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State of Ohio 

County of 
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I, Jeffery L. Akers, do hereby certify that I 
have read the foregoing transcript of my deposition 
given on Friday, April, 23, 2004; that together with 
the correction page attached hereto noting changes in 
form or substance, if any, it is true and correct. 

I do hereby certify/that the foregoing 
transcript of the deposition of Jeffery L. Akers was 
submitted to the witness for reading and signing; 
that after he had stated to the undersigned Notary 
Public that he had read and examined his deposition, 
he signed the same in my presence on the ^ ^ J ^ day 
of MoiTsr 2004 

Notar 

My commission expires 0&(obga_2^. :^OD^ 

Armst rong & Okey, I n c . Columbus, Ohio (614) 224-9481 
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BEFORE THE OHIO POWER SITING BOARD 

In the Matter of the Application ) 
of Champaign Wind, LLC, for a Case No. 12-0160-EL-BGN 
Certificate to Construct a ) 
Wind-Powered Electric Generating 
Facility in Chan>paign County, Ohio ) 

DIREa TESTIMONY OF FEREIDOUN SHOKOUHI, CHAMPAIGN COUNTY ENGINEER 

0. Please provide your ful l name and any professional degrees and 
certifications you have achieved. 

My name is Fereidoun Shokouhi, and I have a B.S in Civil Engineering and a B.S. in 
Mining from the University of Missouri-Rolla and I am licensed by the State of Ohio 
as a Professional Engineer and a Professional Surveyor. I have earned several 
certifications in my twenty-seven years of experience. 

Q. What Is your current position? 
I am currently the Champaign County Engineer. 

Q. How long have you held this position? 
I have held the position for eighteen years and will be retiring at the end of my term 
this year. 

Q. How would you calculate an adequate bond or financial assurance? 

We need to first determine if the roads and bridges are sufficient for the loads and 
usage in constructing the project and require Improvement of the roads and bridges 
that are deficient and set that a portion of the cost, maybe 15%, of the total costs 
will be used for the gap in our estimation of damage to the roads and bridges. 

Q. What do you consider In setting the amount of a bond or financial 
assurance for road and bridge damage? 

First, I believe in the reverse of the theory "if you break it, you fix It". We want the 
roads and bridges fixed, or Improved, before construction so that they do not 
"break". It is a proactive approach. We know what is going to be brought over the 
road and we know what the roads can handle so the roads should be improved if 
deficient for the use. Therefore, this should minimize the amount of the bond or 
financial assurance. 



The transportation route is also a large part of the consideration for financial 
assurance. The proposed route needs to utilize the minimum amount of roads 
possible and, therefore, cause the minimal amount of damage. In considering the 
transportation route for this project, we also want the project to utilize first the 
state and U.S. routes, then the county roads and finally the township roads in order 
to reduce the damage to the roads In the Champaign County. However, most of the 
turbines will ultimately travel over the township roads to their final destination. 
We certainly want to avoid more urban areas, such as Mechanlcsburg, Woodstock 
or Urbana, as those roads have much more infrastructure underneath the roadways 
which would be impacted, such as water or sewer lines. However, that Is an issue 
for each village or city, but we would make our information available to those 
municipalities. 

The transportation route may also impose widening of roadways or increasing the 
radius of intersections. However, some of these improvements may also involve 
restoring the roadways to their original width or radius which is sometimes 
forgotten in calculation of costs. 

Q. In your opinion, what causes damage to the roads and bridges? 

Damage is caused by illegal or restrictive load weight and also in repetitive legal 
loads over the roads and bridges In the Champaign County. 

Q. What terms of agreement are you willing to consider for road issues 
within Champaign County? 

After development of transportation plan and review of the condition of the roads 
and bridges in the plan, we develop a letter of understanding which should set forth 
how, when and who will be doing any improvement or any repair of damage to our 
roads and bridges. Additionally, the letter of understanding shall set forth 
notification of when construction for repair will occur and setting forth parameter 
of time for repair as well as when the bond can be taken to pay for repair due to 
non-performance. We will designate a contact person at the engineer's office and 
we will want a contact person for the developer in order to coordinate as efficiently 
and effectively as possible. 

It is imperative that the local entity assumes no liability for damage caused by the 
project nor cause by poor repair of damage of the roads and bridges, as well 
flagging, etc. Additionally, the developer will be responsible for all aspects of the 
project, including responsibility for Its subcontractors. 



During and after construction of the project, the road will be reviewed by our office 
and such inspection time will be paid for by the developer. 

Q. Has the Ohio Power Siting Board staff ever contacted your for your 

opinion regarding road issues? 

No, not to date, in this project nor In the prior project for Champaign County. 

Q. Has the developer ever contacted you for your opinion regarding road 
issues? 

Yes, many times and I have stated to the developer's representatives what I have 
stated herein. Basically, I want to have after the project what I had before the 
project, meaning I want my roads to be in the same condition during and after the 
project as before the project, 

Q. Do you have any Information whether this project will be done In 
conjunction with the prior project improved? 

It is my understanding that the developer may improve a road and it may be utilized 
by both projects, but I have not received final proposed transportation plans for 
either project. 

Some issues may need to be addressed if the project is going to be constructed at a 
different time than the prior project, such as time for leaving improvements that 
need to be removed to restore the road to its original condition, etc. 

Q. What is your role In this siting process? 

My role is solely to protect the county's roads and bridges pursuant to my statutory 
authority. 

Q. Do you believe that a bond or financial assurance Is necessary for roads 
and bridges? 

Yes. It is a good practice to ensure timely repair of our roads. When there is a risk 
of loss of public funds, it Is necessary to protect county and township funds by 
requiring an adequate bond or other financial assurance. 

Q. What amount of bond or financial assurance would you require for 
damage to roads and bridges In decommissioning? 

What it takes to construct the project is the same, for roads and bridges, to 
decommission the project. Therefore, the estimated cost of construction on roads 



and bridges should be equal to the amount designated for decommissioning, at 
future value. 

Respectfully submitted. 

NICKA.SELVAGGIO 
CHAMPAIGN COUNTY 
PiTOSEQUTING ATTORNEY 

Jane/Ay^apler (0061426) 
Assig^nt Prosecuting Attorney 
200 N. Main Street 
Urbana, Ohio 43078 
(937) 484-1900 
(937) 484-1901 
jnapier@champaignprosecutor.com 
Attorney for Champaign County 
and Goshen, Union, and Urbana Townships 

CERTIFICATE OF SERVICE 

The undersigned hereby certifies that a true copy of the foregoing was sent to Miranda 
R. Leppla, Esq., Vorys, Sater, Seymour & Pease, 52 East Gay Street, P.O. Box 008, 
Columbus, Ohio 43216-1008, to Chad A. Endsley, Esq., Ohio Farm Bureau Federation, 280 N. 
High Street, P.O. Box 182383, Columbus, Ohio 43218-2383, to Christopher A Walker, Esq., Van 
Kley & Walker LLC, 137 North Main Street, Suite 316, Dayton, Ohio 4S402, Stephen Reilly and 
Devin Parram, Assistant Attorneys General, Public Utilities Section, 180 East Broad Street, 6th 
Floor, Columbus, Ohio 43215-3793 and Kurt P. Helfrlch, Philip B. SIneneng and Ann B. Zailocco, 
Thompson HIne LLP, 41 South High Street, Suite 1700, Columbus, OH 43215-6101 and to Gil S. 
We'ithman, City of Urbana Law Director, 205 S Main^St., Urbana, Ohio 43078 by electronic 
service, this 5th day of November, 2012. 

/ ^ 

l M ^ . Napier (0061426) 

mailto:jnapier@champaignprosecutor.com


BEFORE 

THE OHIO POWER SITING BOARD 

In the Matter of the Application of CHAMPAIGN WIND, ) 
LLC for a Certificate to Construct a Wind-Powered Electric ) Case No. 12-160-EL-BGN 
Generating Facility in Champaign County, Ohio ) 

DIRECT TESTIMONY OF 

THOMAS J. MUSICK 

ON BEHALF OF 
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on behalf of Pioneer Rural Electric Cooperative, Inc. 
Case No. 12-160-EL-BGN 

Testimony of Thomas J. Musick 
Page 1 of 7 

1 Introduction 

2 Q. Please state your name, title and business address. 

3 A. My name is Thomas J. Musick. I am the Director of Engineering and Operations for 

4 Pioneer Rural Electric Cooperative, Inc., located at 344 West U.S. Route 36, Piqua, OH 

5 45356. 

6 

7 Q. Please describe your education and professional background. 

8 A. I received an Associate Degree in Electronic Engineering Technology from Columbus 

9 State Community College in 1993, and a Bachelor's Degree in Electrical Engineering 

10 from Wright State University in 1996. Currently, I am pursuing a Masters in Business 

11 Administration at Purdue University and expect to graduate in 2014. I am licensed as a 

12 Professional Engineer in the State of Ohio. 

13 

14 Prior to joining Pioneer Rural Electric Cooperative, Inc., I was employed at the Daj^on 

15 Power and Light Company as an electrical planner and line crew supervisor. Among my 

16 duties included supervising all electrical linemen and design technicians, coordinating the 

17 overhead electrical line maintenance program and performing circuit analysis to enhance 

18 customer reliability. 

19 

20 Q. On whose behalf are you offering testimony? 

21 A. Pioneer Rural Electric Cooperative, Inc. ("Pioneer"). 

22 
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on behalf of Pioneer Rural Electric Cooperative, Inc. 
Case No. 12-160-EL-BGN 

Testimony of Thomas J. Musick 
Page 2 of 7 

What is Pioneer? 

Pioneer is a member-owned electric distribution cooperative serving portions of eleven 

Ohio counties, including Champaign County. Pioneer relies on a combination of licensed 

and unlicensed radio systems to transmit communications between its central control 

room located in Piqua, Ohio and critical points along its electric distribution system. 

Please describe your current duties for Pioneer. 

As the Director of Engineering and Operations for Pioneer, I supervise 40 employees. 

The Engineering and Operations department is responsible for, among other things, 

disaster recovery coordination and the design, implementation and maintenance of all 

operations technology. I coordinate all consultants and contractors used by the 

department, oversee the capital improvement and operation budget, and insure Pioneer's 

compliance with all federal, state, and local environmental regulations. 

Please describe the purpose of your testimony. 

My testimony describes Pioneer's limited concerns relating to the application of 

Champaign Wind, LLC ("Champaign") in which Champaign seeks certification to build 

and operate an electric generation wind facility in Champaign County. 

Please summarize Pioneer's concerns relating to the proposed facility. 

Although Pioneer is unopposed to the proposed electric generation wind facility in 

Champaign County (the "Buckeye II Wind Farm") provided that its reservations about 



on behalf of Pioneer Rural Electric Cooperative, Inc. 
Case No. 12-160-EL-BGN 

Testimony of Thomas J. Musick 
Page 3 of 7 

1 the facility are adequately addressed, it is concerned that the Buckeye II Wind Farm may 

2 include turbines that interfere with Pioneer's licensed microwave signals. 

3 

4 Specifically, Pioneer is concemed that (a) the data transmitted between its control tower 

5 center and substations, which are critical for electric grid reliability and public safety, 

6 could be adversely affected by the location and operation of Champaign's turbines, (b) 

7 Champaign's turbines could interfere with, among others. Pioneer's 11 Ghz point-to-

8 point microwave system, its 3.65 Ghz point-to-multi point microwave system and its 900 

9 Mhz omnidirectional microwave system, and (c) Champaign's turbines could cause 

10 additional interference with Pioneer's communication systems. 

11 

12 Q. Please explain how the turbines could cause the interference described above. 

13 A. If any of the proposed turbines are placed too close to any of Pioneer's substations, 

14 interference with the signals transmitted from Pioneer's control station to any of those 

15 substations on the distribution system will be negatively affected. In addition, 

16 interference may occur if one or more of the turbines are located within the line of sight 

17 between the central control station and a substation. 

18 

19 Q. Please explain what could happen if interference occurs. 

20 A. Interference with Pioneer's data transmissions could result in loss of critical services to 

21 Pioneer's member-consumers, potential danger to Pioneer's employees, and 

22 extraordinary expense to re-engineer Pioneer's systems to remain operational. 



on behalf of Pioneer Rural Electric Cooperative, Inc. 
Case No. 12-160-EL-BGN 
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2 More than just an inconvenience, any interference with electric service could be 

3 devastating to Pioneer's member-consumers who rely on continuous electric service. At 

4 a minimum, daily routines could be disrupted causing a loss of productivity. At its 

5 worst, loss of electric service could be life-threatening—^particularly for the elderly or 

6 sick during inclement weather. Loss of electricity could also impair communications as 

7 access to radio, television or the Intemet could be impacted leaving Pioneer's member-

8 consumers unaware of potential threats and dangers. 

9 

10 Furthermore, any repairs or adjustments to Pioneer's systems places its employees at 

11 unnecessary risk and could be costly. 

12 

13 Q: Have you reviewed Paragraphs 52 and 53 on pages 59 and 60 of the Staff Report of 

14 Investigation for the Buckeye II Wind Farm, dated October 10,2012 ("Staff 

15 Report") and the related Direct Testimony of Michael Speerschneider filed on 

16 October 29, 2012 on behalf of Champaign? 

17 A: Yes. 

18 

19 Q: What are your thoughts about Paragraphs 52 and 53 on pages 59 and 60 of the Staff 

20 Report? 

21 
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1 A: Pioneer urges that Paragraph 52 of the Staff Report be adopted in its entirety without 

2 change. First, as written. Paragraph 52 ensures that any microwave path or system 

3 impact assessment accounts for all known microwave paths or systems existing at the 

4 time of the assessment. Modifying the paragraph to limit the assessment to paths or 

5 systems existing as of the date of the application could preclude the consideration of new 

6 paths or systems installed between the date of the application and the date of 

7 construction. If any microwave path or system put into place during that intervening time 

8 were exempt from any assessment. Pioneer would then be forced to either keep its 

9 existing microwave paths and systems at status quo, or expand with the risk that any new 

10 microwave path or system could be rendered inoperable by the Buckeye II Wind Farm. 

11 To avoid this result, any assessment should account for all known microwave paths or 

12 systems existing at the time of the assessment. 

13 

14 Second, all turbines within 1,000 feet of the worst-case Fresnel zone of each system 

15 should be identified and mapped at a legible scale as recommended by the Staff. If the 

16 only turbines that have an expected impact on a microwave path or system are within the 

17 length of the turbine blade, plus 50 feet of the worst-case Fresnel zone of each system, 

18 Champaign can so state as expressly provided for in Paragraph 52(e) on page 60 of the 

19 Staff Report. Therefore, Pioneer urges that Paragraph 52(a) on page 59 of the Staff 

20 Report be left unchanged. 

21 
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Testimony of Thomas J. Musick 
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1 Finally, as to Paragraph 53 of the Staff Report, Pioneer proposes an alternative that it 

2 believes addresses the concerns raised by Champaign in Mr. Speerschneider's testimony. 

3 Specifically, Pioneer proposes that Champaign be required to mitigate all observed 

4 impacts of the Buckeye II Wind Farm (a) to microwave paths and systems identified in 

5 the commimication studies performed for this project or required by the Board, (b) to new 

6 microwave paths or systems identified by an electric service provider after the 

7 communication studies are performed but prior to the date Champaign advises such 

8 electric service provider of the final turbine layout; provided that construction has 

9 commenced on such new paths or systems prior to the date Champaign advises such 

10 electric service provider of the final turbine layout, or (c) to new microwave paths or 

11 systems identified by an electric service provider following the date Champaign advises 

12 such electric service provider of the final turbine layout but only if Champaign 

13 subsequently modifies the final turbine layout and such microwave paths or systems were 

14 modified or introduced in reliance upon the original final turbine layout and are adversely 

15 affected by the modifications to the original final turbine layout; provided that 

16 construction has commenced on such new paths or systems prior to the date that 

17 Champaign advises such electric service provider of the modified final turbine layout. 

18 Pioneer believes that this condition adequately balances Pioneer's concerns on its ability 

19 to erect and operate new microwave paths or systems with Champaign's concern of a 

20 new path or system requiring changes to the facility's planned layout. 

21 

22 Q: Has Pioneer discussed this proposal with Champaign? 
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1 A: Yes. It is my understanding that Champaign is in agreement with Pioneer's position with 

2 respect to Paragraphs 52 and 53 on pages 59 and 60 of the Staff Report, as described in 

3 my testimony. A redlined copy of Paragraph 53 of the Staff Report, as proposed by 

4 Pioneer and supported by Champaign, is attached to my testimony as Exhibit A. 

5 

6 Q: Does this conclude your testimony? 

7 A: Yes. 



EXHIBIT A 



Proposed Revision to Paragraph 53 of Staff Report 

(53) All known microwave paths and commimication systems, as identified in the 

communication studies performed for this project or required by the Board, shall be subject to 

avoidance or mitigation. The Applicant shall complete avoidance or mitigation measures prior to 

commencement of construction for impacts that can be predicted in sufficient detail to 

implement appropriate and reasonable avoidance and mitigation measures. After construction, 

vvithijisgyen days or v\jthin a longer time period acceptable to Staff-^the Applicant shall 

mitigate all observed impacts of the project (a) to microwave paths and systems within, seveft 

days-oî -wrtWB-a4e«ger time period-aeee-ptable-to Staff identified in the communication studies 

performed for this project or required bv the Board, (b) to new microwave paths or svstems 

identified by an electric service provider after the communication studies are performed but prior 

to the date the Applicant advises such electric service provider of the final turbine lavout: 

provided that construction has commenced on such new paths or svstems prior to the date the 

Applicant advises such electric service provider of the final turbine lavout. or (c) to new 

microwave paths or svstems identified bv an electric service provider following the date the 

Applicant advises such electric service provider of the final turbine lavout but onlv if the 

Applicant subsequentlv modifies the final turbine lavout and such microwave paths or svstems 

were modified or introduced in reliance upon the original final turbine lavout and are adversely 

affected bv the modifications to the original final turbine lavout: provided that construction has 

commenced on such new paths or svstems prior to the date that the Applicant advises such 

electric service provider of the modified final turbine lavout. Avoidance and mitigation shall 

consist of measures acceptable to Staff, the Applicant, and the affected path owner, operator, or 

licensee(s). 
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Ql . Please state your name and business address. 

Al. My name is Jerry L. Punch. My address is Department of Communicative Sciences and 

Disorders, Oyer Building, Michigan State University, East Lansing, MI 48824. 

Q2. What is your current position? 

A2.1 am a Professor Emeritus in the Department of Communicative Sciences and Disorders at 

Michigan State University in East Lansing, Michigan. After a four-decade career as an 

audiologist, I retired officially in May 2011 after being on the MSU faculty for 21 years, and I 

continue to work part-time on research and selected consulting projects. I serve at the request of 

the Dean to represent the five departments of MSU's College of Communication Arts and 

Sciences on the University Committee on Research Involving Human Subjects (UCRIHS). This 

institutional review board is charged with reviewing research proposals submitted by MSU 

faculty for the purpose of ensuring compliance with federal and university standards for the 

protection of human subjects. I am also a member of a team of interdisciplinary researchers on 

campus to study the genetic and enviroimiental influences on common health conditions, which 

include hearing loss. My CV is attached as Exhibit A. 

Q3. What is your educational background? 

A3.1 have a B.A. degree in Psychology from Wake Forest University (1965), an M.S. degree in 

Audiology and Speech Pathology from Vanderbilt University (1967), and a Ph.D. degree in 

Audiology from Northwestern University (1972). 

U A) ̂  ^^L. ^ 3 



Q4. What is audiology? 

A4. Audiology is the study of hearing and hearing impairment. Because audiology deals with 

issues that affect the overall health and well-being of individuals who have hearing loss, it is 

generally regarded as an allied health profession that deals with hearing health. It focuses on the 

communicative, psychological, occupational, academic, and social consequences of hearing loss 

in humans. As a profession, audiology evolved in the U.S. near the end of World War 11, when 

hospitals were faced with the need to rehabilitate large numbers of hearing-impaired soldiers and 

veterans. Audiologists routinely perform diagnostic hearing evaluations and provide non-medical 

interventions for hearing-impaired individuals. The most common forms of audiologic 

rehabilitation for hearing loss are those that involve technological instrumentation such as 

hearing aids, cochlear implants or other implantable devices, and assistive listening devices. 

Audiologists also provide additional training techniques and other rehabilitative programs to 

hearing-impaired individuals to maximize receptive communication, prevent hearing loss, and 

conserve residual hearing. 

Audiologists work in a variety of job settings, under a variety of job titles. They frequently 

collaborate with speech-language pathologists, medical specialists and other health professionals, 

teachers, social workers, engineers, researchers, and technicians. Physicians' offices, hospitals, 

schools, community hearing clinics, rehabilitation centers, residential health facilities, health 

departments, state and federal government, and private practice are work settings where 

audiologists typically practice. Most audiologists specialize to some degree, usually by working 

primarily with specific populations or working in specific settings. For example, one can become 

a pediatric audiologist in a hospital, a school-based audiologist, or a research audiologist. 

A major interest and responsibility of the typical clinical audiologist is the fitting and dispensing 

of hearing aids. An increasing number are specializing in disorders of balance, or equilibrium. 

Research audiologists, who normally pursue a doctoral degree and possibly post-doctoral study, 

typically teach and conduct basic or applied research at universities. Although there is no 

conventionally defined career ladder in the profession, audiologists often become clinical 

supervisors, administrators, and managers in hearing clinics, rehabilitation centers, academic 

programs, governmental agencies, and research laboratories. 



Audiologists routinely administer audiometric testing to provide diagnostic information to 

otolaryngologists (ear, nose and throat specialists) and other physicians. This information is used 

by these medical professionals to determine the site of lesion (the specific location of the 

problem in the ear) and to determine whether individual patients can benefit from medical or 

surgical treatment. Hearing impairment is one of the most common chronic health conditions in 

the general population, and most cases are sensorineural—^involving disorders of the irmer ear. 

Because there are relatively few effective medical and surgical treatments for sensorineural 

hearing loss, which leave individuals with a disability that affects communication, their ability to 

socialize with others, and their overall health status, there is a substantial need for rehabilitative 

services to these individuals. The prevalence of sensorineural hearing loss is increasing, with the 

two most common causes being aging and exposure to loud noise. In infants, almost all states of 

the U.S. mandate that hospitals have universal hearing screening programs to identify newborns 

and provide them with appropriate early-intervention programs to maximum their 

communication skills and, ultimately, their academic success and productivity as citizens. 

Audiologists are needed to develop and monitor these programs. As the survival rates of 

premature infants, elderly victims of stroke, and victims of fraumatic injury increase, due largely 

to medical and technological advances, audiologists work with these individuals to provide new 

and better devices that improve hearing. 

A master's degree has traditionally been the entry-level degree required to become a clinical 

audiologist. Since the 1990s, however, the minimum entry-level degree to practice in the United 

States has been a doctoral degree, either the Doctor of Audiology (Au.D.) degree or the Ph.D. 

degree. Also, qualifications include the completion of a prescribed program of clinical 

experience and the passing of a national exam. Clinical audiologists in most states must also 

comply with state licensure standards, the requirements of which are similar or identical to the 

clinical certification requirements of the American Speech-Language-Hearing Association 

(ASHA) and the American Academy of Audiology. Approximately 75 U.S. colleges and 

universities offer graduate programs accredited by the Council on Academic Accreditation in 

audiology. Most students pursue an undergraduate degree in communication sciences and 

disorders, which provides introductory course work in audiology and the speech and hearing 



sciences, before pursuing a doctoral degree. The curricula at both the undergraduate and graduate 

levels emphasize course work in acoustics, the anatomy and physiology of the ear, hearing 

disorders, and medical aspects of audiology. 

Q5. What clinical experience do you have in the field of audiology? 

A5.1 have worked as a clinical audiologist and clinical supervisor for a substantial portion of my 

career. Beyond several positions as a student intern, I worked early in my career as a clinically 

certified audiologist at Vanderbilt University's Bill Wilkerson Hearing and Speech Center for 1-

1/2 years following my master's degree, and held clinical supervisory positions at the University 

of Mississippi and University of Memphis. I served as Chief of the Audiology Section at Riley 

Children's Hospital, Department of Otolaryngology-Head and Neck Surgery, Indiana University 

School of Medicine, between 1984 and 1987. During about half of my 21 years at Michigan 

State University, I supervised master's students in audiological diagnostic evaluations and 

hearing aid selection and fittings in MSU's Speech and Hearing Clinic. 

Q6. What teaching experience do you have in the field of audiology? 

A6.1 have held a number of faculty appointments in several imiversities over my academic 

career, advancing from Assistant Professor to Associate Professor to Professor. In my early 

career, I taught audiology and related coursework to undergraduate and graduate students for 

several years at the University of Mississippi and University of Memphis. While at Indiana 

University School of Medicine, I gave occasional lectures on basic audiology to medical 

residents in otolaryngology. During my career on the faculty at MSU, my typical teaching load 

was two courses per semester (four per year), and I occasionally taught a course during summer 

semesters. I taught the following courses, most of them on a regular basis (listing their generic 

titles): Anatomy and Physiology of Hearing and Speech, Audiologic Rehabilitation, Diagnostic 

Procedures in Audiology, Differential Diagnostic Audiology, Hearing Amplification, Hearing 

Disorders, Industrial Audiology, Introduction to Audiology, Introduction to Speech and Hearing, 

Medical Aspects of Audiology, Microcomputer Applications in Speech and Hearing Sciences, 

Pediatric Audiology, Professional Ethics in Communicative Sciences and Disorders, 

Psychoacoustics, Research Methods, and occasional seminars on special topics. Throughout my 



teaching career, I also taught occasional seminars and special-topics courses and mentored 

graduate students on various research projects. 

Q7. What research experience do you have in the field of audiology? 

A7. In each of the academic positions I have held, I have conducted an active research program, 

some of which was supported by federal grants. Much of my research has been on hearing aids, 

hearing aid fitting procedures, and the quality of amplified speech. I have also done research in 

the areas of hearing conservation, speech audiometry (the use of speech stimuli to measure 

hearing sensitivity, speech understanding, and tolerance limits for loud speech, as measured 

using an audiometer), and the effects of personal listening devices on hearing. I have directed 

seven master's theses and doctoral dissertations and published approximately 80 articles in the 

scientific and professional literature. A few of my papers have been literature reviews. One of 

the most recent reviews was on the topic of wind turbine noise and its effects on human health. 

Q8. Is there a relationship between audiology and human health? 

A8. Yes, audiology studies and explains the effects of sound on human health. 

Q9. Has your education or experience provided you with expertise on the relationship 

between sound and human health? 

A9. Yes, I would say that it's been a combination of formal education and experience that has 

provided me with a certain level of expertise. Audible sound in the 20-20,000 Hz frequency 

range and related aspects of acoustics are major areas of study by audiologists. Courses in 

anatomy and physiology explain how the ear processes sound, from the outer ear, middle ear, 

inner ear, the Vlllth cranial nerve, brainstem, midbrain, and in the cortex of the brain. 

Audiologists learn how the inner ear differentiates between high-, mid-, and low-frequency 

sound. They leam about the anatomy and function of the vestibular system and how it differs 

from the auditory system. They also leam about the physiological interactions at the periphery, 

brainstem, and brain levels among these systems, and how various systems interact, even though 

their primary functions differ. For example, the visual system is highly integrated with the 

vestibular system, which explains why rapid eye movements are an indication of vestibular 

problems such as dizziness. Audiologists are familiar with the ear and the nature of normal and 



disordered hearing across the frequency range at intensities between threshold, or barely audible 

sound, and the point at which sound becomes uncomfortably loud or even painful. As related to 

human health, I've studied the effects of audible sound on hearing sensitivity and speech 

understanding in normal-hearing and hearing-impaired individuals, and the progressively greater 

effects caused by increasing degrees of hearing loss. I've also studied the effects of different 

listening environments on speech recognition. 

Because much of what we leam is acquired after our formal education, I have leamed about 

infrasound and its importance to health only in recent years after becoming aware of health-

related questions and complaints raised about wind turbine noise. For many years, I've been 

interested in the effects of noise on communities. I taught a course on hearing conservation on an 

occasional basis while at MSU, and I have made noise measurements in communities and public 

places where there were questions or complaints about the noise levels. After leaming about 

wind turbine noise, I read Paul Gipe's book. Wind Energy Comes of Age, and Dr. Nina 

Peirpont's book. Wind Turbine Syndrome. I visited a wind project in Ubly, Michigan, where I 

interviewed a family who had just moved from their home because they could not tolerate the 

noise from the turbines. Following that, I conducted an extensive review of literature, which is 

when I became familiar with the works of such researchers as the Pedersons, Geoff Leventhall, 

van den Berg, Waye, Persson Waye, and Castelo Branco. I subsequently co-authored the review 

article that was published in Audiology Today. Following that, I became aware of the studies 

begin done by Dr. Michael Nissenbaum and Dr. Alec Salt, and have since visited and 

interviewed another family in Michigan that has had to abandon their home because of wind 

turbine noise. Most recently, I testified as an expert witness about the health effects of wind 

turbine noise in a hearing by Wisconsin's Public Service Commission, a case on behalf of the 

Town of Forest, Wisconsin, which is opposing the design of a Highland Wind project. 

QIO. What is audible sound? 

A10. Audible sound is sound that has a frequency between 20 and 20,000 Hertz (Hz). 

Q l l . How does audible sound affect human health? 



Al l . The most obvious impact is hearing loss due to loud noise, which can result from sustained 

exposure to loud noise or from a single blast of high-intensity noise to the ears. We also know 

that hearing loss, alone or in combination with other health problems, also impacts overall health 

status. Research has shown that hearing loss is closely associated with reduced quality of life, 

depression, anxiety, isolation, number of days spent in the hospital, and number of sick days— 

after other variables are controlled. Beyond hearing loss, we know that having the ability to hear 

normally impacts our ability to communicate with others, as well as to maintain close contact 

with our environment. Normal hearing is essential for the ability to develop normal oral 

language, and is critical for normal psychological health and social relationships. 

Beyond hearing loss, the sense of hearing provides humans with a means of staying in contact 

with their environment. Unlike vision, hearing is always on because we can't close our ears to 

block out all audible sound. We use our sense of hearing to alert us to danger and to monitor our 

surroundings on a constant basis, even during sleep. Some audible sounds can be disturbing, 

causing annoyance, stress, loss of concentration, and loss of sleep, which can ultimately lead to 

serious health consequences. Such sounds typically have distinguishing acoustic or temporal 

characteristics. For example, they are usually the sounds that are unexpected, unpredictable, 

occasional, imcontrollable, or broadband (having a noisy quality, as opposed to tonal quality) and 

tend to be regarded as undesirable, disturbing, and annoying. 

Q12. Have you written any scientific literature on the effects of audible sound on human 

health? 

A12. Yes. Many of my peer-reviewed publications relate to audible sound and are on topics 

related to hearing aids. I've also written a published paper on hearing handicap, Jind am currently 

working on another paper related to quantifying the health-related quality of life through 

measurements of hearing handicap. My publications appear in a wide variety of professional 

peer-reviewed joumals, as indicated in my CV. A large portion of that research has been 

experimental, where variables were manipulated. In addition to the recent review paper on the 

effects of wind turbine noise on health, 1 have also published a tutorial paper on the decibel and 

several review articles on the topics of most comfortable and uncomfortable loudness levels for 

speech and on hearing loss due to the use of personal listening devices, or MP3 players. 



Q13. What is infrasound? 

A13. Infrasound consists of sound waves with frequencies below 20 Hz, which typically cannot 

be heard by humans. In other words, infrasound is not perceived or interpreted by humans as 

sound. Infrasound enters the brain through neural pathways leading from specialized cells within 

the inner ear. 

Q14. What effects on human health are caused by infrasound? 

A14. Multiple articles in the scientific literature have shown that infrasound exists in nature, 

usually at levels that are not harmful to human health because the ear is designed to be relatively 

insensitive to it. Some bodily noises such as digestive noises and heartbeats, for example, consist 

of infrasound, but we don't hear them and are usually not aware of them presumably because 

they do not directly enter the ear and their energy is below thresholds to which humans are 

sensitive. 

Infrasound is also present in industrial settings, in the transportation sector, and in other settings 

where heavy equipment is used. According to the literature on noise and vibration, infrasound is 

common, for example, where there are diesel engines, large turboprop jet engines, and gas or oil 

pumping stations. Slowly rotating heavy machinery almost always produces infrasound, and 

there's recent evidence that large wind turbines produce high levels of infrasound. It is this high-

level infrasound that causes health problems. 

An early focus on infrasound in the literature was on audible noise and infrasound created by 

heating, ventilating, and air conditioning systems in industrial plants, eventually resulting in the 

coining of the term "Sick Building S5aidrome." Infrasound, as well as low-frequency sound (20 -

150 Hz), in these settings has been linked to a variety of symptoms, including fatigue, headache, 

nausea, concenfration difficulties, disorientation, seasickness, digestive disorders, coughing, 

visual problems, and dizziness. In the late 90s, Waye and colleagues found that exposure to low-

frequency ventilation noise that varied in amplitude over time was more bothersome, less 

pleasant, impacted work performance more negatively, and led to lower social orientation than 

low-frequency sounds that are constant in intensity. 
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Dr. Geoff Leventhall, a British scientist, and his colleagues also have documented the 

detrimental effects of low-frequency noise exposure. They described it as a special 

environmental noise that is especially bothersome to sensitive people in their homes. The 

National Institute of Health (NIH) has reported that exposure to infrasound can cause vertigo, as 

well as fatigue, apathy, depression, ear pressure, loss of concentration, and drowsiness. 

Q15. What does the audiology field know about how infrasound harms human health? 

A15. The concept that something we cannot hear can hurt us is not easy to understand without an 

understanding of the auditory physiology that explains the perception of infrasound. The concept 

is more acceptable once we consider the proven fact that things that we can't touch, smell, see, or 

taste-such as carbon monoxide—can definitely hurt us. 

The ear consists of an outer, middle, and inner ear. The outer and middle ears carry acoustic and 

mechanical energy to the inner ear, where the energy is converted into electrical energy by 

transducers in the inner ear. The inner ear houses the organ of hearing, the cochlea, as well as the 

vestibular system, which provide us with a sense of position in space, motion, and acceleration. 

These stmctures also are especially sensitive to vibration, which is typically associated with 

lower-frequency sounds. Hearing and balance are essentially two separate functions, as they 

normally respond to different stimuli and connect to different brain centers. Fibers from the 

brain's hearing and balance centers also connect to other parts of the brain, crossing lobes and 

hemispheres, so sensations received through the ear might ultimately be interpreted as sensations 

to the vestibular system. There are also neural connections between the vestibular and visual 

systems. 

Research by Dr. Alec Salt and his colleagues''" at the Washington University School of Medicine 

in St. Louis, Missouri, has explained how inaudible sound causes the kinds of adverse health 

symptoms reported by people who are exposed to wind turbine noise. That research has shown 

that infrasound is largely inaudible because inner hair cells, which are most directly coupled to 

the brain, are relatively insensitive to very low frequencies, but the outer hair cells are sensitive 

to low-frequency and infrasound components that are below the level that can be heard. Dr. 



Salt's research has shown that an anatomical pathway exists from the outer hair cells through the 

brainstem for infrasound to reach the brain. That pathway means that it is biologically plausible 

for infrasound to produce a variety of sensations, including pulsation, annoyance, stress, panic, 

ear pressure or fullness, vmsteadiness, vertigo, nausea, tinnitus, and general discomfort. Other 

symptoms may include memory loss, disturbed sleep, blood pressure elevation, and heart 

arrhythmias. 

A more recent finding of Dr. Salt's research"' is that the presence of higher-pitched sounds 

(between 150-1500 Hz) can suppress infrasound. This means that the ear is maximally sensitive 

to infrasound when higher frequency sounds are absent. While a building's walls and roof block 

some of the outside high-frequency noise from entering the building, infrasound easily penetrates 

the structure. In this situation, the infrasound entering the home can be the most disturbing to 

persons inside their homes, because the higher-pitched sounds are attenuated by walls and other 

physical stmctures. 

Q16. What is "amplitude," and what effects on human health result from infrasound and 

audible sound that vary in amplitude? 

A16. Amplitude is simply another word for intensity, magnitude, or level of a sound. Amplitude 

modulation, a term often used to describe wind turbine noise (including infrasound), refers to a 

sound that varies in intensity over either a short or long time period. The audible sound and 

infrasound from wind turbines typically vary over rather short time periods, generally on the 

order of seconds or fractions of a second. Wind turbines generate measureable amplitude-

modulated audible sound and infrasound, and nearby residents often find it highly disturbing. 

Symptoms vary from person to person, but they are well known to occur in a significant portion 

of such residents. The symptoms include sleep disturbance, annoyance, headaches, ear pressure 

or pain, dizziness, nausea, anxiety, and a general feeling of distress or discomfort. Some of the 

rarer symptoms are blurred vision and memory loss. 

Q17. Are you aware of any credible evidence that wind turbine noise causes adverse health 

effects? 
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A17. Yes, but at the outset, I would acknowledge that exposure to wind turbine noise does not 

affect everyone who is exposed. I would also acknowledge that an exact dose-response 

relationship has not yet been established, one reason being that the effects seem to be so variable. 

The upshot is that we don't yet know precisely what noise levels and durations of exposure result 

in specific health effects. Nor do we know exactly what percentage of the population suffers 

health effects from wind turbine noise. 

What we do know, though, from the existing peer-reviewed literature is there is undeniable 

evidence that significant adverse health effects do occur for a significant percentage of people 

who live near wind turbines. My co-authors and I cited a large amount of such evidence in our 

Audiology Today"^ article, and a more recent summary is available in a presentation by Carmen 

Krogh and her colleagues.'' There is a great deal of information in the scientific literature on 

these effects. 

Q18. What do audiologists know about the physiology of the ear that explains how turbine 

noise creates health problems? 

A18. Wind turbine noise is not known to cause hearing loss among citizens living near the 

turbines. However, turbine noise causes other health problems. 

The ear is the gateway for signals that keep us in touch with our environment and in 

communication with others. Hearing also keeps us safe from environmental dangers and 

contributes to our overall psychological health. For these reasons, unlike vision, sleep does not 

turn off our hearing except during deep sleep. Hearing's importance can best be appreciated by 

considering the obvious differences between having normal hearing and being profoundly deaf 

Signals that are responsible for the widely reported adverse health effects enter the body mostly 

through the ear. Some of the signals, especially infrasound, are picked up as vibrations by the 

vestibular portion of the inner ear, and some directly stimulate other parts of the body, including 

the rib cage and organs in the chest cavity. Acoustic signals that are audible stimulate primarily 

the cochlea, the end organ of hearing in the inner ear. They then travel through the Vlllth cranial 

nerve to the brainstem and on to the auditory centers of the brain's cortex, where they are 
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interpreted as sound. Recent research evidence suggests that some acoustic or vibratory signals 

are not perceived as sovind, but stimulate other brain centers and result in perceptions and 

sensations that can degrade health and well-being. 

Because the brain is designed, through its evolutionary development, to associate certain types of 

soimds with danger, those sounds may cause a sleeping person to wake up. Therefore, sounds 

heard during sleep can wake us and prevent us from going back to sleep. With the possible 

exception of extreme fatigue, normal, healthy sleep depends on an acoustic background that is 

relatively familiar, quiet, and steady-state, so any noise that is loud enough or modulated in 

intensity has a tendency to prevent us from getting to sleep in the first place. 

Q19. How do the principles of audiology explain how the physiology of the human ear 

causes some people to react adversely to living near wind turbines? 

A19. Some of the complaints seem to stem from audible soimd in the lower frequencies, while 

most complaints appear to result from infrasound. People whose sole complaint is sleep 

disturbance may be responding mainly to audible sound, although inaudible infrasound could 

also be involved in sleep disturbance. The fact that audible sound disturbs sleep is 

understandable, as hardly anybody can sleep well in the presence of noise, especially amplitude-

modulated noise that is unpredictable, intermittent, or unconfrollable. 

Dr. Salt's research, which I've described, explains how infrasound can lead to the adverse health 

symptoms that people living near wind turbines complain about. He dismisses the common 

perception that "What we can't hear can't hurt us," and has stated unequivocally that "Wind 

turbines can be hazardous to human health." 

Q20. Do you distinguish between annoyance and health effects? 

A20.1 see the two as related. 

Q l l . In what way are they related with regard to wind turbine noise? 
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A21. Each term has its own dictionary definition, but there is an overlap. Annoyance is usually 

defined as an unpleasant mental state characterized by irritation, frustration, distraction, or anger. 

Definitions of health imply freedom from illness, injury, or pain, but also encompass the general 

condition of the mind, body, and spirit. Since the 1940s, the World Health Organization (WHO) 

has defined health broadly as a state of physical, mental, and social well-being, and not merely as 

the absence of disease or infirmity. Because aimoyance can mean more than a slight irritation 

and can cause significant degradation in the quality of life, the WHO considers anything that 

degrades quality of life, including annoyance, as a degradation of health. When annoyance is 

severe or when it becomes regular or constant, as opposed to mild and occasional, it can impact a 

person's health. We know that noise levels grow as distance diminishes, and a number of studies 

have shown that the closer residents are to wind turbines, the greater the annoyance. That 

annoyance can impact health. Wind turbine noise can lead to sleep disturbance and other serious 

health issues that include emotional and social turmoil for some families. Health problems can 

clearly be annoying, and sustained annoyance can also lead to health problems. 

Q22. Do the principles of audiology explain how the annoyance from noise harms human 

health? 

A22. To my knowledge, there is not sufficient evidence in the medical or psychological literature 

to explain exactly how annoyance from noise is harmful to health. Although the WHO has much 

to say about annoyance and its linkages to health issues, it does not explain how aimoyance 

affects health. Neither has audiology established such an explanation, despite a long history of 

the study of annoyance from noise in the acoustics literature. Indices such as the Noy and Speech 

Interference Level (SIL) have been developed for measuring aimoyance and its impact, and there 

is a rich literature indicating that noise causes adverse health effects and that some types of noise 

impact people differently. We also know that certain personal and social variables influence 

annoyance, but I think the important message is that individuals, and especially communities, 

have a legitimate right not to be annoyed. 

Q23. You've mentioned that sleep disturbance is common in people who live near wind 

turbines and that it can lead to health problems. Do you have an opinion on how sleep loss 

affects overall health? 
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A23. Yes. It's well known that prolonged loss of sleep can have serious consequences on health. 

Most of us have had personal experiences with lack of sleep. The relationship between sleep 

disturbance and health is fairly direct. Medical experts at the National Institutes of Health (NIH) 

find that sleep affects our capacity to leam, and negatively affects our memory, temperament, 

heart health, and hormones. Without sufficient sleep, our ability to leam new information and to 

concentrate and recall information is compromised. High blood pressure, changes in heart rate, 

and an increase in heart disease can result from lack of sleep. All of these symptoms have 

regularly been reported by individuals who live near commercial wind turbines. According to the 

NIH, prolonged sleep disturbance results in lowered immunity to disease. Weight gain is a 

common complaint. The release of growth hormone depends on sufficient deep, stage 3, sleep 

for normal growth and development in children, and boosts muscle mass and cell and tissue 

repair in children and adults. Sleep also has an effect on the release of sex hormones, so puberty 

and fertility can be affected. Pregnant women who work at night and do not get enough sleep 

may be at an increased risk of miscarriage. 

Q24. Are you aware of any published papers that have evaluated the health effects of wind 

turbine noise? 

A24. My opinions are based largely on the studies reviewed in my published report in Audiology 

Today.'^In that article, we reviewed the World Health Organization guideline^' that associates 

adverse health conditions with specified noise levels. We also reviewed Dr. Nina Pierpont's 

documented symptoms of "Wind Turbine Syndrome," as well as Dr. Alec Salt's research that 

establishes the biologic nexus between wind turbine noise and adverse health effects. There have 

also been a number of surveys that have been conducted in Denmark, the Netherlands, Germany, 

Sweden, and in this country. 

A good example of a recent U.S. study that pertains directly to this case is one by Dr. Michael 

Nissenbaum and colleagues. That study is now published in Noise and Health." They found that 

Maine residents living near two different wind turbine projects—^within 1.4 kilometers, or 0.87 

mile—slept more poorly, were sleepier during the day, and suffered poorer mental health that 

those living at distances greater than 3.3 kilometers, or 2 miles, away. Scores on sleep and 

mental-health measures correlated well with noise exposure levels. They also found that sleep 
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disturbance occurred at noise exposures below an average LAeq of 40 dBA, but were not able to 

determine the exact level at which sleep was no longer disturbed. In contrast. Champaign Wind 

has asked the Board to approve a noise level of 44 dBA Leq. 

The study by Nissenbaum is an epidemiological study and was peer reviewed. The article 

acknowledged that Rick James and others reviewed the manuscript before publication, but it is 

also likely that the joumal followed the standard publication practice of using two or three 

additional reviewers, who were not named, to review and approve the manuscript after 

submission. The Nissenbaum paper is attached as Exhibit B. 

Besides the Nissenbaum study, other epidemiological evidence exists to support the statement 

that wind turbine noise causes adverse health effects. Some of these are referenced in the article 

by epidemiologist. Dr. Carl Phillips. Specifically, the study by Krogh, Gillis, & Kouwen (2011), 

Pierpont's scholarly book on Wind Turbine Syndrome (2009), and the article by Harry (2007) 

are described by Phillips as epidemiological evidence for these negative impacts. 

The WHO, which has been concemed mostly with noise exposure during nighttime hours, has 

concluded that noise levels in the 30-40 dBA range lead to sleep disturbance and other adverse 

health effects, and reduce quality of life. It has said that noise levels between 40-55 dBA cause 

adverse health effects that increase with increased noise levels, vulnerable persons experience 

even greater effects, and many people have to adapt their lives to cope with nighttime noise at 

these levels. 

Q25. Why is the WHO's conclusion important? 

A25. The WHO is the leading intemational organization that takes a broad, unbiased view of 

medical issues faced by world populations, and its recommendations are based on medical 

experts and best practices from around the world. When it comes to wind turbine noise, it bases 

its conclusions about nighttime noise exposure levels on exposiire to industrial and transportation 

noises, and not on exposure to wind turbine noise per se. The frequency spectmm of wind 

turbine noise is different from that of more conventional industrial sounds such as highway, 

railway, manufacturing machinery, and oil-rig noises. This is due to the fact that turbines are 
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known to emit low-frequency sound and infrasound at higher levels than most of these other 

sources. Also, amplitude modulation is more dominant in wind turbine noise, and more 

disturbing. In general, unpredictable, intermittent, tonal, and nighttime sounds are all more 

disturbing than predictable, constant, broadband, and daytime sounds. This suggests that the 

WHO'S recommendations for nighttime noise ought to be even more stringent when applied to 

wind turbine noise. 

Q26. Is epidemiology the only field or profession that conducts scientific studies on the 

relationship between wind turbine noise and health effects? 

A26. No. Credible, scientific evidence comes from a variety of research designs. Many of them 

fall outside of the epidemiological approaches that wind companies often insist on before they 

will admit that there is a cause-and-effect relationship. Epidemiology brings an invaluable 

perspective to the analysis of health statistics in a population, but its methods alone do not 

answer all of the questions raised by medical science. There are many other research approaches, 

all based on scientific methods that can bring much valuable information to the table. They 

include systematic observation, which is the critical foundation of all scientific inquiry; in-depth 

studies of single cases; designs that use naturally occurring groups (as opposed to assigning 

randomly selected individuals to groups); tme experimental designs (in which variables are 

actively manipulated by the experimenter); case-crossover designs (in which individuals in two 

randomly selected experimental groups are switched to different treatments during the 

experiment, to study the effects of fransient exposures on the risk of acute illness); designs that 

allow establish associations between variables; and single-subject designs (which study 

individuals under a variety of conditions that change over time). Single-subject designs can 

reveal relationships between specific interventions and changes in outcomes in individuals, and 

they are often used to study groups of individuals, and not just single individuals. Numerous 

persons have experienced health symptoms that have waxed and waned during repeated cycles of 

exposure and non-exposure to wind turbines. Those observations are very similar to single-

subject research designs, and they suggest that siting wind turbines near non-participating 

residents is a form of such an experiment that has given us an abundance of evidence that wind 

turbine noise is harmfiil to human health. 
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Q27. Are you familiar with any other recent studies that provide good evidence of an 

association between wind turbine noise and health? 

A27. Yes. In addition to the types of studies 1 have already mentioned,'^'^ researchers in various 

parts of the world have studied and reported on adverse health effects from wind turbine noise. 

Over the past few years, I have read dozens of such reports. An excellent, recent example is a 

study by Ambrose, Rand, and Krogh (2012)^". See Exhibit C. In that study, they compared 

measured sound levels to time-synced observations of changes in health symptoms while 

observers—^who were the investigators themselves—^were not aware when the turbine blades 

were rotating or not rotating. A video recorder that faced the turbines and an audio recorder 

placed outside the home were used to document the sounds using quantitative and qualitative 

measurements that were time-synced to the observations of health effects. Using a time-history 

analysis, the investigators experienced a large number of negative health symptoms, which are 

given in their Table 2, and those symptoms were closely time-synced to the start-and-stop 

operations of the wind turbines. This is comparable to a single-subject research design, and it 

provides good evidence that wind turbine noise is related to adverse health effects. 

Q28. Have these results been reported? 

A28. The Ambrose et al (2012 ) study was published in the Bulletin of Science, Technology, and 

Society. 

Q29. In your view, how useful is anecdotal reporting in establishing a relationship between 

noise and health effects? 

A29. Dr. Carl Phillips, a well-respected consultant and author specializing in epidemiology and 

science-based policy making, and a former professor of public health, has stated: "In cases of 

emerging and unpredictable disease risk, adverse event reports are the comerstone of public 

health research. Since it is obviously not possible to study every possible exposure-disease 

combination using more formalized study methods, just in case an association is stumbled on, 

collecting reports of disease cases apparently attributable to a particular exposure is the critical 

first step."^'" Dr. Phillips gives familiar examples of hazards revealed by adverse event reporting, 

including infectious disease outbreaks and side effects from pharmaceuticals. He points out that 

"Pharmaceutical regulators rely heavily on clearinghouses they create for adverse event reporting 
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about dmg side effects (and often become actively concemed and even implement policy 

interventions based on tens of reports)." 

The views of Dr. Phillips fit the same pattern as related to wind turbine noise and health. He 

describes adverse event reporting as a special type of case study—or anecdotes—^that generally 

report on the rapid onset of a disease that appears to be related to a particular exposure. He 

advocates self-reporting of adverse events as highly usefiil in studying the health effects of wind 

turbines. In addition, he advocates the use of case-crossover experiments as useful and well-

accepted sources of epidemiologic information, stating that they are intuitively recognized by 

both experts and laypersons wanting to assess whether an exposure is causing specifiable 

outcomes. 

Q30. What experience do you have in reviewing or participating in health impacts or 

standards to protect public health regarding wind turbines? 

A30.1 was the primary author on a review paper of the health impacts of wind turbine noise with 

Richard James and Dan Pabst. That paper was published in 2010 in the joumal Audiology 

Today,'^ and I have submitted that paper as an exhibit. I also chaired the Wind and Health 

Technical Work Group that was convened by Michigan's Department of Energy, Labor, and 

Economic Growth in the spring of 2010. That group was charged with revising Michigan's 2008 

zoning guideline for the siting of onshore, commercial-scale wind turbines. In a series of 

meetings spanning more than a year, the group developed multiple drafts of a report that was to 

be released for public comment. In the draft reports, we covered four topics that we believed 

were especially critical for guiding the decisions of local planning commissions in Michigan: 

Physical Safety, Limitations on Noise, Limitations on Shadow Flicker, and Conflict Resolution. 

The noise issue proved by far to be the most contentious, and I believe it was the issue most 

responsible for the agency's decision to halt the work of the Technical Work Group before our 

recommendation to place a substantial limit on wind turbine noise could be officially adopted by 

the state. Currently, Michigan leaves it up to local planning and zoning boards to decide on the 

proper noise limit. 
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Q31. Are some portions of the population more susceptible to health impacts from noise 

than others? 

A31. The World Health Organization", which has established a guideline for noise levels based 

on exposure data for industrial and transportation noises, has identified the young (especially 

infants), the elderly, and the chronically ill as the most vulnerable to suffer negative health 

effects from noise. Because wind turbine noise has been shown repeatedly to have a greater 

impact than most other types of noise, it is especially appropriate that the WHO guidelines 

regarding these vulnerable populations be considered seriously. While a substantial portion of 

other populations also develop these effects, these vulnerable groups appear to develop them first 

and to a greater extent. 

Q32. Are you personally aware of any individuals in Michigan or elsewhere in the country 

who have had difficulty living in or around wind farms? 

A32. Yes. 

Q33. Please describe this experience. 

A3 3. First, I am generally aware of such cases throughout much of the world, through newspaper 

reports, legal testimony of others, reports of citizens at meetings of local zoning boards in 

Michigan, and intemet-based advocacy groups. These sources indicate that there are hundreds of 

families in the U.S. and other countries that have experienced health issues after living near wind 

turbines. Some of these families have abandoned their homes. 

In addition, I have met with two families in Ubly and McBain, Michigan, and 1 have read the 

testimony that Wisconsin residents have given to Wisconsin's Public Service Commission in a 

legal case there.\One of the families in Michigan whom I have met personally had recently 

restored an old family home so they could live in the home indefinitely and retire there. The 

other family was in the middle of a remodeling project when they had to abandon their home 

because of nearby wind turbines. One family is now living is a rented apartment, and the other 

lives in a modest cottage located about 20 miles from their home. Both families have been out of 

their homes for over a year and report that they cannot return because when they do, they 

develop adverse health symptoms again. Those symptoms disappear within a few hours or days 
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after getting away from the turbines. Both families are in litigation with the respective wind 

companies. 

In the case of the family that had to move to their cottage, I elicited responses of the husband and 

wife to a lengthy questionnaire that I had a hand in developing. The husband complained of 

difficulty sleeping at night because of ringing and pulsatile tinnitus in both ears ("blood passing 

through" the ears) when the turbines are operating. He reported that earplugs don't help him, and 

that he has ear pain and a balance problem that makes him feel like he's on a roller coaster when 

sitting still. The wife complained of experiencing sensations of electricity going through her 

body as if she is receiving shock waves. She feels pressure and pulsations in her upper chest 

cavity, tingling in one arm and one ear, dizziness, and general balance problems. At one point, 

she visited the emergency room because of heart palpitations and hurting and pressure around the 

heart, neck, and ears. At night, when living near the turbines, she experienced frequent arousal 

from sleep, and earplugs and sleeping in the basement did not help. The young son in the family 

complained of sleeping problems, headaches, and vomiting, and he expressed serious concem 

that he was not able to spend time with his friends by having them over to his house, due to the 

dismption of having to travel back and forth between the cottage and his school. 

Dr. Robert McMurtry,"'an Ontario physician, has developed first-, second-, and third-order 

criteria that he recommends for use in establishing an individual diagnosis of probable adverse 

health effects for individuals in the vicinity of industrial wind turbines. His article is peer 

reviewed, and the events and symptoms described by the Michigan family that I personally 

interviewed fit almost identically those criteria described by Dr. McMurtry. 

In Wisconsin, where I'm personally involved as a witness, I'm familiar with similar events. All 

of the approximately dozen Wisconsin citizens who have been exposed to wind turbine noise in 

other areas of the state and who testified in that case (Docket #2535-CE-100) described serious 

adverse health effects similar to those reported by the Michigan families and others who live 

near turbines in other states and countries. Those Wisconsinites have been exposed to turbines 

located at distances ranging from 500 feet to 1.5 miles and averaging over 2,500 feet, or just 

under I/2 mil^. Four of these individuals and their families have abandoned their homes, and at 
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least one other individual would like to abandon his home if he could afford it. Two others in the 

footprint of the proposed wind turbines expressed concems that they will be forced to move if 

the project is approved. One of them has a child with autism spectmm disorder, who should be 

considered highly vulnerable to adverse health effects if that project is approved. 

Regarding one of the Wisconsin wind projects (Shirley Wind), the Brown County Board of 

Health has formally requested temporary emergency financial relocation assistance from the 

state for those families that are suffering adverse health effects and undue hardships caused by 

the irresponsible placement of industrial wind turbines around their homes and property. That 

request applies until the conditions that have caused these undue hardships are studied and 

resolved, and the families are able to retum safely to their homes and properties, i 

Q34. What factors appear to contribute to the health problems of the persons living near 

wind turbines, such as the persons you have just described? 

A34. The most direct factor is the level of the audible noise and infrasound. 

Q35. How can those health problems be eliminated? 

A3 5. If wind turbines are constracted in the community, reducing the noise level by using greater 

setbacks from residential stmctures is the only practical way to eliminate the health problems. 

From a health perspective, the setback distance is equally important to residents who are leasing 

their land to the turbine companies as turbine sites ("participants") and neighbors who do not 

lease their land to the turbine companies ("non-participants"). Although the participants typically 

agree to assume the risks from noise, it is critical they understand that once they lease their land, 

they, too, will have little or no way to avoid the noise and the risks it entails. 

Q36. What you do regard as a safe setback distance between wind turbines and non-

participants? 

A36. With respect to the health problems resulting solely from annoyance, the setbacks between 

the wind turbines and non-participants should be adequate to avoid that annoyance. Because I 

am not an acoustics engineer, I express no opinion on the length of the setbacks necessary to 
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avoid annoyance from the noise resulting from Champaign Wind's turbines. Instead, 1 defer to 

Rick James on that issue, since I understand that he is also a witness in this case. 

With respect to the health problems resulting from the adverse health effects I have described in 

my testimony including infrasound, I believe the 1.25-mile setback recommended by Pierpont 

and supported by a number of medical professionals in various parts of the world would be an 

ideal distance to protect the health of essentially everyone. I also know that complaints are 

prevalent worldwide in regions where lower setbacks are employed. But I also know that we do 

not live in an ideal world. 

Being practical, my answer to your question is that the minimum setbacks from the turbines 

should be at least 0.87 mile, and preferably 1 mile, from all non-participating residents to protect 

public health. Based on the recent published study by Nissenbaum and his colleagues", it is my 

opinion that the absolute minimum setback distance between wind turbines and residences 

necessary to prevent serious health problems is 0.87 mile. This distance is equivalent to the 1.4 

kilometers radius in which those researchers observed adverse health effects. However, a setback 

of 0.87 mile may not be adequate for the Champaign Wind project, because Nissenbaum 

observed adverse health effects at distances of over I kilometer (0.6 mile) where the measured 

daytime noise levels averaged 38 dB (LAeq) at the two sites. That is lower than the average 

(Leq) 44 dBA nighttime noise limit that Champaign Wind proposes as the standard for its 

turbines. Champaign Wind should site its turbines at a minimum setback of 1 mile for non-

participants and at a minimum of 0.87 mile for participants. Although dozens of scattered 

jurisdictions in the U.S. and Canada have adopted setbacks ranging in the 1/2- to 2-mile range 

from residences, a minimum of 1 mile is in line with the major scientific councils of France, 

Germany, and the UK, as they all recommend distances, in kilometers, that are equivalent to 

about 1 mile. 

If the acoustical evidence in this case shows that Champaign Wind's turbine noise will annoy 

non-participants at a setback distance longer than 0.87 or one mile, that setback needs to be 

expanded to prevent adverse health effects from that annoyance. 
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Q37. Have you reviewed any portions of the application filed in this proceeding by 

Champaign Wind to construct wind turbines in Champaign County, Ohio? 

A37. Yes. 1 have reviewed the discussions in the application, including Exhibit O, that are 

related to noise and health impacts. 

Q38. Based on this review, do you have any opinions, held to a reasonable degree of 

scientific certainty, about whether the Champaign Wind project as designed in the 

application will cause health problems for people living near the wind turbines? 

A38. Yes, it is my opinion that Champaign Wind's project as designed will harm the health of 

persons living near the turbines, for a number of reasons. 

Q39. Explain the bases for your conclusion that the Champaign Wind project as currently 

designed will harm the health of the persons living near the turbines. 

A39. First, the setbacks do not meet my recommended standard minima of 0.87 or 1 mile for 

participants and non-participants Champaign Wind's answers to UNU's second set of 

interrogatories state on page 5 that there will be 453 "residential and unknown" stmctures within 

Vi mile of a turbine and 1,234 stmctures within 1 mile. It is impossible from that information to 

determine the exact number of residences or non-participating residents in these areas, but it is 

reasonable to conclude that a large number of non-participating residents are present there. 

Second, according to information on pages 78 and 149, four churches, four recreational areas, 

and an intermediate school will be located 0.3 to 1 mile from the nearest turbine. The applicant 

states that sound levels at those public facilities will not exceed 40 dBA. Because of the 

temporary nature of exposures individuals receive while using those facilities, it is difficult to 

estimate how dismptive the turbine noise might be. But it is reasonable to expect that children 

attending the school (0.8 mile from the nearest turbine) and elderly persons attending church 

services will be bothered by the noise, at least occasionally. It is also possible that some 

children's academic performance could be negatively affected, given that they will typically be 

in school for at least six hours, five days a week, for at least three seasons a year. 
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Third, adverse health effects will result from annoyance to the extent that the acoustical evidence 

in this case shows that non-participants will be annoyed by the noise from the wind turbines. 

Fourth, health problems will result from the failure of the ambient (background) noise to 

adequately mask the turbine noise. Masking is an auditory phenomenon studied by audiologists, 

as well as engineers. The reasons it is included in the curriculum for audiologists are that: (a) 

auditory masking is basic to understanding how the cochlea of the inner ear functions, since its 

intemal filters are subject to masking effects that impact on hearing sensitivity, (b) masking 

principles apply to community noise situations with which audiologists may need to address 

during their careers, and (c) masking is used during the audiometric testing of hearing, which 

requires that the non-test ear be effectively masked to mle out the contribution of the non-test ear 

when the test ear is being evaluated. As apphed to this case, David Hessler overestimates the 

effect of masking of wind turbine noise. He states on page 68 that wind noise masks turbine 

noise and that tree or grass mstling reduces the perceptibility of wind turbine noise. Leaf mstle 

and other ambient noises have a different frequency composition than turbine noise, and to the 

extent that the frequency content of wind turbine noise differs from either wind noise or the 

mstling of leaves or grass, masking of wind turbine noise by these other noises often is not 

effective. 

Fifth, the 44 dBA Leq nighttime standard proposed by Champaign Wind exceeds the noise levels 

identified as protective of health by the World Health Organization. The application states that 

an unspecified number of non-participating neighbors of the Champaign Wind project will be 

exposed to sound levels in the 40 to 43 dBA range. The WHO recommendations were designed 

to ensure that nearby residents could get a good night's sleep and that their health would be 

protected. 

Sixth, daytime levels of 38 dBA or higher will likely cause health damage, based on 

Nissenbaum's study. Champaign Wind proposes a standard of 50 dBA for noise levels at 

property boundaries. The application states that for the majority of non-participating parcels, 

sound levels will be below 50 dBA, but that levels in the 50-52 dBA range will occur in the 

comers of a few non-participating parcels in the vicinity of four turbines. The company claims 
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that these levels won't result in any substantive adverse impacts. I disagree, because noise levels 

are likely to interfere with outdoor activities and lifestyles of those non-participating families. 

Q40. Page 77 of Champaign Wind's application states: "[m]odern wind turbines of the 

type proposed for this Facility do not generate low frequency or infrasonic noise to any 

significant extent and no impact of any kind, whether related to annoyance or health, is 

expected from this." Do you agree with this statement? 

A40. No. It is a bold assertion to state that wind turbines of the type proposed by Champaign 

Wind will not lead to any annoyance or health impacts. The statement flies in the face of 

worldwide anecdotal and scientific evidence, much of which I have described in the preceding 

answers of my testimony. The statement in the application is a propagation of the 2009 

AWEA/CanWEA white paper"', a wind industry publication that has been largely discredited by 

the scientific evidence. It has even been recanted by some of its own authors when under oath. In 

that paper, the authors denied that such evidence exists because of a lack of peer-reviewed, 

cause-and-effect studies. Some of that evidence existed before their paper was published, and the 

amount of such evidence is growing. 

Q41. What steps can the Power Siting Board take in this case to minimize health risks to 

the citizens of Champaign County from wind turbine noise? 

A41. In summary, the Board should set a minimum setback of at least one mile between turbines 

and non-participants to protect public health, plus whatever additional distance is necessary to 

prevent annoyance, as shown by the acoustic evidence in this case. In no instance should a non-

participating resident be exposed to more than 35 dBA Leq at night. 

Q42. If the Board approves a project design that causes health problems from noise, can a 

mitigation plan be required to reduce impacts after the project starts operating? 

A42. If the 44 dBA Leq nighttime limit is approved, nighttime noise levels at non-participating 

residences will likely require mitigation once the turbines are operational. Post-constraction 

efforts by energy companies to mitigate excessive noise levels have a disappointing history, 

showing that any mitigation efforts can best be accomplished prior to project approval and 

constmction, as opposed to after constmction. In selecting the noise standard for this project, the 
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Board should consider the likelihood that pre-constmction changes are likely to be far more 

effective and less expensive than post-constmction remedies. More importantly, such pre-

constmction modifications have the best chance of preventing non-participating residents from 

experiencing the harmful consequences that are likely to occur otherwise. 

Q43. Are your opinions expressed to a reasonable degree of scientific certainty? 

A43. Yes. 

Q44. Does this conclude your testimony? 

A44. Yes. 
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student/candidate; work settings included Chicago Hearing Society, Veterans 
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Administration Research Hospital, Schwab Rehabilitation Hospital, and ENT practice of 
Dr. George Sisson, Chicago, IL, Fall 1968-Summer 1971 

PROFESSIONAL POSITIONS 

Assistant Professor of Audiology, University of Mississippi, Oxford, MS, September 1971-July 
1973 

Assistant Professor, Memphis State University (now University of Memphis), Memphis, TN, 
August 1973-April 1975 

Research Associate, Biocommunications Laboratory, Department of Hearing and Speech 
Sciences, University of Maryland, College Park, MD, May 1975-June 1980 

Project Director, American Speech-Language-Hearing Association, Rockville, MD, July 1980-
June 1981 

Director, Research Division, American Speech-Language-Hearing Association, Rockville, MD, 
July 1980-July 1984 

Associate Professor and Chief, Audiology Section, Department of Otolaryngology-Head and 
Neck Surgery, Indiana University School of Medicine, Indianapolis, IN, July 1984-
October 1987 

Senior Research Audiologist, Audio-Diagnostics Division, Nicolet Instmment Corporation, 
Madison, WI, October 1987-December 1989 

Associate Professor (tenured). Department of Audiology and Speech Sciences, Michigan State 
University, East Lansing, MI, January 1990-August 1994 

Professor, Chair, and Clinic Director, Department of Audiology and Speech Sciences, Michigan 
State University, East Lansing, MI, August 1994-May 2000 

Professor, Department of Audiology and Speech Sciences (renamed Department of 
Communicative Sciences and Disorders), Michigan State University, East Lansing, MI, 
June 2000-May 2011 

Professor Emeritus, Department of Communicative Sciences and Disorders), Michigan State 
University, East Lansing, MI, June 2011-present 

ACADEMIC COURSES TAUGHT (in alphabetical order) 

Anatomy and Physiology of Hearing 
Anatomy and Physiology of Speech and Hearing Mechanisms 
Aural Rehabilitation 
Clinical Audiometry/Hearing Assessment/Evaluation Procedures in Audiology (course and lab 

instmction) 
Differential Diagnostic Audiology 
Evaluation Procedures in Audiology (also with associated lab) 
Hearing Aids/Hearing Amplification and Rehabilitation/Hearing Amplification I & II 
Hearing Disorders 
Industrial Audiology/Hearing Conservation 
Introduction to Audiology 
Introduction to Speech and Hearing 
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Medical Aspects of Audiology 
Microcomputer Applications in Audiology and Speech Sciences 
Pediatric Audiology/Special Populations in Audiology 
Professional Ethics in Communicative Sciences and Disorders 
Psychoacoustics 
Research Design and Analysis/Research Methods/Research Methods in Communicative 

Sciences and Disorders 
Seminar for Honors Undergraduates: Investigating Hearing Health Risks in the MP3 Generation 

MASTER'S THESES DIRECTED 

D'Agostino, A.D. (1972). Effect of word number on spondee threshold in normal listeners 
(Master's thesis. University of Mississippi, 1972). 

Guckert, S.A. (1973). The development and evaluation of a filtered speech test for use in hearing 
screening. (Master's thesis. University of Mississippi, 1973). 

Rushing, C. (1973). The effects of single ear occlusion on sound field speech discrimination 
scores (Master's thesis. University of Mississippi, 1973). 

Shogren, S. (1999). Test-retest reliability and clinical utility of the Multimedia Hearing 
Handicap Inventory (Master's thesis, Michigan State University, 1999). 

Callaway, S.L. (2007). How well do over-the-counter hearing aids benefit the hearing impaired? 
(Master's thesis, Copenhagen University, Denmark, 2007). Thesis co-adviser, 
Copenhagen University: Niels Reinholt Petersen, Ph.D. 

Ph.D. DISSERTATIONS DIRECTED 

Amlani, A. (2003). Paired-comparison preferences for polar directivity patterns in different 
listening environments (Doctoral dissertation, Michigan State University, 2003). 

Joseph, A. (2004). Attenuation of passive hearing protection devices as a function of group 
versus individual training. (Doctoral dissertation, Michigan State University, 2004). 

PUBLICATIONS 

ARTICLES IN REFEREED JOURNALS 

Allen, J. et al. (Vanderbilt Hereditary Deafness Study Group) (1968). Dominantly inherited low-
frequency hearing loss. Archives of Otolaryngology, 88, 242-250. 

Pimch, J.L., & McConnell, F. (1969). The speech discrimination function of elderly adults. 
Journal of Auditory Research, 9, 159-166. 



Page 4 

Wilson, R.H., & Punch, J.L. (1971). Masked spondee thresholds: Variable duty cycle and mask 
intensity. Journal of Auditory Research, 11, 270-275. 

Punch, J., & Carhart, R. (1973). Influence of interaural phase on forward masking. Joumal of the 
Acoustical Society of America, 54, 897-904. 

Punch, J.L., & Lawrence, W.F. (1977). Decibel notation with correlated and uncorrelated 
signals. Journal of the American Audiology Society, 3, 71-79. 

Punch, J.L. (1978). QuaUty judgments of hearing aid-processed speech and music by normal and 
otopathologic listeners. Journal of the American Audiology Society, 3, 179-188. 

Punch, J.L., Lawrence, W.F., & Causey, G.D. (1978). Measurement of attack-release times in 
compression hearing aids. Journal of Speech and Hearing Research, 21, 338-349. 

Punch, J.L. (1978). Masking of spondees by intermpted noise in hearing-impaired listeners. 
Journal of the American Audiology Society, 3, 245-252. 

Punch, J.L., & Howard, M.T. (1978). Listener-assessed intelligibility of hearing aid-processed 
speech. Journal of the American Auditory Society, 4, 69-76 (1978). 

Punch, J.L., & Beck, E.L. (1980). Low-frequency response of hearing aids and judgments of 
aided speech quality. Journal of Speech and Hearing Disorders, 45, 325-335. 

Punch, J.L., Montgomery, A.A., Schwartz, D.M., Walden, B.E., Prosek, R.A., & Howard, M.T. 
(1980). Multidimensional scaling of quality judgments of speech signals processed by 
hearing aids. Journal of the Acoustical Society of America, 68, 458-466. 

Punch, J.L., & Parker, C.A. (1981). Pairwise listener preferences in hearing aid evaluation. 
Journal of Speech and Hearing Research, 24, 366-374. 

Montgomery, A.A., Schwartz, D.M., & Punch, J.L. (1982). Tournament strategies in hearing aid 
selection, Journal of Speech and Hearing Disorders, 47, 363-372. 

Punch, J.L., & Howard, M.T. (1985). Spondee recognition threshold as a fiinction of set size. 
Journal of Speech and Hearing Disorders, 50, 120-125. 

Punch, J.L., & Beck, L.B. (1986). Relative effects of low-frequency amplification on syllable 
recognition and speech quality. Ear and Hearing, 7, 57-62. 

Miyamoto, R.T., McConkey, A.J., Myres, W., Pope, M., & Punch, J.L. (1986). Long-term 
intracochlear implantation in man. Otolaryngology-Head and Neck Surgery, 95, 63-70. 

Pope, M.L., Miyamoto, R.T., Myres, W.A., McConkey, A.J., & Punch, J.L. (1986). Cochlear 
implant candidate selection. Ear and Hearing, 7, 71-73. 

Punch, J.L., Robbins, A.M., Myres, W., Pope, M.L., & Miyamoto, R.T. (1987). Relationships 
among selected measures of single-channel cochlear implant performance. Ear and 
Hearing, 8, 37-43. 

Punch, J.L. (1987). Matching commercial hearing aids to prescriptive gain and maximum output 
requirements. Journal of Speech and Hearing Disorders, 52, 76-83. 

Miyamoto, R.T., Myres, W.A., Wagner, M.L., & Punch, J.L. (1987). Vibrotactile devices as 
sensory aids for the deaf Otolaryngology-Head and Neck Surgery, 97, 57-63. 

Hecox, K.E., & Punch, J.L. (1988). The impact of digital technology on the selection and fitting 
of hearing aids. American Joumal of Otology (Supplement), 9. 77-85. 

Punch, J.L. (1988). CROS revisited. Asha, 35-37. 
Punch, J., Chi, C , & Allan, J. (1990). Signal averaging in real ear probe tube measurements. Ear 

and Hearing, 11, 327-331. 
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Punch, J.L-, Jenison, R.L., Allan, J., & Durrant, J.D. (1991). Evaluation of three strategies for 
fitting hearing aids binaurally. Ear and Hearing, 12, 205-215. 

Punch, J.L., & Robb, R. (1992). Prescriptive hearing aid fitting by parameter adjustment and 
selection. Joumal of the American Academy of Audiology, 3, 94-100. 

Punch, J., & Rakerd, B. (1993). Loudness matching of signals spectrally shaped by a simulated 
hearing aid. Joumal of Speech and Hearing Research, 36, 357-364. 

Punch, J.L., & Jarrett, A.M. (1994). Hearing aid licensing statutes and the audiologist. American 
Journal of Audiology, 3, 43-54. 

Punch, J.L., Robb, R., & Shovels, A.H. (1994). Aided listener preferences in laboratory versus 
real-world environments. Ear and Hearing, 15, 50-61. 

Punch, J.L, Shovels, A.H., Dickinson, W.W., Butcher, J., & Snead, C. (1995). Target-matched 
insertion gain derived from three different hearing aid selection procedures. Journal of 
the American Academy of Audiology, 6, 425-432. 

Punch, J.L., Robinson, D.O., & Katt, D.F. (1996). Development of a hearing performance 
standard for law enforcement officers. Journal of the American Academy of Audiology, 7, 
113-119. 

Arsenault, M.D., & Punch, J.L. (1999). Nonsense-syllable recognition in noise using monaural 
and binaural listening strategies. Joumal of the Acoustical Society of America, 105, 1821-
1830. 

Rakerd, B., Punch, J., Hooks, W., Amlani, A., & VandeVelde, T.J. (1999). Loudness 
discrimination of speech signals spectrally shaped by a simulated hearing aid. Journal of 
Speech, Language, and Hearing Research, 42, 1285-1294. 

Punch, J.L., Rakerd, B., & Amlani, A. (2001). Paired-comparison hearing aid preferences: 
Evaluation of an unforced-choice paradigm. Journal of the American Academy of 
Audiology, 12, 190-201. 

Punch, J.L. (2001). Contemporary issues in hearing aid selection and fitting. Speech and Hearing 
Review, 2, 21-50 (Chinese version); 166-191 (English version) (by invitation). 

Punch, J. (2003). A imiversal hearing aid: Recommended technologic and fimctional features. 
Iranian Audiology, 2(1), 24-31. (Invited paper). 

Punch, J., Joseph, A., & Rakerd, B. (2004). Most comfortable and uncomfortable loudness 
levels: Six decades of research. American Journal of Audiology, 13, 144-157. 

Pimch, J., Rakerd, B., & Joseph, A. (2004). Effects of test order on most comfortable and 
imcomfortable loudness levels for speech. American Joumal of Audiology, 13, 158-163. 

Holcomb, S.S., & Pimch, J. L. (2006). Multimedia Hearing Handicap Inventory: Test-retest 
reliability and clinical utility. American Journal of Audiology, 15, 3-13. 

Amlani, A., Rakerd, B., & Punch, J. (2006). Speech-clarity judgments of hearing-aid-processed 
speech in noise: Differing polar pattems and acoustic environments, Intemational 
Journal of Audiology, 45, 319-330. 

Joseph, A., Punch, J., Stephenson, M., Paneth, N., Wolfe, E., & Murphy, W. (2007). The effects 
of training format on earplug performance. International Journal of Audiology, 46, 609-
618. 

Callaway, S.L., & Punch, J.L. (2008). An electroacoustic analysis of over-the-counter hearing 
aids, American Journal of Audiology, 17, 14-24. 
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Punch, J., Elfenbein, J., & James, R. (2011). Targeting hearing health messages for users of 
personal listening devices. American Journal of Audiology, 20, 69-82. 

ARTICLES IN NON-REFEREED JOURNALS 

Causey, G.D., Punch, J.L., Schweitzer, H.C., & Beck, L.B. (Spring 1978). The clinical and 
acoustic parameters of hearing aid effectiveness. Bulletin of Prosthetics Research. 

Causey, G.D., Punch, J.L., Schweitzer, H.C., & Beck, L.B. (Spring 1979). The clinical and 
acoustic parameters of hearing aid effectiveness. Bulletin of Prosthetics Research. 

Causey, G.D., Pimch, J.L., & Schweitzer, H.C. (Fall 1979). The development of improved 
techniques for the analysis of hearing aid performance. Bulletin of Prosthetics Research. 

Causey, G.D., & Punch, J.L. (Spring 1980). The clinical and acoustic parameters of hearing aid 
effectiveness. Bulletin of Prosthetics Research. 

Punch, J.L. (1980). Self-study of profession's service and training needs in the 1980's. Asha, 22, 
849-850. 

Punch, J.L. (1981). Subjective approaches to hearing aid evaluation. Hearing Instruments, 32, 
12-14, 65 (Invited paper). 

Rees, N.S., Punch, J.L., & Snope, T.L. (1981). Report of Advisory Committee for the self-study 
project. Asha, 23, 899-902. 

Punch, J.L., & Gelatt, J.P. (1982). Federal funding agencies and speech-language-hearing. Asha, 
2^325-331. 

Punch, J. (1983). Characteristics of ASHA members. Asha, 25, 31. 
Punch, J. (1983). The prevalence of hearing impairment. Asha, 25, 27. 
Punch, J. (1983). The geographic distribution of speech-language-hearing personnel. Asha, 25, 

31. 
Punch, J. (1983). Sociodemographic and health characteristics of the hearing-impaired 

population. Asha, 25, 15. 
Punch, J. (1983). Occupational mobihty of speech-language pathologists and audiologists: Part I. 

Asha, 25, 31. 
Punch, J.L., & Fein, D.J. (1984). Profile of educational programs in speech-language pathology 

and audiology. Asha, 26, 43-48. 
Karr, S., & Punch, J. (1984). PL 94-142 state child counts. Asha, 26, 33. 
Punch, J. (1984). Occupational mobility of speech-language pathologists and audiologists: Part 

II. Asha, 26, 29. 
Punch, J.L. (1984). Salaries in the speech-language pathology and audiology profession. Asha, 

26, 41-46. 
Mansour, S., & Punch, J. (1984). Research activity among ASHA members. Asha, 26, 41. 
Miyamoto, R.T., Myres, W.A., & Punch, J.L. (1987). Tactile aids in the evaluation procedure for 

cochlear implant candidacy. Hearing Instruments, 38, 33, 36-37. 
Miyamoto, R.T., Myres, W.A., Carotta, C.C, Robbins, A.M., Pope, M.L., Punch, J.L., & Steck, 

J. (November 1987). Cochlear implants in children. Insights in Otolaryngology, 2. 
Williamson, M., & Punch, J. (1990). Speech enhancement in digital hearing aids. Seminars in 

Hearing, 11, 68-78. 
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Punch, J., Chi, C , & Patterson, J. (1990). A recommended protocol for prescriptive use of target 
gainmles. Hearing Instruments, 41, 12, 14, 16, 18-19. 

Punch, J., Birman, M., & Balmer, W. (1990). Comparative evaluation of substitution and 
equivalent substitution methods of hearing aid analysis. The Hearing Journal, 43, 28-29, 
32-33. 

Punch, J.L., & Weinstein, B.E. (1996). The Hearing Handicap Inventory: Inttoducing a 
multimedia version. The Hearing Joumal, 49(10), 35-36, 38-40, 44-45. 

Punch, J.L. (2001). Technologic and functional features of hearing aids: What are their relative 
costs? The Hearing Journal, 54(6), 32, 34, 36-38, 42, 44. 

Punch, J. (2001). Committee Report: A low-cost hearing aid for developing countries. Hearing 
International, 10(3), 4-5. 

Punch, J. (2002). The differences between analog and digital hearing aids. Hearing 
International, 10(4), 4-5 (Part I); Hearing International, 11(1), 8 (Part II). 

Punch, J. (2002). Technology Note: Linear vs nonlinear hearing aids. Hearing International, 
11(2), 8. 

Punch, J. (2002). Technology Note: Output-limiting vs wide dynamic range compression. 
Hearing International, 11(3), 8. 

Punch, J. (2002). Technology Note: Acoustic modifications in hearing aids. Hearing 
Intemational, 11(4), 7. 

Punch, J. (2002). Viewpoint: The virtues of virtual leaming. Audiology Today, 14(5), 18. 
Punch, J. (2003). Survey of hearing aid manufacturers. Hearing International, 12(1), 7-8. 
Punch, J. (2003). Technology Note: Hearing aids and the audibility index. Hearing 

Intemational, 12(2), 8-9. 
Punch, J. (2003). Technology Note: Assistive listening devices. Hearing International, 12(3), 7-

8. 
Punch, J. (2004). Technology Note: Understanding hearing aid standards organizations. 

Audiology Today, 16(4), 15. 
Punch, J. (2005). Providing high-quality, low-cost hearing aids for developing countries. 

Hearing International, 14(3), 5. 
Punch, J. (2006). Providing high-quality, low-cost hearing aids for developing countries: A 

status report 2. Hearing International, 14(4), 4-5. 
Punch, J., James, R., & Pabst, D. (2010). Wind-turbine noise: What audiologists should know. 

Audiology Today, 22(4), 20-31. 

MONGRAPHS 

Amlani, A.M., Punch, J.L., & Ching, Y.C. (2002). Methods and applications of the audibility 
index in hearing aid selection and fitting. Trends in Amplification, 6, 81-129. 

BOOK CHAPTERS 

Punch, J. High-quality, low-cost hearing aids (2004). In Hearing Impairment: An Invisible 
Disability. Suzuki, J, Kobayashi, T, & Koga, K. (Eds). New York: Springer-Verlag. 
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Punch, J. Hearing Intemational project on high-quality, low-cost hearing aids (2004). In Hearing 
Impairment: An Invisible Disability. Suzuki, J, Kobayashi, T, & Koga, K. (Eds). New 
York: Springer-Verlag. 

MANUSCRIPTS UNDER REVIEW OR IN PREPARATION 

Alkhamra, R., Rakerd, B., Punch, J, Zwolan, T.A., & Elfenbein, J. (2011). Ratings of Speech 
Listening Effort by Adult Cochlear-Implanted Users, (in preparation). 

Punch, J., Clark-Hitt, R., & Smith, S. (2012). Self-reported effects of hearing impairment on 
quality of life (in preparation). 

PRESENTATIONS 

INVITED PRESENTATIONS 

INTERNATIONAL LEVEL 

Punch, J.L. (March 31, 2001). An analysis of hearing aid costs. Invited presentation at meeting 
of Committee on Management and Rehabilitation of Hearing Loss, Hearing Intemational, 
Singapore. 

Punch, J (January 31, 2002). Challenges of developing and distributing a low-cost hearing aid. 
Invited paper, written by J. Punch and presented by Jun-Ichi Suzuki (J.I. Suzuki & J. 
Punch: View from the HI Rehabilitation Committee), Hearing Intemational, Pattaya, 
Thailand. 

NATIONAL LEVEL 

Punch, J. (December 1-2, 1976). Elements of hearing aid performance and aural rehabilitation. 
Invited workshop participant. Little Rock, AR. 

Punch, J. (March 17-19, 1983). Hearing aid selection: Listener judgments of speech quality and 
intelligibility. Invited participant at Three Rivers Conference on Communicative 
Disorders, Pittsburgh, PA. 

Punch, J. (April 15-16, 1988). Introduction to digital signal processing concepts and 
terminology, and Summary: Project Phoenix approach in developing and evaluating the 
performance of a digital hearing aid. Invited speaker at convention of Iowa Hearing Aid 
Society, Des Moines, lA. 

Punch, J. (October 1, 1988). Recent advances in digital hearing aids. Invited speaker at program 
sponsored by George Washington University Medical Center and George Washington 
University, Washington, DC. 

Punch, J. (May 20, 1989). Comparing and conttasting digital hearing aid systems. Invited 
participant in panel discussion at meeting of Academy of Dispensing Audiologists, 
Phoenix, AZ. 
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Punch, J. (June 16, 1989). Digital hearing aids. Invited speaker at Amplification '89 Conference, 
Central Michigan University, Mt. Pleasant, MI. 

Punch, J. (October 26-27, 1990). How can digital hearing aids benefit the hearing impaired? 
Invited presentation, Iowa Hearing Aid Society, Des Moines, lA. 

Punch, J. (March 12-13, 1993). DSP-based hearing aid fitting procedures. Invited presentation at 
Technology Summit: Sound Advice on Amplification, Starkey Laboratories, Brookland 
Park, MN. 

Bentler, R.A., Fortune, T., Humes, L.E., McCarthy, P, Punch, J., & Van Vliet, D. (November 
1994). Hearing aid fittings: A time for change. Invited miniseminar presentation to 
convention of American Speech-Language-Hearing Association, New Orleans, LA. 

Punch, J. (March 22-25, 1995). A hearing performance standard for police officers. Invited panel 
presentation at Hearing Conservation Conference III/XX, as part of Forum "The 
Americans with Disabilities Act: Recmiting, Retaining, and Protecting Workers with 
Hearing Impairment," Cincinnati, OH. 

Punch, J. (December 7, 2002). Contemporary issues in hearing aid fittings. Invited presention to 
Palm Springs Hearing Seminars, Palm Springs, CA. 

REGIONAL/STATE/LOCAL LEVEL 

Punch, J. (April 26, 1980). Hearing aid evaluation: Development of alternative sttategies. Invited 
participant at meeting of Maryland Speech-Language-Hearing Association, Annapolis, 
MD. 

Punch, J. (January 22, 1987). Cochlear implants: Case studies. Invited speaker at Indiana 
University Faculty Colloquium, Bloomington, IN, 

Punch, J. (April 14, 1988). Digital hearing aids. Invited speaker at convention of Indiana Speech 
and Hearing Association, Ft. Wayne, IN. 

Punch, J. (April 29, 1988). Development and evaluation of a digital hearing aid. Invited speaker 
at convention of Speech and Hearing Association of Alabama, Orange Beach. 

Pimch, J. (July 21,1988). Signal processing and digital programmable hearing aids. Invited 
speaker at meeting of Texas Speech and Hearing Association, Vail, CO. 

Punch, J. (September 7,1988). Digital hearing aids. Invited speaker at meeting of audiology staff 
of Jewish Hospital and Washington University School of Medicine, St. Louis, MO. 

Punch, J. (September 23, 1988). Digital signal processing. Invited speaker at Cleveland Hearing 
and Speech Center, Cleveland, Ohio. 

Punch, J. (November 14, 1988). Use of real ear data in hearing aid fitting. Invited speaker at Real 
Ear Workshop for Aurora Users, Madison, WI. 

Punch, J. (March 10, 1989). Integrating digital hearing aids into clinical practice. Invited speaker 
at meeting of Kentucky Speech and Hearing Association, Lexington, KY. 

Punch, J. (March 31,1989). Digital hearing aids. Invited speaker at meeting of Texas Speech and 
Hearing Association, El Paso, TX. 

Punch, J. (October 26-27, 1990). Software approaches to prescriptive hearing aid fitting. Invited 
presentation, Iowa Hearing Aid Society, Des Moines, lA. 
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Punch, J.L. (June 10-12, 1991). Sound, psychophysics, and audition, and federal and state 
regulations. Two CAOHC training presentations, Buick-Oldsmobile-Cadillac Plant, 
Lansing, MI. 

Punch, J. (September 1991). CCC examination review lectures (2), Sponsored by Michigan 
Speech-Language Hearing Association, Michigan State University. 

Punch, J. (March 12, 1992). Characteristics of well-fitted hearing aids, recent developments in 
hearing aids, and hearing aid troubleshooting. Invited presentation to Jackson, MI, 
chapter of Self-Help for the Hard-of-Hearing (SHHH). 

Punch, J.L. (May 2, 1993). Hearing loss and hearing aids. Invited presentation to Michigan 
Department of Social Services, Lansing, MI. 

Punch, J.L. (July 24, 1993). Roundtable facilitator at Committee on Institutional Cooperation 
(CIC) Summer Research Opportunities Program (SROP) Conference, Michigan State 
University. 

Punch, J. (September 18, 1993). CCC examination review lecture. Sponsored by Michigan 
Speech-Language-Hearing Association, Michigan State University. 

Punch, J. (August 8, 1994). Current audiological research in the U.S. Invited presentation to 
intemational visitors (London) to Michigan State University. 

Punch, J. (September 16, 1995). CCC examination review lecture. Sponsored by Michigan 
Speech-Language-Hearing Association, Michigan State University. 

Punch, J. (March 19, 1999). Student forum. Presented at convention of Michigan Speech-
Language-Hearing Association, Troy, MI. 

Punch, J. (June 13, 2000). What about my hearing? Invited presentation at meeting of University 
Club members. Lunch and Leam Series, Michigan State University, East Lansing, MI. 

Punch, J. (October 23-24, 2000). Current practices in hearing aid selection and fitting. Invited 
presentation at meeting of Hearing Intemational, East Lansing, MI. 

Punch, J. (October 24, 2001). Hearing loss and hearing aids. Invited presentation at Valley Court 
Community Center, East Lansing, MI. 

Punch, J. (September 17, 2002). Making the most of your hearing aids. Invited presentation at 
Foster Community Center. Sponsored by Self Help for the Hard of Hearing, Lansing, MI. 

Punch, J. (September 9, 2003). What did you say? Invited presentation at meeting of University 
Club members. Lunch and Leam Series, Michigan State University, East Lansing, MI. 

Punch, J. (March 13, 2004). Advances in hearing aids. Invited presentation at convention of 
Ohio Speech-Language-Hearing Association, Columbus, OH. 

Punch, J. (July 1, 2004). Hearing loss and hearing aids. Invited presentation at Hanna 
Community Center, East Lansing, MI. 

Punch, J. (October 10, 2006). Hearing conservation. Invited presentation at Department of 
Music, Michigan State University, East Lansing, MI. 

Punch, J. (June 8, 2007). Technological features of modem hearing aids. Invited presentation at 
2007 Golden Grads Alumni Breakfast, Michigan State University, East Lansing, MI. 

Punch, J. (August 22, 2008). Hearing, hearing loss, and the audiogram. Invited presentation at 
Michigan Association of Disability Examiners, Lansing Community College West 
Campus, Lansing, MI. 

Punch, J. (October 21, 2008). Hearing Loss and Over-the-Counter Hearing Aids. Invited 
presentation at Michigan State University Colloquy, University Club, East Lansing, MI. 
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Punch, J. (November 10, 2008). Hearing Loss and Hearing Aids. Invited presentation at Foster 
Community Center, Sponsored by Lansing-Area Chapter of Hearing Loss Association of 
America (HLAA), Lansing, MI. 

Punch, J. (March 15, 2010). Invited presentation on variety of personal and professional topics. 
Sponsored by American Sign Language (ASL) class, Lansing Community College, Arts 
and Sciences Building, Lansing, MI. 

Punch, J. (October 21, 2010). Hearing protection issues. Invited presentation at meeting of 
Michigan Agricultural Aviation Association, Lansing, MI. 

Punch, J. (March 10, 2011). Wind Turbine Information and Issues Fomm. Invited presentation at 
West Shore Community College, Ludington, MI (Mason County), hosted by Great Lakes 
Renewable Energy Association (GLREA), A Few Friends for the Environment of the 
Worid (AFFEW), and West Shore Community College. 

Punch, J. L. (June 14, 2011). Does wind turbine noise cause adverse health effects? Invited 
presentation to Zoning Commission, Riga Township, Palmyra, MI (Lenawee County). 

SUBMITTED PRESENTATIONS 

INTERNATIONAL LEVEL 

Punch, J.L. (November 1982). Computer-based information services for ASILV members. The 
computer and speech and hearing services: Administtative applications. Miniseminar 
presented at convention of American Speech-Language-Hearing Association, Toronto, 
Canada. 

Punch, J.L. (June 24-27, 1993). Aided listener preferences in laboratory vs. real-world 
environments. Paper presented at Intemational Hearing Aid Conference II: Signal 
Processing, Fitting, and Efficacy, University of Iowa, lA. 

NATIONAL LEVEL 

Stream, R.W., et al. (1968). Hereditary low frequency hearing loss. Paper presented at 
convention of American Speech and Hearing Association, Denver, CO. 

Punch, J.L., & D'Agostino, A. (1972). Influence of word number on spondee threshold in normal 
listeners. Paper presented at convention of American Speech and Hearing Association, 
San Francisco, CA. 

Punch, J.L., & Rushing, C. (November 1974). Effect of poor-ear occlusion on sound field speech 
discrimination scores. Paper presented at convention of American Speech and Hearing 
Association, Las Vegas, NV. 

Punch, J.L., & Page, J. (November 1974). Evaluation of the efficiency of three hearing screening 
measures. Paper presented at convention of American Speech and Hearing Association, 
Las Vegas, NV. 

Punch, J.L., & Studebaker, G.A. (November 1975). Comparison of hearing aid and hearing aid-
processed frequency response in ear canals. Paper presented at convention of American 
Speech and Hearing Association, Washington, DC. 
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Punch, J.L^ (1976). Evaluation of the Zwislocki coupler and KEMAR for use in hearing aid 
processing. Paper presented at 91st Meeting of Acoustical Society of America, 
Washington, DC. 

Punch, J.L., & Lawrence, W.F. (November 1976). Procedural considerations in the measurement 
of attack-release times. Paper presented at convention of American Speech and Hearing 
Association, Houston, TX. 

Punch, J.L., & Ciechanowski, J.M. (November 1977). Reliabihty of paired-comparison quality 
judgments in hearing aid evaluation. Paper presented at convention of American Speech 
and Hearing Association, Chicago, IL. 

Punch, J.L., & Howard, M.T. (1977). Listener-assessed intelligibility of hearing aid-processed 
speech. Paper presented at 94th Meeting of Acoustical Society of America, Miami Beach, 
FL. 

Punch, J.L., Montgomery, A.A., & Howard, M.T. (November 1978). Relationships between 
hearing aid electroacoustic characteristics and speech quality judgments. Paper presented 
at convention of American Speech and Hearing Association, San Francisco, CA. 

Punch, J.L., Talkin, D.T., & Lawrence, W.F. (November 1978). Measurement and analysis of 
hearing aid impulse response. Paper presented at convention of American Speech and 
Hearing Association, San Francisco, CA. 

Punch, J.L., & Parker, C.A. (November 1979). Validity of paired-comparison listener 
preferences in hearing aid evaluation. Paper presented at convention of American 
Speech-Language-Hearing Association, Atlanta, GA. 

Punch, J.L., & Beck, E.L. (November 1979). Aided speech quality judgments: Effect of varying 
low-cutoff frequency. Paper presented at convention of American Speech-Language-
Hearing Association, Atlanta, GA. 

Howard, M.T., & Punch, J.L. (November 1980). Spondee threshold as a fiinction of word 
number. Poster presented at convention of American Speech-Language-Hearing 
Association, Detroit, MI. 

Beck, L.B., Leatherwood, R.W., & Punch, J.L. (November 1980). Aided low-frequency 
response: Speech quality and speech intelligibility. Paper presented at convention of 
American Speech-Language-Hearing Association, Detroit, MI. 

Punch, J.L., Levitt, H., Mahaffey, R.B., & Wilson, M.S. (November 1983). Computer 
technology: The revolution has started without us. Miniseminar presented at convention 
of American Speech-Language-Hearing Association, Cincinnati, OH. 

Miyamoto, R.T., McConkey, A.J., Myres, W., Pope, M., & Punch, J.L. (May 1985). Long-term 
intracochlear implantation in man. Paper presented at meeting of American Neurotologic 
Society, Miami, FL. 

Punch, J.L., & Miyamoto, RT. (November 1985). Supplementary use of hearing aids by 
cochlear implantees. Poster presented at convention of American Speech-Language-
Hearing Association, Washington, DC. 

Punch, J.L., McConkey, A., Myres, W., Pope, M.A., & Miyamoto, R.T. (November 1985). 
Relationships among selected pre- and post-implant measures. Paper presented at 
convention of American Speech-Language-Hearing Association, Washington, DC. 
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Punch, J.L. (November 1985). Matching commercial hearing aids to prescriptive gain and SSPL 
requirements. Paper presented at convention of American Speech-Language-Hearing 
Association, Washington, DC. 

Punch, J.L., Miyamoto, R.T., & Myres, W.A. (November 1986). Lipreading ability vs. auditory 
advantage with cochlear implants. Paper presented at convention of American Speech-
Language-Hearing Association, Detroit, MI. 

Brown, D.B., Miyamoto, R.T., & Punch, J.L. (November 1986). Intraoperative ABR monitoring 
during vestibular nerve sections. Paper presented at convention of American Speech-
Language-Hearing Association, Dettoit, MI. 

Punch, J.L., Stone, R.E., Jr., Horii, Y., & Miyamoto, R.T. (November 1987). Oral-nasal coupling 
in the speech of cochlear implantees. Poster presented at convention of American 
Speech-Language-Hearing Association, New Orleans, LA. 

Myres, W.A., Miyamoto, R.T., & Punch, J.L. (November 1987). Auditory performance of a 
binaural cochlear implant recipient. Paper presented at convention of American Speech-
Language-Hearing Association, New Organs, LA. 

Punch, J., Chi, C , & Patterson, J. (November 1988). Factors affecting individualized target-gain 
based prescription of hearing aids. Miniseminar presented at convention of American 
Speech-Language-Hearing Association, Boston, MA. 

Punch, J., Allan, J., Sammeth, C , Palmer, R., Williamson, M., & Hecox, K. (November 1988). 
High-frequency hmiting: Effects on laboratory and real-world performance. Paper 
presented at convention of American Speech-Language-Hearing Association, Boston, 
MA. 

Birman, M., Punch, J., & Balmer, W. (November 1988). Equivalent substitution method vs. a 
commonly used electroacoustic method. Paper presented at convention of American 
Speech-Language-Hearing Association, Boston, MA. 

Allan, J., Punch, J., & Chi, C. (November 1988). Signal averaging in real-ear measurements. 
Paper presented at convention of American Speech-Language-Hearing Association, 
Boston, MA. 

Chi, C , Balmer, W., Punch, J., & Williamson, M. (November 1988). Analysis of hearing aids: 
Complex signal vs. pure tone. Paper presented at convention of American Speech-
Language-Hearing Association, Boston, MA. 

Allan, J., Punch, J., Lasky, R., & Chertoff, K. (November 1989). Effects of stimulus condition on 
preferred signal-processing characteristics. Paper presented at convention of American 
Speech-Language-Hearing Association, St. Louis, MO. 

Durrant, J., Punch, J., & Allan, J. (November 1989). Comparison of digital noise reduction 
algorithm vs. binaural processing. Paper presented at convention of American Speech-
Language-Hearing Association, St. Louis, MO. 

Punch, J., Allan, J., & Jenison, R (November 1989). Comparative evaluation of three binaural 
hearing aid fitting strategies. Paper presented at convention of American Speech-
Language-Hearing Association, St. Louis, MO. 

Punch, J., Levitt, H., & Studebaker, G. (November 1989). Paired-comparison judgments in 
hearing aid evaluation: A status report. Miniseminar presented at convention of American 
Speech-Language-Hearing Association, St. Louis, MO. 
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Benedict, E., Punch, J., Lasky, R., & Chi, C. (November 1989). The sliding scale: A preference 
based hearing aid fitting procedure. Paper presented at convention of American Speech-
Language-Hearing Association, St. Louis, MO. 

Codd, M.B., Sammeth, C.A., Ochs, M.T., & Punch, J.L. (April 25-28, 1991). Effects of reduced 
low-frequency amplification on speech recognition thresholds and perceived sound 
quality in noise. Poster presented at convention of American Academy of Audiology, 
Denver, CO. 

Punch, J.L. (June 21-23, 1991). Prescriptive hearing aid fitting by parameter adjustment and 
selection. Paper presented at Intemational Hearing Aid Conference: Signal Processing, 
Fitting, and Efficacy, University of Iowa, lA. 

Punch, J., & Rakerd, B. (November 1991). Loudness matching of signals in a simulated 
multimemory hearing aid. Paper presented at convention of American Speech-Language-
Hearing Association, Atlanta, GA. 

Punch, J.L., Robinson, D. O., & Katt, D.F. (November 1992). Hearing performance standard for 
law enforcement officers: Aided and unaided. Poster presented at convention of 
American Speech-Language-Hearing Association, San Antonio, TX. 

Punch, J.L., & Robb, R. (November 1992). A DSP-based approach to clinical hearing aid 
research. Poster presented at convention of American Speech-Language-Hearing 
Association, San Antonio, TX. 

Punch, J.L., & Hooth, A.J. (November 1992). Hearing aid fitting: A validation smdy. Poster 
presented at convention of American Speech-Language-Hearing Association, San 
Antonio, TX. 

Punch, J., Congdon, S., Nelson-Wade, E., & O'Connor, T. (November 1992). Comparison of 
three clinical hearing aid fitting procedures. Poster presented at convention of American 
Speech-Language-Hearing Association, San Antonio, TX. 

Hamill, T., & Punch, J. (1994). Toward valid hearing aid evaluation procedures. Instmctional 
course presented at convention of American Academy of Audiology, Richmond, VA. 

Patterson, J.P., & Punch, J. (November 1994). Launching multimedia applications: Issues in 
design and development. Miniseminar presented at convention of American Speech-
Language-Hearing Association, New Orleans, LA. 

Punch, J., & Weinstein, B. (November 1994). Hearing handicap inventory for the elderly: A 
multimedia version. Miniseminar presented at convention of American Speech-
Language-Hearing Association, New Orleans, LA. 

Arsenault, M., & Punch, J. (September 11-13, 1995). Speech recognition performance in noise 
under monaural and binaural listening conditions. Poster presented at First Biennial 
Conference, Hearing Aid Research and Development, National Institutes of Health, 
Bethesda, MD. 

Rakerd, B., Punch, J., Hooks, W., & Vander Velde, T. (November 1996). Speech loudness 
changes associated with a programmable hearing aid. Presented at convention of 
American Speech-Language-Hearing Association, Seattle, WA. 

Weinstein, B., & Punch, J. (April 2-5, 1998). www.phd.msu.edu/hearing. Presented at 
convention of American Academy of Audiology, Los Angeles, CA. 

http://www.phd.msu.edu/hearing
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Amlani, A., Punch, J., & Rakerd, B. (March 16-19, 2000). Reliability and ttansitivity of forced-
and unforced-choice paired-comparison preferences. Student Research Forum. Presented 
at convention of American Academy of Audiology, Chicago, IL. 

Shogren, S, & Punch, J. (March 16-19, 2000). Test-retest reliability of the Multimedia Hearing 
Handicap Inventory. Student Research Forum. Presented at convention of American 
Academy of Audiology, Chicago, IL. 

Jarrett, A., & Punch, J. (March 16-19, 2000). Development of a Hearing Risk Inventory for 
Infants. Student Research Fomm. Presented at convention of American Academy of 
Audiology, Chicago, IL. 

Amlani, A., & Punch, J. (April 4, 2003). A web-based Audibility-Index (Al) calculator. Poster 
presented at convention of American Academy of Audiology, San Antonio, TX. 

Amlani, A., Punch, J., & Rakerd, B. (April 5, 2003). Polar-pattern preferences in real-world 
environments. Presented at convention of American Academy of Audiology, San 
Antonio, TX. 

Joseph, A., Punch. J., & Rakerd, B. (April 5, 2003). Effects of test order & instractions on MCL-
S & UCL-S. Poster presented at convention of American Academy of Audiology, San 
Antonio, TX. 

Punch, J. (April 5, 2003). Hearing standards for hearing-critical occupations. Roundtable 
presentation at convention of American Academy of Audiology, San Antonio, TX. 

Joseph, A.R., Punch, J.L., Stephenson, M.R., Paneth, N., Murphy, W.J., & Wolfe, E. (November 
1, 2005). The effect of ttaining modality on earplug attenuation and fit. Poster presented 
at annual meeting of Association of Medical Service Corps Officers of the Navy 
(AMSCON) and Association of Military Surgeons of the United States (AMSUS), 
Nashville, TN. 

Joseph, A., Stephenson, M. Punch, J., & Murphy, W. (Febmary 17, 2006). The effect of training 
modality on earplug attenuation. Paper presented at annual conference of National 
Hearing Conservation Association (NHCA), Tampa, FL. 

Joseph, A.R., Punch, J.L., Stephenson, M.R., & Murphy, W.J. (Febmary 16-18, 2006). The 
Sound Attenuation Fit Estimator (SAFE500 )• Poster presented at annual conference of 
National Hearing Conservation Association (NHCA), Tampa, FL. 

Atienza, H., Bhagwan, S., Kramer, A., Morris, A., Pabst, D., Warren, A., Williams, N., Punch, 
J.L., & Elfenbein, J.L. (April 2-5, 2008). Preferred MP3 listening levels: Earphones and 
environments. Poster presented at annual conference of American Academy of 
Audiology, Charlotte, NC. 

Callaway, S.L. & Punch, J.L. (April 2-5, 2008). Prescriptive fitting of over-the-counter hearing 
aids. Poster presented at annual conference of American Academy of 
Audiology, Charlotte, NC. 

Punch, J.L., James, R., & Pabst, D. (November 19-21, 2009). Wind Uirbmes: What you can't 
hear can hurt you. Paper presented at annual convention of American Speech-Language-
Hearing Association, New Orleans, LA. 

Alkhamra, R.A., Rakerd, B., Punch, J, Zwolan, T., & Elfenbem, J. (July 24 - 29, 2011). 
Cognitive effort and the perception of speech by adult cochlear implant users: A survey. 
Poster presented at Conference on Implantable Auditory Prostheses 2011, Pacific Grove, 
CA. 
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Rakerd, B., Alkhamra, R., Zwolan, T, Punch, J, & Elfenbein, J. (November 17-19, 2011). 
Cognitive effort and perception of speech by cochlear implant users. Paper presented at 
annual convention of American Speech-Language-Hearing Association, San Diego, CA. 

REGIONAL/STATE/LOCAL LEVEL 

Miyamoto, R.T., and other members of the Cochlear Implant Team (April 17, 1986). Cochlear 
implants as sensory aids for deaf children. Session presented at meeting of Indiana 
Speech and Hearing Association, Nashville, TN. 

Robinson, D.O., Punch, J.L., & Katt, D.F. (March 1992). Michigan Law Enforcement Officers 
Training Council's hearing performance standard: Aided and unaided. Poster presented at 
Conference of Michigan Speech-Language-Hearing Association, Kalamazoo, MI. 

Punch, J.L., & Jarrett, A.M. (March 25-27, 1993). State hearing aid licensing statutes and the 
audiologist. Poster presented at Conference of Michigan Speech-Language-Hearing 
Association, Shanty Creek Resort, Bellaire, MI. 

Weinstein, B., & Punch, J. (May 2-5, 1996). A multimedia approach to marketing hearing health 
care services for older adults. Presented at convention of New York State Speech-
Language-Hearing Association, Albany, NY. 

Punch, J., & Weinstein, B. (March 13-15, 1997). Hearing Handicap Inventory: From milk carton 
to multimedia. Presented at convention of Michigan Speech-Language-Hearing 
Association, Kalamazoo, MI. 

Artymovich, A., Frost, T, Jeong, M, Lin, F., Patel, N., & Sweet, E. (Mentors: J. L. Elfenbein & J. 
Punch) (April 13, 2007). Listening to music: University students' device preferences. 
Poster presented at University Undergraduate Research and Arts Fomm, Michigan State 
University. 

Artymovich, A., Frost, T, Jeong, M, Lin, F., Patel, N., & Sweet, E. (Mentors: J. L. Elfenbein & J. 
Punch) (April 13, 2007). University students' pattems of MP3 player use: Is there 
hearing health risk? Poster presented at University Undergraduate Research and Arts 
Fomm, Michigan State University. 

Atienza, H., Bhagwan, S., Kramer, A., Morris, A., Pabst, D., Warren, A., & Williams, N. 
(Mentors: J. Punch & J. L. Elfenbein) (March 9, 2007). Output levels of the Apple iPod® 
for three types of earphones. Poster presented at convention of Michigan Speech-
Language-Hearing Association, Ypsilanti, MI. 

Atienza, H., Bhagwan, S., Kramer, A., Morris, A., Pabst, D., Warren, A., & Williams, N. 
(Mentors: J. Punch & J. L. Elfenbein) (April 13, 2007). Output levels of the Apple iPod® 
for three types of earphones. Poster presented at University Undergraduate Research and 
Arts Forum, Michigan State University. 

Atienza, H., Bhagwan, S., Kramer, A., Morris, A., Pabst, D., Warren, A., & Williams, N. 
(Mentors: J. Punch & J. L. Elfenbein) (April 13, 2007). Preferred listening levels of MP3 
music with three types of earphones. Poster presented at University Undergraduate 
Research and Arts Fomm, Michigan State University. 

Atienza, H., Bhagwan, S., Kramer, A., Morris, A., Pabst, D., Warren, A., & Williams, N. 
(Mentors: J. Punch & J. L. Elfenbein) (April 20, 2007). Output levels of die Apple iPod® 
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Member, Michigan Speech-Language-Hearing Association (MSHA); early 1990s; currently a 
non-member 

Hearing Aid Dealers License (#17000751A), State of Indiana, May 16, 1985-June 30, 1988 
Hearing Aid Dealers License (#3501003452), State of Michigan, November 2001-November 

2005 
Audiologist License (#1601000461), State of Michigan, May 2007-December 2009 

COMMITTEE APPOINTMENTS, CONSULTANTSHIPS, AND RELATED 
PROFESSIONAL SERVICE ACTIVITIES 

INTERNATIONAL LEVEL 

Member, Hearing Intemational, September 2000-2007; member, Committee on Management and 
Rehabilitation of Hearing Loss, Hearing Intemational, September 2000-2007; Chair, 
Subcommittee on High-Quality, Low-Cost Hearing Aids 

Invited reviewer of promotional materials of Dr. Wahab Owolawi Owolawi, King Saud 
University, Saudi Arabia, June 2007 

NATIONAL LEVEL 

Congressional Action Contact (CAC) of ASHA, July 1972-June 1973 
ASHA Committee on Audiometric Evaluation, January 1978-June 1980 
Chair, ASHA Task Force on Information Services, 1982-83 
Ex-officio Member: ASHA Committee on Scientific Affairs, ASHA Committee on Personnel 

and Service Needs in Communication Disorders, ASHA Committee on Educational 
Technology, July 1982-July 1984 

Consultant to Deafness, Speech and Hearing Publications (DSHP) Board, ASHA, October 1982-
July 1984 

Chair, ASHA Task Force on Personnel Supply, Demand and Utilization, 1983-1984 
Chair, Forum on Allied Health Data, Spring 1983-Spring 1984 
Steering Committee, American Speech-Language-Hearing Foundation Conference, "The 

Personal Computer as a Professional Tool," 1983-1984 
Member, ASHA Task Force on Personnel Supply, Demand and Utilization, July 1984-April 
1986 
Editorial Consultant, Journal of the Acoustical Society of America, 1987-1989 
Reviewer of NIH-SBIR research grant proposals, Washington, DC, March 14-15, 1995 
Reviewer of House Ear Institute research proposal, March 1997 
Editorial Consultant, Journal of Speech-Language-Hearing Research (periodic) 
Editorial Consultant, Ear and Hearing (periodic) 
Editorial Consultant, American Journal of Audiology (periodic) 
Editorial Consultant, Iranian Audiology (ongoing) 
Editorial Consultant, International Journal of Audiology (March 2006-present) 
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STATE LEVEL 

Member, Clinic, Hospital, and Private Practice Ad Hoc Committee, Indiana Speech and Hearing 
Association, September 1986-October 1987 

Member, Program Committee, Indiana Speech and Hearing Association, 1986-1987, 1987-1988 
Member, Michigan Speech-Language-Hearing Association, 1991-1997 
Member, Audiology Committee, Michigan Speech-Language-Hearing Association, 1991 
Vice-President for Membership, Executive Council, Michigan Speech-Language-Hearing 

Association, January 1991-December 1992 
Consultant, Michigan Law Enforcement Officers Training Council re hearing standards, 1991-

1992; 2003. 
Michigan representative for Membership Recmitment Network, American Academy of 

Audiology, 1992 
Consultant to Department of Veterans Affairs (DVA), Audiology Section, Ann Arbor, Michigan, 

1992 
Consultant to Michigan Department of Social Services, Hearing and Hearing Aid 

Reimbursement Program, Lansing, Michigan, 1993-1995 
Reviewer, Sertoma Communicative Disorders Scholarship Apphcations, Michigan Region, 

Sertoma Intemational, 1994-95, April 1994 
Participant in first MSHA-sponsored Legislative Day, May 4, 1994, contacting offices of 

Senators Debbie Stabenow and Fred Dillingham and Representative Lynn Jondahl 
Member, Advisory Board for Occupational Noise-Induced Hearing Loss, State of Michigan, 

1995-present 
Member, Audiology Advisory Panel, Michigan Department of Community Services, 1995-1996 
Participant, with Nigel Paneth, M.D., in gaining approval of Michigan Chapter of American 

Academy of Pediatrics to implement resolution that pediatricians refer all children to 
audiologists for audiological and hearing aid evaluations, 1997 

Consultant to Pyle, Rome, Lichten, & Eurenberg, P.C, Attomeys at Law, Boston, MA, re cases 
of occupational hearing loss in law enforcement officers and firefighters, January 1999-
January 2002. 

Consultant, SHL, Conttactor with Commonwealth of Massachusetts, Evaluation of hearing 
standards for police officers and firefighters. May 28, 2002 

Member and Chair, Wind and Health Technical Work Group, Bureau of Energy Systems, 
Department of Energy, Labor, and Economic Growth, State of Michigan, March 2010-
June2011 

UNIVERSITY LEVEL 

Participant in CIC Predoctoral Fellows Conference, Michigan State University, November 1993 
Participant in Focus Group meeting of Committee on Improving, Evaluating and Rewarding 

Teachmg (CIERT), Michigan State University, December 1993 
Member, Ad Hoc Committee on University-Wide Performance Indicators, Michigan State 

University, May-June 1995 
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University committees (Michigan State University): Faculty Tenure Committee (1993-1995); 
University Committee on Research in Human Subjects (UCRIHS), Fall Semester 2000, 
January 2011 -present 

Member, Clinical Services Group, Evaluating Quality Outreach Working Group, Michigan State 
University, Febmary-May 1999 

Member, Ad Hoc Working Group on Institutional Indicators for Evaluating Quality Outreach, 
Michigan State University, Febmary-May, 1999 

Faculty Participant in Freshman Orientation Program, Michigan State University, June 29, 1999 
Member (interim). Faculty Council, Michigan State University, January-May 2005 
Member (interim proxy). Academic Council, Michigan State University, January-May 2005 
Member, University Committee on Academic Policy (UCAP), May 2007-May 2009 
Representative, Academic Council (from University Committee on Academic Policy), August 

2007-May 2008 
Member, Committee to Review Health Communication Program, College of Communication 

Arts and Sciences, September 2008-January 2009 
Member, Admissions Committee, Department of Communicative Sciences and Disorders, 2008 
Member and Chair, Admissions Committee, Department of Communicative Sciences and 

Disorders, 2009 

COLLEGE/DEPARTMENTAL LEVEL 

Departmental committees (Michigan State University): Audiology Faculty Position Search 
Committee (1993-94); Clinical Affahs Committee (1990-94); Clmical Specialist Position 
Search Committee (1993); Curriculum Committee (1991-92); Faculty Advisory 
Committee (1990-91); Graduate Studies and Admissions Committee (1990-2010, 
periodically serving as Chair); Neuropathology Faculty Position Search Committee 
(1990-91) 

College committees (Michigan State University): Intracollegiate Planning Committee (1992-
1994); CAS Technology Advisory Committee (2002-2003) 

Revised Departmental Handbook, Fall 2003 
College Reappointment, Tenure, and Promotion Committee (2006-2007) 
Provided hearing testing and/or counseling to former math professor (David Winter) and 

husband (Don Lick) of former member of MSU Board of Tmstees (August 2007) 

MEDIA EVENTS 

Interview on WJLM-TV, Channel 6, Lansing, Michigan, Better Hearing and Speech Month, May 
20, 1997. 

Interview on WLAN-TV, Channel 6, Lansing, Michigan, Segment on Hearing Loss, Febmary 4, 
1999. 

Interview with Broadcast/Photo Division of MSU's Office of University Relations, Dennis 
Krolik, Febmary 5, 1999. 

MSU State News, Stady Finds Hearing Loss in Youth, September 15, 2005. 
Detroit News, Hearing under Assault, January 3, 2006. 
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Wall Street Journal, Behind the Music, IPods and Hearing Loss, January 10, 2006. 
Newstips provided to Melanie Lynne Trusty (via e-mail), MSU Journalism student, February 6, 

2006, concerning Apple's iPod lawsuit. 
Interview with MSU Focal Point on Listening with iPods, Jamie Lauren Kandel, Febmary 22, 

2006. 
Not All Hearing Aids Are Created Equal, article appearing in: 

MSU News, http://news.msu.edu/story/5621/, August 13, 2008 
ScienceDaily, http://www.sciencedaily.com/releases/2008/08/080813164634.htm, August 

14,2008 
C/fflV^Oi?G.C7V, http://www.china.org.cn/health/2008-08/14/content_16223170.httn, 

August 14, 2008 
Detroit Free Press, 

Attp://www.freep.com/apps/pbcs.diyarticle?AID=/20080815/NEWS06/80815034 
6/1008/NEWS06, August 15, 2008 (appearing under titie, Dmgstore Hearing 
Aids May Do Harm) 

Hearing Review Insider, http://www.hearingreview.com/insider/2008-08-28_08.asp; 
August 28, 2008 

(This article also appeared on numerous additional Web sites and blogs.) 
Interview with Naomi Schalit, Executive Director and Senior Reporter, 

Maine Center for Public Interest Reporting, Hallowell, ME on topic of wind-tarbine 
noise, July 27, 2010. 

Interview with Bob Allen, Interlochen Public Radio, Interlochen, Michigan, on topic of health 
effects of wind-turbine noise, January 14, 2011. 

Interviews on WKAR-AM Radio Call-in Show, Michigan State University: 

Topic/Theme Date 

Better Hearing and Speech Month May 1991 
Audiology Topics September 3, 1992 
Audiology Topics March 31,1993 
Better Hearing and Speech Month May 17, 1993 
Hearing Topics: Children and Adults July 9, 1993 
Hearing Aids September 27,1993 
Audiology Topics January 10, 1994 
Audiology Topics March 2, 1994 
Better Hearing and Speech Month May 3, 1994 
Hearing Loss and Hearing Aids July 19, 1994 
Auditory Perception Disorders 

and Hearing Aids December 29, 1994 
Hearing, Hearing Loss, Prevention of March 30, 1995 

Hearing Loss 
Better Hearing and Speech Month May 1, 1997 
Better Hearing and Speech Month May 10, 1999 
Better Hearing and Speech Month May 16, 2000 

http://news.msu.edu/story/5621/
http://www.sciencedaily.com/releases/2008/08/080813164634.htm
http://www.china.org.cn/health/2008-08/14/content_16223170.httn
http://www.freep.com/apps/pbcs.diyarticle?AID=/20080815/NEWS06/80815034
http://www.hearingreview.com/insider/2008-08-28_08.asp
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BOOK REVIEWS 

Probe Microphone Measurements: Hearing Aid Selection and Assessment (1992), by H. Gustav 
Mueller, David B. Hawkins, & Jerry L. Northern, San Diego, CA: Singular Publishing 
Group, Inc. In (1992) Ear and Hearing, 13, 467-468. 

RESEARCH GRANTS AND CONTRACTS 

Faculty Research Grant, "Investigation of Adequacy of Audiometric Calibration in Hearing 
Conservation Programs," University of Mississippi, 1971-72 (funded) 

Faculty Research Grant, "Development and Evaluation of a Filtered Speech Screening Test," 
University of Mississippi, 1972-73 (fiinded) 

Principal Investigator, Veterans Administration Contract, "The Clinical and Acoustic Parameters 
of Hearing Aid Effectiveness," University of Maryland, October 1976-June 1980 
(funded) 

Project Director, "Speech-Language Pathology and Audiology: An Educational Perspective for 
the Future," American Speech-Language-Hearing Association, July 1980-June 1981 
(fiinded $222,433) 

Co-author of, and consultant to, project funded by Department of Education, "Leadership 
Training in Computer Technology: A Tri-Level Multidisciplinary Program for Special 
Educators and Speech-Language Pathologists and Audiologists," ASHA National Office, 
January 1983-June 1984 (fiinded $122,875) 

Co-author of, and consultant to, project funded by Department of Education, "Validation of a 
Model to Evaluate Microcomputer Software for Communicatively Handicapped 
Sttidents," ASHA National Office, December 1983-June 1984 (funded $154,489) 

Primary writer of a grant proposal funded by NINCDS-NIH, "Comparison of Sensory Aids in 
Deaf Children," Indiana University School of Medicine, January 1987 (funded $348,869) 

Principal Investigator of project funded by NIDCD-NIH, "A DSP-Based Approach to the Smdy 
of Hearing Aid Fitting," Michigan State University, January 1991-December 1992 
(fimded $63,946) 

Project Director, "Development of a Multimedia-Based Version of the Hearing Handicap 
Inventory for the Elderly," All-University Outreach Grant, Michigan State University, 
July 1992-December 1993 (fiinded $14,947) 

Project Director, "Accommodation of the Communicative Needs of Hearing-Impaired Smdents 
and Faculty at Michigan State University," Project fimded (for support of Graduate 
Assistant) by Office of the Provost, Michigan State University, January 1995-August 
1995 (fimded) 

Member, Project Team, Sttategic Partnership Grant to Fund Hearing Research Center, Michigan 
State University, July 1, 1996-June 1997 (fimded -$210,000) 

Lead Investigator (with Brad Rakerd and Amyn Amlani), "Intelligibility Testing of Digitized 
Sound Files Provided by IC Tech," Contract with IC Tech, Inc., Okemos, MI, Febmary 
6-May 31, 2001 (fimded) 
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NIH-NIDCD Proposal, "Real-World Based Fitting of a Multimemory Hearing Aid," 2002 
(unflinded) 

Sponsor, NIH fellowship (1 F31 DC05429-01) to Michigan State University to support doctoral 
dissertation project of Amyn Amlani, "Predicting Speech Intelligibility from Directivity 
Index," Febmary 2002-January 2003 (funded $25,783) 

NIH-STTR Fast-Track Proposal, "High-Quality, Affordable Hearing Aids for Worid Markets," 
2003 (unfimded) 

NIH-NINCD Proposal, "Development of a Quality-of-Life (QoL) Inventory for Hearing-
Impaired Adults," (revision submitted November 2009) 

PROGRAM SITE VISITS 

Department of Audiology and Speech Sciences, Purdue University, October 19-21, 1994 (Invited 
by School of Liberal Arts) 

Selected Audiology programs in state of Louisiana, commissioned by Louisiana Board of 
Regents (March 18-23, 2002; January 15, 2003); reviewed programs include Louisiana 
Tech University, Louisiana State University, and Louisiana State University Health 
Sciences Center 
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ACCOMPLISHMENTS AS STAFF MEMBER OF ASHA NATIONAL OFFICE 
(1980-84) 

Served as Project Director during first year of a federally funded three-year study of service and 
ttaining needs in the profession of speech-language pathology and audiology 

Conducted smdy of employment and salary trends in the profession. May 1982 
Edited a comprehensive review of literature relative to incidence and prevalence of speech, 

language and hearing disorders entitled, "The Prevalence of Communicative Disorders: A 
Review of the Literature" 

Co-compiled a comprehensive report on federal and private funding sources in speech, language, 
and hearing, "Profiles of Funding Sources" 

Served as ASHA representative to Fomm on Allied Health Data (FAHD), a consortium of 
federal, professional and private organizations devoted to establishing databases on 
manpower in medically related health professions; Chair of FAHD, May 1983-May 1984 

Coordinated survey of graduate ttaining programs for publication. Guide to Graduate Education 
1983 

Coordinated development of guidelines for conduct of ASHA surveys by committees, boards, 
councils, and National Office staff members 

Developed proposal for comprehensive investigation of work force supply and demand in 
speech-language pathology and audiology profession (approved by ASHA Executive 
Board) 

Instituted "Data Page" feature in Asha, a regular feamre devoted to reporting data on ASHA 
membership, the speech-language pathology and audiology profession, and the 
communicatively impaired 

Coordinated development, creation, publication, and distribution oi Research Bulletin, 
newsletter for member and nonmember scientists 

Conducted survey and completed co-authored report on consolidation of ASHA's scholarly 
publications, "National Office Report of Joumals Survey" 

Conducted survey and completed report on dsh Abstracts, Report of 1980 dsh Abstracts Survey 
Coordinated special issue of Asha on science theme (December 1984); participated in interview, 

"Asha Interviews: Janis Costello, Jerry Punch, Teris Schery, Lawrence Shriberg;" and co-
authored "Data Page" feature on that issue 

Developed proposal for initiating computer-based information services for use of ASHA 
members, and coordinated ASHA Task Force on Information Services (1982-83) 

Coordinated effort to stmcture and initiate the Research Information Service (RIS), a 
computerized database containing information on research career opportunities, research 
technology resources, and research fiinding opportunities 

OTHER NOTABLE PROJECTS 

Web site (http://www.msu.edu/~asc/hhi); originally developed in conjunction with Hearing 
Research Center, Michigan State University, September 1997; includes Web-based 
Hearing Handicap Inventory 

http://www.msu.edu/~asc/hhi
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Hearing Handicap Inventory: Multimedia Version, developed in Febmary 1998 by J.L. Punch 
and B.E. Weinstein. Interactive CD-ROM program designed to screen for hearing 
handicap, and as an outcomes-assessment measure, in young and elderly adult 
populations; available through MSU's Instmctional Media Center 

Developed ASC 843C, Hearing Amplification I (http://vu.msu.edu/preview/asc843c/), online 
course offered for credit and non-credit, beginning summer 2002—fall 2006 

Developed ASC 8431, Hearing Amphfication II (http://vu.msu.edu/preview/asc843i/), online 
course offered for credit and non-credit beginning summer 2002—spring 2006 

RECENT FORENSIC ACTIVITIES 

Legal deposition, Dana Rowe v. North Reading Fire Department, Boston, MA, July 29, 1999 
Legal deposition, Boston Police Department v. Richard Dahill, Boston, MA, July 30, 1999 
Legal Consultant, Montana Advocacy Program, Phil Hohenlohe, Staff Attomey, Helena, MT, 

2004-2009 
Legal Consultant, Stephen J. Vujcevic v. Oglebay Norton Marine Services Company, LLC et al., 

Eastem District of Michigan, Southem Division, May 2007-December 2008 
Legal Consultant, Bonfiglio v. Northridge Church, et al, Hohauser Law Firm, Rochester, 

Michigan, May 2008-December 2009 
Reviewed and commented on hearing standard proposed by American College of Occupational 

and Environmental Medicine (ACOEM), at invitation of Daniel G. Samo, MD, Medical 
Director, Health Promotion and Corporate Services, Northwestem Memorial Hospital, 
Northwestem University Feinberg School of Medicine, Febmary-May 2009 

Legal testimony. Hearing by Public Service Commission, Madison, Wisconsin, Docket 2535-
CE-100: Direct testimony, 8/30/12; Surrebuttal testimony, 10/3/12; Cross examination, 
10/9/12. 

CONTINUING EDUCATION ACTIVITIES 
(chronological order, since 1990; does not include attendance at annual professional 

conventions or local hearing aid update meetings, at which attendance has been regular) 

• ASHA Audio Teleconference, Amplification for Difficult to Fit Clients: A Case Smdy 
Exchange, July 20, 1990 

• Van Riper Lectares in Speech Pathology and Audiology, Signal Processing Hearing 
Aids: Bridging the Clinical-Research Gap, Westem Michigan University, Kalamazoo, 
ML October 4-5,1990 

• Inttoduction to the IBM Mainframe Computing System, Michigan State University, Fall 
1990 

• Intemational Hearing Aid Conference: Signal Processing, Fitting, and Efficacy, 
University of Iowa, Iowa City, lA, June 21-23, 1991 

• MSUnet: An Inttoduction to Communications and Networking, Michigan State 
University, Summer 1991 

• Using Multimedia for Instmction and Presentation, Michigan State University, Fall 1991 
• Au.D. Audio Teleconference, Sponsored by Purdue University, October 30, 1991 

http://vu.msu.edu/preview/asc843c/
http://vu.msu.edu/preview/asc843i/
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Middle Ear Disorders in Children: An Update on Treatment and Management, ASHA 
Teleconference, Febmary 26, 1993 
Participant, Meet Michigan, guided tour of northeastern Michigan outteach programs 
receiving support from Michigan State University, May 10-13, 1993 
Intemational Hearing Aid Conference II: Signal Processing, Fitting, and Efficacy, 
University of Iowa, Iowa City, LA, June 24-27, 1993 
Lilly Faculty Seminar Programs, Sheila Tobias, Conversations about Teaching and 
Leaming: Testing Workshop, Michigan State University, January 21, 1994 
Lilly Faculty Seminar Programs, Ann Austin, Teaching for Understanding: Building on 
What Students Bring to the Classroom, Michigan State University, Febmary 11,1994 
Telecommunication and Community Health Care for Michigan, Conference sponsored by 
Michigan State University, June 17-18, 1994 
Smdent Information System Training Course, Michigan State University, August 16 & 
18,1994 
Leadership Workshop for Chairs and Directors, Sponsored by Office of the Provost, 
Michigan State University, September 16, 1994 
Leadership Workshop for Chairs and Directors, Sponsored by Office of the Provost, 
Michigan State University, October 14, 1994 
Facilitator, Faculty retreat in Department of Audiology and Speech Sciences, October 22, 
1994 
Expanding Educational Opportunities Conference, Sponsored by ASHA, Bethesda, MD, 
January 28-29, 1995 
Leadership Workshop for Chairs and Directors, Sponsored by Office of the Provost, 
Michigan State University, Febmary 3, 1995 
Leadership Workshop for Chairs and Deans, Peter Seldin and Linda Annis, Improving 
Teaching: What Works and What Doesn't, Sponsored by Office of the Provost, Michigan 
State University, Febmary 3, 1995 
Workshop, Sponsored by National Consortium for Universal Newborn Screening, 
TEOAE-Based Universal Newborn Hearing Screening, Georgetown University Medical 
Center, Washington, DC, November 16-18, 1995 
Visited University College London, London, England, to estabhsh Study Abroad 
semester program for MSU undergraduate smdents, June 24-July 6, 1996 
Leadership Workshop for Chairs and Deans, Lou Aima K. Simon, The Continuing 
Dialogue on Motivating Change, Sponsored by Office of the Provost, Michigan State 
University, August 29, 1996 
Leadership Workshop for Chairs and Deans, Jude West, Leadership Skills in a Changing 
Academic Environment, Sponsored by Office of the Provost, Michigan State University, 
October 2, 1996 
Leadership Workshop for Chairs and Deans, Robert Church, Enhancing the Teaching 
Mission with Technology: Issues and Challenges, Sponsored by Office of the Provost, 
Michigan State University, November 12, 1996 
Leadership Workshop for Chairs and Deans, Terry Curry, Faculty Performance Reviews, 
Sponsored by Office of the Provost, Michigan State University, Febmary 19,1997 
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Seminar, Intemet Tools for Distance Leaming, Michigan State University, April 17, 1997 
Conference, Reaching for Culmral and Social Diversity in Speech Pathology and 
Audiology: Assessing Cultural and Social Values, Ronald Jones, Ph.D., Co-sponsored by 
Department of Audiology and Speech Sciences, Michigan State University, and Speech 
Pathology and Audiology Program, Norfolk State University, Michigan State University, 
April 21, 1997 
Conference, Preventive Ethics, Sponsored by Office of the Provost, Michigan State 
University, April 23, 1997 
Graduate Program Director Workshop on Financing Graduate Education, Sponsored by 
the Graduate School, Michigan State University, April 30, 1997 
Leadership Workshop for Chairs and Directors, Sponsored by Office of the Provost, 
Michigan State University, September 23, 1997 
Leadership Videoconference, The Nonprofit Leader of the Futore: A Seminar in Social 
Sector Leadership, Peter Dmker, Sponsored by Office of the Provost, Michigan State 
University, September 25, 1997 
Leadership Workshop for Chairs and Directors, Dmg-Free Workplace, ADA, Sexual 
Harassment Prevention, and EAP Issues, Sponsored by Office of the Provost, Michigan 
State University, October 23, 1997 
Communication and Aging: Interdisciplinary Approaches to Keep Elders 
Communicating, Van Riper Lectares in Speech Pathology and Audiology, Westem 
Michigan University, October 24, 1997 
Leadership Workshop for Chairs and Directors, Technology and Computing at the Unit 
Level: Issues and Opportunities, Paul Hunt, Sponsored by Office of the Provost, 
Michigan State University, November 11, 1997 
Instmctional Videoconference, Putting Your Course Online, Sponsored by Office of the 
Provost, Michigan State University, November 13, 1997 
Workshop, Using Computers in Instmction, Sponsored by Office of the Provost, 
Michigan State University, November 18, 1997 
Workshop, Technology in the Classroom, Frank Tate, Sponsored by Instmctional Media 
Center, Michigan State University, January 12, 1998 
Workshop, Effective Teaching, Sandi Smith, Sponsored by Office of the Provost, 
Michigan State University, January 29, 1998 
Workshop, Writing Faculty Performance Reviews, Terry Curry, Sponsored by Office of 
the Provost, Michigan State University, Febmary 2, 1998 
Workshop, Getting Things Done: Delegating and Accountability, Michael Polzin and 
Tina Riley, Sponsored by Office of the Provost, Michigan State University, Febmary 18, 
1998 
Workshop, Getting New Faculty Started, Ann E. Austin, Sponsored by Office of the 
Provost, Michigan State University, October 23, 1998 
Workshop, Faculty Course Portfolios: From Teaching to Leaming, Deborah M. 
Langsam, Sponsored by Office of the Provost, Michigan State University, October 26, 
1998 
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Workshop, Using Leaming Theory to Inform Teaching Practice, Marilla Svinicki, 
Sponsored by Office of the Provost, Lilly Faculty Seminar Programs, Michigan State 
University, November 6, 1998 
Workshop, Writing Faculty Performance Review: What We Have Leamed in One Year, 
Terry Curry, Sponsored by Office of the Provost, Michigan State University, February 9, 
1999 
Workshop, The Chairs Plague: Dealing with Difficult People, George A. Lopez, 
Sponsored by Office of the Provost, Michigan State University, March 3, 1999 
Workshop, Survival Skills for Administtators, Kristina Gunsalus, Sponsored by Office of 
the Provost, Michigan State University, April 28, 1999 
Audiology Curriculum Conference, Wendell Johnson Speech and Hearing Center, 
University of Iowa, July 9-11, 1999 
Participant, Parent Panel for Parent Orientation Program (POP), Michigan State 
University, June 29, 1999 
Educational Seminar, Directional Microphone Usage in Hearing Aids, Unitron Industries, 
Inc., Grand Rapids, MI, July 8, 1999 
Academic Leaders Program, Presented by Faculty of the Wharton School of Business and 
Instimte for Research on Higher Education, University of Pennsylvania, Grand Rapids, 
MI, August 19-21, 1999 
Leadership Workshop for Chairs and Deans, Lou Anna K. Simon, The Continuing 
Dialogue on Motivating Change, Sponsored by Office of the Provost, Michigan State 
University, September 28, 1999 
Sexual Harassment Workshop, Sponsored by Office of the Provost, Michigan State 
University, October 8,1999 
Dreamweaver2, Levels 1 and 2 (Web Publishing Software), Seminars for Faculty on 
Instmctional Technology, Libraries, Computing and Technology, Michigan State 
University, January 6, 2000 
Virtual Universities: Online and On Target?, Video Teleconference, Sponsored by Dallas 
County Community College District, Febmary 3, 2000 
Fulbright Scholar Program, Sponsored by Michigan State University Office of 
Intemational Studies and Programs, May 9, 2000 
Blackboard II (Advanced Features), Mary Longcore, Sponsored by Office of Libraries, 
Computing and Technology, Michigan State University, July 2000 
Creating a High Impact Classroom Climate, James Eison, Lilly Faculty Seminar 
Programs, Michigan State University, September 15, 2000 
Copyrights and Wrongs for the Web and the Classroom, Michael Seadle, Explorations in 
Instmctional Technology Series, Michigan State University, September 22, 2000 
Blackboard I (October 26, 2000) & Blackboard II (November 15, 2000), Ben Goodsell, 
Sponsored by Office of Libraries, Computing and Technology, Michigan State 
University 
Cemmen-Related Hearing Aid Repairs, Offered by Michael Phillips, Phonak, Inc., East 
Lansing Marriott, November 10, 2000 
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Teaching Online, One-week seminar offered by William A. Draves, LERN organization 
(http://www.lem.org), Febmary 5-9, 2001 
Using Video to Enhance Lectares and Courses, WKAR Staff, Michigan State University, 
March 23, 2001 
Visited Singapore to attend meeting of Hearing International, March 2001 
Unison Digital Systems Training Seminar, Unitron Hearing, August 19, 2002 
Angel A and B, Anne Hunt, Sponsored by Office of Libraries, Computing and 
Technology, Michigan State University, May 6, 2003 
Web Page Design, Sponsored by Office of Libraries, Computing and Technology, 
Michigan State University, June 3 & 5, 2003 
Web Accessibility, Sponsored by Office of Libraries, Computing and Technology, 
Michigan State University, June 6, 2003 
Fireworks MX, Level 1, Sponsored by Office of Libraries, Computing and Technology, 
Michigan State University, June 16, 2003 
Dreamweaver MX, Level 1, Sponsored by Office of Libraries, Computing and 
Technology, Michigan State University, June 17 & 19, 2003 
Dreamweaver MX, Level 2, Sponsored by Office of Libraries, Computing and 
Technology, Michigan State University, July 24, 2003 
Socrates in Cyberspace, Cecil Mackey, Explorations in Instmctional Technology Series, 
Michigan State University, October 3, 2003 
Grant-Writing Strategies in the Social Sciences and Education, Sponsored by The 
University Research Council and The Office of Faculty and Organizational Development, 
Kellogg Center, Michigan State University, March 30, 2004 
Three Proven Approaches to Web-Supported Teaching, MSU Virtual University Design 
and Technology (vuDAT) Breakfast Series, Febmary 28, 2005 
Maintaining, Storing and Using Sensitive Data, Sponsored by MSU Libraries, 
Computing & Technology, October 25, 2005 
Human Participant Protections Education for Research Teams, Sponsored by the National 
Cancer Institate, NIH, Certification awarded December 19, 2005 
Output Levels of Personal Stereo Systems, and What Audiologists Need to Know, Brian 
Fligor, Live Online Videoconference Sponsored by Audiology Online eLeaming, 
Febmary 22, 2006 
Constmcting Knowledge through Inquiry: Teaching Students the Art of Asking 
Questions in the Disciplines, Laura Greene, Sponsored by Office of the Provost, 
Michigan State University, May 16, 2006 
Grants.gov Workshop, Sponsored by Office of Conttacts and Grants Administration, 
Michigan State University, August 16, 2006 
LSE Workshop, Sponsored by Department of Epidemiology, Michigan State University, 
July 10, 2007 
Developing and Operating an Online Course for Over 1000 Smdents per Year, Sponsored 
by Explorations in Instmctional Technology Series, Michigan State University, 
November 9, 2007 

http://www.lem.org
http://Grants.gov
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LSE Workshop, Sponsored by Department of Epidemiology, Michigan State University, 
November 29, 2007 
Hear the Difference: What Audiologists Need to Know about the Baha Implantable 
Hearing Solution. Workshop sponsored by Cochlear Americas, Lansing, Michigan, May 
7, 2008 
Visited University of Dakar (UCAD) to assist in establishing a special-education 
program at the graduate level, March 23-June 2, 2008 (with Ida Stockman, Ph.D.) 
Completed continuing-education unit (CEU) requirements for continued certification by 
ASHA and licensing by state of Michigan as an audiologist (completed 3.5 CEUs; 3.0 
CEUs required for certification and licensing), December 2008 
CITI Collaborative Instimtional Training Initiative (most recent update), April 1, 2009 
Data Analysis Using SPSS, Sandra Herman, Sponsored by Center for Statistical Training 
& Consulting, Michigan State University, October 9, 2009 
Funding and Proposal Writing Resources, Jon Harrison, MSU Libraries, Michigan State 
University, September 18, 2009 
The Grant Process, Maria Lapinski, College of Communication Arts and Sciences, 
Michigan State University, October 23, 2009 
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Effects of industrial wind turbine noise on sleep and health 
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Abstract 
Industrial wind turbines (IWTs) are a new source of noise in previously quiet rural environments. Environmental noise is a 
public health concern, of which sleep disruption is a major factor. To compare sleep and general health outcomes between 
participants living close to IWTs and those livmg further away from them, participants living between 375 and 1400 m (n 
= 38) and 3.3 and 6.6 km (n - 41) from IWTs were enrolled in a stratified cross-sectional study involving two rural sites. 
Validated questionnaires were used to collect information on sleep quaUty (Pittsburgh Sleep QuaUty Index — PSQI), daytime 
sleepiness (Epworth Sleepiness Score — ESS), and general health (SF36v2), together with psychiatric disorders, attitude, and 
demographics. Descriptive and multivariate analyses were performed to investigate the effect of the main exposure variable 
of uiterest (distance to the nearest IWT) on various health outcome measures. Participants livmg within 1.4 km of an IWT 
had worse sleep, were sleepier during the day, and had worse SF36 Mental Component Scores compared to those living 
further than 1.4 km away. Significant dose-response relationships between PSQI, ESS, SF36 Mental Component Score, and 
log-distance to the nearest IWT were identified after controlling for gender, age, and household clustering. The adverse event 
reports of sleep disturbance and ill health by those living close to IWTs are supported. 

Keynvords: Health, industrial wind turbines, noise, sleep 

Introduction 

Environmental noise is emerging as one of the major public 
health concems of the twenty-first century.i'i The drive to 
'renewable', low-carbon energy sources, has resulted in 
Industrial Wind Turbines (IWTs) being sited closer to homes in 
traditionally quiet rural areas to reduce transmission losses and 
costs. Increasing numbers of complaints about sleep disturbance 
and adverse health effects have been documented.̂ '̂ while 
industry and government reviews have argued that the effects 
are trivial and that current guidance is adequate to protect 
the residents.'̂ '*' We undertook an epidemiological study to 
investigate the relationship between the reported adverse health 
effects and IWTs among residents of two rural communities. 

Methods 

General study design 
This investigation is a stratified cross-sectional study 
involving two sites: Mars Hill and Vinalhaven, Maine, 
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USA. A questionnaire was offered to all residents meeting 
the participant-inclusion criteria and living within 1.5 km of 
an industrial wind turbine (IWT) and to a random sample of 
residents, meeting participant inclusion criteria, living 3 to 
7 km from an IWT between March and July of 2010. The 
protocol was reviewed and approved by Institutional Review 
Board Services, of Aurora, Ontario, Canada. 

Questionnaire development 

Adverse event reports were reviewed, together with the 
results of a smaller pilot survey of Mars Hill residents. A 
questionnaire was developed, which comprised of validated 
instruments relating to mental and physical health (SF-
36v2)t'i and sleep disturbance ((Pittsburgh Sleep Quality 
Index (PSQI)i*i and the Epworth Sleepiness Scale (ESS)Pi). 
In addition, participants were asked before-and-after IWT 
questions about sleep quality and insomnia, attitude toward 
IWTs, and psychiatric disorders. A PSQI score > 5 was taken 
to indicate poor sleep and an ESS score > 10 was taken to 
indicate clinically relevant daytime sleepiness.''"*' Responses 
to functional and attitudinal questions were graded on a five-
point Likert scale with 1 representing the least effect and 5 
the greatest. The questionnaire is available on request. 

Study sites and participant selection 

The Mars Hill site is a linear arrangement of 28 General 
Electric 1.5 megawatt turbines, sited on a ridgeline. The 
Vinalhaven site is a cluster of three similar turbines sited on 
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a low-lying, tree-covered island. All residents living within 
1.5 km of an IWT, at each site, were identified via tax maps, 
and approached either door-to-door or via telephone and 
asked to participate in the study (near group). Homes were 
visited thrice or until contact was made. Those below the age 
of 18 or with a diagnosed cognitive disorder were excluded. 
A random sample of households in similar socioeconomic 
areas, 3 to 7 km away from IWTs at each site, were chosen to 
participate in the study to allow for comparison (far group). 
The households were approached sequentially unfil a similar 
number of participants were enrolled. A nurse practitioner 
supervised the distribution and ensured completion of the 
questionnaires. 

Simultaneous collection of sound levels during data collection 
at the participants' residences was not possible, but measured 
IWT sound levels at various distances, at both sites, were 
obtained from publically available sources. At the Mars Hill 
site, a four quarter study was conducted and data from all 
four seasons were reported by power outputs at several key 
measurement points. The measurement points were located on 
or near residential parcels. The predicted and measured levels 
at full power were derived from figures in the Sound Level 
Study, Compilation of Ambient and Quarterly Operations 
Sound Testing, and the Maine Department of Environmental 
Protection Order No. L-21635-26-A-N. Measured noise 
levels versus distance at Vinalhaven were taken over a single 
day in February 2010, with the turbines operating at less than 
full power in moderate-to-variable northwest winds aloft (R 
and R, personal communication, 2011). Table 1 shows the 
estimated and measured noise levels at locations of varying 
distances and directions from the turbines at Mars Hill and 
Vinalhaven. 

Data handling and validation 

The Principal Investigator (Michael Nissenbaum, MD) did 
not handle data at any point in the collection or analysis 
phase. Questionnaire results were coded and entered into 
a spreadsheet (Microsoft Excel 2007). Each questionnaire 
generated over 200 data elements. The distance from each 
participant's residence to the nearest IWT was measured 
using satellite maps. The SF36-V2 responses were processed 
using Quality Metric Health Outcomes"* Scoring Software 
3.0to generate Mental (MCS) and Physical (PCS) Component 
Scores. 

Data quality of the SF36-V2 responses was determined 
using QualityMetric Health Outcomes™ Scoring Software 
3.0. All SF36-V2 data quality indicators (completeness, 
response range, consistency, estimable scale scores, intemal 
consistency, discriminant validity, and reliable scales) 
exceeded the parameter norms. SF 36-V2 missing values 
were automatically accommodated by the scoring systems 
(99.9% questions were completed). No missing values were 
present for other parameters (ESS, PSQI, psychiatric and 
attitudinal observations, and demographics). 

I'ahir 1: Measured and prrdiclvd noise lr\fl.\ ut :M:irs liili and 
Viii!(ttiM\rii 

Distance to 
ncaresfturbinc 
(m)' 

244 
320 
366 
640 
762 
1037 
1799 
Vinalhaven 
Distance to nearest 
turbine (m)̂  

152 
366 
595 
869 
1082 

Mars hill 
Predicted 

max. LAeq 
Ih r ' 

51 
48 
47 
42 
41 
39 
35 

Measured noise l..\eq 

,\verag 
52 
50 
49 
44 
43 
41 
37 

Measured Noise 1 
Trend Average 

53 
46 
41 
38 
36 

1 hr' 

e 

.Acq-
Range 
51-61 
38-49 
39-49 
32-41 
34-43 

Range 
50-57 
48-53 
47-52 
40-47 
41-46 
39-45 
32-43 

' Values read or derived from report figures; accuracy + /- 50 m and + /- 1 Db ̂  Values 
obtained with wind turbine noise dominating the acoustical environment, two-minute 
measurements during moderate-to-variable northwest winds alott (less than full 
power) 

Statistical analysis 

All analyses were performed using SAS 9.22.1'"' Descriptive 
and multivariate analyses were performed to invesfigate the 
effect of the main exposure variable of interest (distance to the 
nearest IWT) on the various outcome measures. Independent 
variables assessed included the following: Site (Mars Hill, 
Vinalhaven); Distance to IWT (both as a categorical and 
continuous variable); Age (continuous variable); Gender 
(categorical variable). The dependent variables assessed 
included the following: Summary variables — Epworth 
Sleepiness Scale (ESS), Pittsburgh Sleep Quality Index (PSQI), 
SF36-V2 Mental Component Score (MCS), SF36-V2 Physical 
Component Score (PCS); Before and after parameters — 
sleep, psychiatric disorders (both self-assessed and diagnosed 
by a physician), attitude toward IWTs; and Medication use 
(both over-the-counter and prescription drugs). A P value of < 
0.05 was regarded as being statistically significant. 

Results 

Study participants 

Thirty-three and 32 adults were identified as living within 
1500 m of the nearest IWT at the Mars Hill (mean 805 m, 
range 390 - 1400) and Vinalhaven sites (mean 771 m range 
375 - 1000), respectively. Twenty-three and 15 adults at the 
Mars Hill and Vinalhaven sites respectively, completed the 
questionnaires. Recruitment of participants into the far group 
continued until there were similar numbers as in the near 
group, 25 and 16 for Mars Hill and Vinalhaven, respectively 
[Table 2]. 
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Statistical results 

The binomial outcomes were assessed using either the 
GENMOD procedure with binomial distribution and a logit 
link; or when cell frequencies were small (< 5), Fisher's Exact 
Test. When assessing the significance between variables with 
a simple score outcome (e.g., 1 - 5), the exact Wilcoxon 
Score (Rank Sums) test was employed using the NPARl WAY 
procedure. Continuous outcome variables were assessed 
using the GENMOD procedure with normal distribution. 
When using the GENMOD procedure, age, gender, and site 
were forced into the model as fixed effects. The potential 
effect of household clustering on statistical significance was 
accommodated by using the REPEATED statement. Effect 
of site as an effect modifier was assessed by evaluating the 
interaction term (Site*Distance). 

Participants living near IWTs had worse sleep, as 

l.ilili' 1: I>IIIII-,;T:I|III 1 iI.ilJ >l MLII> H I ! ! XIUI V'liiHlliitt'ii \ l ud i 
pn!-lu'ip:ii!lk 

Parameter 

Sample size 
Household clusters 
Mean age 
Male / Female 
Mean time in home' 

Distance (m) front residence to nearest IWT 

375 - 750 
(601) 

18 
11 
50 

10/8 
14 

(mean) 
751-140C 

(964) 
20 
12 
57 

12/8 
21 

3300-5000 
(4181) 

14 
10 
65 

7 /7 
30 

5300-6600 
(5800) 

27 
23 
58 

11/16 
24 

' Years that study participants lived m the home 

evidenced by significantly greater mean PSQI and ESS 
scores [Table 3]. More participants in the near group had 
PSQI > 5 { P = 0.0745) and ESS scores > 10 (/> = 0.1313), 
but the differences did not reach statistical significance. 
Participants living near IWTs were significantly more 
likely to report an improvement in sleep quality when 
sleeping away from home. 

The near group had worse mental health as evidenced 
by significantiy higher mean SF36 MCS (P = 0.0021) 
[Table3].TherewasnostatisticallysignificantdifferenceinPCS 
(P = 0.9881). Nine participants in the near group reported that 
they had been diagnosed with either depression or anxiety 
since the start of turbine operations, compared to none in 
the far group. Nine of the 38 participants in the near group 
reported that they had been prescribed new psychotropic 
medications since the start of turbine operations compared 
with three of 41 in the far group {P = 0.06). 

The ESS, PSQI, and SF36 scores were modeled against 
distance from the nearest IWT (Score = In (distance) + gender 
+ age + site [controlled for household clustering]), and the 
results are shown in Figures 1-3. In all cases, there were 
clear and significant dose-response relationships {P < 0.05), 
with the effect diminishing with increasing log-distance 
from IWTs. Log-distance fit the health outcomes better than 
distance. This was expected given that noise drops off as the 
log of distance. Measured sound levels were plotted against 
distance at the two sites on Figures 1-3. 
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equation: PSQI = In (distance) + sex + age + site [controlled for household clustering]. Ln (distance) p-value = 0.0198 
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limits) Regression equation: ESS = In (distance) -*- sex -I- age + site [controlled for household clustering)]. In (distance) 
p-value = 0.0331 

There were no statistically significant differences between the 
near and far groups with respect to age, gender, or duration 
of occupation. In addition. Site, and Site*Distance were not 
significant, indicating that the modeled exposure-outcome 
relationships were similar across both sites. 

Discussion 

This study supports the conclusions of previous studies, 

which demonstrate a relationship between proximity to 

IWTs and the general adverse effect of 'annoyanceV'^i but 

differs in demonstrating clear dose-response relationships 
in important clinical indicators of health including sleep 
quality, daytime sleepiness, and mental health. The levels of 
sleep disruption and the daytime consequences of increased 
sleepiness, together with the impairment of mental health 
and the dose-response relationships observed in this study 
(distance from IWT vs. effect) strongly suggest that the noise 
from IWTs results in similar health impacts as other causes of 
excessive environmental noise'. 

The degree of effect on sleep and health from IWT 
noise seems to be greater than that of other sources of 
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Figure 3: Modeled SF36 Mental Component Score (MCS) versus Distance to nearest IWT (mean and 95% confidence 
limits) Regression equation: MCS = In (distance) + sex -t- age + site [controlled for household clustering]. In (distance) 
p-value = 0.0014 

environmental noise, such as, road, rail, and aircraft noise. 
Bray and James have argued that the commonly used noise 
metric of LAeq (averaged noise level adjusted to human 
hearing) is not appropriate for IWT noise, which contains 
relatively high levels of low frequency sound (LFN) and 
infrasound with impulsive characteristics.!'''! This has led to 
an underestimation of the potential for adverse health effects 
of IWTs. 

Potential biases 
Reporting and selection biases in this study, if they existed, 
may have underestimated the strength of the association 
between distance to IWTs and health outcomes. Both Mars 
Hill and Vinalhaven residents gain financially from the wind 
projects, either through reduced electricity costs and / or 
increased tax revenues. The fear of reducing property values 
was also cited as a reason for downplaying the adverse health 
effects. Conversely, the possibility of legal action could result 
in symptoms being over stated. It was clear to the respondents 
that the questionnaire was directed at investigating adverse 
health effects potentially associated with IWT noise and no 
distractor questions were included. Nevertheless, given the 
large differences in reported adverse health effects between 
participants living within 1400 m and those living beyond 
3300 m of an IWT, we do not believe that bias alone could 
have resulted in the differences demonstrated between the 
groups. In addition, the finding of strong dose-response 
relationships with log-distance, together with extensive sub-
analyses using survey questions more and less likely to be 

influenced by bias demonstrating similar results, further 
support the existence of causative associations. 

Visual impact and attitude are known to affect the 
psychological response to environmental noise.!""'*! At 
both sites, turbines are prominent features of the landscape 
and were visible to a majority of respondents; at Mars Hill, 
IWTs are sited along a 200 m high ridge, and Vinalhaven 
is a flat island. The visual impact on those living closest 
to turbines was arguably greater than on those living some 
distance away. Most residents welcomed the installation of 
IWTs for their proposed financial benefits and their attitudes 
only changed once they began to operate and the noise and 
health effects became apparent. Pedersen estimates that, with 
respect to annoyance, 4 1 % of the observed effects of IWT 
noise could be attributed to attitude and visual impact.!"! 
The influence of these factors on other consequences, such 
as the health effects investigated in this study, remains to be 
determined. Even as these factors may have contributed to 
the reported effects, they are clearly not the sole mechanism 
and health effects are certain. 

Mechanisms 

A possible mechanism for the observed health effects is an 
effect on sleep from the noise emitted by IWTs. Industrial 
wind turbines emit high levels of noise with a major low 
frequency component. The noise is impulsive in nature 
and variously described as 'swooshing' or "thumping'.''^! 
The character, volume, and frequency of the noise vary 
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with changes in wind speed and direction. Industrial wind 
turbine noise is more annoying than road, rail, and aircraft 
noise, for the same sound pressure, presumably due to its 
impulsive character.!'^"! Pedersen concludes that it is noise 
that prevents restoration, that those subjected to it are unable 
to find psychological recovery in their homes because of 
its intrusive nature.!"! Noise can affect sleep by preventing 
sleep onset or return to sleep following spontaneous or 
induced awakening. Clearly, attitude and psychological 
factors such as noise sensitivity may be important in 
influencing the ability to fall asleep, but it should be noted 
that noise sensitivity is, in part, heritable.!"! Noise also 
affects sleep by inducing arousals, which fragment sleep, 
reducing its quality and leading to the same consequences 
as sleep deprivation.!"! There is good evidence that road, 
rail, and aircraft noise induce arousals and lead to daytime 
consequences and there is no reason to suppose that IWT 
noise will not have a similar effect.!""^^! A recent study on 
the likelihood of different hospital noises that induce an 
arousal shows a considerable effect of sound character, with 
impulsive noises being more likely to induce an arousal.!^''! 
It has also been shown that there is individual variability 
in the likelihood of an arousal in response to noise, which 
may be predicted from a spindle index, a measure of sleep 
quality.!^'! 

ESS assesses daytime sleepiness from the self-assessed 
propensity to fall asleep in different situations averaged 
over several weeks.!'! [( [̂  widely used in sleep medicine 
to assess daytime sleepiness, and scores in excess of 10 are 
deemed to represent clinically relevant excessive daytime 
sleepiness. If sleep is only disrupted occasionally, the ESS 
will not be affected, as the sleep deficit can be compensated 
on other nights. Changes in the ESS score observed in this 
study imply that sleep has been disrupted to a degree where 
compensation is not possible in at least some participants. 
PSQI also examines the sleep quality averaged over a period 
of weeks, scores in excess of 5 are deemed to represent poor 
quality sleep.!*! An individual's score will not be significantly 
affected by occasional disrupted nights, thus confirming the 
conclusions drawn from the ESS data. It is noteworthy also 
that significant changes in ESS and PSQI have been observed, 
despite the scatter in values indicative of the typical levels of 
impaired sleep found in the general population.!*'! 

Other mechanisms than sleep disruption cannot be excluded 
as an explanation for the psychological and other changes 
observed. Low frequency noise, and in particular, impulsive 
LFN, has been shown to be contributory to the symptoms of 
'Sick Building Syndrome,' which has similarities with those 
reported here.!^"'! Salt has recently proposed a mechanism, 
whereby, infrasound from IWTs could affect the cochlear 
and cause many of the symptoms described.'^'! 

We assessed causality using a well-accepted framework.!"! 
Although the measured parameters (ESS, PSQI, and SF36) 
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assess the current status, the evidence of the respondents is 
that the reported changes have followed the commencement 
of IWT operation. This is supported by the reported 
preferences of the residents; the great majority of those 
living within 1.4 km expressed their desire to move away as 
a result of the start of turbine operations. However, a study 
of the same population before and after turbine operation 
will be necessary to confirm our supposition. We believe 
that there is good evidence that a time sequence has been 
established. The association between distance to IWT and 
health outcome is both statistically significant and clinically 
relevant for the health outcomes assessed, suggesting a 
specific association between the factors. Given that this is the 
first study investigating the association between IWTs and 
a range of health outcomes, the consistency and replication 
to prove causation is limited. However, this study includes 
two different study populations living next to two different 
IWT projects. Despite these differences, the study site was 
not a significant effect modifier among any of the measured 
outcomes. In addition, adverse health effects similar to those 
identified in this study among those living near IWTs, have 
been documented in a number of case-series studies and 
surveys.!^^™! Finally, causal association can be judged by its 
coherence with other known facts about the health outcomes 
and the causal factor under study. The results of this study 
are consistent with the known effects of other sources of 
environmental noise on sleep. 

The data on measured and estimated noise levels were not 
adequate to construct a dose-response curve and to determine 
an external noise level below which sleep disturbance will 
not occur. However, it is apparent that this value will be less 
than an average hourly LAeq of 40 dBA, which is the typical 
night time value permitted under the current guidance in most 
jurisdictions. 

Conclusions 

We conclude that the noise emissions of IWTs disturbed the 
sleep and caused daytime sleepiness and impaired mental 
health in residents living within 1.4 km of the two IWT 
installations studied. Industrial wind turbine noise is a further 
source of environmental noise, with the potential to harm 
human health. Current regulations seem to be insufficient 
to adequately protect the human population living close to 
IWTs. Our research suggests that adverse effects are observed 
at distances even beyond I km. Further research is needed to 
determine at what distances risks become negligable, as well 
as to better estimate the portion of the population suffering 
from adverse effects at a given distance. 

Acknowledgments 

We thank Dr. Carl Phillips, Rick James, INGE and Robert Rand, 
INCE for their review of the manuscript. 

242 



Nissenbaum. et al.: Wind turbine noise and health 

Address f o r correspondence: 

Michael A. Nissenbaum, MD, 

Northern Maine Medical Center, 194 E. Main Street, 

F o r t Kent, Maine 04743, USA 

E-mail: mmssenbaum@att.net 

References 

1. World Health Organisation. Night noise guidelines for Europe 
Copenhagen. 2009. 

2. Frey BJ, Hadden PJ. Noise radiation from wind turbines installed near 
homes: Effects on health. 2007 [Last cited on 2010 July 18]. Available 
from: www.windnoisehealthhumanrights.com 

3 Pierpont N Wind Turbine Syndrome: A Report on aNatural Experiment. 
Santa Fe, (NM): K Selected Publications; 2009 

4. Krogh C, Gillis L, Kouwen N, Aramini J. WindVOiCe, a Self-Reporting 
Survey: Adverse Health Effects, Industrial Wind Turbines, and the Need 
for Vigilance Monitoring Bull Sci Technol Soc 2011;31:334-45. 

5. Colby 'WD, Dobie R, Leventhall G, Lipscomb DM, McCunney RJ, Seilo 
MT, et al. Wind Turbine Sound and Health Effects; An Expert Panel 
Review. American and Canadian Wind Energy Associations. 2009. 
[Last cited on 2011 Oct 31]. Available from: www.awea.org/leamabout/ 
publications/upload/AWEA_and_CanWEA_Sound_White_Paperpdf 

6. National Health and Medical Research Council. Wind Turbines and 
Health: A rapid review of the evidence. Australian Government 
National Health and Medical Research Council. 2010 [Last cited 
on 2011 Oct 31]. Available from: www.nhmrc.gov.au/_files_nhmrc/ 
publications/attachments/new0048_evidence_review_wind_turbines_ 
and_health pdf 

7. QualityMetric. SF-36v2 Health Survey. [Last cited on 2011 Oct 31]. 
Available from: www.qualitymetric.com/WhatWeDo/ SFHealthSurveys/ 
SF36v2HealthSurvey/tabid/185/DefauU.aspx. 

8. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The 
Pittsburgh Sleep Quality Index (PSQI): A new instrument for psychiatric 
research and practice. Psychiatry Res I989;28:193-213 

9. Johns MW. A new method for measuring daytime sleepiness: the 
Epworth sleepiness scale Sleep 1991;14:540-5. 

10. SAS/STAT 922 User's guide SAS Institute Inc. 100 SAS Campus 
Drive Cary, NC 27513-2414 USA. 

11. Pedersen E, van den Berg F, Bakker R, Bouma J Response to noise 
from modem wind farms in The Netherlands. J Acoust Soc Am 
2009;126:634-43. 

12. van den Berg GP, Pedersen E, Bouma J, Bakker R. Project 
WINDFARMperception Visual and acoustic impact of wind turbine 
farms on residents. FP6-2005-Science-and-Society-20. Specific Support 
Action Project no. 044628. 2008. 

13. Shepherd D, McBride D, Welch D, Dirks KN, Hill EM. Evaluating the 
impact of wind turbine noise on health-related quality of life. Noise 
Health 2011;13:333-9. 

14. Bray W, James R. Dynamic measurements of wind turbine acoustic 
signals, employing sound quality engineering methods considering the 
time and frequency sensitivities of human perception. Proceedings of 
Noise-Con; 2011, July 25-7;Portland, Oregon. 

15 

16 

17. 

Pedersen E, Waye KP. Perception and annoyance due to wind turbine 
noise~adose-response relationship. J Acoust Soc Am 2004; 116:3460-70. 
Pedersen E, Persson Waye K. Wind turbines - low level noise sources 
interfering with restoration? Environ Res Lett 2008,3:1-5. 
Shepherd D. Wind turbine noise and health in the New Zealand context 
In: Rapley B, Bakker H, editors. Sound, Noise, Flicker and the Human 
Perception of Wind Farm Activity. Palmerston North, New Zealand: 
Atkinson and Rapley Consulting Ltd; 2010 p. 13-63. 

18. Meerlo P, Sgoifo A, Suchecki D Restricted and dismpted sleep: effects 
on autonomic function, neuroendocrine stress systems and stress 
responsivity. Sleep Med Rev 2008;12:197-210. 

19. de Kluizenaar Y, Janssen SA, van Lenthe FJ, Miedema HM, Mackenbach 
JP. Long-term road traffic noise exposure is associated with an increase 
in moming tiredness. J Acoust Soc Am 2009;126:626-33. 

20. Basner M, Glatz C, Griefahn B, Penzel T, Samel A. Aircraft noise: 
Effects on macro- and microstmcture of sleep Sleep Med 2008;9:382-7. 
Basner M. Nocturnal aircraft noise exposure increases objectively 
assessed daytime sleepiness. J Sleep Res 2008;17:Suppl 1;P512. 
Elmenhorst E, Basner M Effects of Nocturnal Aircraft Noise (Volume 5): 
Performance. Institute of Aerospace Medicine of the German Aerospace 
Center (DLR), Cologne. DLR-Forschungsbericht 2004-11. 2008. 
Elmenhorst EM, Elmenhorst D, Wenzel J, Quehl J, Mueller U, Maass H, 
et al. Effects of nocturnal aircraft noise on cognitive performance in the 
following moming: dose-response relationships in laboratory and field. 
Int Arch Occup Environ Health 2010;83:743-51. 
Solet JM, Buxton OM, Ellenbogen JM, Wang W, Carballiera A. 
Evidence-based design meets evidence-based medicine: The sound 
sleep study. Concord, CA: The Center for Health Design. 2010. [Last 
cited on 2011 Oct 31]. Available from: http://wwwhealthdesign.org/ 
sites/default/files/Validating%20Acoustic%20Guidelines%20for%20 
HC%20Facilities_Sound%20Sleep%20Study.pdf 
Dang-Vu TT, McKinney SM, Buxton OM, Solet JM, Ellenbogen JM. 
Spontaneous brain rhythms predict sleep stability in the face of noise. 
CurrBiol2010;20:R626-7. 

Niven RM, Fletcher AM, Pickering CA, Faragher EB, Potter IN, 
Booth WB, et al Building sickness syndrome in healthy and unhealthy 
buildings: An epidemiological and environmental assessment with 
cluster analysis. Occup Environ Med 2000;57:627-34. 

27. Persson Waye K, Rylander R, Benton S, Leventhall HG. Effects on 
performance and work quality due to low frequency ventilation noise. J 
Sound Vib 1997;205:467-74. 
Salt A, Kaltenbach J Infrasound From Wind Turbines Could Affect 
Humans. Bull Sci Technol Soc 2011;31:296-302 
Susser M. Criteria of Judgment. In: Causal Thinking in the Health 
Sciences - Concepts and Strategies of Epidemiology. New York: Oxford 
University Press; 1973. 
Phillips C. Properly Interpreting the Epidemiologic Evidence About the 
Health Effects of Industrial Wind Turbines on Nearby Residents. Bull 
Sci Technol Soc 2011;31:303-15. 

21 

22 

23 

24 

25 

26. 

28 

29 

30 

How to cite this article: Nissenbaum MA, Aramini JJ, Hanning CD. 
Effects of industrial wind turbine noise on sleep and health. Noise Health 

2012;14:237-43. 

Source of Support: Nil, Conflict of Interest: None declared. 

Announcement 

"QUICK RESPONSE CODE" LINK FOR FULL TEXT ARTICLES 

The journal issue has a unique new feature for reaching to the journal's website without typing a single letter. Each article 
on Its first page has a "Quick Response Code". Using any mobile or other hand-held device with camera and GPRS/other 
internet source, one can reach to the full text of that particular article on the journal's website. Start a QR-code reading 
software (see list of free applications from http://tinyurl.com/yzlh2tc) and point the camera to the QR-code printed in the 
journal. It will automatically take you to the HTML full text of that article. One can also use a desktop or laptop with web 
camera for similar functionality. See http://tinyurl.com/2bw7fn3 or http://tinyurl.com/3ysr3me for the free applications. 

243 Noise & Health. September-October 2012. Volume 14 

mailto:mmssenbaum@att.net
http://www.windnoisehealthhumanrights.com
http://www.awea.org/leamabout/
http://www.nhmrc.gov.au/_files_nhmrc/
http://www.qualitymetric.com/WhatWeDo/
http://wwwhealthdesign.org/
http://tinyurl.com/yzlh2tc
http://tinyurl.com/2bw7fn3
http://tinyurl.com/3ysr3me


EXHIBIT C 



Bulletin of Science, Technology & Society 
http://bst.sagepub.com/ 

Wind Turbine Acoustic Investigation : infrasound and Low-Frequency Noise—A Case Study 
Stephen E. Ambrose, Robert W. Rand and Carmen M. E. Krogh 

Bulletin of Science Technology & Society 20^2 32: 128 originally published online 17 August 2012 
DOI: 10.1177/0270467612455734 

The online version of this article can be found at: 
http://bst.sagepub.eom/content/32/2/128 

Published by: 

http://www.sagepublications.com 

On behalf of: 
National Association for Science, Technology & Society 

Additional services and information for Bulletin of Science, Technology & Society can be found at: 

Email Alerts: http://bst,sagepub,com/cgi/alerts 

Subscriptions: http://bst.sagepub.com/subscriptJons 

Reprints: http://www.sagepub.com/journalsRepf(nts.nav 

Permissions: http://www.sagepub.com/journalsPermissions.nav 

Citations: http://bst.sagepub.eom/content/32/2/128.refs.html 

» Version of Record - Sep 10, 2012 

OnlineFirst Version of Record - Aug 17, 2012 

What is This? 

Downloaded from b5t.$ac:»p-ub ccn^ b y ^ H H H ^ ^ ^ H on September 11, 2012 

http://bst.sagepub.com/
http://bst.sagepub.eom/content/32/2/128
http://www.sagepublications.com
http://bst,sagepub,com/cgi/alerts
http://bst.sagepub.com/subscriptJons
http://www.sagepub.com/journalsRepf(nts.nav
http://www.sagepub.com/journalsPermissions.nav
http://bst.sagepub.eom/content/32/2/128.refs.html


W i n d Turbine Acoustic 
Investigation: Infrasound and 
Low-Frequency Noise—^A Case Study 

Bulletin of Science.Technology & Society 
32(2) 126-141 
© 2012 SAGE Publications 
Reprints and permission: 
sagepub.com/joumalsPermissions.nav 
DOI: 10. II77/0270467612455734 
http://bsts.sagepub.com 

IDSAGE 

Stephen E.Ambrose' , Rober tW. Rand^ and Carmen M. E. K rogh ' 

Abstract 

Wind turbines produce sound that Is capable of disturbing local residents and is reported to cause annoyance, sleep disturbance, 
and other health-related impacts.An acoustical study was conducted to investigate the presence of infrasonic and low-frequency 
noise emissions from wind turbines located in Falmouth, Massachusetts, USA. During the study, the investigating acousticians 
experienced adverse health effects consistent with those reported by some Falmouth residents. The authors conclude that 
wind turbine acoustic energy was found to be greater than or uniquely distinguishable from the ambient background levels and 
capable of exceeding human detection thresholds.The authors emphasize the need for epidemiological and laboratory research 
by health professionals and acousticians concerned with public health and well-being to develop effective and precautionary 
setback distances for industrial wind turbines that protect residents from wind turbine sound. 

Keywords 

wind turbines, infrasound, low-frequency noise, physiological symptoms, adverse health effects 

In t roduct ion 

Industrial wind turbines (IWTs) are being situated near 
human habitation in increasing numbers. In some communi
ties individuals who are exposed to wind turbines report 
experiencing negative impacts including adverse health 
effects. Falmouth Massachusetts, USA is a community 
located in a quiet rural environment where there were 
reports of negative health effects from locating IWTs too 
close to residences. Some Falmouth residents have identi
fied wind turbine noise as a cause of negative effects. 

During a noise study investigating acousticians experi
enced adverse health symptoms similar to those described by 
residents living at the study location and near other IWT 
sites. The onset of adverse health effects was unexpected and 
persisted for some time after leaving the study area. 

This case study provides wind turbine noise measure
ments and other technical data and describes the symptoms 
experienced by the investigators and explores the plausibility 
that wind turbine low-frequency energy could contribute to 
reported adverse health effects. 

Background 

Falmouth, Massachusetts. U.S.WindTurb'mes 

Falmouth, Massachusetts recently installed three IWTs 
(Vestas, V82, 1.65 MW); two owned by the town located at 

the municipal wastewater treatment plant (WINDl and 
WrND2) and one privately owned at a nearby industrial park 
(NOTUS). This area has a limited amount of daytime business 
activity and only a distant highway with low traffic volumes 
at night. The area is representative of a quiet rural environ
ment with widely spaced houses. WINDl and NOTUS are 
installed with the nearest residences approximately 400 m 
(1,300 feet) and 520 m (1,700 feet), respectively 

The WINDl and NOTUS IWTs were installed over sev
eral months, with WINDl being the first to come on line in 
March 2010. A short time later, neighbors began to complain 
about excessive noise coming from WINDl. Later that year, 
NOTUS began operation and similar complaints came in 
from other neighbors. Complaints continued for months and 
neighbors were reporting that they could not adjust to the 
fluctuating sound, the endless swish and thumps. They found 
the noise to be intrusive and disruptive to normal at home 
activities. WIND2 was not operating during this study. 

These fluctuating audible sounds or amplitude modulations 
are the routine characteristic of IWTs and can be disturbing 
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and stressful to exposed individuals (G. Leventhall, 2006). 
During moderate wind speeds the IWT noise was clearly audi
ble outdoors and for some, indoors. At times the noise included 
an audible low-frequency tone that came and went. Neighbors 
commented that the wind turbine noise was more noticeable 
indoors and it interfered with their relaxation and sleep. 

The town responded to the numerous and persistent com
plaints by requiring postoperational noise surveys to deter
mine if there were justifications for complaints. Neighbors 
responded by hiring legal counsel and had independent noise 
measurements performed and evaluated for adverse impacts. 
Most measurements were conducted by experienced acousti
cians. The primary acoustic quantifier measured was the 
average A-weighted sound level (dBA). The sound levels 
generally ranged from the mid-3 Os to mid-40s dBA. Some 
noise-level variations were due to differences for time of 
day, wind speed, and wind direction (upwind or downwind). 
Measured sound levels were fairly consistent from each sur
vey provider. However, the acoustic reports had little effect 
on complaint resolution. 

Falmouth Heal th Complaints 

After WINDl and NOTUS IWT started up, neighbor com
plaints included adverse health S3anptoms. They had days 
where they were unable to enjoy the previous peace and 
tranquility while at home, unable to relax, felt tense, and felt 
a strong desire to be someplace else. They noticed some 
relief when outdoors. The lessening of adverse effects when 
outdoors and the indoor worsening are consistent with the 
findings of low-fi-equency noise (LFN) effects exposure 
(Burt, 1996). Typically, the indoor A-weighted sound level is 
lower than the outdoor, especially when indoor human activ
ity is at a minimum. The house exterior walls provide more 
middle- to high-frequency band attenuation than for the low 
and very low bands. Therefore, the average A-weighted 
sound level by itself may not be a useful measurement indica
tor for determining the potential for IWT complaints. 

Some complainants described having significant diffi
culties living in their home with reports of experiencing 
headaches, ear pressure, dizziness, nausea, apprehension, 
confusion, mental fatigue, lassitude (inability to concen
trate, lethargy). These were worse when IWTs were operat
ing during moderate to strong winds. A few neighbors 
moved their bedrooms into the basement in an attempt to get 
a good night's sleep. Others were forced to leave their home 
to sleep farther away at a family or friend's house or even in 
a motel. These symptoms (DeGagne & Lapka, 2008; Schust, 
2004) and behavior pattems (H. G. Leventhall, 2004) are 
consistent with LFN exposure suggesting that IWT low-
frequency energy may be a factor. 

Study Objectives 

The purpose of the study was to confirm or deny the pres
ence of infrasound (very-low-frequency noise, acoustic 

waves, or pressure pulsations less than 20 Hz) and LFN 
emissions (20-200 Hz) created by an IWT. The combination 
of infrasound and low-frequency noise is defined as ILFN. 
If ILFN was present the study was to determine: (a) if it was 
greater than or uniquely distinguishable from the ambient 
background levels and (b) if it exceeded human detection 
thresholds. It was not the intention of this study to determine 
the precise mechanism that linked the IWT to the physiolog
ical or psychological symptoms being reported by residents. 

The scope of this study was conducted at one home that is 
representative of many other households that have com
plained about noise and adverse health effects. The investi
gators assessed differences between outdoor and indoor 
measurements. 

Acoustic Measurements and 
Methodology 
Acoustic measurements were made with precision sound 
measurement instruments and dual-channel computer-based 
signal analyzer software. These instruments were capable of 
measuring very-low-frequency energy, as low as 1 Hz. 
Frequency response was flat (within 1 dB) to 2 Hz and 6 Hz 
for the two primary measurement channels. Prior to com
puter analysis, the microphone and preamplifier frequency 
response were corrected to flat (1 -6 Hz) using manufacturer 
data sheets. Instruments are itemized in Table 1. 

Each sound-level measurement system was indepen
dently field-calibrated (end-to-end) prior to and verified 
after the survey measurements with an acoustic sound-level 
calibrator (BrUel & Kjaer, Type 4230 or Larson Davis 
CAL200), generating a 1,000 Hz tone with 94 dB sound 
pressure level (SPL) reference 20 jiPa root mean square 
(RMS). Sound-level meters and acoustic calibrators had cur
rent laboratory calibration certificates traceable to National 
Institute of Standards and Technology. 

The ANSI (American National Standards Institute) filter 
characteristics of Type 1 instrumentation have a long impulse 
response time at low frequencies. At 1 Hz, the ANSI 1/3 
octave band impulse response is close to 5 seconds. Thus, 
ANSI filters do not capture the fast peak pressure changes 
occurring in the low and infrasonic frequencies (Bray & 
James, 2011). 

To observe fast peak pressure changes, signal analysis 
was improved by using an external digital filter in series with 
the digital recording playback output, and then analyzing the 
digital data with a fast Fourier transform (FFT) signal ana
lyzer with short time length (<128 milliseconds). 

Field testing was conducted in general accordance with 
appUcable ANSI Standards, ANSI S12.18-1994 ("Procedures 
for Outdoor Measurement of Sound Pressure Level," 
Method 1) and S12.9-1993/Part 3 ("Procedures for Short-
Term Measurements with an Observer Present"). Indoor-
outdoor simultaneous measurements were made using two 
microphones to determine the outside-to-inside level reduc
tion (OILR) for the exterior walls and roof. The OILR 

Downloaded from bst.sagepub.c I September 11, 2012 



130 Bulletin o f Sdefice,TechnologY & Society 32(2) 

Tab le I . Instrument List 

Instrument Manufacturer Model 

Microphone 
Preamplifier 
Microphone 
Preamplifier 
Sound level meter 
Calibrator 
Audio interface 
Recorder 
Software 
Microphone 
Preamplifier 
Sound level meter 
Calibrator 
Audio interface 
Recorder 

Briiel & Kjaer 
Larson Davis 
GRAS 
Larson Davis 
Larson Davis 
Bruel & Kjxr 
Sound Devices 
M-Audio 
Pioneer Hill 
Svantek 
Svantek 
Svantek 
Larson Davis 
ROGA 
TEAC 

4165 
2221 
40AN 
902 
824 
4230 
USBPre2 
Microtrack II 
SpectraPLUS 5.0 
SV22 
SVI2L 
949 
CAUOO 
DAQ2 
DRIOO 

measurements were performed in accordance with ASTM 
E966-02 (ASTM, 2010). The indoor microphone was fitted 
with a 4-inch windscreen and mounted on a microphone 
stand in the master bedroom at a location where the reported 
adverse symptoms were more pronounced. The outdoor 
microphone was fitted with a 4-inch windscreen and placed 
inside a RODE Blimp for improved wind and shock mount 
protection. The entire outdoor system was mounted on a tri
pod, positioned 5 feet above the ground, and located away 
from house and trees. Wind speeds were light at the outdoor 
microphone position. In addition to noise measurements, 
weather, temperature, and wind speed data were collected. 

The A- and C-weighting, octave band, and FFT analysis 
were performed with SpectraPLUS software in real time and 
recording mode on-site. The recorded data were analj^ed off-
site using the postprocessing features. G-weighted sound lev
els were computed using FFT settings for octave band analysis 
of the G-filtered 4, 8, 16, and 31.5 Hz octave bands using the 
G-weighting corrections which are the average value for the 
one-third octave bands comprising each full octave band (ISO 
7196:1995, "Acoustics-Frequency Weighting"). While coarse 
in approach, the method was determined to be a usable trade
off between analysis time, accuracy, and computational 
requirements. It should be noted that the dBG levels obtained 
using the ANSI octave band filtering would not capture the 
highest peak pressure changes, so data reported are considered 
to understate the peak dBG levels. 

Octave band (Hz) 4 8 16 31.5 

dBG correction (dB) -16 - 4 +7.7 - 4 

The A-, C-, G-weighting and unweighted (dBL) filter 
functions are shown in Figure 1. 

Figure I . Weighting functions 
Soorce.Adapted with permission from figure located at http://oto2.wustl 
.edu/cochlea/wt4.html 

The A- and C-weighting filters discount frequency-level 
contributions below 1,000 Hz and 20 Hz, respectively. The 
G-weighting was created for evaluating infrasound, peak
ing at 20 Hz with rapid declines above and below which 
follow the recognized hearing response to pure sine waves, 
with a slope of 12 dB per octave. Unweighted (or dBL; 
dashed line) has flat frequency response over the entire 
bandwidth. 

Weather Condit ions 

The survey was started in the late afternoon of April 17, 
2011 (Day 1) and concluded in the morning of April 19, 
2011 (Day 3). The weather conditions were representative 
of pleasant warm, windy spring days with cool, calmer 
nights. 

Outdoor measurements were made when weather condi
tions were favorable for measurements (ground-level winds 
< 9 mph [miles per hour] and no precipitation). Observed 
weather conditions and the nearest publicly accessible met 
tower are presented in the appendix. 

W i n d Turbine Operat ions 

In the spring of 2011, Falmouth imposed a maximum wind 
speed restriction on their WINDl in an effort to mitigate 
neighbors' complaints. WINDl operation was modified to 
curtail power generation whenever the hub-height wind 
speeds exceeded 10 m/s. The town did not curtail NOTUS 
even though it was close to neighbors. The manufacturer has 
a setting to trip units off when the hub-height wind speed 
exceeds 32 m/s. 
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Results 

Observations and Comments 

Day 1: Hub-height wind speeds were from the west at 
20 to 25 m/s, gusts exceeding 30 m/s (66 mph, gale 
force aloft). Surface winds were light from the south
east, contrary to upper level westerly winds. At night, 
the hub-height wind speed slowly decreased to light, 
whereas the surface wind speed decreased to nearly 
calm. 

Outdoor noise measurements were first made on arrival at 
the study house. The NOTUS turbine was clearly audible 
(520 m distant) and WINDl (1,220 m distant) was off. 

Within 20 minutes of setting up work stations inside the 
study house, the investigators started to experience a loss of 
well-being and continued to worsen with time. They had dif
ficulty performing routine survey and measurement tasks: 
connecting instruments, assessing for proper operation, and 
caUbration. They experienced inability to stay focused using 
a computer or track survey scope of work. 

After repeated efforts, it was determined that reliable 
indoor measurements were not possible because of debilita
tion. No meaningful measurements were acquired at ML-1 
during the first evening when winds were strong. 

Near midnight the wind speed started to decrease, prompt
ing an effort to leave the house to attempt outdoor noise mea
surements nearer NOTUS. These measurements are 
discussed in more detail in the "Sound Level Versus Distance 
Measurement" section. 

Day 2: Light pre-dawn hub-height wind speed slowly 
increased during the moming to above 18 m/s and 
continued throughout the day and decreased to light in 
the early evening. During the early night the wind 
speed remained light. 

NOTUS noise was dominating with outdoor and indoor lev
els in the low 40s and 20s dBA, respectively. Spectral, one 
third, and flill octave band sound levels were viewed with 
computer-based frequency analysis software for several hours 
during the day. Infrasound and low frequencies were of special 
interest and these had the highest unweighted SPLs. Outdoor-
indoor (OILR) measurements were conducted. Digital record
ings were made for a postprocessing at a later date. 

Day 3: After midnight the wind speed increased to 
strong and decreased to light at sunrise. 

Normal workday sounds from nearby commercial activity 
were intermittently audible. There were faint noises from die
sel equipment operating at a nearby sandpit, light traffic on 
Rte. 28,1,700 m (5,600 feet) away and an occasional vehicle 
on the nearest road, 300 m (1,000 feet) away). NOTUS was 
stopped and WINDl was inaudible but operating in Ught 

Figure 2. NOTUS measurement locations 

winds as observed by ILFN modulations detectable on ana
lyzer. This presented an opportunity to obtain digital record
ings with WINDl operating alone in light winds at ML-1. 
The wind died and the survey was concluded mid-moming. 

Sound Level Versus Distance Measurement 

Sound-level measurements and recordings were made at 
four distances to show the noise level decrease with increas
ing distance and the distance for blending into the back
ground acoustic environment. This technique can be called 
"level versus distance," "walk-away," or "stepped distance." 

Measurements with digital recordings were made at three 
locations trending north-northeast away from NOTUS 
(MLA, B, and C at 80, 250, & 410 m (260, 830, 1,340 feet), 
respectively) in the Falmouth Technology Park, as shown in 
Figure 2. Measurements were ceased when it started to rain 
after 1:30 a.m. The fourth location (ML-1) was to the south
east at the survey residence (at 520 m or 1,700 feet). NOTUS 
noise was dominant at all measurement locations. 

Investigator Assessment 

IWT power outputs were obtained from the NOTUS and 
WINDl websites. Figure 3 shows the power output and 
wind speed. 

Table 2 was created to correlate the NOTUS IWT power 
output, measured dBA, dBG, and dBL data at ML-1 and 
adverse health effects experienced by the investigators at ML-1 
during the operating conditions of the NOTUS wind turbme. 
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Figure 3. Wind turbine wind speed and power output 

Figure 4 was created by combining Table 2 with Figure 3 
to show the relationship of NOTUS power output, wind 
speed, and health states experienced by the investigators. 

WINDl was configured with an operational cap at 10 m/s 
and was off during the higher wind speeds. The investigators 
were most noticeably affected when the IWT power output 
was highest, with wind speeds more than 10 m/s at hub 
height for NOTUS while at the study location (at 520 m). 

Figure 4 also shows the hours when the investigators were 
not as severely affected. Symptoms moderated during the first 
night when IWT power output dropped when nighttime noise 
measurements were made near NOTUS, and later while sleep
ing. When the power output increased (with wind speed greater 
than 10 m/s) during the following moming, symptoms returned, 
yet slowly went away (with increased distance from the IWT) 
after leaving the area for breakfast. On returning to the study 
house (at 520 m) the symptoms quickly set in again and 
remained strong until late afternoon when IWT power output 
dropped with lower wind speeds. The investigators left for an 
evening meal and symptoms moderated somewhat, yet, even 
with the increased distance from the FWT, the symptoms contin
ued strongly enough to suppress appetite and affect thinking. 
When the investigators went to bed they had fitful sleep with 
numerous awakenings. Concurrently, IWT power output 
increased during the night, with average hub-height wind speeds 
fluctuating above and below 10 m/s during the early moming 
hours. In the moming, winds decreased to light, with NOTUS 
stopped and WINDl turning in the distance (at 1,220 m). 

Onsite Analysis Conducted on Day 2 

A representative outdoor noise spectmm (RMS) was plotted 
with the outer hair cells (OHCs) and inner hair cells (IHCs) 
dBG thresholds, as shown in Figure 5A. The graph shows 
that the NOTUS 22.9-Hz tone exceeds the OHC threshold 
of 45 dB at 22.9 Hz. The 129-Hz tone exceeded the IHC 

threshold and was confirmed as audible outdoors (see, OHC 
and IHC) in the "Discussion" section). 

The simultaneously measured indoor noise spectrum 
(RMS) is shown in Figure 5B. The graph shows that the 
NOTUS 22.9-Hz tone again exceeds the OHC threshold. The 
129-Hz tone was less audible than outdoors. The spectmm 
was amplitude modulated and the averaged spectmm does 
not reveal the peak sound levels which may have exceeded 
the audibility threshold. 

Time-History Tone Analysis 

NOTUS noise levels and frequency content noticeably fluctu
ated with time. It would be appropriate to analyze these varia
tions versus time focusing on the 22.9-Hz tone because it was 
shown to be detectable by the OHC. A 20 to 24 Hz 10th order 
digital bandpass filter was inserted between the digital record
ing output and the analysis input channel for SpectraPLUS 
software set to acquire FFT frames at 23-millisecond intervals 
using Hamming weighting. These flimished the band-limited 
tonal energy at 22.9 Hz free of ANSI filter response times. 

Figure 6 shows the indoor time history of 22.9-Hertz 
amplitude variations above and below the OHC threshold of 
45 dB. This graph shows amplitudes as high as 60 dB, which 
is 10 dB higher than the 50 dB average. The total fluctuation, 
maximum to minimum exceeds 50 dB. 

This graph shows that the OHC is receiving pressure 
events nearly every 43 milliseconds at least 50% of the time 
during the measurement. The 22.9-Hz tone was not audible 
because it was not strong enough to exceed the IHC thresh
old (approximately 72 dB at 22.9 Hz). 

Time-History dBG Analysis 

Indoor and outdoor recordings with NOTUS operating were 
made on the aflemoon of Day 2 and with NOTUS not oper
ating due to very light wind on the moming of Day 3. This 
enabled time-history plots showing the dBG differences 
between NOTUS "ON" and NOTUS "OFF" for both 
indoors and outdoors as shown in Figure 7A and B. These 
data illustrate amplitude modulations exceeding 60 dBG. 
They were acquired through ANSI filter octave bands cor
rected to dBG. Because of ANSI filter impulse response 
times, they do not capture the highest peak pressure levels. 

Indoors, the NOTUS "ON" dBG levels were about 20 dB 
higher than when "OFF." Outdoors, the NOTUS "ON" ver
sus "OFF" dBG difference was about 10 dB. 

Sound Level Versus Distance Measurement 

Outdoor sound levels decrease at about 6 dB per doubling 
of distance (6 dB/dd) as depicted by the inverse square law 
for acoustic frequencies. Sound level versus distance mea
surements were plotted using a semilog scale for distance. 
This graphing method typically shows the drop of sound 
level as a straight line as the distance increases. 
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Table 2. NOTUS Operations, ML-1 Sound Levels, and Adverse Health Effects 

Hub wind speed NOTUS output 
(m/s) (kW) Location dBA dBG dBL Symptoms experienced 

Day 1:25, gusts: 35 

Night 1:0-9 
Day 2:20, gusts: 30 

Night 2: 
Day 3: calm to 6 

1,600-1,700 

150-350 
1,350-1,500 

150-350 
OFF 

Indoors 

Outdoors 

Indoors 
Indoors 

Outdoors 

Indoors 
Indoors 

Outdoors 

n/a 

n/a 

18-20 
18-24 

41-46 

18-20 
18-20 

32-38 

n/a 

n/a 

n/a 
51 -64, pulsations 

54-65, pulsations 

n/a 
39-44, random 

49-54, random 

n/a 

n/a 

n/a 
62-74, pulsation 

60-69, pulsation 

n/a 
50-61, random 

57-61, random 

Nausea, dizziness, irritability, headache, 
loss of appetite, inability to 
concentrate, need to leave, anxiety 

Felt miserable, performed tasks at a 
reduced pace 

Slept with little difficulty 
Dizzy, no appetite, headache, felt 

miserable; performed tasks at a 
reduced pace. Desire to leave 

Dizzy, headache, no appetite. Slow. 
Preferred being outdoors or away 

Slept fitfully, woke up 
Improvement in health. Fatigue and 

desire to leave 
Improvement in health. Fatigue and 

desire to leave 

4/i7«ae 4!̂ |u-0G 4/utMe *maai *j\taat tiavneei tfatM, 
Data t n i Venm 

Figure 4. Survey operations at ML-1 Figure S. (A) Outdoor and (B) indoor NOTUS sound levels 
(averaged) versus outer hair cell (OHC) and inner hair cell (IHC) 
thresholds 

The "stepped distance" data combined with the data at 
ML-1 show that the NOTUS noise level decreases with dis
tance uniformly, as shown in Figure 8. 

Two trend lines are included; the lower dashed line 
shows the dBA sound levels decreasing at a predictable 
6 dB per distance doubling (6 dB/dd). The dBA trend line is 
faired through a wind speed of 8 m/s per the NOTUS speci
fication wind speed. The upper dashed line is for unweighted 
sound levels, which was controlled by frequencies below 
20 Hz. The unweighted sound levels decrease at about 3 dB/ 
dd, which is representative of cylindrical spreading. 

Noise levels at the study house showed that the indoor 
levels were more than 20 dBA quieter than outdoors. 
However, the unweighted dBL levels were several dB 
higher indoors than outdoors, indicating that the house was 

providing reinforcement (amplifying) of the very low 
frequencies. 

House Noise Reduction 

Measurements were made with the NOTUS "ON" with hub-
height wind speeds averaging about 20 m/s. One-minute 
duration transfer function analysis measured the difference 
between outside and inside noise levels. The difference is 
shown by narrow band frequency (FFT) in Figure 9A, and 
by full-octave bands in Figure 9B. 

The two graphs show the OILR by the two exterior master-
bedroom walls and roof Negative values indicate attenuation 
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Figure 7. (A) Indoor and (B) outdoor dBG levels 

and positive values show amplification. The graphs show 
high-frequency attenuation of 20 dB or more, about 15 dB in 
the 31.5-Hz octave band, and about 10 dB in the 8- and 16-Hz 
octave bands. The very low-frequency bands show amplifica
tion of about 3 and 8 dB in the 4- and 2-Hz bands, 
respectively. 

Because of the house stmcture dramatically influencing 
interior very-low-frequency levels, the meter measurement 
units were changed from the log scale (dB) to a linear Pascal 
to expand the "/'-axis scale. The outdoor and indoor octave 
band Pascal levels are shown in Figure lOA and B, respec
tively. These are averaged levels and do not illustrate the 
dynamic amplitude modulation. 

The difference between indoors and outdoors time his
tory is shown in Figure 11. The outdoors graph shows the 
influence of higher frequencies that are not present indoors 
due to stmcture attenuation. Dynamic amplitude modula
tion is clearly visible. 
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Figure 8. NOTUS root mean square (RMS) sound level versus 

distance 
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Figure 9. Outside-to-inside level reduction: (A) fast Fourier 
transform and (B) octave band 

Acoustic Coupling 

The comment "It's like living inside a dmm" has been made 
by many neighbors living near IWT sites. These comments 
suggest that IWT low-frequency energy is being acousti
cally coupled into the interior space. Coherence analysis 
was used to determine the relationship between outdoor and 
indoor acoustic signals. Coherence values approaching 1.0 
have a strong correlation and when less than 0.7 there is 
significantly less correlation. Figure 12 presents the coher
ence analysis results with the strong correlation, 0.7 to 1.0 
highlighted. 
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Figure 10, (A) Outdoor and (B) indoor sound pressure in Pascals 
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Figure 11. Pressure fluctuation time history in Pascal 

The highlight banding shows which frequencies inside 
the house are judged to be directly coupled to the outside 
energy. High coherence was evident for the very low infra
sonic frequencies and at 22.9 and 129 Hz. 

Dynamic Amplitude Modulation 
Measurements 

Wind turbine noise has a unique sound characteristic that 
distinguishes it from other man-made and environmental 
noise due to the strong dynamic amplitude modulation 
caused by the blades. Overall dBA, dBC, and dBL acoustic 
signatures were graphed as level versus time, as shown in 
Figure 13. The amplitude modulation was occasionally 
audible as indicated in the dBA time history. The dBL time 
history has higher amplitude modulations than dBA and 
dBC because there is no filter reduction for lower frequen
cies and, the strong amplitude modulations occurring at the 
blade pass frequency are revealed. 

A comparison of the overall dBL indoors versus outdoors 
shows that the indoors levels are about 2 to 8 dB higher than 
outdoors, as shown in Figure 14. This graph also shows that 
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Figure 12. Coherence, outdoors to indoors 
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Figure 13. Outdoors sound levels: NOTUS "ON" (April 18,2011) 

the amplitude modulation increased in range indoors with 
rise and fall exceeding 10 dB per second. 

The increase in the dBL levels and amplitude modulation 
indoors is consistent with and supfKJrts neighbors' comments 
that it is worse indoors than outdoors. 

NOTUS "ON" and "OFF" 

Outdoor measurements with NOTUS "ON" show stronger 
pulsation fluctuations than when NOTUS is "OFF," as 
shown in Figure 15. 

Pressure Pulsation Exposure 
and Dose Response 
It is generally accepted that human response and cumulative 
effect to intmsive noise exposure increases with number of 
peak noise events and peak level. This is consistent with the 
gradual onset over some 20 minutes of adverse health effects 
experienced by the investigators at ML-1 on the first day and 
the repeated onset of symptoms when returning to ML-1 dur
ing the survey. 

For total unweighted sound exposure, the investigators 
were exposed to dynamically modulated pressure pulsations 
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Figure 14. Acoustic pressure fluctuation time history (indoors 
versus outdoors;April 18,2011,3:22 p.m.) 
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Figure 15. NOTUS "ON" and "OFF" sound pressure levels 
outdoors, ML-1 

every 1.4 seconds (NOTUS blade pass rate) at the study 
house (Figure 15). After being indoors for 15 minutes, the 
pulsations totaled 642 peak pressure events. Every hour 
there were 2,570 pressure events. When the physiological 
effects were worst (at 5 hours exposure) the total exposure 
was 12,800 blade-pass peak pressure events. The time-
history data suggest that over 50% of the peak pressure 
impacts exceeded the 60 dBG physiological OHC threshold 
(see OHCs and IHCs in the "Discussion" section). 

The occurrence of pressure events at 22.9 Hz (Figure 6) 
is much higher. The acoustic pressure at 22.9 Hz dropped 
well below OHC threshold and then peaked over OHC 
threshold but not over the IHC threshold, at a rate of more 
than 82,000 per hour and more than 400,000 in 5 hours. If 
50% of the 22.9-Hz pressure levels were detected by the 
OHC that would result in more than 200,000 stimulations to 
the OHCs in a 5-hour period. 

Discussion 

Human Detection Thresholds 

Sound pressure is the small alternating deviation above 
and below atmospheric pressure due to the propagated 
wave of compression and rarefaction. The unit for sound 

-»-KunwiMMrtmi 

—6uton«rc«l» 

Figure 16. Human audibility curves 

pressure is the Pascal (symbol: Pa). SPL or sound level is 
a logarithmic measure of the effective sound pressure of a 
sound relative to a reference value. It is measured in deci
bels (dB) above a standard reference level. The commonly 
used "zero" reference sound pressure in air is 20 pPa 
RMS, which is usually considered the median threshold of 
human hearing (at 1 kHz). Some 16% of the population is 
about 6 dB more sensitive than the median, and some 2% 
is 12 dB more sensitive. The percentage of people who are 
more sensitive who choose to live in quieter mral areas is 
unknown. That is, those living in quiet areas may have 
sensitivity shifted toward lower thresholds and self-select 
quieter areas. 

Frequency is measured by the number of waves per sec
ond or Hertz (Hz). The average range of hearing is 20 to 
20,000 Hz with the greatest sensitivity in 1,000 to 4,000 Hz 
range. At the most sensitive frequency around 4 kHz, the 
amplitude of motion of the eardmm is about 10 to 9 cm, 
which is only about 1/10 the diameter of a hydrogen atom. 
Thus, the ear is very sensitive, detecting signals in the range 
of atomic motion. 

Outer Hair Cells and Inner Hair Cells 

There are two types of hair cells in the cochlea where sound 
pressure is converted to nerve impulses; the IHCs and the 
OHCs. The IHCs are fluid connected and velocity sensitive, 
responding to minute changes in the acoustic pressure 
variations based on frequency, with sensitivity decreasing at 
a rate of -6 dB per downward octave. IHCs detect audible 
sounds and they are insensitive to low-frequency and infra
sonic acoustic energy. In contrast, the OHCs are mechani
cally connected, or DC-coupled, to movements of the 
sensory stmcture and respond to infrasound stimuli at mod
erate levels, as much as 40 dB below IHC thresholds. The 
approximate threshold for physiological response by OHCs 
to infrasound is 60 dBG. 
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Figure 16 shows the IHC and OHC responses compared 
with ISO 2003 and Moller and Pedersen (2011) audibility 
measurements. Adapted with permission, from figure 
located at http://oto2.wustl.edu/cochlea/romesalt.pdf 

OHC responses to infrasound are maximal when ambient 
sound levels are low. Furthermore, low-frequency sounds 
produce a biological amplitude modulation of nerve fiber 
responses to higher frequency stimuli. This is different from 
the amplitude modulation of sounds detected by a sound-
level meter (Salt & Lichtenhan, 2011). 

Adverse Health Effects 

A 2011 Ontario Review Tribunal Decision found that wind 
turbines can harm humans if placed too close to residents 
stating. 

This case has successfully shown that the debate should 
not be simplified to one about whether wind turbines 
can cause harm to humans. The evidence presented to 
the Tribunal demonstrates that they can, if facilities are 
placed too close to residents. The debate has now 
evolved to one of degree. (Erickson v. Director, 2011) 

Some individuals exposed to wind turbines report experienc
ing adverse health effects which include physiological and psy
chological symptoms as well as negative impacts on quality of 
Hfe (Harry, 2007; Krogh, Gillis, Kouwen, & Aramini, 2011; 
Nissenbaum, Aramini, & Hanning, 2011; Phipps, Amati, 
McCoard, & Fisher, 2007; Shepherd, McBride, Welch, Dirics, 
& Hill, 2011; Thome, 2011). In some cases the adverse effects 
are severe enough that some individuals have elected to aban
don their homes. In other cases, homes of individuals reporting 
health effects have been purchased by the wind energy devel
oper (Krogh, 2011). The World Health Oiganization's (1948) 
definition of health includes physical, mental, and social well-
being. Adverse impacts associated with IWTs fall within the 
WHO definition of health. 

Pierpont (2009) describes symptoms reported by individ
uals living near wind turbines. Symptoms include "sleep dis
turbance, headache, tinnitus, ear pressure, dizziness, vertigo, 
nausea, visual blurring, tachycardia, irritability, problems 
with concentration and memory, and panic episodes associ
ated with sensations of intemal pulsation or quivering when 
awake or asleep." G. Leventhall (2009) states, 

I am happy to accept these symptoms, as they have been 
known to me for many years as the symptoms of extreme 
psychological stress from environmental noise, particu
larly low frequency noise . . . what Pierpont describes is 
effects of annoyance by noise-a stress effect... 

An expert panel review commissioned by the American 
Wind Energy Association and Canadian Wind Energy 

Association stated that these symptoms are not new and have 
been published previously in the context of "annoyance" to 
environmental sounds and are an example of the "well-
known stress effects of exposure to noise" associated with 
noise annoyance (Colby et al., 2009). 

Wind turbine sound is perceived to be more annoying 
than other equally loud sources of noise (Pedersen, Bakker, 
Bouma, & van den Berg, 2009). Higher levels of annoyance 
may be partly explained by wind turbine noise amplitude 
modulation, lack of night time abatement, and visual 
impacts. Wind turbine tonal and audible low-frequency 
sound are also plausible causes of wind turbine noise annoy
ance (Meller & Pedersen, 2011) and reported health effects 
(Minnesota Department of Health, 2009) and, may play an 
important part in the cause for adverse community reaction 
to large IWTs installed close to residences in quiet areas. 
Complaints associated with wind turbine low-frequency 
noise are often more prevalent indoors than outdoors. 
Recently there have been recommendations to address the 
impacts of wind turbine low-frequency noise (Howe 
Gastmeier Chapnik Limited, 2010; The Social and Economic 
Impact of Rural Wind Farms, 2011). 

Wind turbine noise standards and most regulations are 
based on the averaged A-weighting metric which suppresses 
the amplitude of low-frequency noise predictions in model
ing and application submittals. Averaged A-weighted sound-
level measurements are unsatisfactory when individuals are 
annoyed by low-frequency sound and amplitude modulation 
(H. G. Leventhall, 2004; Richarz, Richarz, & Gambino, 
2011). The A-weighting filter severely attenuates low-
frequency signals (the primary frequency range of most 
community noise complaints) and essentially eliminates 
acoustic signals below 20 Hz where "infrasound" is located 
in the acoustic frequency spectmm. 

Low-frequency vibration and its effects on humans are 
not well understood and sensitivity to such vibration result
ing from wind turbine noise is highly variable among 
humans (National Research Council, 2007). Whether expo
sure to wind turbine infrasound can contribute to adverse 
effects in humans is a subject of considerable debate. There 
are aspects of infrasound from wind turbines that are not 
unanimously accepted by all technical and medical practi
tioners (Howe Gastmeier Chapnik Limited, 2010). Some 
discount wind turbine infrasound as a concem on the basis 
that levels are below the hearing threshold (Colby et al., 
2009; G. Leventhall, 2006). It is noted that other noise 
sources can generate infrasonic energy, such as surf and 
thunderstorms. However, wind turbine low-frequency 
energy presents a recurring and/or unpredictable pressure 
signature, with audibility or delectability occurring over a 
much longer period of time than other environmental 
sources of low-frequency energy. 

An audible or detectable acoustic or pressure signature is 
valuable for subsequent monitoring of system design and 
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correlating with complaints and exploring the plausibility 
that wind turbine low-level low-frequency energy could con
tribute to reported adverse health effects. 

Infrasonic thresholds for human perception have been 
found to be lower than those previously estimated based on 
traditional sinusoidal hearing tests. There is evidence indi
cating that vestibular system does respond to sound we can
not hear (Salt & Hullar, 2010). Infrasound is understood by 
acousticians to refer inaudible acoustic energy for frequen
cies less than 20 Hz. There is increasing evidence that the 
OHC can detect nonsinusoidal pressure fluctuations at 
lower amplitudes than the IHC. Current research estimates 
that sound levels of 60 dBG for frequencies from 5 to 50 Hz 
can stimulate the OHC for the human ear (Salt & 
Kaltenbach, 2011). 

Cochlear microphonic responses to infrasound recorded 
in endolymph of the third turn of the guinea pig cochlea are 
suppressed by the presence of higher fi-equency sounds. This 
suggests that the physiologic response to infrasound may be 
maximal when heard under quiet conditions, such as that 
may occur in a quiet bedroom in the vicinity of a wind tur
bine (Salt & Lichtenhan, 2011). 

Sleep disturbance is one of the most common adverse 
health effects reported by neighbors living near IWTs 
(Hanning & Evans, 2012; Minnesota Department of Health, 
2009). The investigators experienced sleep disturbance, 
especially during the second night when hub-height wind 
speeds were greater than 10 m/s. The indoor sound level was 
low at around 20 dBA and was below levels typically recom
mended to minimize sleep disturbance. 

Sleep disturbance during this study was experienced by 
the investigators and reported by the home owners. A first 
assessment of the analyzed noise level data appears to show 
a stronger correlation with the 60-dBG threshold than it does 
with dBA-weighted sound levels. Recorded noise level anal
ysis shows that NOTUS produces a strong 0.7-Hz blade-pass 
modulation and a strong 22.9-Hz tone sufficient to be 
detected by the OHC but remain inaudible. 

Conclusions 

Noise and Pressure Pulsations 

This study revealed dynamically modulated low-frequency 
and infrasonic energy produced by NOTUS. The acoustic 
energy from NOTUS was found to be greater than and 
uniquely distinguishable from the ambient background lev
els without NOTUS operating. NOTUS produced dynamic 
infrasonic modulations that were not present when the wind 
turbine was off. NOTUS "ON" produced tonal energy at 
22.9 and 129 Hz, which were found to be strongly coupled 
to the study house interior. Amplitude modulations below 
10 Hz were amplified indoors, suggesting a whole house 
acoustic cavity response. 

The dBG levels indoors were dynamically modulated at 
the blade-pass rate and tonal frequencies and exceeded the 
vestibular physiological threshold guideline of 60 dBG. 

Adverse Health Effects 

A dose-response relationship to peak pressure events 
detected by the OHC is supported by the gradual onset of 
adverse health symptoms while near the IWT. At SPLs asso
ciated with worsened health symptoms, NOTUS produced 
low-frequency pressure pulsations that could be detected by 
the ears' OHCs but not by the IHCs. Health effects moder
ated when dBG levels fell well below the 60-dBG guideline 
when the wind turbine was OFF, or when well away (several 
miles) from NOTUS. 

The rapid onset of adverse health effects during the 
study confirms that wind turbines can harm humans if 
placed too close to residents. During the study, investiga
tors without a preexisting sleep deprivation condition, not 
tied to the location nor invested in the property, experi
enced similar adverse health effects described and testified 
to by residents living near the wind turbines. Sound mea
surements acquired during the study indicate that 
A-weighted sound levels did not correlate to adverse health 
effects experienced. Adverse health effects experienced by 
investigators were more severe indoors where dBA levels 
were approximately 20 dBA lower than outdoors levels. 
The dBL (unweighted) and dBG (infrasonic-weighting) 
levels were higher and more strongly amplitude-modulated 
indoors compared to outdoors. The increase in amplitude 
modulation indoors was consistent with the stronger 
adverse health effects experienced indoors. 

Wind turbine audible sound is perceived to be more 
annoying than equally loud transportation or other industrial 
noise and can be expected to contribute to stress-related 
health effects. Symptoms reported by some individuals 
exposed to IWTs can include sleep distiu-bance, headache, 
tinnitus, ear pressure, dizziness, vertigo, nausea, visual blur
ring, tachycardia, irritability, problems with concentration 
and memory, and panic episodes associated with sensations 
of intemal pulsation or quivering when awake or asleep. 

This acoustic study suggests that heahh effects reported by 
residents living near wind turbines may not be exclusively 
related to audible sounds. Inaudible amplitude modulated 
acoustic energy can be detected by the inner ear and can affect 
humans more at low ambient sound levels, consistent with 
complaints of worse conditions indoors than out near IWTs. 
The study results emphasize the need for epidemiological and 
laboratory research by health professionals and acousticians 
concemed with public health and well-being. These findings 
underscore the need for more effective and precautionary set
back distances for IWTs. It appears pmdent to include a mar
gin of safety sufficient to prevent inaudible low-frequency 
wind turbine noise from adversely affecting humans. 
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Appendix 
April 17,2011 
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Figure 17. Day I: Changeable weather with wind speeds 25 to 30 m/s at the hub, gusting to more than 35 m/s. Wind direction west-
southwest Barometer "low" and variable. Sunny and partly cloudy. Temperature 45°F to 50°F 

April 18.2011 
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Figure 18. Day 2: Sunny with wind speeds 15 to 20 m/s at the hub, gusting to 25 to 30 m/s. Wind direction west-southwest Barometer 
"low" and rising during the day.Temperature 45°F to 50°F 
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Appendix (continued) 

April! 9.2011 
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Figure 19. Day 3: Winds stopped in morning and the field study concluded at 9:30 a.m. 
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