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CHAPTER I
INTRODUCTION

Durineg the past two years, much interest has evolved
concerning the effect of modern-day "live," "psychedelic"
and "rhythmeblues" music on the human hearing mechaniam.
Whether or not the effect constitutes a potential health
hazard has been questioned and debated but remains unresolved.
There 1o a critical shortace of researoh concerning "live"
musical situations which, in part, 1s responsible for the
uncertainty. Too, the current disagreement regarding speci-
fic definition of "hasard®, in terms of acoceptable noise
levels and time exposures, makes it difficult to formulate
any valid statements concerning the possibility of damage
risk. Although many criteria have been proposed (2, 6, 8,
9, 17, 19), they are not directly applicable to the question
under study, sinee, again, little research has been published.
Nevertheless, becaues of the present uniqueness, extreme
popularity and enticement of "rhythmeblues" music among
younz people, it ias quite appropriate to queation the poessi-
bility of auditory damage resulting from exposure to high
intensity levels.

Obviously, damage risk 1s remote if the members of

the audienoce attend performances only occasionally, or
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frequently for periods of short duration. It seems reasonatle
to assume that many youn: people may be classified in thia
category. However, there is a population that does attend
dancea frequently for lons periods of time, namely, band
members. Relatively little professional intereat haa been
focused on this group. Profesasaional band groups as well as
popular local amateur groups perform regularly and, at times,
may be scheduled from five to seven evenings per week with
possibly more than one appearance per day. HMoreover, thesze
groups may play for years, and exposure time may approximate
many hours a week. 1In addition, these same persons sometimes
hold jiobs in noisy work environments which add to the expo~
sure time incurred during a ¢iven day or week. Therefore,

to question the potential health hazard posed by music
becomes quite feasible, especially in regard to musicians.
This question 1s of particular importance to audiologliats

who share with physicians the responsibility of determiring
the degrae to whish a health hazard exists, if at all.

Refore any reliable statements can be made concern-
ins auditory damage risk, the characteristics of the musical
situation must be described and studied. The following
variables should be considered: a) cateporical classifica--
tion of the wusic for which criteria have been established,
if poasitle, b) duration and consistency of exposure,
¢) intensity level, d) frequency distribution of intensity,
e) time of exposure, or variations in intensity as a function

of "MaclLean's ococktall effect” (11), ) backsround noise,
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r) consistency of amplifier rain within and between perfor-
:aances, h) placement of performors on stage, 1) placemsent
of loud-gpeakers, J) descripticn and size of room, and
) type of song--instrumsntal or vocal. Each of these factors
may be related to the damape risk phenonenon and must be
descrived and perhaps controlled.

The purpose of this peaper is to report a cdaeecriptive
fnvestipation of an extensive sample of "rhythm-blues? music
produced by a loeal professional btand. Becauss of the vari-
atles involved ip reward to safe esxposure levels and the
fsct that the data reported are based on one group playing
one k$ind of music, no dafinite conclusions regarding aureal
damace resulting from exposure to the music can »e made.
However, the investisative procedure, the protlems sncountered,
the method of analysis, and the data obtained may be helpful
to future researchers in this area. while eaoh of the
variatles mentioned earlier will be coneidered and fully
descrited, principal emphasies will te placed on an analysis
of the intensity, freguency, and time cbharacteristics of

the music samples.



CRAPTER II
REVIEW OF THE LITERATURE

Although research on ncise measureasnt in industry,
the military, tusiness, &nd aircraft {s voluminous and
some 18 of long-standing, relatively little has bLeen pub-
1ierhed concerning wusical situations. Morig (5), found
intenaity levels of musical croups ranping from 105-115 4%
on the "A" weighting scale, the networl: of a sound level
meter designed to pass hirh frequencies. ¢©Clorie alao reported
hearinpg teats imn musicians showed a trend towards high fre-
quency losses, whish may te found in connection with nolse
over-exposure (15).

Follock et al. (L), recently noted that the sound
lsvel of the music dropped telow 90 dF omly at a dietance
ol forty feet outside the building in which 1t originatsd.
The temporary losses of hearings aculty ranged from one and
one~half to thirty-five dP in ten youngsters. All were
described as haviag "rinrine in their ears," which may be
found {n conrection with roise-induced bearing loss (1i).
Inside the bulldipg, Pollock and his associates found the
intensity level to be 120 dF 1in front of the btandstand.
However, exact pesitioning of their messuring equinruent was

not specified. If these levels are "typical” of xusical



situations, further investigation would sesm warranted.
fielated research has Leern done by Lerpert and Korth-
wood {10) who studied the nolise level of eipht partles.
{ne purpose wag to determine if the nolse :isht congZitute
auditory daumare risk for "hatitual party poers.” Thelr
reaults indicated that the level was not hirh snoush (80-8¢ gr)
to warrant further atudy. However, of iwmportanca to the
rresent study 1s the sugrestion made by the authora that
informatiop should te ottaired concerning the scund level
ag related to time, accumnlation of guests, oom character-
tatics, ani attendance.

Gorensen (16) investipated the pressure rangeas for
munical symbols ppp to £77 on the violln, ciarizet, flute,
and cornet. The resulta iondicated that differences in
sound levels of the individual iostiuments may te the product
of room charecteristice. As would be expucted; tihe sound
lavels were higheat in raverberent rooms and loweat i an
anachoic chamter., The data suprest the need to specify
rooa characteriatics;, 1f relevant, ip future studles.

The previous review of the literature iilustietes
for the reader the lack of research in thbis z2rea. In the
presant study, sucrgestions and implications froex the previous
studies will be considered, ané some will te incorporeated
intc the procedure. In addition, a fregquency analysis of
the music will be performed, which previously has not teen
done, to study the distritution of intensity. The followine

chapters will deal with procedure, analysie, and sub jective



otservations of the music sanpling. Improvemsnts in pro-

cedure willl also he supmested and discussed.



CHAPTER IIIX
PROCEDURE

Subjects and Situation

The musical group chosen for this study consisted
of seven members (six male and one female). One male and
female were solely vocalists. However, three of the remain-
1ng memtiers often vocally participated in the musical pre-
sentations. This group was arbitrarily selected from a
collepe dance schedule and was considered a local profeasional
band, which had been in existence for approximately seven
years. The band was cate~orized as "rhythm-blues"™ rather
than "psychedelic"i that 12, no stroboscopic lights, mechani-
cal noise makers, or distorted emplification signals were
regzularly used by the eroud.,

Explanations to the members included statements
that the investipgator wanted to measure the "loudneas" of
thelr music and was doing so for a "research paper.' Assurances
were made that no specific names would bte printed and that
the investigator's equipment would not interfere with their
performance. They were requesated to play "as usual" and at
rgaln levels typlocally used durlng a performance. In the
researcher's opinion, the tand membters were quite cooperative,

and it was not felt that rezults were, in eny way, diastorted



tecause of thelr attitudes.

The Y:4nd mezmbers performed on a stage with dimensiors
of sixteen by twenty feet. (Flpure 1) Assusing one 1z
facinz the staging &rea, the druamer was posfitioned to the
rear and at the center of the stage. Ore guitarist was to
the left forward of the stare; one was to the right rear.
Saxophone players wers toth to the right forward, wkile the
vocallsts stood between the saxophone players and puitarisat.
Leucgreakors connected with the pudlic address systen uwere
sach statloned forward &nd to the right and left of the
ste-ing area.

The dance was attendeé by 125-150 collesre studecrts,
preventy-five per cent of whaa participated in the dancing {mn
front of the stare. Spectators were generally positioned to
the slides ©of the tand and to the rear of' the dancers. «ne
of two entryuakys to the room was oper during tl.e entire per-
formance; thie other was ajar only curing exitling of the

saudlence.

Fand Instruments

Instrunante included a taritone saxophone, a tenor
saxophone, an electric bass sulitar, a standard electric gultar,
&  tactorine, a cowbell, and a jaze drum set, consieting of
& tasa drus, floor tom, tom-tom, hich-hat, cymbal, and snare
drus. The musical signals from the electric bLaes rultar were
anplified through a Fender System, which terminated in two
tvelve~inch loudspeakers. Ap Ampex Aaplification Syetem
with a fifteen irnch speaker wae used with the standard electric
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suitar. In additlion, two Atlas loudspeaker enclosures, each

contalning aix six-inch speakers, were connected to the

rutlic address systen.

Room Description

The data were collected during an evening performance
at the Tastern Illinois Univereity Union fallroom. The hall-
roos dimensions were L7' 7™ X 111! X 15¢ 10". {Pigure 2)

The cellirs of the room was an acoustical plaster composition
in a sexi--hariined state, which allowed Rreater sound atsorp-
tion, The east and west walls of the room were pre-cast
accrerate pganels interlaced with eigrbht-~ineh casement windows.
Larve panea of glass of sinerle thickness and rnon-therwal pane
formed the south wall of the roomi the north wall was fashioned
of two-inch stripped panelins finished ip a smooth texture.
The floor was constructed of nine inch ty nine ineb asphalt
floor tile on concrete. Two entryways were located on the
north wall approximately fifty feet apart. On the east and
west ends of the north wall were storage cabinsts behingd

two-inoh hollow core wooden doors.

Slethod

Thirty minutes of uninterrupted ausic were tape
recorded. This did not include pauses bhetwsen sohgs or rest
breaks for the band wemders. The saaples were taken during
the middle bour and one-balf of a thres-hour perforuance;
thls particulaer time sezment was considered to be most repre-

sentative of a typical dance situation. Durine the initlal
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halr-hour, zoat of the people were still arriving, and during
the {inal balf-hour, many had already gone froz the dance.

It was judged tbat data collection during this time would
pers:it a saspliog of peak intenaity levels frowm all sources,
including the crowd, reached gduring the dance.

Pefore tbtalning data with this particular tand, the
investigator had undergone & "practice session” with another
tand duriang & similar cance in the sawe room. Tblas was done
in order :o deteramine the most accurate prucedureas and to
study problems involved, as well as to ensure that the wmetheod
was well-understood. It was found that synohronization of
equipment would present somewhat of a probles and that constant

observation of graphic level recordings was necescsary.

Description of Equipment

In order to ottain a continuous reading of intensity,
a ¥odel 1551-C “everal Radio Company sSound Level Meter (SLM)
was connected to a Hodel 1521-A “sneral Radlo Company nraphic
TLevel Recorder ("LR) with a Lj0 SP potenticmeter. An adaptor
cat:le assexntly jolned the output jack of the sound level
meter with the recorder input terminals. The plezoeleotric
ceramic microphone (Type 1560-P3) on the sound level meter
was pondirectional. The meter batteriea switch was set on
"Past"” 1n order to obtain a more accurate read-out of the
level recorder, and the "C" weichting network was selected
because of 1ts relatively flat frequency response {rom 20
to 20,000 Hzx. The attenuator awitch on the SLN was varied

to prevent over-drivingy the meter as the music changed
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intensity. All bvaseline changes were indicated.

Intencity versus tims measuremerts were plottsad with
the graphic level recorder dercribed adbove. Tov ensure optl-
sux response, & twenty inches per second writing apeed was
chosen. Faper speed was twenty-five inches per minute or
ome~hunéred divisions per ainute on the chart paper. The
paper bac a linear tiwe busse with ovne division equalling
1/4 ioch, and was specified as a function of time. (Part No.
1521-9528) The lnput attenuator switch was on zero attenua-
tien at all timea.

FYelore and aiter trﬁnaportation to the sound field,
the SLM batteriea were coecked according to the sperating
manual {13). Upoo arrivel in the teating envirnnaent, the
sound ilevel seter and gropnln level recorder were caliibrated
acoording to the instructions in the manual (12).

iu addition to the vraphic record, a tape recordiny
waf cade wiih an istatic iiodel 77 Dynamio Cardiold Microphone
that fed iutc & Hodei 60z impex Hegnetlc Tape Reoorder. The
frequency responee range ol the directionzl microphone was
from 30 to 15000 Lz with eligut emphasis (+3 dB) at 5000 Ez.
Kecordiugs were made at & tape speed of 7 1/2 ips. At thie
6p6ed, the [rsquency responees ol the Ampex 602 wag +2, =4 4F
Troo 40 to 15,000 #z. Duta were stored on Scotch bHrand
Recordine Tape, kKumbexr 111. 7The recordinz level was visually
wositored before actual reécording begsan to guard apalnst
distortion. The record level was held constant by adjusting

tbe microphcue record level switch and aaintainlng this
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position throughout the entire recording seasion.

The SLM, microphone, and 7LR were placed on a stand
level with the loudspeaker on the lef't front of the atage.
These Inastruments rested on rutter sheeting. =Zoth microphonea
were twelve inches from the loudspeaker, and the Astatic was
placed at a 90-degree angle to it. (Figure 3a) This distance
was chosen to prevent the "haffle"” effect caused Ly the
novemnent of dancers tetwesen plck-up equipment and the loud-
speaker. The particular loudspeaker was chosen tecause of
availablliity of electrical outlets close to it, and because

£ Its accessibtility. Trhe ~LR was at a lower level nf the
stand since 1t was unnecessary for it to te in close proximity
to the iwlcrophons. The tape recorder was positioned upright
to the left of the atage and was closely wonitored bty an
agsslatant to ensure that all switches were not disturbed,
All instruments were turned on tefore the begiuning of a
song aud remalned functiouing durlng breaks between songs

so that they would remein synchronlzed. This was also done
Yo fdentify the teginninrs and endings of songs on toth the
level recorder and tape recorder. Thereiore, both the tape
recorder and the FI.R received the same input sirnals simule
tanvously. A stop watch indicated elapsed time during each
song so that estimates could be made regarding total rscord
time.

The attenuator switeh on the SLM, which indicated
baseline, was adjusted when necessary due to a chensge in

the input signal caused by the wusic. The chart paper on
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tte "LR was also monltored bty the investigator during recordiiy
to ensure correct paper mcvement, accurate tracinps, and to
avoid pen-peppglng. Those tracines which were questionable

due to pen pegglng and/or paper wadding were not used, and

all recordine was halted. Recordling was begun again during

a break between songs to snsure that toth recorders storad

the zame informaticn. 3onr titles were writtsn en the paper
as a c¢haaok for coordinatinez the two recorderst! lnformatlion;
beginnings and endings ¢ songs waere marked for identification,

A1l the avags that were analyzed wsre vocal.

Apalysis of Data

The stored informatlon was returned to an audiometric
corntrol room for aralysis. The tape recording was nlaysd
back on a Viking 87 Tape Transport at 7 1/2 ips, which had
a playback frequency reaponse of 25 to 20,000 He (+3 dB)
at this gpeed. The system was built into a Model 15C Reltone
Audlometer which was used as an amplification system for the
orieipal recording. PFrior to the frequency analysls, the
oripinal tape was timed at 41 minutes, 9 ssconds. (Takle 1)
Four of the original soncs were deleted reaulting 1in eleven
sonrs for final anslysls, five of whieh were suns by the
feamale vocallst and slx by the male. The eleven remaining
songs were timed at 30 minutes and 35 seconds and wer¢ used
for the final analysis.

Frequency analyses were performed with the Allison
Model 25 Fillter installed in a Reltone Model 15C Audiometer.

The audioweter was connected with the LR from a monitor
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Tape NO. Sonz o Vocallist Tength
Mingutes-3econds
b 1 Male 2-19
1 2 Male 2=39
2 B Fenale 3-02
;| Female 2-38
1 L3 Deleted Deleted
pl 6 Deleted Deleted
1 E M¥ale 2-53
1 Female 3-22
1 g Deleted Deleted
2 10 Daleted Deleted
2 11 dale 3-56
2 12 Male 2-34
2 b Pemale 2-20
- p! Male 2=33
2 15 Female 2~17
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jack into the ioput termsinals of the recorder. (Fimure 3b,
P. 15) Speakers and earpbones to the audiometer were dlsoon-
nected so that the rasording went through only the filter,
aciliometer, and NLR., The filter's inaertion loss in the
passtand was calculated to be 1 ap,

After splicing the tape in order to delete the four
unneeded sonps, the reseurcher played the recording, unfil-
tered, on the Viking recorder through the audiocmeter into
the "R, This was done to ensure that the original graphio
recording matched the form of the tape recording read-out
taken in the sound fiold;

Thirty seconds of a 1000 Hs signal were added to the
beginnine of the magnetic tape to facllitate analysis. With
the Astatic microphone placed in front of and level with a
loudapeaker in an audiocmsetric sound roow, together with an
H. H. Scott 450 Sound Level Heter, the tooal sisnal was
adjusted to 100 dB sound preseure level. This was monitored
with the SLM placed next to and at the sumo level with the
Astatic microphone. The signeal was then recorded on unused
Scotch Prand Magnetic Tape, Kumber 1lll, on the original Amspex
taps recorder and wae spliced on the criginal tupe recording.

The zusical recording was filtered eight times, each
with a different cotave bandpass. The octave-bands weret
75-150, 150-300, 300-600, 600-1200, 1200-2;00, 200-}800,
L4E0D~96G0, 9600-19200 fiz. raphic level recording traces
were thus available for the thirty minutes of wusic for

each of the eipht bands. Thirty minutes of the unfiltered
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veraion taken upon reaturn from the sound fleld were also
availatle.

Jince the intansity levels of the srigloal uni'iltered
varsion ware already-known--the laseline was marked on the
chart paper durlng collection~~the pure tone was wudjusted
mechanically through the attenuator dial on the audiometer
(Chan 2] until it showed or the chart piaper at the proper
puint. By counting divislons Irom the established tuseline,
the levael of the callbration pure tonc could e determined.
7t was foupd to te 129 df pius the filter's insertion lose
of 1 dF added. From thle polunt, each octave-band analysis
tageline could Lte detarmlned by sut:trectinp the nuwster of
divigions Sfroum the slpmal tracing Lo the bvaseline. Fefore
sach aualysls, the pure tone was positioned on the paper
such that Lotk 1muslcal trecing and pure tone could te seen.
As the signal was teiny sovsitioned, the filter was not fune~
tiocing. Fosltlouming of the sigpnal was of importance Lo
ensuse that the writing pen dic not pep on elthex the base
or upper limits of the paper. After the slignal was recorded
for sach of ths slieht octave-Lands, the fllter was turved on,
arc ths riltered results were traced on the cbart paper rela-
tlve to the pure tone traclng. Thls procedure was continued
throurhout the eight tand analyses.

All grephic recording was monltored acocustically
trrough the audiometer wonitoring systex and visually by
okeervation of the chart paper. The attenuator dlal of Chan

& cf the aucdlometer was kept conastant through each of the
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el ut filtered segaenta. YWriilns spesd, paper apeod, and
1nput attenuation were %thiz saune as in the orizinal recordine
taken in the souad flelil.

vach flltered verslon was then analyzed for intensity
level. One hundred egually-spaced readings were taken every
thirtlieth division of the octave-tand readiny for each of
tie eiznt Lalf-kour grapns. A total of 5C0 readines resulted
for the entire spectruz aralysis. In taerms of tiwe, every
thizrtieth divialon corresponded to a reading taken frowm a
sound level meter every elghteen seconds during the one-halfl
bour of coutinuous music.

Flually, the tape recording was visually monitored
with a Tektronix Type £6% Cathode hay (scilloscope: Type:
2R60 Plur In. The Vilkipg transport reprocuced the recordine
throurlh the audiometer to ‘he oseilloscope. Peal-clipping,
ag defined Ly Leeam (1), was apparent in a slort section of
only one of the eleven songs unulyzed and was not considered

t9 be in{luential in the final results.
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CHAPTER IV
FESULTS AND DISCUSSION

The intensity readinps of eusch of the elght flltered
serzents obtained during the frequency analysis were analyzed
and means, standard deviations, and variances computed. The
oririnal recording taker in the sound {ield and the unfiltercc
version were compared statistically bty means of a "Student®
t-test to determipe the significance of the difference tetween
mean intensity levels. These measures then served as methods
of ecmparison among the octave-kands.

Tris chanter will be concerned with the presentation
of these date, the statistical amalyses of the data, and a
discussion of the results.

A "Student” t-test, as descrited bty Ferruson (3},
vas emnloyed to test the Gifference betwesn the weans of the
irtensity levels taken for the unfiltered and the orizinal
versions. An anulysis of varlance was aprlied to cdetermire
the overall, tetween and within groups variance of the inten-
sity lavels among the five tandwidths. Interpretations of the

data based on inspection of praphlc displays are also presented.

Hesults of the Mlpinal and Unfilltered Tapes

Exaaliration of the arfiltered data tuken uper xreturn

from the sound Cield revealed a ALK traelrs which vas eli-htly
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different in form and pen sweep from the original version.
Identical points in time disapreed in intensity level, and
time-varying points differed in pen sweep. (Examples of the
read-outs may be seen in Appendix B). This may have been

due to one or a combination of the following: 1) 1inconerulty
in microphone frequency response characteristios, 2) dif-
ferencee in the record and playback characteristics of the

two tape recorders, and 3) cifferences in directional and
nondirectional microphone cbaracteristics. EBecause of these
differences, the following analysis was made.

One-hundred 1nten§1ty readings from each of the two
versions were taken. The original version (sound field)
yielded a mean of 119,460 dB and a standard deviation of
4.774 dB: the unfiltered version resuvlted in a mean of
120.250 dP and a standard deviation of 5.857 dB. However,

a statistical t-teat indicated no significant difference
btetween the two. The results are presented in Table 2.
Therefore, it was assumed that the tape recordine could te
rlayed back oo tbe Viking transport without its affeoting

the 7R intensity tracings differently from the Ampex and
that the two recordings were comparable. It should be
realized that the Ampex would have been utilized for playback
had it not been necessary to have an amplifier between the
recorder and LR, For practical reasons, the Vikinec was
chosen since i1t was tullt directly into the auvdiometer and

anpli fication systen.



TALLE 2.

SHVARY CP ¢~TEST NCR TEITING THE 3IANIFICANCT
Of CIFFPLREETEE EBITVESR LEAN3 sUN THE UNPILTERED
VEBSION AND THF ORICINAL RECORDINN

Apalysis O>riginal Unfiltered
(Sound Pleld) (sound Roon)
No. of naw Scores 300 100
Hear 119.460 120,250
Standard Deviation L T7Y £.857
Sus of Values ' 1194 6.000 12025.000
Sum of quared Values 142934 8.000 14494 37.000

t-score - .995%

o L e e ey s e ©

#* Hot Sirnificant at the .0F level.
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Analysis of the Lirht Octave-Rands

ideally, every ttirtieth division on the graph paper
for =ach of the eircht filtered octave-dands should have
rerresented the exact same point in time, and, therefors,
the mean intensities would have sumnated to equal the overall
intenaity of 120.250 dP. Yowever, due to slight variations
in paper speed and/or tape speed inherent in the equipment,
theee points did not occur at the same time. Further, tra-
cinpgs which were between divisions were taken as whole divi-
eions, accordine to the direction of the pen sweep, which
{ntroduced a small tut cdnaiatont error. Nevertheless,
additior of means in octave-bands summated to approximate
the overall mean intensaity.

Analyses of the eicht octave~bands resulted in five
which contaired inteneity atove 80 dF. These tands included
frequercies from 150 to 4800 Hz. The octave-tands of 75-
18¢, L4800-G6900, and 9600-19,200 Kz conteined nexligitle or
no intensity. Furthermore, it would rave teen impogsitle to
tave found intensity atove 15,000 Hz in the 9600-19,200 Hez
tand since the frequency response characteristics of the
Astatic were 1limited in this area. Readines in each octave-
band were trer analyzed {or mean internsity level and standard
deviation., Table 3 summarigzes the results obtained for thease
five filtered semments of the original; Fipure }; provides a
sraphic disrlay of intensity variance among the tands.

Inspection of Tatrle 3 reveals that the smallest dif-

ference between any two means was approximately 3 dPR and
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TABLE 3.

SUMMARY OF MEAN AND STANDARM DEVIATION ANALYSIS OF ONE HUNSHED
INTENSITY READIKNS IN ZACE OF FIVE OCTAVE-BANDS

Octave N Mean (dB) S B Sum of Sum of
Values Squared
Valuas
150-300 1c0 G6.130 h1.837 9613.00 Yd 87 + 8
300-6H03 L6 110.230 E.158 11023.00 12195 .9
£00-1200 100 114.500 .T-810 11450.50 1317124 .1
1200:-2400 100 107.500 8.0%¢ 1072C. Q0 11707346.0

21,00-4800 100 102.110 6.7%8 10211.00 1047249, 0
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The mean intensity levels for each band is inserted
near the top of each octave-band area for clarity.
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that the largest difference was 18 dR. Also noteworthy are
the relatively emall standard deviations found for each of
the octave~bands, the lowest being 4.837 dBR for 150-300 Hs,
and the hirhest beinz 8.059 dF for 1200-2400 Bs. The values
suzsrested that the mvsic was generally etable in intenalty
level throughout the performsance and would seem important
because it supported the claesification of music as steady
sound. Eryter st al., (9, p. 452) describte steady sound
and noize as follows:
e » o BOund that remains steady over at least several
saconds as would te required for measurement of over-
all level with a typical sound-level meter. Ey "nolse"
1s meant that the spectrum of the sourd is complex, ie.,
does not consist of merely a single or even saveral
pure tones. This definition allows for intermittent
exposures to steady sound, but is intended to exclude
short burests of sound that reach a meximum and sound-
pressure level and then decline in level within less
than 1 or 2 seconds.
The precedins definition is especlally appropriate since
it defines the term "nolise™ in contrast to Harrist! (7)
definition of nolse as "unwanted sound™. Obviously, there
is a pepulation of young people for whom the latter defini-
tion does not hold, even thouph the effects of music might
be similar to those of nolse. Nevertheless, of importance
in this study was whether the band members "break" between
sonrs to discuss the next presentation, or if they had a
definite schedule of sonss which permitted them to so froa
the end of one directly into the beginning of another. Thasse
pauses sghould te recosnized and analyzed since they micht

re related to recovery of temporary threshold shift. Dif-

ferences in vands in terms of rauses retween sonzrs misht
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result in differences of aurel insult risk. In this study,
the memters did utilize a treak between asonzs for discussion
of following presentations. There 1s extensive literature
on damare risk criteria for steady-state and intermittent
nolse (2, 6, 8, 9, 17, 19). However, since disagreements
do exist concernincs safe exposure limits, the results of the
present intensity amalyses were not interpreted in relation

to these criteria.

Results of Analysis of Varianoce

An analysis of variance was employed to determine
the sisnificant sources of variance for the five octave-
bands. The results are presented in Table 4. It can be
seen from inspection of the table that there is less than
one chance in 100 that the disparity between the calculated
variancea 1s due to chance for all comparisons excepting
360-600 and 1200-2400 Bz. For this source of comparison,
the probabllity is lese than five chances in 100 that the
di:ference is due to chanoe. Thua, 1t would seem that 1if
one were to survey intensaity levels for a spectrum analysis,
each of these octave bands would be important and should te
analyzed. It would be of importance to know intensity occurr-
inc within a band if any statements were to te made rerarding

aural damage risk.

Neneral Discussion

It 1s quite important for the reader to understand

that results of this study are not to be generalized to other



TAELE 4.

SUBMARY OF RETWAEN A&D WITHEIN ~tGUFP ANALYSIS OF

VARTANCE AMON® TER FIV: OCTAVE-RANDS

Spource ar Sum of Mean F
Squares Squares Ratlo
150-300
300-699 199 16451.652 82.671 302.290 #
1£0+300
600-1200 199 25311.1585 127.192 395.909 #
150-300 '
1200-2400 199 15760.955 79.201 155.243 «
150~300
21,00-4800 199 §731.120 L43.875 50.990
300-600
600-1200 149 11182.355 56.193 17.575 =
300-600
1200-2409 196 109383.15¢ 5L .966 £.039 #%
300-600
24,00-4800 199 12072.220 60. 664 74.383 =
600-1200
1200-2400C 199 14772.000 74.231 3h.2u2 =
600-1200
24,00-L:800 199 18378.395 92.354 141.999 =
1200-2400
2,00-4800 199 1277k .99% 6l .196 29,903 *
-ALL- 499 44323.862 88.82¢ 107.601

®# An ¥ of 5,813 1 and 200 4T 1s required at 17 level.
## An F of 3.91; 1 and 200 df is required at €% level.
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musical sroups. Too many of the previously diascussed variatles
are uncontrelled. For example, number and type of tand in-
struments, room characteristics, btackpround nelse level,
method of presentation, type of musical presentation, break
time, etc., all interact and are unique to this study.

Similarly, the reader should avoid assuming that
because a mean intensity was hichest in a particular frequency
tand, that this 1s the band of rreatest importance. This

is pot necessarily a correct assumption because the hearing

mechanism responds differently to the same absolute level in
different octave-tands. For example, even thoumsh the highest
mean intensity may be found in bandwidth X, the ear may be
able to tolerate this intensity with little effect; however,
a lower level 1n bandwidth Y may be potentially mors hazar-
dous than that found in X.

Thus, the erephic i1llustration of mean intensity
levels should he studied according to specific distribution
among bandwidths. For the five ootave-bands, it is note-
worthy that all mean intensities were above 95 4B SPL which
1a the exposure limit beyond which ear protection is required
according to ward et al. (19). Finally, the time character-
istics are important insofar as treaks occurring between
sonrs permit a recovery period if the ear 1s being exposed
to too hirsh levels. Lenrth of the breaks varies and, as
pointed out earlier, may not occur. Hecovery time for the
ear must be a controlled variadble in research of this type.

This chapter has presented the results of the intensity
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and frequency analyses in tsesrms of statistics, subjective
otservation, and graphical and tatular presentations. The
folloawine chapter will provide a summary of the atudy and

suggeationa for future research and researchers.



32

CHAPTER V
SUMMARY AND CONCLUSIONS

The present study was designed to inveastizate the
intensity and frequency composition of a sample of wmodern-
day "rhythm-blues" music., The descriptive investigation was
done durings an actual performance of a: local profeseional
seven member rmisical nrouﬁ at a college dance. The research
was algo done to determine procedure, prodlems, and methods
of analysis for future reference.

Two miorophones were placed twelve inches frowm a
loudspeaker;: one fed a magnetic tape recorder which stored
thirty minutes of continuous music. The other fed into a
souné level meter connected to a graphic level recorder which
provided a graphio representation of intensity levels. In
addition, tackground nolse caused by reverteration and audi-
ence noise was also recorded, which, in final forw, ylelded
information cencerning the actual intensity occurring at
that point in the particular situation.

The data were returned to a sound conditioned roonm
for analysis and played bdaok from a tape trarsport through
an amplifier and filter to a greaphic level recorder. Eleven
gonsr8 were each rfiltered in octave-band eteps, which resulted

in one hundred intensity readings from each of the five
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octave-tanda. Statiastical analyses of these data were carried
out ty means of analysis of variance, arithmetic means, stan-
dard deviations, and a "Student” t-test. In addition, praphiec
and tatular displays of the data were utilized in the inter-
rretutien of the regults.

Also included in the study was a deacription of the

musical instruments, mualocal group, rcom charaoteriatics,
and performance.

The results of the atatistical analyses and inter-

pretation of the grapbic displays support the following:

1) 8ignificant rfequeney composition ranged irou
150 iz to 4800 Ez. Xegligible intensity existed
below and above these limitas.

2) PFor this particular musical proup in this speci-
fic setting, a mean overall intensity of 120.2% dR
{re. .0002 dynes/sq.cm.) with a standard devia-
tion of 5.86 dB was found.

3) Mean intensity level in each of the five octave-
banda vaeg significantly different from all othera
at at least the .05 level of confidence.

j) S8tandard deviations were relatively small for
aach octave-band whieh may indicate a categori-~
zation of the music as steady sound.

S) The frequensy band from 600-1200 Hg contained
the greatest smoust c¢f intensity (11}.5 dB) and
150-300 Hs contained the least awount {36.1 dR}.

During the course of this study, several considerations

were surpested as to procedure and analysis:
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3}
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Magnetic tape recording of a knownpure tone
intensity previous to and following the actual
collection of data would facilitate analysis,
alleviats data rathering, and offer protection
from intensity exposure to the investigator.
This could be done by placine a pure tone of at
legast 110 dE at the bermioning of the tape, taping
all dials in the exact position of signal recor-
ding and ¢ollecting data. Without adjusting the
dials, a repetition of the pure tone recording
at the end of the tape would ensure that dials
had not teen dlaturbed.

Tbe data should te filtered, but not the pure

tone, through an octave~band fillter into a graphic
level recorder. The intensity levels could then
be determined relative to the pure tone tracing.
In order to obttaln a more accurate analyais,
microphonea of the same model should be placed

at points which would allow pick-up of more inatru-
mentation and vocalists! output.

If the study were to be one of hearing damarge
risk, collesction should be done at ear level
within the actual area of dancing of the audience.
The situation should be fully described as to

rcom charaeteristics, type of instrumentation,

plck-up equipment, and musical presentatior.

Several possibilities for future research have presgentad
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themselvea during the investipation. Some of these are:

1)

"3
~—r

3)

L)

vy
~—

A survey of hearingz loss incidence in the popu-
lation of »smusiciars performing in modern-day
muaical grouwps. In additlon, a study of averapge
length of exposure time on a mass scale, which
could be done through dally records kept by the
uusicians,

Purther study of intensity levels reached during
"live" performances %y these tands. Thias should
be done on a larpe population to allew generali-
zation.

Concurrent with number two, frequency analyses

of the output of the music to study intensity
dietribution ahould te done.

Studiesz relating results of the above to some
type of damare risk criterion to eatimate period
of safe exposure and possible protective stepa.
Studies of irntensity and frequency, as was done in
the present study, witl the addition of analyzing
time pauses tetween son®s for auditory recovery.
This may te of iamportance in relation to recovery
perliod of temporary threahold shift, as defined
by Ward (16).

Longitudinal study of a mass numher of muaicliars
from the teginning of thelr careers with reference

audiorrams and remular bhearing evaluations kept.

Certain limitationa of this study should he recornized:
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1) reneralization of conclusions and implications
to other musical groups should be avoided, asince
only one band was described and investigated.

2) TEecause of the 1limits stated in numbter one, it
would be unwise to adapt conclusions to any
danage risk criteria.

3) The method of collecting data could be improved,
thus providing more accurate results.

Finslly, the upsurge of intereat concerning modern-
day musical pgroups and aural damage possibility would seem
to te warranted. Perhaps'through thie intereast, future
research studies will be initiated which, hopefully, will
dispel or support the notion of auditory damage risk result-

1ng from exposure to musical intensity levels.



APFENDIY A

INTERSITY AEADINMS AND RESULTS OF STATISTICAL
AKALYSES OF OCTAVE-FAXDS, 150 TO LBCO Fz
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TAFLE 5.

MEAJV, STANDAHD DEVIATIOH, AMD RAW INTENSITY READINAS OF
ORIMINAL VFREIOW TAKEN IN SOURD FIELL

Meant 119,460 dB

Standard Deviation: L.77h4 dF

sum of Values: 11946.000

Sum of Squared Values: 1429342.000
Rumt.er: 100

127 124 120 114 106
126 124 120 114 104
126 124 120 113
126 13 120 113
126 123 120 113
126 123 120 113
125 123 120 113
125 123 119 113
126 123 119 112
129 123 119 112
125 123 119 112
125 123 119 112
125 119 111
12¢ iii 119 110
12t 122 118 110
12 122 118
12¢ 122 118

122 118

122 118

122 118

122 118

122 117

121 117

121 117

121 117

121 116

121 11%

121 115

121 11§

121 116

121 1156

121 115

121 115




XBAN, STARDARD DEVIATION, AND RAW INTESSITY READINNS OF
UNFILTERZD VERSICN TAKEN I SCUND ROOM

Mean: 120.250 4R
Standard Deviation:
12025.000

Sum of Squared Values: 144%437.000

Sum of Valuea:
¥umbter: 100

Inad - rd
TARLS ©O.

5.857 a®
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T 910,000 . 0 ato.Dev. ~1 arb.pev. “? OTD.DEV.
125 126 122 11) 108
129 126 122 11} 108
129 126 121 113 103
128 126 123 113 101
128 126 12} 113
1285 126 121 113
128 125 121 112
128 126 121 112
123 125 121 112
127 125 121 112
121 125 120 piy !

127 125 1290 111
125 120 199
12; 119
125, 139
124 119
12, 119
124 118
12 213
124 117
12, 117
12 117
124 117
124, 117
12 117
12, 117
123 116
123 116
123 116
123 116
123 131t
122 115
122 1%
122 115
122 117

122
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TABLL 7.

MEAN, STANDARD DEVIATION, AND RAW INTEMBITY LEVELS POR
150-300 HZ OCTAVE-BALD

Xean: 96.130 dB

Standard Deviation: ).337 @GP
Sum of Values: 9613.000

Sum of Squared Values: 92¢{;37.0

108 105 100 96 91 86
106 10t 100 96 91 36
106 103 100 96 91 84
103 100 96 90
103 100 96 90
103 100 9% 90
103 100 95 90
102 100 9y 90
102 100 95 89
102 99 95 89
102 99 95 89
101 39 95 89
101 99 95 89
99 95 88
99 95 87
99 95
99 95
98 95
98 95
38 9
98 9l
98 9y
98 9
98 9
97 93
97 93
97 93
97 92
97 92
97 92
96 92
96 92
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TABLL o.

MFAK, STANDARD DEVIATION, AND RAW INTENSITY LEVFLS FOR
300-60C 37 CCTAVE-BAFD

Nean: 110.230 4R

Standard Doviation: 6.459 gF

Sum of Values: 11023.00

Sum of 3quared Values: 1219237.C

124 122 116 111 103 95
12} 121 116 111 103 5
121 116 111 102 95
120 115 111 102
120 116 1M1 102
120 11% 110 101
119 115 110 101
119 115 11D 101
118 11§ 110 100
117 117 119 100
117 114 109 99
117 114 109 99
117 11} 109 99
117 11§ 199
11, 109
1, 139
113 108
113 108
113 107
113 107
113 106
112 1056
112 106
112 1056
112 106
112 0%
112 105
112 10t
112 105
111 104
111 104
112 104
111 104

111 104
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TAELE 9.

MEAN, STANDARD DEVIATION, AKD RAW INTENSITY LEVELS FOR
600-1200 HZ OOTAVE-RAND

4ean: 11l;.500 4B

Standard Deviation: 7.810 dR

Sum of Values: 11450.0

Sum of Squared Values: 1317124.0

+1—-§er¢1)§?:. a 315.550. "'I STDaﬁﬁﬂo "z Siﬁ.ﬁﬁn-

130 122 113 106 98
129 122 113 106
128 121 113 106
128 121 113 105
127 121 113 105
126 120 113 10€
126 120 112 105
126 120 112 105
126 120 112 105
125 120 112 103
125 120 112 103
125 120 111 102
125 119 111 102
12 119 111 100
12 119 110 99
124 119 110 99
123 118 110
123 118 110
123 118 110

118 110

117 109

117 109

117 106

116 108

116 108

116 108

116 108

115 108

115 107

115 107

114 107

114 107




TABLE 10.

MEAX, STAKRDARD DEVIATION, AND RAW INTERSITY LEVELS POR
1200-2400 HZ OCTAVE-BAND

Meant 107.900 dR

Standard Deviationt B8.059 4R
Sum of Values: 10790.0

Sum of Squared Values: 1170736.0

"'I EIﬁQEEH. -b- ° ¥ e = . » - *
124 115 109 g8 91
121 115 108 98 91
121 115 108 98 90
120 115 108 97 90
120 114 108 97 90
119 114 108 96
119 114 107 96
119 11 107 95
119 113 107 95
118 113 107 9L

17 113 107 9l
117 113 107 93
117 113 106
117 113 106
117 113 106
116 113 106

113 106
113 105
112 10%
112 108
112 10%
112 19
112 104
112 104
111 104
111 104
111 102
111 102
110 102
110 101
109 100
109 100
109 100

109




TAFLE 11.

MEAN, STARDARD DEVIATIOR, AND RAW INTENS8ITY LEVELS FOR
24,00-4800 HZ2 OCTAVE-BAND

Mean: 102.110 4R

Standard Deviation: 6,.78S dR
Sum of Values: 10211.00

Sum of 3quared Values:

1047249,

0]

109

104

103
103
103
103
103
102
102
102
102
102
102
102
102
101
100
100
100

99

99

99

98
97
97
97
97
97
97
97
96
96
96




TAFLE 12,

ARALYSIS OF VARIANCE OF 150-i800 ERRTZ

L5

“Cctave Source of “Sum of a4t Mean
Comparison Yariation 3quares Squares
150-200 Petween Zgho.sgo % 99&2.380
300-500 Within 11.020 198 g
15GET.520 199 .
® RATIO "
150{383 th::en 18875.8&5 % 1687%.2&%
600- Within a% .%10 %8? 61
) T F RATT :
150-300 Tetween 6926.,645 1 6926,645
1200-2400 Within 383,310 198 618
TOTALY 15753?%55 155 .
F RATIO .
300-600 Tetween 911.645 1 911.645
680-1200 within 10270.710 198 1.872
. 159 .
P RATIC S
300-500 Petween 271 .45 1 271.gus
1200-24NC wWithin 10666.710 198 072
3 N 199 ﬁ;g%g
P RATIO *
300-600 Retween 3266,720 1 3296,720
2;00-|;800 Within 8775.,500 198 .321
1 e L. m -
7 HATIozzgégégg
600-1200 Fetween 2178.000 1 2178.000
1200-2L400 within 1259l ., 000 198 63.606
4 = 8.
F RATIC .
600~1200 Retween 7675 .60% 1 7675.605
2400-1;300 Wwithin 10702.790 198 .0
13%787555 199 3
F RATIC g
1200-2),00 Fetween 1676.205 1 1676.205
21,00-1 800 within 11098‘%2%‘ 198 €6,05L .
m Tml}-O # m L o
F RATIO :
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TARLE 12. -=- Continued

“Dctave Source of Jum of ' Mean
Comparison Variation 3quares ar Squares
-ALL~ Retween 20615.052 L 5153.%63

Within 2&;08:810 %gg gé g

F RATIO -




APYENDIX B

3AMPLES OF ~RAPRIC TRACIR"S POR
ORISINAL AND UNFILTERED VERSIONG
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Figure €. Zxamples of GLR tracling ef the criginal versicn
(a) taken in the sound "eli ar:3 the unfiltered
version taken in the sound rcom (b).
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