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___A. PURPOSE, RESEARCH VARIABLES, AND POPULATIONS
Purpose of the study
Normal and disordered voice has been the topic of many investigations, however, few
have studied the singing voice, the optimal voice, or even the effects of vocal training. The
purpose of this study is to examine the longitudinal effects of vocal training on the respiratory,
laryngeal and articulatory systems of voice major students.
Cross-sectional studies between singers and nonsingers have often reported differences in
the respiratory, phonatory and articulatory function of these individuals. These differences are
often reported to be the result of vocal training and/or singing experience. However these studies
were cross-sectional in nature and did not examine the direct effects of vocal training. We still
lack information about the changes on the respiratory, phonatory and articulatory function as a
direct function of vocal training. Limited information exists about the outcome of vocal training
in modifying respiration, phonation and articulation. A database is needed about the outcome of
vocal training and/or a model of expectations as vocal training progresses. This information is
relevant for singers, vocal pedagogues, speech-language pathologists, voice scientists and others
that deal with the care of professional voice.

Background
The human voice results from motor activity that is determined by genetic, linguistic,
social and cultural factors. Its production involves a complex aerodynamic and biomechanic
process that requires the neurophysiological coordination of three anatomical systems, i.e. the
respiratory, laryngeal and supralaryngeal systems. These systems are both used in speaking and
singing; however the singing voice requires the maximal vocal output by increasing the
coordination of respiration, phonation and resonance (Morrison & Rammage, 1994; Titze, 1994;
Verdolini, 1998).
In the past two decades cross-sectional studies between singers and nonsingers have
indicated that differences exists between the two populations in perceptual, acoustic and
physiologic parameters. Acoustic differences were found in both speaking and singing voice.
Differences in the speaking voice were found in fundamental frequency (Brown, Morris &
Michael, 1990), intensity level and its range (Brown, Morris, Hicks & Howell, 1993), as well as
perturbation measures – jitter and shimmer (Murry & Large, 1979). In the singing voice
differences were found in phonational range (Åkerlund, Gramming & Sundberg, 1992; Brown et
al, 1993), vibrato (Rothman, 1987; Sapir & Larson, 1993; Titze, 1994), and singer’s formant
(Sundberg, 1974, 1987).
Most of the physiologic studies between singers and nonsingers looked at the respiratory
function during speaking and singing tasks. No differences were found in the speaking voice,
however, during singing, singers differed from the nonsingers. Singers presented higher lung
pressures and vocal intensities (Titze & Sundberg, 1992), higher subglottal pressures
(Leanderson & Sundberg, 1988), larger lung volume ranges, larger contributions of the rib cage
than abdomen during inspiration and expiration, continuous adjustments of rib cage, abdomen
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and lung volumes (Watson & Hixon, 1985), and presented increased pulmonary efficiency by
increasing functional reserve capacity and reducing reserve volume (Spiegel, Sataloff, Cohn &
Hawkshaw, 1988). Electromyographic (EMG) studies also revealed that singers presented
higher lateral abdominal muscle force generation (Watson, Hoit, Lansing & Hixon, 1989;
Leanderson, Sundberg & Euler, 1988).
The above studies reported that the differences were the result of vocal training and/or
singing experience, however these studies were cross-sectional and did not examine the direct
effects of vocal training. Few studies actually investigated the effects or the effectiveness of
vocal training. Mendes, Rothman, Sapienza & Brown (1999) investigated the acoustic effects of
three semesters of vocal training on the speaking and singing voice. No changes were found in
the speaking voice; however, significant changes were found in the singing voice, specifically on
the phonational range (p < .05). As the number of semesters increased the frequency and the
intensity increased significantly (p < .05), especially towards the high frequencies. Later on,
Mendes (2000) investigated the respiratory effects of three semesters of vocal training using
EMG and respiratory kinematic techniques. Results revealed that one semester of training
increased the muscle force generation of the pectoralis major, rectus abdominis and external
oblique muscles, and, consequently there was an increase of rib cage and abdominal excursions.
After the second semester of the vocal training there was a decrement of these EMG and
kinematic mean measures possibly due to the detraining effect of the summer semester where no
vocal training occurred. Only descriptive results were provided on this physiological study due to
a small sample size (N=4). Even though trends of the data were consistent throughout all
subjects, generalizations should be made with caution and further research was warranted in this
area to confirm descriptive trends and to provide significant evidence of the effects of vocal
training on the respiratory function.
Based on the previous studies which discussed the acoustic and physiological differences
between singers and nonsingers as well as studies that examined the effects of vocal training the
following questions have been posed:
1) Is there a difference in the respiratory function of voice major students after two years
of vocal training that can be detected in the respiratory kinematic and EMG signals?
2) Is there a difference in the laryngeal function of voice major students after two years
of vocal training that can be detected in the acoustic signal?
3) Is there a difference in the articulatory function of voice major students after two
years of vocal training that can be detected in the acoustic signal?

Characteristics of the Subject Population
A. Age Range: 18 – 35 years.
B. Sex: Males and females. There is no restriction to gender.
C. Number: Sixty subjects are needed in order to detect an average difference of 20 Hz
in the phonational frequency range between two semesters of vocal training.
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D. Inclusion Criteria:
1) Undergraduate voice major enrolled in Voice Studio classes at the Indiana
University of Pennsylvania’s Music Department;
2) American-English speaker with normal articulation, voice, resonance, language
and hearing abilities as judged by a certified speech-language pathologist;
3) No history of respiratory or voice disorders; and
4) Symptom-free of allergies or colds on the days of testing.
E. Exclusion Criteria:
1) Smokers; and
2) Subjects with professional singing experience.
F. Vulnerable Subjects: Will not be included.

___B. METHODS AND PROCEDURES
Method of Subject Selection
Subjects will be selected from an available population of undergraduate voice major
students enrolled in Voice Studio classes at the Music Department of the Indiana University of
Pennsylvania (IUP). They will be recruited by verbal advertisement in Voice Studio classes done
by the principal investigator or by their professors. In order to participate in this investigation,
subjects need to agree to participate, sign the Informed Consent Form (p. 9), and complete the
Vocal Health and Background Questionnaire (p. 11) (Marks, 1994).
Study Site
This investigation will be conducted in a quiet environment at the Computer Speech
Science Laboratory of the Department of Special Education and Clinical Services at the IUP.
This site in located in room 440 Davis and the approval letter from the department is enclosed (p.
15).
Methods and Procedures Applied to Human Subjects
This longitudinal research study is a case of within-subject design complete repeated
measurements. It will examine the effects of two years of vocal training on the respiratory,
phonatory and articulatory function of voice major students. Subjects will be recorded twice a
semester for four consecutive semesters. Baseline measurements will be obtained during the first
recording on the first semester of vocal training.
In standing position, subjects will perform speaking and singing tasks. Speaking tasks
consist of the production of a sustained vowel, reading sentences and paragraphs. Singing tasks
consist of the phonational range and two songs. Subjects will be instructed to use comfortable
pitch, loudness and rate during the above phonatory tasks
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All voice productions will be obtained using a prepolarized cardioid condenser headworn microphone positioned at a constant distance 2 cm from the right corner of the mouth
(Titze & Winholtz, 1993). A Hewlett Packard attenuator will be used to avoid peak clipping.
Voice samples will be recorded to a Sony digital audiotape recorder (DAT).
Respiratory function will be sensed with two pairs of linearized magnatometers (Konno
& Mead, 1967; Hixon, Goldman & Mead, 1973; 1976). These are sensors that convert the
movements of the rib cage and abdomen into voltage. One pair will be placed mid-sternum to
sense anteroposterior diameter of the rib cage. The other pair will be placed 1 cm above the
umbilicus for sensing anteroposterior diameter changes of the abdominal wall. The respiratory
kinematic signals will be recorded into a Vetron VDAT8 high performance, eight-channel data
recorder.
The muscle activity of the respiratory muscles will be obtained using surface electrodes
placed on the skin. The target muscles are the pectoralis major, rectus abdominis and the external
obliques. These muscles were chosen due to their anatomic position and their easy access.
Electromyographic (EMG) signals will also be recorded into the Vetron VDAT8 high
performance, eight-channel data recorder.
Acoustic, respiratory kinematic and EMG signals will be recorded simultaneously. All
subjects will be using a hospital gown during the recordings to cover their bared chest and in
addition female subjects will be using a tank top. Each experimental recording session should
take approximately half an hour.

___C. RISKS/BENEFITS
Potential Risks
This project involves minimal risks to the subjects. Beyond the time it takes to complete
the recordings (+ half an hour), there are no foreseen physical, psychological, social, or legal
risks from the proposed procedures and methodology. There are no long-range risks to the
participants in this study.
Protection Against Risks
NA
Potential Benefits
Subjects that agree to participate in this study will have access to objective measures of
the acoustic and physiological changes that will occur as a result of vocal training. It will provide
them with a feedback of the achieved vocal and respiratory changes as vocal training progresses.
It is also anticipated that the results from this research longitudinal study will contribute
to the present scientific evidence of the effectiveness of the vocal training and knowledge about
how the respiratory, phonatory and articulatory systems function at their physiologic limits.
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Compensation for Participation
NA
Alternatives to Participation
NA
Information Withheld
NA
Debriefing
NA

___D. CONFIDENTIALITY
The information gained from this study will include students’ responses to the Vocal
Health and Background Questionnaire, DAT and VHS tapes. This information will be analyzed
and prepared for publication. No personal, identifying information about the participants will be
published or made available to any agencies.
All the personal identifying information gathered from the participants will be kept in a
locked cabinet and destroyed following the completion of the study. Only the principal
investigator involved in the study, and the graduate student assisting the project will have access
to this data. All data will be retained for at least three years in compliance with federal
regulations and then will be destroyed.
___E. COPY OF CONSENT FORM
Please, see page 9.
6. Protected Populations and Sensitive Subjects:
NA
7. Nature of Risk. In your judgment, does your research involve more than minimal
risk?
___ Yes

__X_ No

8. In your judgment, does your research fall under one of the six exempt categories? If you
believe it does, indicate the number of the category under which you are claiming expedited
review. 2
9. Does your project fall under one of the categories eligible for expedited review? If
you believe it does, indicate the number of the category under which you are claiming
expedited review. 9

7

10. Additions to or changes in procedures involving human subjects as well as any
problems connected with the use of human subjects once the project has begun must
be brought to the attention of IRB.
I agree to provide whatever surveillance is necessary to ensure that the rights and welfare of the
human subjects are properly protected. I understand that I cannot initiate any contact with human
subjects before I have received approval/or complied with all contingencies made in connection
with the approval. I understand that as the principal investigator I am ultimately responsible for
the welfare and protection of human subjects and will carry out the project as approved.

______________________________________________
Signature of the Principal Investigator/ Program Director

____________
Date
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FOR COMMITTEE USE ONLY
DEPARTMENT COMMITTEE RECOMMENDATION
This project:
Poses minimal risk

____

Poses greater than minimal risk

____

Is Exempt from Continuing Review

____

Requires Expedited Review

____

Requires full IRBPHS Review

____

______________________________________________________________________
Signature
Date

IRBPHS:
Approved to proceed ____

Signature

Disapproved ____

Date
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Informed Consent Form
Project: Effects of vocal training on respiration, phonation and articulation
Principal investigator: Ana P. Mendes, Ph.D., CCC-SLP, (724) 357-5687
You are invited to participate in this research study. The purpose of this form is to give you a
written description of the research study and to have you sign this informed written consent. Speaking and
singing are sophisticated ways of communication. We are interested in recording samples of your
speaking and singing voice during this and subsequent semesters so we can gain a better understanding of
the changes in the articulatory, vocal and respiratory systems and effectiveness of vocal training.
In order to accomplish this we will ask you to speak and sing. You will stand through the entire
experiment. Your speech and singing will be recorded as well as the movements of your rib cage and
abdomen, and the activities of respiratory muscles. The respiratory measures will evaluate how far the rib
cage and the abdomen move during speaking and singing activities. The activity of your muscles will be
recorded using electromyographic techniques to determine which muscles are contracting during your
speech and singing.
A head-worn microphone will be placed on your head. The microphone will be placed
approximately 2 cm from the corner of your mouth. Linearized magnatometers will be used to measure
the movements of your rib cage and abdomen. Magnatometers consist of two pairs of coils or magnets,
which are taped with double-sided scotch tape at the level of your rib cage and abdomen. As you breath
the rib cage and abdomen move. These movements will be measured by the magnatometers. The muscle
activity of your rib cage and abdominal muscles will be measured using surface electrodes. They consist
of a sticky pad that is placed on your skin. The pad has a small metal button to which we attach a wire
that amplifies the muscle signal. The entire experiment should take approximately half an hour.
There will be no personal identifying information about you recorded to the tape. These tapes will
be kept in a locked cabinet in 408 Davis Hall at the Indiana University of Pennsylvania. Only the
principal investigator involved in this study, and graduate students assisting with the project, may have
access to your tape. Furthermore, your name will never be used with the presentation or publication of
data. Data will be kept confidential to the extent provided by law.
In conducting our research we are always careful to safeguard our participants against harm. No
one has ever been injured during the several years of our research. As a benefit, you will have access to
objective measures of acoustic and physiologic progress that are occurring as your vocal training
continues. No other compensation is available for your participation. Your participation in this study is
voluntary. You can withdraw your consent and discontinue your participation in the project at anytime
without any penalty. If you have any questions or concerns please feel free to contact the principal
investigator:
Ana P. Mendes, Ph.D.
Assistant Professor
Department of Special Education & Clinical Services
Indiana University of Pennsylvania
203 Davis Hall
Indiana, PA 15705-1087
(724) 357-5687
Amendes@grove.iup.edu
This project has been approved by the Indiana University of Pennsylvania Institutional Review Board for
the Protection of Human Subjects (Phone: 724/357-7730)
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VOLUNTARY CONSENT FORM:
I have read and understand the information on the form and I consent to volunteer to be a subject
in this study. I understand that there is no compensation for participating. I understand that my
records are completely confidential and that I have the right to withdraw at any time. I have
received and unsigned copy of this informed consent form to keep in my possession. I
understand and agree to the conditions of this study as described.
Name: (PLEASE PRINT) _________________________________________________
Signature ________________________________________________________________
Date ____________________________________________________________________
Phone number or location where you can be reached ______________________________
Best days to reach you _____________________________________________________

__________________*____________________

I certify that I have explained to the above individual the nature and purpose, the potential
benefits, and possible risks associated with participating in this research study, have answered
any questions that have been raised, and have witness the above signature.

_______________
Date

_________________________________________
Investigator’s Signature
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Name: ______________________________
(First, last name)

Subjects Identification #: _ _ _ _ _ _ _ _ _ _

Date: _ _ /_ _ /_ _
mo da yr

VOCAL HEALTH AND BACKGROUND
QUESTIONNAIRE
(You do not have to answer any question you do not wish to answer)

1. Your age? _ _ years

_ _ months

2. Please indicate gender (circle one)
3. Height _ - _ _ in

DOB : _ _ /_ _ /_ _
mo da yr
F

M

Weight _ _ _ lbs

4. Is English your first language?

1. Yes

2. No

5. Do you smoke?

1. Yes

2. No

6. Have you had any history of voice problems?

1. Yes

2. No

7. Have you had any history of speech-language problems?

1. Yes

2. No

8. Have you had any history of respiratory problems?

1. Yes

2. No

9. Have you had any history of hearing problems?

1. Yes

2. No

10. Please rate your general physical health as:

1. Excellent 2. Good 3. Fair 4. Poor

11. Do you have a cold at this time?

1. Yes

2. No

12. Do you have allergies at this time?

1. Yes

2. No

13. Your voice type is:

1. Soprano 2. Alto 3. Tenor 4. Baritone 5. Bass

14. Number of years of supervised singing activities before IUP?

_ _ years

15. Number of completed semesters of vocal training at IUP: _ _ semesters Started _ _ /_ _ /_ _
mo da yr
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16. Type of vocal training: (More than one response can be given)
1.
2.
3.
4.
5.

Chorale
_ _ _ hours/week
Chamber’s singers _ _ _ hours/week
University Choir
_ _ _ hours/week
Aria group
_ _ _ hours/week
Other
_ _ _ hours/week
Total # _ _ _ _ hours/week

17. Total number of years of professional singing experience: _ _ years

_________________*__________________

Phone number and location where you can be reached
Best day to reach you: M T

W TH F S

Best day to record your voice again:
Best time:

am

(_ _ _) _ _ _- _ _ _ _

M

T

W TH F S

pm

_________________*__________________

Thank you for your time and interest

13

LIST OF REFERENCES
Χkerlund. L., Gramming, P., & Sundberg, J. (1992). Phonetogram and average of sound
pressure levels and fundamentals frequencies of speech: Comparison between female
singers and nonsingers. Journal of Voice, 6, 55-63.
Brown, W. S., Jr., Morris, R. J., Hicks, D., & Howell, E. (1993). Phonational profiles of female
professional singers and nonsingers. Journal of Voice, 5, 219-226.
Brown, W. S., Jr., Morris, R. J., & Michel, J. F. (1990). Vocal jitter and fundamental
frequency characteristics in aged, female professional singers. Journal of Voice, 4,135141.
Hixon, T. J., Goldman, M.D., & Mead, J. (1973). Kinematics of chest wall during speech
production: Volume displacement for the rib cage, abdomen and lung. Journal of Speech
and Hearing Research, 16, 78-115.
Hixon, T. J., Mead, J., & Goldman, M.D. (1976). Dynamics of chest wall during speech
production: Function of the thorax, rib cage, diaphragm and abdomen. Journal of Speech
and Hearing Research, 19, 297-356.
Konno, K., & Mead, J. (1967). Measurement of the separate volume changes of rib cage and
abdomen during breathing. Journal of Applied Physiology, 22, 407-422.
Leanderson, R., & Sundberg, J. (1988). Breathing for singing. Journal of Voice, 2, 2-12.
Marks, R. (1994). Designing a research project: The art of doing science. Gainesville:
University of Florida.
Mendes, A. P., Rothman, H., Sapienza, C. M. & Brown, W.S. Jr. (1999) Acoustic and temporal
effects of vocal training. 1999 ASHA Annual Convention, San Francisco, C.A.
Mendes, A. P., Sapienza, C.M., Rothman, H., & Brown, W.S. (2000) Respiratory kinematic and
electromyographic effects of vocal training. 29th Annual Voice Foundation Conference,
Philadelphia, P.A.
Morrison, M., & Rammage, L. (1994). The management of voice disorders. San Diego,
CA: Singular Publishing Group.
Murry, T., & Large, J. (1978). Frequency perturbation in singers. Transcripts of the 8th
symposium: Care of the professional voice (pp. 36-41). New York: The Voice
Foundation.
Rothman, H. (1987). Vibrato: What is it? NATS J, 43, 16-29.
Sapir, S., & Larson, K. (1993). Supralaryngeal muscle activity during sustained vibrato in
four sopranos: Surface EMG findings. Journal of Voice, 7, 213-218.

14

Sundberg, J. (1977). The acoustics of the singing voice. Scientific American, 83, 82-91.
Sundberg, J. (1987). The science of the singing voice. DeKalb, IL: Northern Illinois
University Press.
Spiegel, J., Sataloff, R., Cohn, J., & Hawkshaw, M. (1988). Respiratory function in singers:
Medical assessment, diagnoses, and treatment. Journal of Voice, 2, 40-50.
Titze, I. (1994). Principles of the voice production. Englewood Cliffs, NJ: Prentice Hall.
Titze, I., & Sundberg, J. (1992). Vocal intensity in speakers and singers. National Center
for Voice and Speech Status and Progress Report, 2, 17-37.
Titze, I., & Winholtz, W. (1993). Effect of microphone type and placement on voice
perturbation measurements. Journal of Speech and Hearing Research, 36, 1177- 1190.
Verdolini, K. (1998). National Center for Voice and Speech’s Guide to Vocology. Iowa
City: University of Iowa.
Watson, P., & Hixon, T. (1985). Respiratory kinematics in classical (opera) singers.
Journal of Speech and Hearing Research, 28, 104-122.
Watson, P., Hoit, J., Lansing, R., & Hixon, T. (1989). Abdominal muscle activity during
classical singing. Journal of Voice, 3, 24-31.

