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This investigation sought to identify sound levels

potentially harmful to directors' hearing, and examine the

effects of band size, instrumentation, bandroom and playing

ability on sound levels. The subjects were 2 elementary, 2

middle, and 4 high school bands, in 7 rooms, 10 to 66

members, and 26 students, beginning and advanced.

A sound level meter was used. Sounds were measured in

flat and A-weighted decibels. Sounds measured were steady

state (>.5 sec.) and impulse (<.5 sec.). Results were

compared with safety limits of OSHA, EPA and Baughn's study

of safety limits (1966).

Results show exceedences of limits used for comparison.

Small rehearsal areas and younger players seemed to cause

high levels in the tests. Further testing may prove

potential hazards.
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CHAPTER 1

INTRODUCTION

Music educators who conduct ensembles on a daily basis

rely on healthy, normal auditory functions to accomplish

their tasks successfully. Unfortunately, a threat to normal

hearing today is exposure to high sound levels over long

periods of time (Berland, 1970). Do music educators expose

themselves to hazardous sound levels as they perform their

jobs?

Of the music ensembles in schools, bands may have the

highest sound level potential. Band directors are routinely

exposed to groups of brass, woodwind and percussion players

for hours each day. It is possible that school bands produce

sound levels which may be dangerous to the hearing of band

directors. This investigation sought to measure sound

levels produced by school bands, examine some of the factors

which influence band sound levels and determine if these

levels are potentially hazardous to the hearing of band

directors.

Background of the Study

Since the industrial revolution of the nineteenth

century, noise levels in the environment and the work place
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have caused concern among scientists and otolaryngologists,

who study disorders of the ears, nose and throat (Berland,

1970). Fosbrooke of England, who discovered hearing losses

among blacksmiths in 1830, is believed to be the first to

record hearing loss due to noise exposure (Glorig, 1980).

Railroad workers and boilermakers were reported to suffer

from noise-induced hearing losses by Weber of England in the

1860's. However, reports of noise-induced hearing loss

published in the nineteenth century did not contain

scientific data, due to a lack of technology (Glorig, 1980).

It was impossible to determine the extent of hearing loss

due to noise exposure in a quantitative way without the

proper tools and a reliable method with which to measure

sound and its effect on hearing (Kryter, 1970).

The heavy industrialization of the twentieth century

and the military activities of two World Wars brought a

renewed interest in the problem of noise-induced hearing

loss (Berland, 1970). Scientific study in the problem was

aided by modern technology. The development of the

audiometer, a device for measuring hearing loss, and the

sound level meter, a device for measuring sound levels,

furnished the means to conduct studies on sound levels and

their effects on hearing more accurately (Glorig, 1980).

Measuring Sound

To clarify the nature and scope of this investigation,

it is necessary to understand how sound is measured. Sound
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is not measured in units, but as a ratio called the decibel

(Backus, 1977). The decibel (dB) is a measurement of a

sound's intensity, which is the relationship of the power

emitted by a sound source measured in watts and the distance

in meters of a receiver from the source (Backus, 1977). The

watts emitted by a sound source is divided by the square of

the distance of a receiver multiplied by 4 pi, which gives

the intensity of the sound (Backus, 1977). Since sound

intensities are irrational numbers usually less than 1, they

are expressed in logarithms multiplied by 10 and called

decibels (Backus, 1977). As ratios, decibels cannot be

added or subtracted as constant units (May, 1978). For

instance, if the sound level of two equal sound intensities

were added, the sum would only increase the sound level by

3dB (Lipscomb, 1978). Fortunately, the complex mathematical

process of adding and subtracting sound levels are

automatically computed by sound level meters (May, 1978).

The decibel scale, sometimes called the flat or

unweighted decibel scale, measures all sounds at all

frequencies equally (Backus, 1977). However, the human ear

does not perceive all sounds equally (Kryter, 1970).

Fletcher and Munson (1933) studied perceived sound levels,

which they termed loudness, by setting a pure reference tone

of 1,000Hz at 40dB and adjusting the decibel level on lower

and higher frequencies until each tone sounded equally loud

as the reference tone to a sample population of adults with
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presumed normal hearing. The result was an equal loudness

contour, which showed that the human ear is less sensitive

to lower frequencies than higher frequencies (Fletcher &

Munson, 1933). Stevens (1961) developed the Mark VI method

of measuring equal loudness, which he termed the loudness

index. This method was similar to that of Fletcher and

Munson, except that complex sounds were used instead of pure

tones (Stevens, 1961). The Mark VI method used the term

phon as a unit of loudness and made 40dB at 1,000Hz equal 40

phons (Stevens, 1961). At 100Hz, 40 phons would equal

59.1dB, at 500Hz 43.3dB and at 1,250Hz 39.5dB (Stevens,

1961). The 40 phon loudness index became the basis for the

A-weighted decibel scale (dBA), a sound intensity scale

modified by a loudness index curve to measure sounds as they

are perceived by humans (Kryter, 1970).

The A-weighted decibel scale is an inversion of the 40

phon curve (Lipscomb, 1978). For instance, since the 40

phon curve shows an increase of 19.1dB at 100HZ, any sound

level at that frequency would be reduced by 19.1dB (American

National Standards Institute, ANSI, 1961). A sound level

measured at 1,000Hz, the reference point of the curve where

decibels and phons are always equal, would remain the same

(ANSI, 1961).

In certain instances, flat decibel levels are still

used for measuring sound levels. Impulse or peak noises are

short bursts of sound which last 0.5 seconds or less
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(Kryter, 1970). High intensity peak noises, such as

gunfire, may cause hearing damage regardless of their

frequency ranges and are therefore measured in flat decibels

(Lipscomb, 1978).

Standards for Allowable Noise Exposure

One method used to protect individuals from hearing

loss due to noise is a standard limitation on noise levels

in the work place. The U.S. government has a standard of

allowable noise limitations, designed and established by the

Occupational Safety and Health Administration (OSHA) in

1970, and again in 1974 (Meyer, 1978). This standard, which

was passed into federal law in 1970, requires any business

or industry in the United States to limit the amount of

noise in the work place to a level of 90dBA for an 8 hour

work day (OSHA, 1986). An increase of 5dBA decreases the

allowable time by half, so that a level of 95dBA is

allowable for 4 hours per day, 100dBA for 2 hours, 105dBA

for 1 hour, 110dBA for 30 minutes and 115dBA, the maximum

allowable level, for 15 minutes (OSHA, 1974).

The OSHA guidelines for allowable noise exposure is the

accepted standard for all businesses and industries in the

United States; however, it is not universally accepted as an

effective standard for protecting people from high noise

levels (Meyer, 1978). The Environmental Protection Agency

(EPA) disputed the OSHA guidelines in 1971 and suggested an

alternative standard which set the 8 hour limit at 85dBA
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with a halving of allowable exposure time occurring at each

increase of 3dBA (Meyer, 1978). This alternative standard

was not adopted by the United States government and the

dispute remains up to the present day (Meyer, 1978). It is

important to note that OSHA's decision to retain the 1970

guidelines was not solely based on scientific data;

consideration was given to industry leaders and labor

organizations who were concerned with the economic impact of

adhering to stricter guidelines (Meyer, 1978).

Independent research has produced data which also

differs from the guidelines set by the government. Berger,

Royster and Thomas (1978) found hearing losses among factory

workers who were exposed to a daily, 8 hour average of

89dBA. Willoughby, Mettler and Conkey (1979) tested two

groups of workers in the forestry industry and found higher

hearing losses among workers who were exposed to daily

average levels between 85 and 90dBA than among workers

exposed to daily average levels of less than 80dBA. Baughn

(1966) tested industrial workers of differing age groups who

were exposed to various levels of noise and found that

workers who were exposed to levels at or above 80dBA had

higher hearing losses than workers exposed to levels lower

than 8OdBA, especially among subjects between 50 and 60

years of age, suggesting that 80dBA would be a reasonable

limit for an 8 hour day. Siroky, Prechtova and Miksovska

(1976) found hearing losses among the members of a 76 member
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symphony orchestra that played at levels between 87 and

98dBA.

The continuing dispute pertaining to allowable safety

limits of exposure made it necessary to consider differing

opinions on what sound levels should be considered safe or

dangerous. Therefore, this investigation compared the data

from measuring school band sound levels with the suggested

guidelines of the EPA, the findings of Berger et. al.

(1978), Willoughby et. al. (1979), Baughn, (1966) and Siroky

et. al. (1976) as well as the OSHA guidelines.

Rationale

In 1950 Karl D. Kryer of the Stanford Research

Institute published the monograph The Effects of Noise on

Man as a basic text for the study of the physical and

psychological effects of noise on people. In this book,

published again in 1970, Kryter states that "There is a need

to certify potential hazards of noisy environments for which

there is no NIPTS (Noise-Induced Permanent Threshold Shifts)

data available" (Kryter, 1970, p.143). The lack of data on

school band sound levels perceived by the directors makes it

impossible to determine if the hearing of directors is at

risk due to the nature of their profession. The lack of

research in this area also means a lack of methodology. The

methodology employed by OSHA (1974) is designed for

industrial working conditions and may not be entirely valid

for testing music ensembles.
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Therefore, it is necessary to consider variables which

may affect overall sound levels of school bands. Band size

may be a factor. Each member of a band is a sound source

which contributes to the sound level of the group

(Goldstein, 1978). Rehearsal areas may be another factor.

All sound waves have a rate of decay which is impeded when

they are reflected by hard surfaces (Backus, 1977).

The musical and technical ability of school band

members may also affect sound levels. A student's inability

to control the tone or dynamic range of an instrument makes

a dramatic difference in the types of sound waves produced

when the instrument is played (Freeman, 1968). This may be

shown by comparing the sound levels of players with good and

poor tone quality and dynamic control. If individual

players with poor control and tone quality produce higher

sound levels than players with more proficiency on their

instruments, then bands with such players will produce

higher sound levels.

Instrumentation may be a factor in sound levels.

Siroky et. al. (1976) found hearing losses in all of the

percussionists, 28% of the brass players and 20% of the

woodwind players in a 76 member orchestra. This suggests a

certain hierarchy of sound levels produced by different

instrument sections. The percussion section in a school

band may be a source of high peak levels, given the nature

of their instruments, making peak measurements a necessary
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part of this investigation. The brass and woodwind sections

in a school band may be a source of high A-weighted levels.

Although this study is helpful in pointing out sources of

high sound levels in a music ensemble, the focus was on the

musicians, not the director.

There has been no investigation done on school band

sound levels as perceived by band directors. Such an

investigation must be done by using accurate instruments of

measurement which can measure in both A-weighted decibels

and peak levels and by considering the conditions unique to

school band programs. This may be done by examining factors

which may affect band sound levels, such as band size,

rehearsal areas, instrumentations and tone quality. In this

way, it is possible to compare the data with existing data

and to identify potential hazards.

Purpose

The purpose of this investigation was to identify

potntially hazardous elementary, middle and high school band

levels which may affect the hearing of band directors by

conducting sound level tests using the bands as sound

sources and directors as receivers, standing where they

normally conducted their ensembles. The directors and bands

involved in the investigation came from the elementary

beginner level, the middle school intermediate level and the

high school advanced level. A number of individual players

were tested in order to examine the effects of tone quality
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and dynamic control on sound levels. Each test took place

during the school day during a normal rehearsal in order to

answer the following questions:

1. What sound levels do elementary, middle and high

school bands produce when measured from the point

where the director conducts the group, in A-

weighted and peak decibels?

2. Are the sound levels produced by school bands

considered potentially hazardous to the hearing of

band directors according to the standard of

limitations set by OSHA (1970), the suggested

limitations of the EPA (1971), the findings of

Baughn (1966) and the findings of Siroky et al.

(1976)?

3. How do the factors of band size and

instrumentation, and the size and acoustic

treatment of rehearsal areas affect band sound

levels?

4. Do the dynamic control and tone quality of band

students affect sound levels?



CHAPTER 2

RELATED LITERATURE

Studies on Noise-Induced Hearing Loss

Studies conducted on noise-induced hearing loss involve

anatomical and physiological investigations on the effects

of noise on the mechanisms of the ear, audiometric

examinations to quantify hearing loss after exposure to

noise, sound level measurements to identify potentially

hazardous noise levels or a combination of these methods.

Physiological studies establish a clear relationship between

hearing losses and ear damage, while audiometric testing

provides a link between high sound levels and hearing loss,

which in turn validates sound level testing as a method for

finding hazardous noise levels in various environments, such

as school band programs. Reviewing studies on noise-induced

hearing loss requires an understanding of the mechanisms of

the ear and the method used to quantify hearing loss

Anatomy and Physiology of the Ear

The ear is separated into three sections: the

external, middle and inner ear. Although all three sections

serve a function in conducting sound into the brain, the

inner ear contains the primary organ of hearing and is the

11
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most vulnerable to noise (Durrant, 1978). However, the

external and middle ear affect the sound which reaches the

inner ear (Shaw, 1974).

The external ear includes the pinna, the visible

portion of the ear, the external meatus, a canal through

which sound travels, and the tympanum, or ear drum, which

separates the external from the middle' ear (Hiatt & Gartner,

1982). The pinna acts as a funnel for directing sounds into

the external meatus (D'Amour, 1961). The external meatus

directs sounds to the tympanum, which vibrates and

communicates sounds to the middle ear (D'Amour, 1961).

The middle ear is an irregularly shaped, air filled

cavity lined in a mucous membrane, located in the temporal

bone of the skull (Hiatt & Gartner, 1982). It connects with

the nasopharynx through an auditory tube in order to

equalize the atmospheric pressure on either side of the

tympanum (Hiatt & Gartner, 1982). The middle ear contains

the ossicle chain, a system of tiny bones connecting the

tympanum to the entrance of the inner ear (Hiatt & Gartner,

1982). The malleus, or hammer, is connected by ligaments to

the tympanum (Hiatt & Gartner, 1982). The stapes, or

stirrup, is connected by the medial wall, where the foot

plate of the stapes encroaches upon the oval window, the

entrance to the inner ear (Hiatt & Gartner, 1982). The

incus, or anvil, is located between the malleus and the
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stapes, so that the vibrations of the tympanum are

transmitted to the oval window (Hiatt & Gartner, 1982).

The middle ear also contains two important muscles

which protect the ear from unwanted noise (Gray, 1977). The

stapedius is attached to the medial wall and the stapes

(Gray, 1977). The tensor tympani is attached to the

tympanum (Gray, 1977). When high sound levels are

perceived, the tensor tympani and stapedius contract to

impede the communication between the middle and inner ear

(Hiatt & Gartner, 1982). The middle ear also contains the

round window, below the oval window, which is covered by a

second tympanic membrane, where unused sound from the inner

ear exits into the middle ear cavity (Gray, 1977).

The inner ear is imbedded in the petrous temporal bone

and located next to the middle ear (Hiatt & Gartner, 1982).

It consists of the bony labyrinth, which includes the

vestibule, an oval canal, the semicircular canals and the

cochlea, inside of which is the membranous labyrinth (Hiatt

& Gartner, 1982). The vestibule connects the semicircular

canals, which are primarily responsible for maintaining

equilibrium, to the cochlea, which contains the primary

organ of hearing (Dorland, 1981). The vestibule

communicates with the middle ear through the oval window and

with the brain through a system of nerves called the

auditory nerves, which contain a vestibular nerve for

balance and a cochlear nerve for hearing (Hiatt & Gartner,
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1982). These nerves travel through the internal meatus,

where they separate and continue until they terminate at the

proper receptors (Hiatt & Gartner, 1982).

The cochlea contains three ducts which wind around a

central core called a modiolus about two and one-half times

(Hiatt & Gartner, 1982). The first duct, the scala

vestibuli, receives sounds from the oval window; the sounds

travel the length of the cochlea until they reach the

helicotrema, a small opening at the core where the scala

vestibuli communicates with the second duct, the scala

tympani (Hiatt & Gartner, 1982). The scala tympani carries

sounds back to the basal end of the cochlea where they

reenter the middle ear through the round window (D'Amour,

1961). Between the scala vestibuli and the scala tympani is

the cochlear duct which contains a membranous tube that

houses the primary organ of hearing, the organ of Corti in

its basilar membrane (Hiatt & Gartner, 1982). The organ of

Corti contains a network of sensory cells attached to hair

fibers that perceive vibrations travelling through the scala

vestibuli, translate them into electric impulses and

transmit them to the brain via the nerve endings of the

cochlear nerve (Hiatt & Gartner, 1982). The scala vestibuli

and the scala tympani are filled with a fluid called

perilymph, while the cochlear duct is filled with a fluid

called endolymph (Hiatt & gartner, 1982).
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The organ of Corti is about 34mm in length from its

apex near the core, and the basal end, near the round window

(Johnson & Hawkins, 1976). The region of the organ near the

basal end perceives higher frequencies while the region near

the apex perceives lower frequencies (Johnson & Hawkins,

1976). Physiological examinations of noise-induced hearing

are primarily focused on damage to the organ of Corti,

especially among the hair fibers and the sensory cells,

which play a vital role in the perception of sound (Durrant,

1978).

Measurement of Noise-Induced Hearing Loss

Noise-induced hearing loss is measured in decibels and

characterized as threshold shifts (Crocker, 1975). The

threshold is the softest perceived tone emitted by an

audiometer, which varies with low, middle and high

frequencies (Crocker, 1975). Glorig (1955) gave audiometric

tests to a sample population at the Wisconsin State Fair and

measured the average normal threshold of hearing for 250Hz

at 24.5dB, for 500Hz at 11dB and for 1,000Hz at 6.5dB. If a

test subject fails to hear a tone emitted at a normal

threshold level and needs the tone amplified, for example by

20dB, then 20dB is said to be the threshold shift for that

frequency (Crocker, 1975). Threshold shifts may be

temporary or permanent (Crocker, 1975). Temporary threshold

shifts (TTS) occur immediately after direct exposure to a

noise. source, while permanent threshold shifts (PTS) occur
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after years of exposure in a noisy environment (Crocker,

1975).

Audiometric investigations of noise-induced hearing

loss are focused either on temporary or permanent threshold

shifts, and are sometimes followed up with physiological

examinations (Melnick, 1978). Studies on temporary

threshold shifts (TTS) are usually conducted under

laboratory conditions, where a test group is exposed to a

sound source emitting a band of sound at a predetermined

decibel level for a specified time period, after which the

subjects are tested audiometrically for hearing losses

(Melnick, 1978). The subjects are also tested before the

exposure period (Melnick, 1978). Studies on permanent

threshold shifts (PTS) are primarily field studies, where

subjects are tested in areas where high noise levels are

constantly present (Melnick, 1978). High noise levels are

usually identified by sound level tests (Melnick, 1978).

Physiological Studies on Noise-Induced Hearing Loss

Research on physiological damage due to noise exposure

is primarily conducted on animals, since it is necessary to

sacrifice the subjects to extract the organs for

histological data (Durrant, 1978). Histological studies,

the examination of minute tissues, are conducted in addition

to audiological studies (Durrant, 1978).

In an early study on ear damage due to noise, Guild

(1919) exposed guinea pigs to gunfire and examined them for
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inner ear damage by using light microscopy. He rated the

amount of inner ear damage by degrees, the first degree

consisting of a scattered to complete loss of outer hair

cells in the organ of Corti over a considerable distance,

the second consisting of a total loss of all hair cells, the

third consisting of a total loss of hair cells and the

crushed appearance of the organ of Corti and the fourth a

total breakup of the organ of Corti (Guild, 1919). In a

later study involving guinea pigs, Erlandsson, Hakanson and

Zvarson (1980) exposed guinea pigs to pure tones between

3,846 and 1,330 Hz at levels between 102 and 120dB and

impulse noises caused by a motor hammer striking an anvil at

a level of 40dBA for periods between one and four hours.

Histological examinations showed more hair cell damage in

the frequency range emitted by the pure tones.

Bohne (1976) measured the progression of the

degeneration in the organ of Corti by exposing chinchillas

to a band of sound in the 4,000Hz range for one hour. One

hour after exposure, the organ of Corti showed a slight

swelling in the hair cells about 4mm from the basal end

(Bohne, 1976). After one and one-half hours, the same

region showed increased swelling, and after two hours, a 1mm

section in the region showed a total loss of outer hair

cells, leaving small holes in the organ of Corti (Bohne,

1976). After fourteen days the entire 1mm region had

disintegrated (Bohne, 1976).
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Moody, Stebbins, Johnsson and Hawkins (1974) used non-

human primates as subjects, because of their intelligence

and close phylogenetic relation to humans. In this study,

baboons and other monkeys from the genus Macaca were

restrained inside a cage and subjected to noise received

through earphones (Moody, et al., 1974). Ten monkeys were

exposed to broad band noises in one of four regions: 500,

2,000, 4,000, or 8,000Hz at a level of 120dB, except for the

8,000Hz group who were exposed to a level of 117dB, for

eight hours per day, five days per week for four weeks

(Moody, et al., 1974). A low level group was also tested,

at 90dB in the 2,000Hz region (Moody, et al., 1974). The

subjects were given a thirty day rest period during which

audiometric tests were given, after which they were

sacrificed for histological examinations (Moody, et al.,

1974).

The audiometric examinations were given eight hours

after the exposure time and again after thirty days and the

results were compared with pre-exposure threshold tests

(Moody, et al., 1974). The primates were conditioned to

press a small cylinder in front of them when any tone was

perceived, after which they were rewarded with a banana

flavored pellet (Moody, et al., 1974). Of the group exposed

to 120dB, the subjects exposed to noise in the 500Hz region

showed threshold shifts between 20 and 60dB after eight

hours and 10 to 38dB after thirty days (Moody, et al.,
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1974). The 2,000Hz region subjects showed threshold shifts

.between 0 and 80dB after eight hours and 0 and 40dB after

thirty days, the highest shifts occurring at 2,000Hz (Moody,

et al., 1974). The groups exposed to 4,000Hz and 8,000Hz at

117dB showed similar shifts, with the greatest shift

occurring at the center frequencies (Moody, et al., 1974).

The group exposed to a level of 90dB at 2,000Hz showed

threshold shifts no higher than 22dB after forty hours after

exposure, which leveled off at 21dB after eight.hours

(Moody, et al., 1974).

The. histological examinations showed hair cell losses

in the regions of exposure (Moody, et al., 1974). Of the

high noise level group, all the subjects showed an almost

complete loss of hair cells in the region 1mm from the basal

end, and a 50% loss of outer hair cells in the region 10 to

15mm from the basal end, corresponding to the 2,000 to

4,500Hz frequency range (Moody, et al., 1974). Hair cells

near the apex showed little or no damage (Moody, et al.,

1974). Of the 90dB group, all the subjects showed scattered

hair cell losses in the 2,000Hz region (Moody, et al.,

1974).

Histological examinations on human subjects must be

conducted posthumously. Johnson and Hawkins (1976) examined

the cochleas of four deceased subjects who had been exposed

to high noise levels during their lives, according to their

families. Each cochlea was stained, dissected and
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photographed under a microscope in order to count the hair

cell losses in the organ of Corti (Johnson & Hawkins, 1976).

The first subject was a 24 year old cancer victim who served

in the army for five years and worked as a press operator

for six months (Johnson & Hawkins, 1976). The organ of

Corti of this subject showed a complete degeneration in the

region 9 to 11mm from the basal end and similar degeneration

in the region 5mm from the basal end (Johnson & Hawkins,

1976). The second subject was a 72 year old who had not

been exposed to industrial noise but had been an avid hunter

(Johnson & Hawkins, 1976). The left ear showed a complete

absence of the organ of Corti in the region 7 to 15mm from

the basal end (Johnson & Hawkins, 1976). The region from 1

to 10mm from the basal end showed only scattered remains of

the organ and the region from 15mm to the apex showed hair

cell losses from 30 to 70% (Johnson & Hawkins, 1976). The

right ear showed an 80% loss of hair cells in the region 1mm

from the basal end, but only moderate damage in the rest of

the organ of Corti (Johnson & Hawkins, 1976). This

asymmetrical, or uneven, level of damage was due to the fact

that the left ear received the full blast of the hunter's

gun, while the right ear was protected by the acoustic

shadow of the head (Johnson & Hawkins, 1976).

The third subject was a 25 year old man who was not

exposed to industrial noise, but used guns regularly

(Johnson & Hawkins, 1976). Again, the left ear showed
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extensive damage while the right ear was left almost

entirely intact, although the degeneration of the organ of

Corti in the left ear was confined to the first 10mm from

the basal end (Johnson & Hawkins, 1976). The fourth subject

was a 50 year old man who worked in an automobile factory

and hunted frequently (Johnson & Hawkins, 1976). The organ

of Corti in the left and the right ear showed a small patch

of surviving hair cells in the region 20mm from the basal

end (Johnson & Hawkins, 1976). The subject had an audiogram

taken about a year before which showed a 10% hearing loss at

2,000Hz and a 90% hearing loss at 4,000Hz in both ears

(Johnson & Hawkins, 1976).

Physiological data on noise-induced hearing loss show a

vulnerability of the organ of Corti at the basal end, and

that cochlear damage tends to start at the basal end and

continues along the organ of Corti until the entire upper

frequency regions degenerate (Durrant, 1978). The region 8

to 10mm from the basal end appears to be especially

vulnerable to noise (Schuknecht, 1974). This region, which

corresponds to frequencies centered at 4,000Hz, has shown

damage after being exposed to low frequency stimuli similar

to the damage appearing at the corresponding frequency

region (Fried, Dudek and Bohne, 1976). One reason for this

high frequency vulnerability may be the reaction of the

outer ear, the head and even the upper body to high

frequency sounds (Shaw, 1975). As sound waves go higher in
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frequency, they become smaller, until they eventually go

below the size of the pinna and the external meatus and

cause standing waves which form a resonance (Wiener & Ross,

1946). This phenomenon may explain the enhancement of

sensitivity which occurs at 1,000Hz and continues to 8,000Hz

according to the loudness curve of Fletcher and Munson

(1933).

The defense system of the middle ear may also explain

high frequency vulnerability (Durrant, 1978). The acoustic

reflex which causes the stapedius and the tensor tympani to

contract occurs at about 80dB above the threshold of hearing

(Jepsen, 1963). Although the middle ear musculature impedes

the transmission of sound waves into the inner ear, it loses

its effectiveness at frequencies over 2,000Hz (Zakrisson,

1975). There is also a delay of approximately l0msec in the

acoustic reflex which limits its effectiveness to protect

the inner ear from impulse noises (Solomon & Starr, 1963).

The vulnerability of the inner ear to high frequency

noises and especially -impulse noises makes it necessary to

give special attention to the sound sources in school bands

which produce these types of sounds, such as high range

instruments and percussion instruments. Low range

instruments may emit potentially hazardous sound levels, but

until more low frequency studies are conducted, it would be

impossible to assume that low frequencies are as damaging to

hearing as high frequencies.
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Audiometric Studies on Noise-Induced Hearing Loss

Audiometric studies involving sound levels and noise-

induced hearing loss focus on two types of sounds: impulse

and steady state noise (Goldstein, 1978). Impulse or peak

noise is a sound that occurs sporadically and lasts 0.5

seconds or less (Kryter, 1970). The most widely studied

source of impulse noise is gunfire, which occurs most often

in the military (Kryter, 1970). Impulse noise levels are

labeled PEAK noise in sound level tests (Henderson &

Hamernik, 1978). Steady state noise is a sound which lasts

from 0.5 seconds to an entire eight hour period and may

fluctuate in intensity or remain at a steady intensity level

(Kryter, 1970). Sources of steady state noise include any

type of engine, industrial machinery or musical ensembles

(Kryter, 1970). The term "noise" designates sounds which

are potentially hazardous to hearing (Kryter, 1970).

Although the term "noise" may be disturbing to musicians

when they are the subjects of sound level tests, it has no

aesthetic meaning in this context.

Kryter and Garinther (1966) studied 170 soldiers of the

U.S. Army for temporary threshold shifts (TTS) following a

target practice session with four types of firearms. The

firearms used measured impulse levels between 159 and

172.5dB and each subject shot 100 rounds with no ear

protection (Kryter & Garinther, 1966). The soldiers were



24

given audiometric tests for TTS 2 , meaning they were tested

two minutes after exposure (Kryter & Garinther, 1966). The

weapon which produced an impulse noise of 159dB caused an

average TTS2 of 5dB between the frequencies of 1,000 and

3,000Hz (Kryter & Garinther, 1966). The weapon which

produced a sound level of 172.5dB caused an average TTS2 of

31dB between the frequencies of 500 and 2,000Hz and an

average of 55dB between 1,000 and 3,000Hz (Kryter &

Garinther, 1966). Salmivalli (1979) conducted a similar

test with 422 soldiers in the Finnish army. The weapons

used produced impulse noises ranging from 165 to 190dB and

the subjects fired 96 and 102 rounds with unprotected ears

(Salmivalli, 1979). The exposure causes an average TTS2 of

48dB between the frequencies of 4,000 and 6,000Hz

(Salmivalli, 1979). Coles and Rice (1965) tested 40 members

of the Royal Navy and Royal Marines for TTS2 after they had

fired weapons producing an impulse level of 160dB. Twenty

subjects fired the weapons in an open field and the rest

fired the weapons in a reverberant room (Coles & Rice,

1965). The subjects from the open field experienced an

average TTS2 of 19dB between the frequencies of 1,000 and

3,000Hz, while the subjects from the enclosed area

experienced an average TTS2 of 22dB between the same

frequencies, suggesting that reverberant rooms caused the
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impulse noises to remain at higher levels for longer periods

of time (Coles & Rice, 1965).

Ward, Glorig, and Sklar (1959) tested a sample of

people with normal hearing for TTS2 and recovery time by

exposing the subjects to a band of noise ranging from 375 to

750Hz at a level of 106dB for 12 minutes, and found an

average TTS of 21dB 2 minutes after exposure. The threshold

shift decreased to 5dB after 200 minutes, or 3.3 hours

(Ward, et al., 1959). The TTS level was measured at 750Hz

(Ward, et al., 1959). In another TTS2 study involving

steady state sound, Mills, Gengel and Watson (1970) exposed

human subjects to a similar broad band noise at a level of

92.5dB for 29.5 hours and found an average TTS of 23dB at

750Hz, 2 minutes after exposure. After 400 minutes, or

about six and one-half hours, the TTS level decreased to

10dB (Mill, et al., 1970). Starr and Livingston (1962)

exposed cats to a broad band noise at 85dB for 2 hours and

found TTS2 levels averaging 20dB which required a recovery

time of 40 minutes.

The recovery time of TTS varies with the amount of the

threshold shift, the duration and the frequency of exposure

(Salvi, 1978). TTS averaging around 20dB can recover in a

few hours, although long exposures to lower levels may take

longer to recover than short exposures to higher levels

(Salvi, 1978). higher levels of TTS, especially caused by
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higher frequencies may take several days to recover (Ward,

1960). Severe TTS, especially above 40dB, may result in a

permanent threshold shift of approximately 20dB (Ward,

1960).

Sources of permanent threshold shifts (PTS) may be any

occupation which involves large engines and industrial

machinery, as well as in music. Quist-Hanssen (1964)

studied the permanent threshold shifts of 65 men exposed to

a diesel engine aboard a ship in the Norwegian Merchant

Marines. The men were exposed to sound levels between 98

and 106dBA at frequencies above 1,000Hz for four hour

periods, six days a week (Quist-Hanssen, 1964). The

subjects, ranging from 21 to 68 years of age and 1 to 20

years of experience, all suffered PTS, although the subjects

with 5 years of experience or less showed more dramatic

changes in hearing thresholds than the more experienced

subjects, suggesting that the first 5 years of exposure

caused the most damage (Quist-Hanssen, 1964). Twenty one of

the subjects, mostly over 50 years of age, complained of not

being able to understand normal speech (Quist-Hanssen,

1964). Noweir, Dakhakhny and Valic, (1968) tested 117

workers at a textile mill in the United Arab Republic for

PTS and found significant hearing losses among weavers who

operated looms which produced an average sound level of

98dBA at frequencies between 1,200 and 4,800Hz. Berger,

Royster and Thomas (1978) tested 42 males and 58 females who
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were exposed to a daily average sound level of 89dBA for a

minimum of 10 years and found that-males had a higher PTS

than female, suggesting that males are more likely to suffer

noise-induced hearing loss. Willoughby, Mettler and Conkey

(1979) tested 2,325 forest industry workers for PTS and

found those who were exposed to daily average sound levels

between 85 and 90dBA had higher PTS than those who were

exposed to an average of less than 8OdBA daily. Baughn

(1966) tested 6,835 workers from a variety of occupations

categorized by three daily average sound level exposures for

8 hours per day and 5 days per week: 92dBA, 86dBA and

78dBA. The results showed the percentage of the workers in

each category who measured permanent threshold shifts

greater than 15dB averaged from 500, 1,000 and 2,000Hz at

various points in time, measured by the age of the subjects,

which ranged from 20 to 62 years. At age 20, the percentage

of PTS in the three categories were 6% (92dBA), 2% (86dBA)

and 0% (78dBA) (Baughn, 1966). By age 30, the percentages

were 12%, 6% and 2%, and by age 40, 22%, 16% and 6%. By age

50, the percentages were 38%, 30% and 16%, and by age 60,

68%, 52% and 36% (Baughn, 1966). For comparison, in 1960,

Glorig (cited in Baughn, 1966), tested 2,518 workers from a

non-noise environment, specifically office workers, and

found percentages of PTS similar to those found in the 78dBA

group of Baughn, suggesting that the PTS of the 78dBA group

may have been partially caused by sources outside the
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workplace (Baughn, 1966). Glorig, Wheeler, Quiggle, Grings

and Summerfield (1954) compared audiometric exams given to

26 farm workers, 87 office workers and 85 factory workers

from a hearing survey given at the Wisconsin State Fair.

Comparison of the sample groups showed that the farm workers

and office workers had similar hearing levels below 2,000Hz

(Glorig, et al., 1954). The factory workers had higher PTS

levels than the other groups at all frequencies; the most

pronounced difference was at 4,000Hz, where the factory

workers had an average PTS of 34dB and the office workers

measured a 20dB average (Glorig, et al., 1954).

Rosburg (1979) tested 6,904 workers at a brewery in

Copenhagen, Denmark for PTS and found that 50% of the

workers under 40 years of age had PTS and 97% of the workers

over 40 had PTS. Of the older workers, 10% of these between

50 and 59 years of age were classified as hard of hearing,

or unable to understand normal speech without a hearing aid,

and 28% of the workers over 60 years of age needed hearing

aid (Rosburg, 1979). Nilsson, Liden and Sanden (1977)

tested 1,492 in the Norwegian ship building industry who

were exposed to daily average sound levels between 110 and

135dB and found that 58.1% of the subjects had PTS and 20.4%

of the subjects needed hearing aids. Comellas (1982) tested

74 males at a Cuban Sugar mill who were exposed to daily

average levels above 85dBA and found PTS in 68% of the

subjects. Lutman and Spencer (1991) tested 2,162 subjects
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between 17 and 80 years of age who were exposed to one of

three categories of daily average sound levels: 80dBA or

lower, from 80 to 90dBA and from 90 to 100dBA. The workers

exposed for 50 years to sound levels in the 90 to 100dBA

range had PTS 10 to 20dB higher than workers exposed to

80dBA or lower for the same.amount of time (Lutman &

Spencer, 1991).

Studies on noise-induced hearing loss, whether

conducted on animals or humans, serve to establish several

important facts. First, that normal hearing can become

impaired.by high intensity sound levels. Guild (1919),

Erlansson et. al. (1980), Bohne (1976) and Moody et al.

(1974) illustrated the damaging effects of high intensity

sound levels on the inner ear mechanisms of animal subjects.

Johnson and Hawkins (1976) illustrated the effects of high

intensity sound levels on the inner ear mechanisms of

deceased human subjects. Kryter and Garinther (1966) and

Salmivalli (1979) showed the temporary hearing losses caused

by high intensity impulse noises on the results of

audiometric tests. Rosburg (1979), Nilsson et al. (1977)

and Comellas (1982) showed permanent hearing losses which

are caused by long term exposure in noisy environments.

Second, that frequency, along with intensity, is a

major factor in noise-induced hearing loss. Johnson and

Hawkins (1976) illustrated how the organ of Corti

degenerates first from the basal end and continues to
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degenerate along the regions where high frequencies are

perceived. Kryter and Garinther (1966) and Salmivalli

(1979) found the highest levels of TTS at or above 1,000Hz.

Glorig et al. (1954) found that factory workers had PTS 14dB

higher than office workers at 4,000Hz.

Third, that the time of exposure has an effect on

noise-induced hearing loss. Quist-Hanssen (1964) showed

that 5 years of exposure to sound levels between 98 and

106dBA at frequencies above 1,000Hz could cause hearing

loss. Rosburg (1979) found that the percentage of workers

with PTS increased with age.

The integral relationship between sound intensity,

frequency and duration of exposure is an important factor to

consider when measuring the sound levels of school bands.

The decibel scale is used to measure sound intensities

(Backus, 1977). The 40 phon curve is used to modify the

decibel scale to account for the varying sensitivity of the

human ear to different frequencies, especially the increased

sensitivity to frequencies above 1,000Hz (Kryter, 1970).

Sound level meters can measure sound intensities in the

modified A-weighted decibel scale and also measure the time

of exposure. Peak noises are also measured by sound level

meters, so that random impulse noises can also be considered

along with steady state sound.

Hearing loss caused by exposure to music fall into two

categories: sociocusis, or hearing loss caused by noise
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outside the work place, which occurs among music fans, and

occupational hearing loss, which occurs among professionals

involved in the music field (Kryter, 1970). Both types of

hearing loss are focused on music as a sound source, but

studies of sociocusis subjects center on those who listen to

music, especially loud music, exclusively for enjoyment,

while studies in occupational hearing loss among music

professionals may include band directors.

Lebo and Oliphant (1968) measured sound levels between

100 and 120dBA at a live rock concert, and Cabot, Genter and

Luck (1979) measured average sound levels at seven night

clubs where recorded music was played and ten clubs where

live rock music was played and found levels of 105dBA and

95.2dBA respectively. The high levels produced by amplified

pop music created concern for the possible hearing loss of

young pop fans.

Yahata (1982) reported four patients who experienced

severe hearing losses after spending 30 minutes in a Tokyo

disco, suggesting that the sound levels in night clubs where

music was played did affect hearing. Rice, Ayley, Bartlett,

Bedford, Gregory and Hallum (1968) tested the hearing of pop

music fans after an 85 minute rock concert which produced an

average sound level of 110dBA and found TTS2 between 20 and

40dB at frequencies between 1,000 and 4,000Hz, the highest

level of TTS being at 4,000Hz. Similar hearing losses were
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found when the performers were tested (Rice et al. 1968).

Axelsson and Lindgren (1977) tested a sample group of pop

fans after a 2 hour rock concert and found TTS in all the

subjects, with many instances of tinnitus, or a ringing

sensation in the ears, considered to be sign of acoustical

trauma.

There is evidence that psychological reactions to sound

may affect TTS. Lindgren and Axelsson (1983) compared the

TTS 2 caused by loud rock music and unintelligible noise

played at equal sound levels and frequency bands of 10

teenage volunteers with normal hearing. After five 10

minute sessions of music alternated with five equal sessions

of noise, produced by scrambling the music sample, at an

average sound level of 106dBA, the TTS2 caused by the music

decreased after each session while the TTS2 caused by the

noise remained the same or increased (Lindgren & Axelsson,

1983). In a similar study, Barry and Thomas (1972) measured

TTS 2 of 10 subjects with normal hearing after exposure to

three one hour sessions of rock music, classical music and

white noise at an average sound level of 95dBA and found

that the TTS 2 caused by both types of music were the same

and the TTS2 caused by the white noise was higher.

The studies cited on sociocusis due to music show that

music played at high levels, especially above 95dBA, can

cause temporary hearing losses, even after two hours or less
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of exposure time. The studies of Lindgren and Axelsson

(1983) and Barry and Thomas (1972) also suggest that

unpleasant sounds may compound hearing losses. School band

directors who conduct ensembles of young students who do not

produce especially pleasant sounds may experience more

hazardous noise than sound level meters can measure, due to

natural psychological reactions to sounds, although

audiometric tests would be required to substantiate this.

Hearing losses due to exposure to music among musicians

are occupationally related; the subjects involved in studies

on occupational hearing loss do not include people who

listen to music for enjoyment. Only music professionals

serve as subjects. Axelsson and Lindgren (1977) tested 83

rock musicians with an average age of 26 who were exposed to

their own music for an average period of 18 hours per week

over 9 years of professional playing and found PTS in all

the subjects between 5 and 30%. Ostri, Eller, Dahlin and

Skyl (1989) gave audiometric exams to the members of the -

Royal Danish Orchestra and found that 58% percent of the

members showed some evidence of PTS. Siroky et al. (1976)

conducted sound level and audiometric tests on a 76 member

orchestra and found sound levels ranging from 87 to 98dBA

with a mean level of 92dBA. The audiometric exams showed

that all the percussionists had PTS, while 28% of the brass

players, 20% of the woodwind players and 7.3% of the string

players showed some evidence of PTS, found mostly among
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musicians with twenty or more years of experience,

suggesting that sound levels between 87 and 98dBA can cause

hearing losses over years of exposure (Siroky et al., 1976).

Zeleny, Navratilova, Kamycek and Vlik (1975) conducted sound

level and audiometric tests on a 118 member wind orchestra

and found sound levels ranging from 104 to 112dBA. The

audiometric exams showed that 72% of the members had some

evidence of PTS (Zeleny, et al., 1975).

The research on noise-induced- hearing loss among music

professionals suggests that certain ranges of sound levels,

such as .87 to 98dBA, found by Siroky et al. (1976), and 104

and 112dBA, found by Zeleny et al. (1975), may cause

permanent hearing losses when music professionals are

exposed to them regularly over long periods of time. It may

be important to look for these sound levels when measuring

school bands.

Although sound level tests alone will not prove that

band directors experience hearing losses due to the nature

of their profession, they play an important role in

identifying potentially hazardous sound levels. Sound level

tests are an integral part of the procedures used by the

Occupational Safety and Health Administration (OSHA) to

minimize the risk of permanent hearing impairment from

exposure to hazardous levels of noise in the workplaces

(OSHA, 1986). According to the standards and procedures

prescribed by OSHA, sound level tests are conducted using A-
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weighted decibels (dBA) for steady-state sounds and flat

decibels (dB) for impul e noises. Impulse noises which

recur at intervals of less than 0.5 seconds are measured as

steady state sounds (OSHA, 1986). The maximum continuous

sound level allowed by OSHA is 115dBA and the maximum

impulse noise allowed is 140dB (OSHA, 1986). It is

essential to measure school band sound levels for steady

state and impulse levels, since many instruments, especially

in the percussion family, may be capable of producing both

types of sounds.

The standard of allowable noise exposure established by

OSHA in 1970 is used in any industrial sound level test

(OSHA, 1986). OSHA set a limit of 90dBA for steady state

sound for an 8 hour work day, with a 5dBA "doubling rule,"

meaning that for every increment of 5dBA, the allowable

exposure time is halved (OSHA, 1986). For instance, at

95dBA only 4 hours of exposure time in allowed, at 100dBA, 2

hours, and so on (OSHA, 1986). Although this standard is

federal law, its effectiveness in protecting workers from

hearing loss is in dispute. The American Academy of

Opthamology and Otolaryngology (AAOO) published the Guide

for Conservation of Hearing in Noise in 1969, in which a

damage risk criteria was given for determining the amount of

hearing loss workers may expect to experience after years of

exposure to noise at various sound levels (Hodge & Price,

1978).. In this guide, 24.1% of workers exposed to an
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average daily level of 95dBA for 20 years may be at risk of

developing a hearing handicap, defined as a permanent

threshold shift greater than 26dB averaged from the

frequencies of 500, 1,000 and 2,000Hz (AAOO, 1969). Workers

exposed to 90dBA daily show an 11.9% rate of risk, while

workers exposed to 80dBA show a 3.1% risk rate (AAOO, 1969).

Guignard (1973) developed a table, based largely on the

findings of Baughn (1966), which predicted the average

hearing loss of workers after 10 years of exposure to

various levels. According to this table, the predicted

average permanent threshold shift after 10 years of exposure

to a daily average of 90dBA is 4dB, averaged from 500, 1,000

and 2,000Hz, and 24dB at 4,000Hz (Guignard, 1973). At

85dBA, the predicted threshold shifts are 2 and 16dB, and at

80dBA, 1 and 9dB (Guignard, 1973).

While OSHA procedures were helpful in forming a sound

methodology for this investigation, the standard of

limitations adopted by OSHA may not provide adequate

protection for the hearing of working people. Therefore, it

is important to consider other sources which do not agree

with the OSHA standard. In 1971, the Environmental

Protection Agency (EPA) suggested a limit of 85dBA for an 8

hour day, with a doubling rule of 3dBA, since 3 decibels

represent a doubling of sound intensity (Goldstein, 1978).

Under this standard, 100dBA would be the maximum allowable

limit. If a limit of 80dBA for 8 hours was considered,
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which would agree more with the finding of Baughn (1966),

then 95dBA would be the maximum allowable limit, assuming a

3dBA doubling rule.

The results of this investigation requires some

standard of acceptable and unacceptable sound levels for

comparisons to identify any potentially hazardous sound

levels perceived by band directors as they perform their

jobs. The OSHA standard is used in all cases of noise-

induced hearing loss in the United States (OSHA, 1986).

However, the EPA suggested standard and the suggested

standard based on Baughn's findings are more in agreement

with research on noise-induced hearing loss and may give a

more accurate picture on the danger of high sound levels to

hearing. Therefore, this investigation used all three

standards for comparison.



CHAPTER 3

METHODOLOGY

Subjects

In this investigation, sound level measurements were

taken using eight school bands as sound sources and their

eight band directors as points of reception, along with

twenty six individual student musicians, all of whom worked

at or attended public schools in southern Dallas County,

Texas. Of the eight band directors in the investigation,

four were high school directors who conducted advanced

concert bands, two were middle school directors who

conducted middle school concert bands and two conducted

fifth and sixth grade elementary school beginning school

bands. These bands and directors were selected because of

their various sizes and playing levels in order to determine

the effects of band size and playing levels on sound levels

produced by each group. The band sizes ranged from ten to

sixty members and the playing levels ranged from beginning

to advanced. Also, the bands and directors rehearsed in

seven different types of rehearsal areas to determine the

effects of the varying size and construction of rehearsal

areas on sound levels (See Appendix A).

38
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The individual players were selected for their various

playing abilities and tone qualities. Of the twenty-six

subjects, eight were advanced high school players who played

with wide dynamic ranges and with mature tone qualities, and

eighteen players were elementary school beginners who played

with more narrow dynamic ranges and with less mature tone

qualities. The purpose of this selection was to determine

the effects of playing ability and tone quality on sound

levels.

The students who participated in the establishment of

the individual sound level tests were selected for their

tone qualities to determine the effect of tone quality on

sound levels. Some of the students were elementary school

beginner students with less mature tone quality and some

were advanced high school students with more mature tone

quality. Of the students who participated, nine played the

B6 soprano clarinets, seven played the E6 alto saxophone,

five played the C flute and three played the B6 cornet.

These instruments were selected because their ranges are

located in the higher end of the frequency spectrum, where

the ear is more sensitive to high sound levels. Each

student came from the bands measured in the investigation.

The investigation took place in the spring semester in

order to test each group on a single rehearsal area where

rehearsals are routinely held. By measuring band sound

levels from the point where the director stands, and
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examining the effects of band size, instrumentation,

rehearsal area and playing level, including tone quality, on

sound levels, it may help to identify potentially hazardous

sound levels which may effect the hearing of band directors.

Apparatus

The measuring instrument used in this investigation was

the Larson-Davis.Laboratories (LDL) Model Dosimeter and

Sound Level Meter with Memory (See Appendix B). This unit

is capable of measuring steady state sound in A-weighted

decibels and peak (impulse) sounds in flat decibels. It is

also capable of storing and analyzing sound level

measurements which occur during a testing period. The unit

comes with a microphone and wind shield, a clip, a 32 inch

cord and a carrying case with a loop for attaching it to

belts or straps. The unit is powered by a 9 volt battery

and is completely automatic so that a programmed start and

stop time can be initiated without interrupting the routine

of the subject receiver. The sound level meter measures in

octave bands and data-may be retrieved by a liquid crystal

display (LCD) or by a printer.

Procedure

Test One: Band directors conducting their bands. The

time and date of each test was arranged with the director

prior to the actual test, to insure that the testing time

occurred during a routine rehearsal. The sound level meter
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was programmed to run on the date and time of each test. A

full one hour rehearsal was tested in each case.

Each director was instructed to place the sound level

meter on their belt straps or in a jacket pocket so that the

microphone cord could reach the shirt collar, where the

microphone would be clipped, so that it would be near the

ear for more accurate measurements. Each director was then

instructed to disregard the microphone, and not to remove it

or place a jacket over it during the testing period. The

students were told as little as possible about the device

before the test, so that no one would play louder

deliberately and affect the results.

After the end of each testing period, the unit was

removed and the data recorded. Additional information, such

as band size, instrumentation and the dimensions and

construction of the rehearsal area was noted.

Test two: Individual test. Before each testing

period, the sound level meter was fixed in a stationary

position, three feet away from a chair and stand were

students performed.

Each student was asked to play a concert Bb scale in

whole notes up and down one octave, at a forte level at 110

beats per minute. Then, each student performed a short, ABA

piece of music at a tempo of 90 beats per minute at a forte

level on the A sections and at piano on the B section. For

each instrument group, at least one player was an advanced
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high school player and the others were elementary beginner

players to compare the effect of instrumental dynamic

control and tone quality on sound levels.

Test three: second individual test. In this test,

each student was asked to play three long tones, lasting for

8 counts at 120 beats per minute, on different pitches, all

at a forte level. The flute students were asked to play

third line B6, top line F and high B. The clarinet

students were asked to play at the same concert.pitches, one

octave lower, with the top line concert F added. The cornet

students.played the same pitches as the clarinet, minus the

concert F, top line. The alto saxophone students played low

concert B6, concert F above and high concert B. As in the

previous test, the students involved were either elementary

beginner students or high school advanced students.

However, for this test, each student played the long

tones into a tape recorder, so that three band directors,

not involved in the investigation, could listen to the tape

and categorize each player by tone quality. The directors

were asked to describe the tone of each player. They

categorized the tones into three groups: tones which were

wide, fuzzy, overblown or uncentered, tones which were thin,

breathy, airy or having more air than tone, and tones which

were good, characteristic, centered or more mature. The

subjects were chosen so that each of these categories were

represented to examine the effects of tone quality on sound
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levels. The procedure for the second test was the same as

the last.



CHAPTER 4

RESULTS

The results of this investigation are organized to show

the maximum and minimum A-weighted decibels which occurred

during each testing period, the maximum peak levels in flat

decibels which occurred during each period, and the

instances when the bands in the test exceeded the maximum

levels allowed according to the standards used for

comparison. A sound analysis of each.testing period is also

included, showing the sound levels maintained for various

periods of time during each testing period. The results of

the second individual test which only involved single long

tones, show only the A-weighted and flat decibel levels of

each tone played, in order to compare the A-weighted -levels,

which show higher levels for higher frequency sounds and

lower levels for lower frequency sounds, to the flat levels,

which show equal levels for all frequencies.

44
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Reading the Results

The data produced by this investigation is presented in

the following manner:

LMAX - The maximum steady state sound level
detected during the testing period (dBA)

LMIN - The minimum steady state sound level
detected during the testing period (dBA)

*

LPEAK - The maximum impulse sound level detected
during the testing period (dB)

EXCD - The number of times the impulse sound level
exceeded 140dB, the maximum level allowed by
OSHA (1974).

Ln - An analysis of the sound levels measured
over the testing period. Four segments are
analyzed: L10, L30, L50, and L90. The
numbers are percentages. L10 means the
minimum sound level for 10% of the- testing
period.

The sound level meter is set at slow response, meaning

that only sounds which last longer than .5 seconds are

measured as steady state sound. The LPEAK level measures

sounds which last less than .5 seconds.
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The A-weighted sound levels showed that the middle and

elementary school bands produced the highest LMAX (maximum)

levels overall. All bands produced maximum levels over

100dBA and both middle school bands produced maximum levels

over 110dBA. When the sound levels are analyzed over the

one hour testing period, the bands showed more similarities

in sustained sound levels. Five of the groups spent 50%, or

one-half hours of the testing period at 85dBA or above, and

six of the groups spent 30%, or 18 minutes of the period at

or above 90dBA. All of the groups spent 10% of the period,

or 6 minutes of the period at or above 95dBA (see Table 1).

The elementary and middle school bands also produced

the highest peak, or impulse sounds. One elementary and one

middle school group exceeded the 140dB peak limit set by

OSHA (1974) once during the testing period. The other

groups remained well below the peak limit, by at least 14dB

(see Table 1).

The school band sound levels fell into potentially

hazardous ranges according to the established and suggested

standards of limitation to noise exposure (see Table 2).

Since school bands do not play continuously for eight hours

or even one hour, it is necessary to look for sound levels

with time limits of less than one hour. There were no

steady state sound exceedences according to the OSHA

standards, but in two instances the 140dB maximum impulse

level was exceeded. All of the bands exceeded the maximum
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steady state sound limit of 100dBA according to the EPA

suggested limits. When the suggested limits based on the

80dBA/ 8 hour limit is considered, all the bands exceeded

the 95dBA limit of 15 minutes and the 92dBA limit of 30

minutes. This standard was constructed by applying the 3dBA

doubling rule used by the EPA. Since 3dBA represents an

increase in sound intensity of 2 to 1, the time allowed is

reduced by half (Goldstein, 1978).

The ranges of the sound levels produced by the

investigation exceed the range found by Siroky et al.

(1974), which was 87 to 98dBA. All the groups exceeded

100dBA during the testing period. It would be difficult to

compare the mean range of 92dBA found by Siroky et al.

(1974), since the school band sound tests covered an entire

one hour period, which included times the bands did not

play, making it difficult to find actual minimum sound

levels. If the L90% levels, the minimum levels for 90% of

the testing period, were considered as minimum playing

levels, the highest elementary school mean would be 92dBA,

both middle school means would be 91dBA and the highest high

school mean would be 86dBA. These means were calculated by

using the LMAX and L90 levels.

Of the variables which may have affected the sound

levels produced, band size appeared to have affected them

the least. The highest LMAX level overall was produced by a

band half the size of the largest band in the test, and the
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Table 2

Band Level Exceedences of Established and Suqqested Standards of

Limitations of OSHA (1974), EPA (1974) and Baughn (1966)

1/4 (max) 1/2 1 2 4 8

H. SCH 1 EB 108

H. SCH 2 EB 103

H. SCH 3 EB 101

H. SCH 4 EB 101

M SCH 1 EB 111.5

M. SCH 2 EB 112_0 142

EL SCH 1 E,B 108_ 0143
EL SCH 2 EB 96.5 B 94.5

100.5

OSHA (0) 115dBA 110 105 100 95 90 140dBPk
(max)

EPA (E) 100dBA 97 94 91 88 85

Baughn 95dBA 92 89 86 83 80
(B)

Note. The letters next to the school bands denote an

exceedence in one of the standards of limitation. The numbers

are the dBA levels produced.
*

The Baughn standard is based on the suggested limit of

80dBA for 8 hours found in the Baughn (1966) study. The

additional levels were constructed using the 3dBA doubling

rule used by EPA (1974).

Hours
allowed

Pk.
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smallest band equalled the LMAX level of the largest band.

The similar levels in the sound analysis suggest that band

size had little to do with the sound levels produced. The

smaller groups also produced the highest peak sound levels

(see Table 1).

The instrumentation of each band varied with the high

school, middle school and elementary bands. Among the high

school bands, the group with the highest LMAX level had

eleven flute players and sixteen soprano clarinet players,

almost twice the number of the other high school bands. The

brass and percussion sections were not significantly

different in size from the other high school bands. The

middle school band with the second highest LMAX level

overall had ten flute players, eighteen soprano clarinet

players and twelve alto saxophone players, the largest

saxophone section of any band in the investigation. The

other middle school band, which showed a higher LMAX level

and one PEAK exceedence, had seven flute players, twelve

soprano clarinet players and only four alto saxophone

players. The brass and percussion sections were not

significantly different in size from the other middle school

band. The elementary school bands had no more than five

members in any section, but the majority of the students

played the flute, soprano clarinet or alto saxophone. The

larger elementary band had three cornet and three percussion

players, but only one low woodwind player, a tenor saxophone
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student, and no low brass players. The smaller elementary

band had one cornet player, one percussion player, one

trombone player and no low woodwind players. The two bands

showed similar sound levels as the others in the test (See

Appendix A). The elementary bands showed sound levels

comparable to the other bands in the investigation (see

Appendix A).

The rehearsal areas in which the bands played appeared

to have more influence on sound levels than did band size or

instrumentation. The middle school band with the highest

LMAX level overall and one PEAK exceedence rehearsed in a

smaller room with a lower ceiling than most of the other

bands. Ironically, this rehearsal area was constructed with

more sound absorbent material than any of the other groups,

with wall-to-wall carpeting and acoustical tiles on the

walls and ceiling. The one feature lacking in this band

room and three other band rooms in this investigation was

windows. The high school band with the highest LMAX level

rehearsed in a much larger area with a significant amount of

sound absorbent materials, but it also had no windows. Of

the two elementary bands, one rehearsed in a small area with

limited acoustical tiling and only one small window, and the

other in a small, highly reverberant area with no windows.

The first group showed an LMAX level equal to that of the

largest high school band and one PEAK exceedence, and the

second band showed the highest maintained levels throughout
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the testing period. The sound levels produced in different

types of rehearsal areas suggest that smaller spaces and a

lack of windows cause the bands to produce higher sound

levels, even when the rooms are constructed with sound

absorbent materials. Also, small rooms which are also

highly reverberant appear to cause the sound levels to

remain higher for longer periods of time (see Appendix A).

The playing levels of the bands may be one of the most

important factors in band sound levels. Among the

elementary schools, one showed a peak exceedance level of.

143dB and matched the LMAX level of the largest band in the

investigation. The same group also spent 6 minutes at or

above 100dBA. The other school showed only a 32dBA

difference between the LMAX and LMIN (minimum) levels,

suggesting a limited dynamic range. The two middle schools

produced the highest and second highest LMAX levels overall,

and they spent 54 minutes of their testing periods at or

above 70dBA, a higher level than any of the high schools.

One middle school exceeded the 140dB maximum peak level.

The high school bands produced some of the lowest LMAX

levels and peak levels, and they all spent 54 minutes (90%)

of their testing periods below 70dBA (see Table 1).

The sound level tests involving individual players

continued to show differences in the sound levels produced

by students with different levels of playing skills. In the

first test, the advanced clarinet and cornet players showed



53

Table 3

Sound Level Tests Using Individual Beginning and Advanced

Students: Scale and Short Music Piece

LMAX LMIN LPK L10% L30% L50% L90%
(dBA) (dBA) (dB) (dBA) (dBA) (dBA) (dBA)

FLUTE 1 85.0 60.5 109.5 82.0 80.5 79.0 75.0

FLUTE 2 88.0 47.0 109.0 85.5 82.5 79.0 47.0

CLAR 1 89.0 59.5 112.0 78.5 76.5 75.0 69.0

CLAR 2 92.5 53.5 112.0 80.0 76.5 72.5 64.0

CLAR 3 90.5 45.5 112.0 82.5 78.5 75.0 63.0

CLAR 4 93.0 60.0 111.5 83.5 79.0 78.0 70.0

CLAR 5 92.5 52.5 112.0 84.5 81.0 79.0 65.0

CLAR 6 85.0 54.0 112.0 84.0 81.0 73.0 60.0

A. SAX 1 94.0 63.0 112.0 83.0 81.5 80.0 75.0

A. SAX 2 94.5 71.0 112.5 91.5 89.5 88.0 82.0

A. SAX 3 90.0 70.0 112.0 87.5 86.0 83.5 79.5

A. SAX 4 91.5 61.0 112.0 87.5 86.0 81.0 70.0

CORN 1 98.0 75.0 112.0 92.5 91.0 89.0 77.0

CORN 2 98.0 68.0 112.0 95.5 93.0 91.5 87.5

CORN 3 93.0 70.0 112.0 90.5 86.0 85.0 80.0

Note. The asterisk () designates the advanced player.

Each test lasted four minutes.
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LMAX levels at least 5dBA lower than their respective

beginners. They also sustained lower levels over the four

minute testing period. The advanced flute player showed an

LMAX level 3dBA higher than the beginner, although the

dynamic range of the advanced player was significantly

larger. The advanced alto saxophone player had the second

lowest LMAX level among the saxophone group, but also the

lowest LMIN level and the largest dynamic range (see Table

3).

The second test, which focused only on tone quality,

showed that the players with good tones produced

consistently lower sound levels on all pitches than the

players who played with wide, fuzzy tones, The breathy

tones showed the lowest A-weighted sound levels. The

differences between the good tone and the wide tones 2 to

10dBA, although the differences were mostly 3 or 4dBA,

meaning that the players with good tones played at half the

levels than those with wide tones. The unweighted

measurements (dB) showed that all of the players produced

similar intensities throughout, when the 40 phon loudness

curve was not considered (see Table 4).
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Table 4

Sound Level Tests Using Individual Beginning and Advanced

Students: Long Tones on Various Pitches

PITCHES
(CONCERT)

TONE QUALITY

FLUTE: Low Bb

F

Hi B6

CLAR: Low B6

F

Mid BL6

F

A. SAX: Low B6

F

Hi Bb6

CORN: Low B6,

Wide, fuzzy

85.0dBA
93. 0dB

94. 5dBA
96.0dB

97.OdBA
96.0dB

85.OdBA
109.0dB

85.OdBA
109.0dB

88.OdBA
109.5dB

93.OdBA
112 .0dB

95.5dBA
114 .0dB

96.5dBA
112 .0dB

98.5dBA
112. 5dB

75.OdBA
109.0dB

F 87.5dBA
112.0dB

3rd Sp. B6 98. OdBA
112.0dB

Breathy

80.OdBA
93.0dB

89.0dBA
95.0dB

91.OdBA
95.0dB

81.OdBA
109.0dB

77.OdBA
109.0dB

85.OdBA
109.0dB

89.0dBA
109.0dB

90.5dBA
112.0dB

91.OdBA
112.0dB

93.OdBA
112.0dB

72.5dBA
109.0dB

84.0dBA
112.0dB

95.OdBA
112.OdB.2w 11.w% .L AO

Good

82.OdBA
93.0dB

90.OdBA
96.0dB

93.OdBA
96.0dB

83.OdBA
109.0dB

81.OdBA
109.5dB

84.'OdBA
109.5dB

90.0dBA
112.0db

91.5dBA
112.0dB

92.5dBA
112.0dB

95.0dBA
112. 0dB

69.0dBA
109.0dB

77.OdBA
112.0dB

94.OdBA
112 ndB



CHAPTER 5

SUMMARY, CONCLUSIONS AND DISCUSSION

Summary

This investigation sought to measure the sound levels

produced by a group of school bands differing in size,

instrumentation, the playing levels of their members and the

size and acoustic treatment of their rehearsal areas in

order to determine if these sound levels may be considered

potentially hazardous to the hearing of band directors, and

to observe and consider the differences in each band as to

their possible effects on the sound levels produced. The

sound levels measured in each test, which consisted of a

single, one hour rehearsal, were compared with the standards

of limitations for sound exposure of OSHA (1970), the

suggested standards of the EPA (1971) and the standards

suggested by Baughn's study (1966). The findings of Siroky

et al. (1976) were also used for comparison.

In addition to making observations on the factors which

may have affected the sound levels produced in the tests,

two controlled sound level tests were conducted, using

individual students, to determine the effect of dynamic

control and tone quality on sound levels. This was done to

help clarify the higher sound levels produced by the younger

56



57

bands. The results of these tests and the observations made

about the differing factors may serve as useful tools in

determining if the hearing of band directors is at risk due

to the nature of their profession.

Conclusions

The results of this investigation show that all of the

bands tested reached or exceeded 100dBA and produced peak

noises at or above 119dB. Two bands exceeded the peak noise

limit of 140dB. All of the bands exceeded at least two of

the standards of limitations used for comparison. These

exceedences occurred at levels which were limited to one-

half hour per eight hour day or less, and they occurred

during a single one hour rehearsal. If the test covered all

of the rehearsals conducted by one band director in a day,

the cumulative exposure to the high sound levels would have

been much higher. The highest mean level of the bands

tested was 92dBA, equal to the mean found by Siroky et al.

(1976), and the lowest was 81dBA, showing that the bands

spent a significant portion of their testing times above

8OdBA. These results show that school bands are capable of

producing potentially hazardous sound levels.

Of the factors which may have affected the sound levels

produced in the tests, the dynamic control and tone quality

of the students appeared to have the greatest influence.

The band tests show that the elementary and middle school

bands produced higher levels and more exceedences overall,
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and the individual tests show that the younger students

played with a more limited dynamic range and with a tone

quality which produces higher A-weighted levels.

The size and acoustic treatment of the rehearsal areas

in which the bands tested also appeared to have a

significant effect on the sound levels produced. The

highest sound levels were produced in small rehearsal areas

with low ceilings and few or no windows. Conversely, the

lowest levels were produced in large rooms with high

ceilings and many windows. Space appeared to be the key

factor in the higher levels, even when sound absorbent

materials such as acoustical tiling were present. Acoustic

treatment did seem to affect the duration of high sound

levels. The band with the highest maintained sound levels

rehearsed in an area with hard surfaces and no acoustic

treatment. Without adequate space, however, acoustic

treatment did not appear to reduce sound levels.

The instrumentation of the bands may have had some

effect on the sound levels produced. The bands with the

second and third highest maximum levels had larger high

woodwind sections than the other groups, but neither band

maintained significantly higher levels over the testing

period than the other groups. Band size appeared to have

little effect over the sound levels produced in the tests.

The highest sound levels were produced by the smaller bands.

Of all the factors considered in this investigation, the
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dynamic control and tone quality of the band members and the

size and acoustic treatment of the rehearsal areas appeared

to have the greatest influence on the results.

Discussion

This investigation sought to identify potentially

hazardous sound levels by conducting sound level tests such

as those conducted by Lebo and Oliphant (1968) and Cabot et

al. (1979), which focused on rock music performed in public

areas. This type of sound level testing is considered to be

a type of field testing, which is conducted in an

uncontrolled environment. In the band sound level tests,

the groups were tested during a routine rehearsal in a

normal environment for each group. The differences which

existed in each group were unaltered. This type of

procedure is described in the OSHA Standards for General

Industry (1986) and should be followed as closely as

possible. The individual tests were controlled tests, since

the subjects were given a specific task to perform and each

test was given under identical conditions. Both types of

testing may be useful in sound level testing, although field

tests are more the norm.

Conducting band sound level tests for noise exposure

presents problems in methodology. The procedure developed

by OSHA (1986) provides a sound basis for finding a good

method of testing; however this procedure was designed for

the average eight hour working day. Therefore, sound level
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meters are designed to test subjects for eight hour periods.

Since band directors are not exposed to eight continuous

hours of sound, they must be tested for shorter periods,

such as one rehearsal at a time. Since the cumulative

effect of sound exposure is important, it may be necessary

to control the meter manually than to let it run throughout

an entire day. Allowing an automatic meter to run

continuously would contaminate the results, since it would

also measure periods not spent in rehearsal.

Choosing the subjects for this investigation also

presented problems. The lack of previous studies in this

area made it difficult to identify primary candidates for

testing. Therefore it was necessary to search for more

variables rather than to find ways to eliminate them. This

line of inquiry led to the discovery of the high sound

levels found in elementary and middle school bands, and the

significant effect of room size and acoustic treatment on

sound levels. Although a small number of bands were

selected for testing, the levels they produced may help to

point out which type of band should receive the most

attention, such as elementary and middle school bands and

bands which rehearse in small rooms which are not well

constructed for musical purposes.

The high sound levels produced by the elementary and

middle school bands suggested that younger players should be

investigated more closely. This led to the controlled
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testing of individual students for dynamic control and tone

quality and their effect on sound levels. The methodology

and the selection of subjects were not as difficult, since

the results of the band tests provided the important

background information. The subjects were chosen according

to the factor to be investigated, and the other variables

were eliminated by controlling the content and conditions of

the test. If another factor is to be investigated, such as

rehearsal areas, the same method may apply. Rehearsal areas

may be chosen according to their size and acoustic

treatment, and a single band may play in each environment,

or several bands in a single environment, so that the sound

levels may be compared. If bands are unavailable, there may

be other sound sources which could serve as well, since the

environment would be the actual subject. As for

instrumentation, sections may be tested apart from the band

to determine which instruments produce the .highest level,

although they should be tested in the same location as they

do during a full rehearsal. Moving a sound source would

produce different results. Trumpets do not usually sit

directly in front of the director, as they might do in ak

sectional. Bands of different sizes may be tested in the

same area, although band size did not prove to be a

significant factor in affecting sound levels in this

investigation.
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In the future, investigations into potentially

hazardous sound levels and their possible causes should

include both field and controlled tests. The results of

this investigation strongly suggest that elementary and.

middle school bands and bands which rehearse in small areas,

especially with low ceilings and little or no acoustic

treatment, would be primary candidates for testing. As for

high school bands, marching bands would be good candidates

for testing. Marching bands were not tested-in.this

investigation because of the different instrumentation and

rehearsal environments of marching bands, which play inside

and outside and should be tested in both environments, and

because there are no elementary or middle school marching

bands for comparison. However, this investigation may

provide a sound methodology for testing marching bands.

Sound level tests, whether controlled or not, are not

difficult to conduct if a good OSHA approved sound level

meter and a valid methodology is used. The only knowledge

required is a basic understanding of decibels and A-weighted

decibels and the ability to program and run the meter. This.

does not require special training or a license. It is,

however, an important first step in identifying potentially

hazardous sound levels and their possible causes.

Band directors who find that they are working in a

dangerously noisy environment may wish to test their

hearing. This requires an audiometric exam, given by a
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qualified audiometrist. The results of this investigation

show that there is no immediate threat to the hearing of

band directors, but hearing loss may occur over a period of

years. Baughn (1966) found the highest levels of hearing

loss among workers between fifty and sixty years of age who

had been exposed to levels above 80dBA. This evidence would

suggest that periodic hearing tests for band directors would

be advisable. If audiometric evidence can be produced to

show that band directors do experience hearing losses from

exposure to high band sound levels, then it would encourage

the interest of the scientific community in this issue, not

only among medical professionals, but acoustical engineers,

who may find ways to design rehearsal areas with sound level

control in mind, which would benefit the band director and

the students. More evidence of potentially dangerous sound

level would mean more involvement in creating a safer

environment.
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Band Test Information

High School 1

BAND ROOM DIMENSIONS:

BAND ROOM CONSTRUCTION:

COMMENTS:

BAND REHEARSED IN AUDITORIUM
STAGE: L: 40' W: 27' H:
App. 22'

FLOORS: HARD TILE
WALLS: BRICK (BACK AND SIDE)
CEILING: ACOUSTIC TILE

Since the director is the only subject of the
test, it is unnecessary to give the
dimensions of the entire auditorium; the area
behind the director may be considered as open
air space. Also, the curtains on either side
and above the stag may be considered sound
absorbent material.

DIAGRAM OF BANDROOM: (STAGE)

40'

GROUP TESTED:

9:20 - 10:20 P.M. Concert Band

11 flutes

16
4
2
2
8
4
4

4 trombones: 3 tenor, 1
basS

sop. clarinets
alto saxes
tenor saxes
bass clarinets
trumpets/cornets
french horns
baritones

2
2
2
5

tubas
oboes
bassoons
percussion: I snare,
1 bass, 1 mallet,
1 tvmoani. 1 trans66 ttAlrmembers

66 total members

1.

700

D I

4l'

7
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High School 22

BAND ROOM DIMENSIONS:

BAND ROOM

COMMENTS:

L: 56' W: 29' H: 14'

CONSTRUCTION: FLOORS: SEMI-CARPETED
WALLS: BRICK
CEILING: ACOUSTICAL TILE

The rehearsal area is only carpeted where the
band is located, the rest is hard tile
flooring. The west wall contains six
practice rooms and is the only wall not
mostly made of brick.. There are no full size
windows, but the outside door contains glass
as well as the area surrounding the doorway.

DIAGRAM OF BANDROOM:

.4,rn
Tile DIR

GROUP TESTED:

11:50 - 12:50 P.M. Symphonic Band

flutes
sop. clarinets
alto saxes
tenor saxes
bari sax
bass clarinets
bassoons
trumpets/ cornets
baritones
trombones: 3 tenor,

2 french horns
2 tubas
4 percussion: 1 snare,

1 bass, I mallett,
1 tympani

46 total members

1 bass

5
10
2
1
1
3
2
7
3
4
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High School 3:3

BAND ROOM DIMENSIONS: L: 56' W: 42' H: 10'

BAND ROOM CONSTRUCTION: FLOORS: HARD TILE
WALLS: BRICK
CEILING: ACOUSTICAL TILE

COMMENTS: The eastern wall has 8' windows running the
entire length of the band room.

DIAGRAM OF BANDROOM:

Windows

GROUP TESTED:

3:30 - 9:30 A.M. Symphonic Band

6
9
4

1
6
2
2
4
1
4

39

flutes
sop. clarinets
alto saxes
tenor sax
bass clarinet
trumpets/cornets
french horns
baritones
trombones: 3 tenor, 1 bass
tuba
percussion: 1 snare, 1 bass, 1 mallet, 1 tra
total members
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4. High School 4

BAND ROOM DIMENSIONS, CONSTRUCTION, COMMENTS,DIAGRAM: See previous test (3).

GROUP TESTED:

9:30 - 10:30 A.M. Concert Band

7 flutes
12 sop. clarinets

4 alto saxes
1 tenor sax
7 trumpets/cornets
3 baritones
3 trombones: tenor
2 tubas
5 percussion: 2 snare, 1 bass, 1 mallet, 144 total members



Middle School 1

BAND ROOM DIMENSIONS: L: 54' W: 40' H: 14'

BAND ROOM CONSTRUCTION: FLOORS: HARD TILE
WALLS: BOTTOM 8' SHEET ROCK,
TOP 6' ACOUSTIC TILE
CEILING: ACOUSTIC TILE

COMMENTS: The southern and western walls have 6'
windows running the entire length of each
wall

DIAGRAM OF BANDROOM:.

1~
54

GROUP TESTED:

3:00 - 4:00 P.M. Advanced Band, 8th Grade

10 flutes
18 sop. clarinets
2 bass clarinets

12 alto saxes
2 tenor saxes
6 trumpets/cornets
1 trombone
1 baritone
1 tuba
3 drums: 1 snare. 1 tenor. 1 bass

total members

5.

69

vWindows.

DIR

, ,
56
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Middle School 2

BAND ROOM DIMENSIONS: L: 44' W: 36' H: 12'

BAND ROOM CONSTRUCTION: FLOORS: CARPETED
WALLS: ACOUSTICAL TILE
CEILING: ACOUSTICAL TILES AND
RAFTERS.

COMMENTS: There are no windows in the band >al.

DIAGRAM OF BANDROOM:

1

GROUP TESTED:

11:00 - 12:00 A.M. Advanced Band, 8th Grade

5
7
4
5
3
2

1
2

30

flutes
sop. clarinets
alto saxes
trumpets/cornets
trombone
baritone
tuba
french horn
drums: 1 snare, 1 bass
total members

6.
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Elementary School 1

BAND ROOM DIMENSIONS: L: 30' W: 22' H: 8'

BAND ROOM CONSTRUCTION: FLOORS: HARD TILE
WALLS: BRICK
CEILING: ACOUSTICAL TILE

COMMENTS: Because the elementary school groups are
smaller, the distance between the players and
the director is much shorter than in other
groups, usually no more than ten feet,
compared to twenty feet or more in a high
school or middle school band.

DIAGRAM OF BANDROOM:

Window Pianos

X2IiI3

I
N)4/

-3O' 0

GROUP TESTED:

8:00 - 9:00 A.M. Beginning band,- .6th Grade

2 flutes
2 sop. clarinets
3 alto saxes
1 cornet
1 trombone
1 drum: snare

10 total members

7
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Elementary School 28.

BAND ROOM DIMENSIONS:

CONSTRUCTION:

BAND REHEARSES IN AUDITORIUM.
STAGE DIMENSIONS: L: 34'
W: 24' H: 14'

FLOORS: WOOD
WALLS: BRICK
CEILING: BRICK

COMMENTS: The curtains on either side and above the
stage may be considered sound absorbent
material. The area behind the director may
be considered open air space.

DIAGRAM OF STAGE:

K)

4/
-34

GROUP TESTED:

11:00 - 12:00 A.M. Beginning band, -6th.Gr-de

2 flutes
5 sop. clarinets
4 alto saxes
1 tenor sax
3 trumpets/cornets
3 percussion: 2 snare, 1 bells

total members

.1 7 ,......

7 N cQ
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APPARATUS

The instrument used in this investigation was the

Larson-Davis-Laboratories Model-700 Dosimeter and Sound

Meter with Memory. The specifications of the unit are:

Dimensions: 6" x 3" x 1"

Microphone: Attachable microphone with 32" cord.

Accessories: Carrying case with loop for attaching to

belts or straps.

Serial No. 700-20 4086B1266

U.S. Govt. Prop. Component: 6625L001276/OEHL# 3882

Weighted: A or C (ANSI) S1-4-1983

Power: One 9 volt battery

Data retrieval: By Liquid Crystal Display or

computer interface.
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