CMC 138
CAMPUS MAIL

Dear Mr. Belcher:

The Instimtional Review Board-Norman campus has reviewad your proposal, “Fatigue and Recovery Patierns inthe
Mouth Muscles Used to Play the Clarinet,” under the University’s expedited review procedures. The Board found
that this research would not constitute a risk to participants beyond those of normal, everyday life, except in the area
of privacy, which is adequately protected by the confidentiality procedures. Therefore, the Board has approved the
use of human subjects in this research.

This approval is for a period of twelve months from April 6, 2004, provided that the research procedures are not
changed from those described in your approved protocol and attachments. Should you wish to deviate from the
described subject protocol, you must notify this office, in writing, noting any changes or revisions in the protocol
and/or informed consent document and obtain prior approval from the Board for the changes. A copy of the
approved informed consent document is attached for your use.

At the end of the research, you must submit a short report describing your use of human subjects in the research and
the results obtained. Should the research extend beyond 12 months, a progress report must be submitted with the
request for continuation, and a final report must be submitted at the end of the research.

1f data are still being collected after five years, resubmission of the protocol is required.

Should you have any questions, please contact me at 325-8110 or irbf@ou.edu.

Cordially,

Clabspr

E. Laurette Taylor, Ph.D.
Chair
Institutional Review Board-Norman Campus (FWA #00003191)

FY2004-280

G Dr. David Etheridge, Music
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September 28, 2004

Dear Ms. Wollar

[ am requesting permission to use material from Human Anatomy & Physiology,

David Belcher
6003 Sandy Hill Blvd.
~ Wichita Falls, TX
76310
(940) 696-3137
david.e.belcher-1@ou.edu

Sth

edition, by Elaine N. Marieb (ISBN: 0-8053-4989-8). The information would be used in a
dissertation (titled Fatigue and Recovery Patterns of the Mouth Muscles Used to Play the
Clarinet) required for the degree of Doctor of Musical Arts at the University of
Oklahoma. - The information of interest is several diagrams and text limited to the
accompanying labels. The diagrams will be scanned into the document and will be
rendered in black and white (grayscale). The diagrams that I would like to use are:

Diagrams from “Table 9.1 Structure and Organizational Levels of Skeletal

Musele” p. 282.

Figure 9.7 Sequence of events involved in the sliding of the actin filaments during
contraction. p. 287.

Figure 10.6 Lateral view of muscles of the scalp, face, and neck. p. 335.

Thank you for your consideration.

Sincerely,

David Belcher

PERMISSION GRANTED

Exclusive of material acknowledged to another
source. One time use. CREDIT: Title. author(s)
copyright notice. Reprinted by permission of

Pearson Educatign. Inc
Fes: Sﬁmg 3 —

Date:




