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PREFACE

This study is concerned with the determination of an effective
auditory warning device within industrial environments. The investi-
gation has included a survey of existing procedures for selecting
warning devices, comparison of them with a survey of commercially
available devices and, through psychoacoustic testing, determination of.
a methodology for selecting a warning device for typica] industrial
environments.
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CHAPTER I
INTRODUCTION

Of the many effects of noise on industrial environments, one which
has had limited investigation is the effectiveness of audio alerting
signals in the environments in which they are utilized. It is not infre-
quent that an alerting signa] increases environmental noise. Warning
signals will be sounded relatively infrequently, but it appears that a
- unique-characteristic signal can be discriminated and yet not increase
environmental noise levels.

The U. S. Bureau of the Census, in the Statistical Abstract of the
United States (1972), reports that the total number of industrial
establishments is 311,140 and that these plants employ 19,323,000
workers. Most of the workers are exposed to one environmental factor
which has been part of work since earliest man - noise. Noise has been
defined by Burrows [32] as “that auditory stimulus or stimuli bearing
no informational relationship to the presence or completion of the
immediate task" (page 7). Noise annoys - that is, causes interference
with work, recreation, and creates physiological and psychological
conditions which may cause deleterious effects on safety, concentration,
and performance of tasks. It may induce fatigue and cause hearing loss.

At a symposium on The Psychological Effects of Noise at the
University of Wales in September, 1967, Dr. W. Taylor said,

There has been since the turn of the century a steady rise
in noise emission from manufacturing processes to such an



extent that the question now arises at what level of

intensity and obtrusiveness will it be necessary to call

a halt, if necessary by legislation [157, page 6].
A sociological effect from hearing loss as well as a physical impairment
can be the result of continual exposure to intense noise. Concern over
these effects is reflected in considerable legislation enacted during
the past few years, the object of which is to impose limitations of
exposure to noise in industrial environments. Federal legislation has
included Public Law 91-596, also called The Occupational Safety and
Health Act of 1970, creation of The Environmental Protection Agency,
and Public Law 92-573 which is The Consumer Product Safety Act. Each of
these legislative acts or actions has specifically included references
either in standards or regulations to noise exposure Timitations.
Public Law 91-596 standards now imposes an exposure limit of eight hours
within any 24 hour period at an intensity level of 90 dBA (re 0.0002
dyne/cmz) unless hearing protection is provided. For each increase of
5 dB of intensity, exposure time is reduced by 1/2; i.e., at 95 dB,
exposure time is four hours, at 100 dB, exposure time is two hours.
The Environmental Protection Agency has a primary responsibility for
noise control in the community and general public sector. Coordination
of research, assimilation of pertinent data, and overall responsibility
for noise reduction in the total environment are the responsibility
of the Environmental Protection Agency. The Consumer Product Safety
Act authorizes specifications of noise standards for consumer products
and has the authority to remove from the market or prohibit excessively
noisy products for sale to the public.

Although workmen's compensation laws in some states now include

loss of hearing as compensable, there is a strong indication in the



various states and Canadian Provinces that future legislation will
increase coverage and compensation. A tabulation of state changes in

a three year period shows:

1969 (63) 1972 (6)
States States
Is Occupational Hearing Loss due to
continuous noise exposure
compensable? Yes 37 42
No 14 10
Possible 2 1
Do you specify the Tevel or type
of Noise? Yes 6
No 40
Blank 7
Do you have any regulations
regarding noise exposure? Yes 17
No 35
Blank 1

Because of the increase in noise, and the concurrent habituation
and acceptance of noise as a normal background, workers have tended to
become Tess attentive to noises outside their immediate work place. 1In
manufacturing industries, materials handling is estimated by the author
to require about 85% of total employee effort. Work injury statistics
for 1972* covering the following classes: manual handling of objects,
falls, struck-by-falls, moving objects, and vehicles, constituted
64% of all cases reported. Inherent in materials handling is the
possibility that an individual should be alerted to potential hazards
arising from movement of goods over, around, or behind his workplace.
In a personal communication, Dr. Allen L. Cudworth, of Liberty Mutual

Insurance Company included the following sentences:

*
Accident Facts, 1972 National Safety Council, Chicago, I11.




There is one situation where the noise clearly does become

a causative factor in accidents and that is the situation
where the workman cannot hear appropriate warning signals
because of the presence of a high background noise. We've
had a number of claims of this nature where people were run
over or otherwise injured by trains, or other transportation
vehicles because they were in the presence of sufficient
noise as to mask the warning signals of the oncoming vehicle

[41].

Because movement could come from any direction, some sensory cue
other than vision is necessary. Based on the conditions that any
alerting signal should be simple, short, evoke a reaction, and that the
operator will move around at the workplace, an auditory alert warning
signal (AWS) appéars to be most appropriate for study of emergency or
warning signals in industrial environments.

The type of noise usually considered as industrial is made up of
many sounds, such as; the clang of metal falling to a concrete floor,
the clatter of moving vehicles, the hiss of escaping air, the resonance
induced by impact of two metal objects, the shriek of a cutting tool
removing metal, the thud of a punch press closing, and the whine of -
hydraulic pumps. All of this cacaphony of sound is perceived by the
mechanism of the human ear. This background is the noise exposure of
workers who must also perform tasks, and yet be aware of moving objects
in the vicinity of their work stations. In examining available
auditory alert warning signals for use in industrial situations, there
are many varieties, providing varying degrees of effectiveness,
depending on the acoustical environment in which they are used.

The purpose of this study is to prove that within a given environ-
ment, effectiveness of auditory warning devices can be predicted. With

recently developed techniques, an advance in selecting warning devices



can be made. Through the developed criteria, the choice and utilization
of -signals in many environments will be simplified.

Past research [92] has indicated the wide use of warning horns,
bells and pure tones against background noises. Past studies showed
that spectrum and intensity level of signal and background were the
prime factors influencing perception. Broadbent [23] as well as
Burrows [32] showed that the signal information of the sound influenced
the speed of response. In the industrial environment, the perception
of the AWS 1is not the only criterion since an evoked response of
looking in the direction of the danger is essential in reducing
potential harm from the hazard. In Burrows' [34] study of verbal and
nonverbal auditory stimuli, it was concluded that response to words was
better than the response to sounds but in his experiments, channel
noise (from a radio telephone) was not superimposed on the signal but
was alternative. He found the shortest mean response time for the
word "Fire" and the fire bell sound. It is logical to assume that a
universal connotation exists among the population toward fire bells, and
industrial personnel would have this same connotation. It would also
appear logical to omit a fire bell from this particular study in order
not to disturb the significance of that particular warning signa] to
which a population compatibility exists. Other forms of auditory
warning signals (the siren, fog horn, starting gun) also have population
compatibilities in traffic, navigating, and sports along with other
activities but as a rule do not have widespread use in industrial
environments.

In the preliminary design of an AWS it is necessary that an

industrial operator be @&ware of conditions surrounding his work place



which could present hazards or potential hazards while his attentipn
is directed toward accomplishing his primary task. High priority
events which could occur in the work place are:
Cranes carrying loads over his area;
Industrial vehicles delivering or removing material;
Emergency conditions of fire or imminent catastrophes;
Ladles carrying liquids or hot metals adjacent to him;
Overhead monorails or conveyors carrying material;
Boilers or pressure vessels approaching dangerous limits$ or
Hydraulic pressures or temperatUres approaching control Timits.
Because of possible frequent occurrences of one or more of the
above items, the individual must be made aware of the condition but must
not be overstimulated to the point at which a startle response is
evoked. Basic tenets to be specified as design parameters for the AWS
include:
The signal drawing attention to the condition rapidly.
The hearer identifying the condition by visually scanning in the
direction of the source of the sound.
The hearer, after visual scan, and decision and execution of
action or non-action, returning to his assigned task.
The degree of urgency being indicated by the aws.
Erlick and Hunt [51] suggested grouping of priority classes for
aircraft crews as:
Killer - requiring immediate attention and mandatory immediate
operator response.

Warning - requiring immediate attention and immediate action.



Cautions - requiring immediate attention but no immediate action.

Status - requiring awareness of the situation.

In industrial environments, the majority of cases will fall into the

above categories with a frequency inversely proportional to severity.

The nature of industrial activity and work-place design is so varied

that categorizing response activity is not feasible.

Auditory signals should not,significant1y exceed 110 dB (re

.OOOZ/dyne/cmz) since at this level of intensity, startle effects have

been noted [176]. The signal selected should be recognizable without

long duration. Fitts points out:

Audition is more nearly a continuous sense than vision,
vision is basically selective and intermmittant. As a con-
sequence, audition-is well adapted for the detection of
warning stimuli that may arrive at any moment from one of
a variety of sources whereas vision is well suited to the
selection of, and concentration on, particular stimuli to
the exclusiveness of others. [56, page 1314]

Van Cott and Kinkage [185] offer the following design

recommendations:

1.

Use sounds with-frequencies greater than 500 Hz and less
than 3000 Hz.

Use signal frequencies less than 500 Hz where signal must:
travel around corners.

Use signal frequencies different from those most intense
frequencies of the noise to reduce masking.

Use a modulated signal to demand attention.

Use complex tones rather than pure sinusoidal waves.

Use intermittént beeps at rates of 1 to 8 beeps/sec or

warbling sounds that rise or fall in pitch.



Masking of signals is a major effect of noise on man. In ANSI
S1.1-1960 masking is defined as:

1.  The process by which the threshold of audibility fof

one sound is raised by the presence of another
(masking) sound. '

2. The amount by which the threshold of audibility of a
sound is raised by the presence of another (masking)
sound. The unit customarily used is the decibel.
[4, page 46]

From Kryter [106] the general procedure for measuring of masking
includes determination of threshold of -audibility for subject in the
quiet. Then, while the masking band of noise norm is presented, the
subject redetermines thresholds of audibility by means of other bands
of noise. The increase in level required by other bands of noise at
each frequency represents the amount of masking.

An explanation of the masking phenomenon is provided by von Bekesy's
Theory [161] which states that upon stimulation of the basilar membrane
(organ of corti)\resonance-is induced on both sides of the point of
stimulation but there is an assymmetrical upward spread of masking.
Ehmer [49] showing curves of center frequency tone and noise wherein
for tones of 500, 1000, 2000, and 4000 Hz at intensities of 60 and
80 dB SL verifies these findings. ‘

In his classic paper, "Auditory Patterns", Fletcher [80] found that
loudness corresponds to the total number of nerve impulses reaching the
brain along the auditory nerve. To know that these auditory patterns
correspond to what is taking place in the ear, data are drawn from
masking effect of such sounds. Breadth of masking increases rapidly as
the frequency of the noise doing the masking goes'above 1000 Hertz.

On the assumption that constant masking indicates constant -stimulation

along the different patches of nerves, at equal intensities for all



frequencies, there is a uniform stimulation at all frequencies.

However, as shown in Figure 1, the initial band-width extends from

56 cycles at frequencies of 125 to 500 Hz up to 500 cycles at frequency
of 8000 Hz. In looking at the industrial environments, as compared with
the selected AWS, there is evidence that at higher frequencies, that is,
above 500 Hz, the masking effect will spread thus creating a more
difficult task for the ear in perceiving the AWS.

In summary, the problem is to evaluate various auditory warning
signals in industrial environments. The approach is to use reaction
time (RT) as a criterion by which the most effective signal can be
determined.

Examination and analysis of several signals and representative
environments will lead to the development of a methodology by which
where given a particular environment, the effectiveness of an AWS in

that background can be predicted.
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CHAPTER I1I
ANALYSIS OF EXISTING ALERT WARNING SIGNALS

Commercially available alert warning signals (see Appendixes A and
B) have as their most dominating charaCteristic, an intensity of the
magnitude of 100 dB or more. A number of manufacturers [50] recommend
a careful evaluation of the purpose for which the signal will be used;
the volume and material characteristics of the area to be covered,
and an analysis of the specific types of noise environments to be
overcome with the signal. It is also stressed that a number of smaller
signals will provide a more even and more effective blanket of sqund
than one high intensity unit.

In the previous chapter, the use of bells was deleted from this
study because of their universal connotation of "fire" to most persons.
As is shown in Appendixes A and B, the buzzers, chimes, and similar
units are normally used for shift changes, lunch time or other break
points during the work period and are not often used for immediate
warning of approaching hazards. Burrows [32, 33, 34] has investigated
a number of specific warning devices using verbal and non-verbal
auditory stimuli in several backgrounds. Kryter [105] and McCann [115]
along with Ouzts [125] have conducted experiments with respect to
vigilance tasks in noise. In each of these cases, the objective of the
study was the psycho-acoustic correlates between attention to a task

while an auditory signal was sounded. This study is concerned with

11
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applied utilization of existing signals in typical industrial
environments.

A unit manufactured by Federal Sign and Signal Corporation, the
Selectone, has been made available for this study. As manufactured, the
unit provides any one of eight signals which can be selected for a
particular environment. In the model Se]ectone'300 DK, circuits for all
of the eight tones are in one unit with a rotatable switch whereby the

desired tone may be chosen. A description of the signals is as follows:

#1  Wail Conventional siren

#2 - Yelp Rapid siren

#3 Hi-Lo Alternating high and Tow

#4 ~ Whoop Ascending low to high - repeated

#5  Yeow Descending high to low - repeated

#6  Horn Steady

#7  Beep Slow intermittent horn - 60 cycles/minute

#8  Stutter Rapid intermittent horn - 140 cycles/minute

A graphic representation of the signals is given in Figure 2.

Characteristics of the signals, as measured in an audiometric
'Testing Booth, indicate a concentration of intensity in the octave
bands of 5Q0, 1000, 2000, and 4000 Hz. The human ear is most sensitive
- to this middle range. For maximum discrimination of a signal in
industrial noise, frequencies different from the noise are best in
order to reduce masking of the noise [185].

In Tables I and II, the sound pressure levels and conversion from
dB to Sones are shown. In each case, the full power output of the unit

was employed in securing the data.
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TABLE I

SOUND PRESSURE LEVELS OF FEDERAL SIGNAL SELECTONE 300 DK

Sound Pressure Level, dB re ,0002 dyne/cme

chle Scile OX;; - Octave Band Center Frequency Hz
Signal Level Level level 31.5 63 125 250 500 1K 2K LK 8K
Wail #1 106 107 110 45 39 L2 77 105 109 107 100 81
Yelp #2 107 108 109 L6 43 42 72 102 103 104 98 82
Hi-Lo #3 103 109 112 46 39 30 56 99 109 106 99 83
Whoop #4 107 108 108 23 28 32 67 98 101 105 97 80
Yeow #5 108 109 109 49 48 50 63 99 98 106 97 81
Horn #6 106 107 108 L5 LO 39 76 99 105 99 96 31
Beep #7° 108 109 110 47 42 3 7 8 108 101 91 5
Stutter #8°" 107 108 108 49 43 35 72 92 107 91 92 78
Rate of signals &0/minute
* Rate of signals 150/minute
Equipnent:
Measuring Amplifier B&K type 2606 Serial #
Analyzer B&K type 1613 Serial #316825
Calibrator B&K type 4220 Serial #306336
Microphone 1%, B&K type L4145 Serial #334584

1Al



TABLE II
BAND LEVEL CONVERSION FROM FEDERAL SELECTONE 300 DK, dB TO SONES

Band Loudness Index (Sones)

Octave Banad Wail Yelp Hi-lo Whoop Yeow Horn Beep Stutter
Center Freq. #1 2 #3 #4 #5 #6 #7 #8
31.5 0 .07 .07 (o] .21 o] A2 .21
63 o] .21 0 o] 49 .07 .16 21
125 49 49 o o] 1.13 .31 .07 A2
250 9.3 7.0 2.7 5.2 4.1 8.8 6.6 7.0
500 83.0 66.0 52.0 48.0 52.0 52.0 20,0 30.5
1K 139,0 90.0 139.0 7?7.0 61.0 105.0 130.0 121.0
2K 149.0 121,0 139.0 130.0 139.0 83.0 97.0 44,0
LK 113.0 97.0 105,0 90,0 90.d 83.0 56.0 61.0
8K 32.9 35.3 38.0 30.50 32.9 3.9 21,4 26.5
Sones (0,D)* 262.3 209.8 240.0 205.2 211,6 183.0 190.4 171.9
Phons (0.D)* 121 117 119 117 118 115 116 11y

Calculation of Sones based on
ANST S3.4 - 1968 and originally given by S. S. Stevens (151).

Gl



In Figures 3 through 10, a Fast Fourier Analyzer model 1923 was
utilized to show the temporal aspects of each signal. Superimposed on
each figure is a 1/3 octave band analysis made on a General Radio Real
Time Analyzer model 1921.

The preceding data furnishes graphical representation of alert
warning signals used in this study. With the exception of fire bells,
these signals represent the current state-of-the-art of available
equipment. With the growing emphasis on noise control, evaluation of
.the most effective signal for a given situation should serve to reduce
the high intensities now employed to alert workers to potential
hazards.

Since the study is directed toward field conditions rather than
laboratory environments, the chosen noise signals, with their complex
characteristics and wide usage in industrial facilities, provide general

coverage of the actual problem.
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CHAPTER III
INDUSTRIAL ENVIRONMENTS

For an alert warning signal to be of practical significance, a
representati?e sample of the environment used is necessary. In con-
sidering the range of extremely varied manufacturing facilities, the
sound differences even in similar machines, the acoustical resonance
differences in buildings, and the good or poor performance of individual
operations, the composite of noise in industry is quite difficult to
characterize.

Surveys of noise levels in industry indicate a great variation of
sound pressure levels. In an effort to present a composite approach to
industrial environments a number of studies have been made in the last
20 years. Measurements were taken by’Karp1us and Bonvallet [100] at
about 600 locations in 40 different plants. The overall level and total
Toudness for each set of measurements were computed at each octave
band. After appropriate conversions, the following summary of the
Karplus and Bonvallet study can be made: more than 50% of the noise 1in
surrounding areas as well as adjacent to machines was between 85-100 dB
while total Toudness was between 38 and 125 sones. The greatest contri-
bution to the Toudness was in the 4000 Hz band.

Another study of considerable importance was that of Yaffe and
Jones [183] in which a number of manufacturing facilities in federal

prisons were surveyed over a period of seven years as part of a study to
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evaluate hearing losses of the workers. Determinations were made of
general overall sound pressure levels, octave band analyses and other
measures. It was concluded that the octave band with the maximum
loudness is 4000 Hertz. The number of sones varied from 36 at
Leavenworth to 63 at Atlanta.

In 1968, a series of studies on industries in Oklahoma were made by
the author and associates [96]. Readings were made on .1/3 octave band
levels as well as overall dBA readings. Ana]yéis of this data confirmed
the findings of previous studies plus the concentration of Toudness in
the 500-4000 Hertz octave band.

In 1972 a study was made by Goodfriend and associates [71] for The
Environmental Protection Agency. These readings were taken in 1/3
octave band levels and overall dBA sound pressure levels. There is
again fundamehtal agreement with the previous studies.

In Table III, the data from all five studies, plus special informa-
tion from certain contributing industries such as Textile and Power
plants used as check references, is consolidated with respect to a
weighted overall sound pressure levels per the Standard Industrial
Classification (SIC).

In Table IV, a consolidation of some calculations is given from all "
studies by SIC codes. This verifies the concentrations of loudness in
the 4000 Hz octave band. It also shows that industrial noise is
concentrated between 500 and 4000 Hz, the same general bandwidth in
which the human ear is most sensitive. An AWS then must compete in the
area of greatest noise - with a major problem of masking as a

consideration.



TABLE III

PERCENTAGES OF A WEIGHTED OVERALL SPL LEVELS BY STANDARD
INDUSTRIAL CLASSIFICATIONS (SIC)

dB Range

60= 65
66- 70
71- 75
76- 80
81- 85
86~ 90
91- 95
96-100
101105
106-110
111=115
116~-120
121=-125
126-130
131-135
No. Readings

SIC 20

18

23

27
25

22

SIC 22

22
13
50
13

167

SIC 23

+ 3

26

SIC 24-25

N AV
= N\ WO AN —= =

186

SIC 26-27

93

8IC 28-30

20

28

22 -

10

50

SIC 3

190

LZ



TABLE III (Continued)

dB Range SIC 32 SIC 33 SIC 34 sIC 35 SIC 36 SIC 37 SIC 49
60- 65
66- 70 3 1
71- 75 1 40 3
76~ 80 6 1 3 2 1
81- 85 3 1 11 11 40 18 13
86- 90 23 10 15 20 30 13
91- 95 15 23 28 16 20 _ 20 2h
96-100 32 21 20 20 A 2n
101-105 15 23 13 16 6 10
106-110 10 5 3 10 12
111-115 3 6 3 2 K
116-120 3. 1 5 2
121-125 1 2
126-130 ' 5
131=-135 2 2

No. Readinmgs 3L 68 A 149 61 5 50 : 104
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TABLE IV

COMPOSITE OF SONES PER OCTAVE BANDS--
ALL SOURCES INCLUDED

Octave Band Center Frequencies

63 125 250 500 1000 2000 4000 8000

SIC 20 17 30 4 40 34 34 27 25
sSIC 22 20 33 55 60 52 46 55 50
SIC 23 5 12 18 17 17 20 30 32
SIC 24-25 10 20 32 46 48 47 62 58
SIC 26-27 15 26 36 43 3 35 37 "33
SIC 28-30 20 26 41 50 43 46 60 70
817 31 17 27 32 33 3k 34 37 30
SI¢c 32 33 50 62 72 65 80 110 90
SIC 33 29 42 57 73 79 - 100 140 130
SIC 34 33 31 58 90 103 110 125 110
SIC 35 9 20 36 45 43 45 56 52
SIC 36 1 7 18 17 15 12 6 L
sIC 37 50 80 125 180 180 155 150 130
SIC 39 70 57 70 80 68 79 72 70

329 461 681 846 815 843 967 88y




30

In selecting environments to provide typical situations found in
industrial operations, many factors have to be considered. Average
readings are relatively meaningless because first, decibels cannot be
manipulated by simple arithmetic means. A composite of sounds would be
of no value since each situation is unique. There are factors of-
changing speeds, the composite of operating machinery at any given time,
resonance characteristics-of'bui]dings; and of major importance, the
mix of jobs being performed from hour to hour in the production flow.

An approach was to select one series of environments in which
intensity would be from Tow to high with increasing frequencies, another
series in which the intensity would be from high to Tow with increasing
frequencies, and two other environments in which are type curves from
low intensity at Tow frequency rises in a decreasing slope to low
intensity at high frequencies of 6000 to 8000 Hz. This pattern has been
émp]oyed by Botsford [23] and, in a general way, by the National
Institute of Occupational Safety and Health in selecting 100 of the
Karplus and Bonvallet [100] noises as a fair approximation of the
distribution of noise spectra and exposures for a major portion of
American industry [99].

Environments chosen as representative are as follows:

Class A (#11) - Hydrogen atomic welding in a metal fabricating

plant. Similar industrial noises are represented by:
Fabric cutter, garments SIC 22
Paper folder, large sheets, noise due to worn parts SIC 26
Pneumatic chipper, 100 psi, used on 1-3 foot castings SIC 33
Chipping area : SIC 33

Riveting with mounted riveter jig, airplane assembly SIC 37
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Class B (#14) - Furniture factory in the areas of rough mill

planers, jointers and saws. Similar industrial environments are:

Meat preparation room SIC 20
Jointer, (16") on mi1l work - SIC 24
Furniture making, planers, jointers, saws - SIC 24
Printing, slotting area ' SIC 26
Bloomer (Billet) mill area SIC 33

Class C (#26) - In the spinning frame room of a textile plant, at a

point between rows of spinners. The size of the room was approximately
80" x 150" with a concrete floor and no acoustic treatment on any of the

walls or ceiling.. Similar spectra industrial environments are:

Spinning frames SIC 22
Reducing machines, 72 spindle SIC 22
Preparers (for spinning) SIC 22
Letter press, size 6/0 SIC 26
Ink mill, noise of worn parts SIC 28

Class D (#30) - Large rotating drums in which tufting and filler

materials for rugs is being dyed. The material is floating in a Tiquid
and rotating at a relatively slow speed. Similar spectra of repre-

sentative environments are:

Drum -barker, tumbling Togs SIC 26
Tread tubers, making tire casings SIC 28
Mixer, heavy chemicals SIC 28
Clay crusher SIC 34
Woven material washing area SIC 22 -

Class E (white noise) - Generated by B&K #1402 Random Noise

Generator but tape recorded from audible source. Spectra of industrial



32

environments adjudged similar include:

Sausage kitchen - SIC 20
Furniture making, planers, shapers, mo]ders at

15 feet from the operations SIC 24
Cutting stone blocks, 48" saw ‘ SIC 32

Back shear, four cutter, for 1/8" steel,
operating - SIC 35

The original noises were tape recorded at the actual source and
given preliminary analysis in an anechoic chamber. In the experimental
data, other spectra were made in octave bands from the speaker output
by a B&K #2204‘sound Tevel meter and B&K #1613 octave band analyzer
at the position of the subject in the test room. On the 1" microphone
a random incidence corrector was mounted. Al1l equipment used is
specified in Chapter IV. A tabulation of the sound pressure levels and

conversions to sones and phons is indicated in Table V.



TABLE V

SOUND PRESSURE LEVELS AND CONVERSIONS BY BAND LEVELS
FOR SELECTED ENVIRONMENTS

Environment #11 Environment #14 Environment #26
Overall Level 93 4BA Overall Level 99 d4dBA Overall Level 94 dBA

Octave Band " Band Band Band Band Band

Band Level Loudness Level Loudness Level Loudness

Hez 4B Index dB Index dB Index
31'.5 56 .62 62 1.13 63 1.23
63 64 2.11 70 2,20 72 © 3,70
125 8o 9.30 85 12.60 83 11.10
250 8y 14.40 99 41,00 89 20.00
500 85 20.00 89 24,70 89 24.70
1K 89 30.50 85 23.00 86 24,70
2K 8y 26.50 80 20.00 80 20.00
LK 8y 32.90 70 12.60 73 15.30
8K 77 24,70 60 8.30 62 9.30
Sones Octave Diffuse 71.3 72.6 56.3
Phons Octave Diffuse 102 102 98

€€



TABLE V (Continued)

Environment # 30 Environment ~ White Noise
Overall Level 97 dBA Overall Level 90 dBA
Octave Band Band Band Band
Band Level Loudness Level Loudness
Hz B Incdex aB Index
31.5 69 1.96 64 1.33%
63 93 17.30 74 L.30
125 91 18.70 77 7.80
250 89 20.00 8y 14h.40
500 78 _ 11.80 83 16.40
1K 69 8.30 82 18.70
2K 63 7.00 82 23.00
4K 50 3.80 76 18.70
8K - 48 4.10 67 12.60
Sones Octave Diffuse §1.9 51.7
Phons Octave Diffuse . 94 97

Based on ANSI S3.4-1968 and originally given by Stevens (151),

7€



CHAPTER 1V
EXPERIMENTAL PROCEDURE

The purpose of the experiments was to determine the reaction time
for subjects to various alert warning-signals in the presence of
simulated industrial environments.

Apparatus and Conditions of Experimentation: The Apparatus used in
the experiments consisted of:

Test room. A laboratory approximately 40' x 30' x 10' height.
Ceiling is concreté with open beams, floor is asphalt tile, walls are
composition board except where noted on Figure 11. Remaining walls are
painted cinder block. The volume of the room is 11,205 cu. ft. In the
room are varjous tables, a table mounted conveyor belt, small bench type
equipment, and material storage racks. Location of the subjects from
the sound sources is 15 feet, based on the rule "a suitable distance
between the noise source and the microphone is of the order of 2/3 V]/s"
[28, page 86].

Thus 3,/11,205 x .66 = 15 feet.

Ambient noise level of the test room was determined before each test
and measured 39-40 dBA per the B&K 2204 sound Tevel meter.

Equipment, Keyed to Figure 11:

1 and 2. Jensen Model 4 (8 ohms) Three way Speaker System,

Serial #'s A-34912 and A-34914.

35



f Legend
} 1 1. Jensen speaker
door ; 2. Jensen speaker
? 9 3. Selectone aws
@ ® 4. Revox Tape Recorder
: 0O 5 5. Reaction timer
3 6. System initiate button
: N9 7. Rheostat for aws
blackboard 70 {2 uag 8. Regulated power supply
116' x 3'6" P ® 3m 9. Experimenter
10. Response button
l—— /5= 11. Purdue pegboard
12. Subject
- cinderblock
door windows wa11%2~__f”'
12'6" x 6'
'—L47 % ! = .1_
1 40 & —
Ceiling 9'10"
Floors Asphalt tile Volume = 11,205 cu. ft.
Walls Composition board

except where noted

Drawing scale 1/8" = 1'.

Figure 11. Test Room For Experiment
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3. Selectone Demonstrator Model-300.DK-made-by: Federal Sign and
Signal Co., Blue Island, I1linois.

4. Revox Recorder, Type-A77, Serial-#78173, 100 -watts made by
Revox International, Germany.

5. Lafayette Multi-choice Reaction Timer, model 6302 BX, Serial
#104420.

6. Locally assembled circuit board, including relays to initiate
electronic timer on item 5 and AWS (item 3 above).

7. Rheostat - Tocally made to adjust intensity of AWS.

8. Lafayette Regulated Power Supply, model 83617, Serial #106968.

9. Response Key for item 5.

10. Lafayette Purdue Pegboard Unit, model 32020.

Other equipment used in preparation and operation of experiments:

B&K Impulse Precision Sound level meter Type 2204, Serial #338859.

B&K Condenser Microphone Cartridge, Type 4145, Serial #334584,

B&K Octave Filter Set, Type 1613, Serial #339438.

B&K Pistonphone Calibrator, Type 4220, Serial #347335.

Lafayette Voice Reaction Time, Model 6602A, Serial #102955.

B&K Random Noise Generator Type 1402, Serial #408445,

The experiment was conducted in the late afternoon or evening to
avoid disturbing classes as well as to reduce external noise from out-
side the room. Figures 12 to 14 show the experimental set-up.

The two Jensen speakers are on the left and right, mounted on 1"
felt pads. The AWS is located between the two speakers. Height of the
unit is parallel with the head of the subjects. Both speakers are

directionalized to the subject (Figure 12).



Figure 12.

Environment and aws Arrangement
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Figure 13.

Position of Subject During Experiments
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Figure 14.

Experimenter's Position
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The subjects faced this table, on which are situated the Purdue
Pegboardbﬁnit, the response key, and a pad to record performance in
inserting the pins, collars, and washers during the experiment. The
sources of environment and AWS noise are Tocated 15' to the rear of the
subject (Figure 13).

In performing the experiment, at the onset of the environment
noise, the subject began placing the pins, collars, and washers in
sequence, in the pegboard as rapidly as possible. If the subject was
right handed, the right hand placed the pins while the left hand was in
close proximity to the response button, thus reducing variable movement
time of the response. - Altheugh some variation existed, most subjects
placed 50 pins, 42 collars, and 35 to 50 washers during the 4 minutes
of each test per signal. At the conclusion of each signal, the record
of placements was recorded. For each subjeét a practice period for
familiarization with pin p]écement occurred before the actual test.

On the Teft was the Revox recorder through which the industrial
environments were played using the Jensen speakers. The large box in
the centercontains the Lafayette Reaction Timer, with clock reading in
hundredths of seconds. To the right of the timer is the circuit board,
including the system initiate button. Outside the box is the power
supply-unit. On the left of the power supply unit is the locally made
rheostat (in 20 major divisions) to control the intensity of the AWS
(see Table VI). There is no audible transfer of the equipment operation
noise to the subject since the wooden box is Tined with 1" fiberglass
mats.

Test Procedure:

1. -~ Set recorder to position for desired environmental background
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2. Choose appropriate signal on AWS unit.

3. Adjust rheostat for AWS to desired intensity. The dial has
previously been calibrated (see Table VI) at the position of the
subject in the test room. An octave band analysis of the AWS in the
test room is shown in Table VII.

4. Initiate environment by tape recorder.

5. S begins to place pins in pegboard.

6. Initiate AWS and clock simultaneously by system initiate
button.

7. Upon perception, S pushes response button, thus stopping timer
and AWS.

8. Block of 5 readings made on each intensity of each signal.
Intensity of signal is varied by block-up and down method, i.e., highest
intensity on first block, lowest intensity on second block, then
alternately next highest and lowest intensities, thus converging
toward center of intensities by alternating high and Tow.

At conclusion of each signal test, S records amount of pins,
collars, and washers placed during test.

In every case, exposure to environment and AWS was limited to one
complete run of eight signals per day to avoid threshold shift of
subject.

A1l subjects were given audiometric tests at the Auburn Speech and
Hearing Clinic. A list of subjects with details of each audiogram is

gfven in Appendix D.



TABLE VI
FEDERAL SELECTONE RHEOSTAT SETTINGS IN dBA

Rheostat Signal

Setting #1 #2 #3 # #5 #6 77 #8
20 104, 104 107 104 106 100 102 103
19 98 98 100 100 101 98 97 101
18.75 93 92 96 93 L 90 90 92
18.50 89.5 87.5 9N 88.5 90 87 87 89
18.25 87.5 85.5 89 86 87.5 86 85 87.5
18.00 8y 82 85 83 86 85.5 83 86
17.5 83 81 8y 82 82 81 79.5 80.5
17.0 81 79 82 80 81 80 77.5 79
16 78 76 81 76.5 77 76 75 74.5
15 76 74 78 4.5 75.5 76 73 74
14 4 ?72.5 77 72.5 ?73.5 74 72 72
13 73 7 76 YA 72.5 73 YA 70
12 71.5 70 74 70.5 71 70 70 68
1" 70 " 68.5 73 69 70 70 68 67
10 69.5 67.5 72 68 69 69 66 65

9 £8.5 66.5 71 67 68 68 65 64

8 68 66 70 66.5 67 67 65 64

?

6 67 65 68 65 66 66 64 65

5

L .

3 66 63 €5 64 65 65 63 62.5
3 _

t €5 62 63 63 64 64 62 62

aws is 15t to rear of subject in test chamber. Reading made with B&K
#2204 S.L.M. #338859 using 1" microphone B&K L145 #33458L with random
incidence corrector.



TABLE VII

OCTAVE BAND ANALYSIS OF ALERT WARNING

SIGNALS IN TEST ROOM

Sones
Octave

Signal Diffuse

2

1

7

77.26
82.92
8L.09
104.73
128.73
145.00
145,01

161.03

31-

53
5l
53
62
v
66
64
64

63

55
54
52
6L
43
67
65

61

Octave Bands

125 250 500
64 67 92
55.5 70 95
54 73 85
64 76 A
43 75 93
69 75 102
64 67 102

62 69 102

1K

87

89.

96
97
102
97
96
97

2K

91
91
90
94
90
99
99

102

LK

83
84
83
88
87
89
90
87

8K

68
67
69

73

79

76
77
80
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CHAPTER V
EXPERIMENT AND RESULTS

The data collection-portion of the study was conducted over a six
month period.. The subjects, as indicated in Appendix D, were given an
audiometric- test: prior to their use in the tests. Selection of subjects
was based-on their prior experience in industry while cooperative
education students or from summer employment.

-Tests were made in the Tate afternoons and early evening hours to
avoid-noise sources other than those established by the experiments.

Use of an anechoic chamber was ruled out because actual industrial
environments have very similar characteristics to the test chamber as
indicated in Figure 11. Each subject was questioned regarding his noise
exposure- the preceding twenty-four hours prior to the tests and in every
case, no excessive exposures had been experienced. Each subject was
instructed as to procedures of the Purdue peg-board test and, prior to
the first test being administered, was given a practice period of
fifteen minutes to become familiar with the task.

In each .test, a close record was kept of the number of pins,
-collars, and washers placed on the board. This information was examined
with respect to the actual testing time. Results indicated a con-
sistency among subjects, as well as a good effort in maintaining
attention to the task and not anticipating the signal. A thorough

explanation was given as to the objective of the test and each subject
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instructed "when you hear the signal press the reaction button as
rapidly as possible." Attitude of the subjects toward performance on
the tests: was excellent.

A. study was made of octave band or 1/3 octave band environmental
spectrums as recorded in thirty-two manufacturing establishments in
Oklahoma and Alabama. From these studies as well as a review of other
énvironmental.data [100, 183, 71] five environments were selected as
representative .of industrial noises (see Figures 28 through 32).

.The-recorded- data- (see Table IX, Appendix E) reflects a rank order
in reaction time for each signal in each environment. As the study pro-
gressed, it appeared that the tabulated data did not conform to estab-
1ished knowledge in psychoacoustics [5, 12, 28, 39, 55, 73, 80, 106, 154,
162, 175]. It was obvious that some major element had been overlooked.
A special study was made of onset time of each signal by use of a Fast
-Fourier Transform analyzer. The results indicated that 6nset time of
each signal varied considerably therefore the originally recorded
reaction. times should be adjusted.

- The Fast- Fourier Transform (FFT) computer unit plotted in units of
.0125-seconds, a series of 10,240 impulse per second from each signal.
The signal was located in an adjacent room. The plots showed peaks of
‘intensity for each signal per various time units. Simultaneously on an
oscillescope, a photograph was made of time intervals of zero to one
second and a second photograph was made of the chosen interval of
interest which provided a more exact placement of onset of the signal.
Figures 15 through 22 indicate the oscilloscope photographs for each
signal. For each figure, the ordinate scale is signal intensity, which

was-held constant for all signals.
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Figure 16.

Onset Time for Signal #2
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Figure 18

" TIHE
$iZE= 10240

—————— —

TIAE
SiZ2E= 102%0

Onset Time for Signal #4

50



Figure 19.
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Onset- times- for each. signal,. subtracted- from the data of Table -IX,
are-indicated-.in..the Data:-Summary,-Table - XI in Appendix E. The adjusted
mean-reaetion-times-shown-indicate confirmations of general psycho-
acoustics - knowledge for-.reaction time increases with decreases in
intensity. Figures 23 through 27, showing reaction time versus

~intensity, confirm the relationship.

-Variations of the reaction-times for preferred signals calculated

on the basis of a 95% confidence interval yield, at x = X:

Mean

R.T.
LCL Value UCL
For Environment A (#11) Signal 7. .176 .290 .453
For Environment B (#14)- Signal 5 .329 .356 .376
For Environment C (#26) Signal 5 .352 .380 .409
For Environment D (#30) Signal 7. .250 .260 .307
For Environment E (W.N.) Signal.5 .385 .422 .495

An anova was not conducted because it only would have indicated an
increase in reaction time for a decrease in intensity of signal.

A contributed program in BASIC, REGCOR A404-36054A, title
"Regression/Correlation", was used to perform regression and correlation
analyses-on the series of observations. The program used the method of
least squares to fit an exponential curve to the values of reaction time
observed at selected values of signal intensity. Sample size for each
correlation study was eight pairs of readings. The program is shown in
Appendix G.

A sample run of the prdgram on data for Environment A (#11),

Signal 1, yields:
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Correlation coefficient r = .867

2.609-.0324x’ where x is intensity.

Regression equation, y = e

Since it was expected that the reaction time was a decreasing
function of the intensity, a one-tailed test at the 5% level of
significance was conductedbf-Denotiﬁg the population correlation by

p (rho), the null hypothesiS»was‘HO:p‘= 0 versus the alternate Hy:p < 0.

The random variable Z ='%'Zn %;;-where r is the sample correlation
coefficient, normally distributed with mean gy = %- Zn %;% and variance
o§‘= ﬁ%i . -Therefore under the null hypothesis uy = 0, and the critical

region for Z-at the 5% level becomes [-1, -1.645/,/n=3], where -1.645 is
the five percentage point of a standard normal deviate. Since the
sample-sizes for most experiments were eight, this critical region for

Z was converted to the 5% critical region for r and the result was

(-1, -.6265).
1, - Mu_ 1645
2"n  1-r, 3
T+r
LoDy 3.200 L0 3.290 L 4 4rps

n 1-ru 1/"5" 2.236

T+r

u_ -1.4712 _
T-r ¢ -

u

.22965

1+ r = .22965 - .22965 ™y

1.22965 g =" .77035

ry =T . 6265

The significance of a sample point can now be determined by
comparing the observed r with - .6265. If r< .6265, HO is rejected at

the 5%; otherwise HO cannot be rejected.
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The sample correlation coefficients were significant at the 5%
level except for Environment A (#11), Signal 7, by Subject B. A mal-
function of: the equipment might have caused the erroneous reading.

A computer program, made on the HP2000E in BASIC was written to
calculate: response. time by-intensity using the regression equations

developed by the REGCOR program, is shown in Appendix G.



CHAPTER VI

FINDINGS

Results of the study support the hypethesis that-a preferred signal
can be selected for-a particular environment. - The suggested procedure
is:

1. - An octave band analysis must be made of the environment in
question. In some noises, a preponderence of energy lies in the lower
frequencies, while in others it lies in middle and high frequency
ranges. In Appendix F, the annoyance of higher frequency energy is
shown-to-be greater than equivalent energy in lower frequencies. In
Figure 1, Chapter I, the increased spread of masking is greater in
higher frequencies. Therefore spectral compesitions of the noise is of
significant importance to ascertain the category classification of an
environment.

2. Industrial environments fall into a series of patterns which
are represented by the studies made by references 100, 96, 183, and 71.
Classification of a particular environment into one of five classes,

A through E, as indicated in Figures 28 through 32 provides a determi-
nation of the appropriate regression equation to be used in later
calculations.

3. Obtain an octave band analysis of the signals to be con-
sidered. Energy concentration by frequency indicates the extent of

masking or non-masking of the signal with respect to the environment.
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"Noises that include a wide range of frequenéies-wi]] correspondingly
be effective in masking over a wide-frequency range" [129, page 36].

4. Calculate the signal-noise ratio of each octave band center of
125, 250, 500, 1000, 2000, 4000, and 8000 Hz. Octave bands as indicated
are the area of greatest sensitivity for sensory perception.

5.  Multiply each S/N ratio by reaction time (from regression
equations, Table VIII) at environment intensity per octave band to
obtain octave number. The experimental results showed a major factor in
the rapid discrimination of a signal is the relationship 6f the signal
to the background. When the two (signal/noise) are widely separated
(with 1imits of #20 dB) a more rapid discrimination takes place.
Multiplying the two Tevels to reinforce the relationship provides a more
positive difference.

6. Sum the octave numbers to arrive at a selector factor. The
summations by which the energy in each octave band can be consolidated,
provides a single factor for selection of one signal in preference to
another.

The terms, octave number, and selector factor, are created to use
in this methodology. They are not designed to have unit designations
and only-represent their own arithmetic value.

7. ‘Select‘the selector factor with the smallest numerical value
as a preferred signal to be used 1ﬁ the environment, in parallel with
the procedure for determining communication criteria in noise for speech.
The- Towest factor will provide the most effective noise criteria.

The entire methodology as evolved in this study is somewhat
parallel to the procedures as suggested by Karl Kryter [184] with

respect to acoustical noise criteria (NCA). In the procedure for NCA of



70

an environment, a measurement-of background noise in octave bands is the
first step.- Then,-a plot of.the octave band spectrum on a worksheet
which parq]]e]s the selected environments for industrial noises as
indicated‘in Figures-28 through:32. A final selection for the most
desirable communication environment is that one with the Towest NCA.

The choice of the numerically smallest selector factor also indicates
more effective discrimination of an AWS.

In employing the derived methodology a series of recommendations
are as follows:

Step one. Information can be secured from a sound Tevel meter with
an integral octave band recorder. An alternative procedure is to record
the actual environment on tape and analyze it Tater by use of an octave
band analyzer. However, extreme care must be exercised in choice of a
recorder to assure faithful reproduction and also the conditions under
which the playback is made.

Step two. Typical classes of environments are:

Class A (#11): rising (20-40%) intensity to a peak at central
frequencies of 500, 1000, and 2000 Hz, then a slow (15 to 30%) intensity
decrease to 8000 Hz.

Class B (#14 in this study): rapidly rising (45-60%) to a peak
intensity .at 250 Hz, then reasonably consistent decreasé in intensity
of 5 to 8 dB per octave.

Class C (#26 in this study): slow rise (15-20%) in intensity to
250 Hz, then level or slow decrease to 2000 Hz then rapid decrease to
8000 Hz.

Class D (#30 in this study): diwitial intensity high at Tow

frequency then rapid decrease in intensity at the rate of 8 to 10 dB
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per octave band to 8000 Hz.

Class E (white noise): relatively level in primary frequencies of
250 to 2000 Hertz then drop of 6 to 8 dB for 400 to 8000 Hz.

Steplthree can be measured by a sound level meter with an octave
band analyzer or secured from the manufacturer of the signal being
considered.

Step four is calculated from data obtained in steps one and three
above.

Step five is calculated from the regression equation for the pre-
ferred signal. Table VIII provides the constants and variables for all
of the signals used in this study. .

Step six is theisummation‘of the octave numbers.

Example: For signals in Environment Class B the sum of octave:

numbers are:

Sum of

Octave

Signal Numbers
1 11.017
2 : 8.933
3 7.354
4 9.628
5 3.568
6 11.379
7 6.844
8 8.311

In step seven, one selects the smallest numerical value. In

decreasing sequence, preferred signals are #5, 7, 3, 8, 2, 4, 1, 6.



TABLE VIII
REGRESSION EQUATIONS

Environ. Class A Class B Class C Class D Class &

Stgmal 1 o2+609-.0324x o3+861-.04:5% olte01l= Otk e7979-,o157x’ - 196-.0462x%
> o3+ M3=.0557% oI+ 114~-.0649% (29710412 ;.2?3-.01?2x o6+ 147=.0727x
3 o1+ 325=.0265% o3+ 714-.0495% o2+ 706-.0385. oTe149~.0129x ,2+702~-.0378x
u e6.467-.6846x olt+ 532=.057x o5+ 1114 0653x ori22-.0191x g5+895-.0713x
5 o1 +43-.0308% e1.17u-.0248x ol-12-.0233x om+0749-.0141x  1.322-.024x
¢ o2+ 493-.0397x o56+-229-.0788x (2+2627.035% o= +0951-.0134x o6 +678-.0807x
2 o3+ 003=.049lx o5+511=.07k4x o +762-.0296x 'é,.274,.0117x o3+ 824-.0517x
8 ’ 5+ 22-.0724x ol#+629+.0549% o+ 49,0583 o 1955=.0173x o9+ B~ 067x

- a B
Reaction Time = econstant variable (environment intensity at each octave in d ).

RT = e(c-v’I)

Example: C = 2.609
V = 0324 RT = e(2°6°9"°324(8°))
I = 80dB L(-017)

RT = 1,017 called octave numbers

Zl
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A copy of the computer program to calculate step six above is given
in Appendix G.

Based on the environments as utilized in this study, and with the
signals as chosen to be representative of commercially available units,
it is concluded that in specified‘environments, the preferred signals
are as follows:

Preferred Rank
1st 2nd 3rd 4th 5th 6th 7th 8th

Preferred Signal Number

Environment A (#11) 7 5 3 6 2 8 4 1
Environment B (#14) 5 7 3 8 2 4 1 6
Environment C (#26) 5 7 6 2 3 8 4 1
Environment D (#30) 7 5 3 6 8 2 4 1
Environment E (W.N.) 5 7 3 8 4 6 2 1



CHAPTER VII
CONCLUSIONS AND FUTURE RESEARCH AREAS

Results of the study indicate the following:

1. As intensity of avsjgna1vdecreases, there is an increase in
reaction time. The limits of this sfafement“are‘frdm‘ih%énsities of
105 to 80 dB, and reaction times from .0120 to 1.4 seconds.

2. Signals of unique characteristics with respect to signal/noise
ratio determine one's ability to recognize the signal contrasted with
noises. Signal five has a high onset intensity and very rapid decrease
in frequency. Signal seven has a series of intermittent beeps (two to
three cycles per second). In each case, these are unique signals as
compared to typical noises encountered in industrial environments.

These findings agree with those of Deathrage "To demand attention -
modulate signal to give intermittent 'beeps' or modulate frequency to
make pitch rise and fall at rate of about 1-3 cps" [184, page 126].

3. A signal of slow modulation (number 1) and one of rapid modu-
lation (number 2) are not of adequate uniqueness from typical industrial
noises to be readily discriminable.

4. . As a possible effect causing the variance in the reaction time
of various signals, inhibition in the central nervous system could be
the factor (see Appendix F). Since white noise contains a wide spectrum
‘of frequencies, and by verbal comment of the subjects was more annoying

than:- other environments, a considerable variance in reaction time at the
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lower intensities is apparent. Von Bekesy [161] provides an explanation
of this as the occurrence of a phenomenon causing a momentary lack of
consciousness at intervals of .8 to 1.2 seconds where the subject is
continuously concentrating on a tone. The net effect is for the subject
to have momentary reductions in the magnitude of sensations.

5. Although signals five and seven are most effective and signal
one is least effective in most all environments, the other five signals
not shown in Figures 23 thkough 28 fall between the drawn curves. A
specific rank is indicated by the results but when each signal is
plotted-on a background of the environments by octave bands, many
difficult-questions can be raised as to an explanation of each curve.
The writer does not believe this study has. the depth to answer these
questions.

6. In summary, the results of this study indicate an extension of
prior research using pure tones and white noise into a test employing
a complex signal in an-actual industrial environment. This fact opens

many questions which can only be investigated by future research.
Future Research

Many variables such as effects of heat stress, fatigue, and mental
attitudes of workers under noise stress have not been pursued in this
study. The effects of a moving signal in a noise background are Tikely
to be worthy of investigation. The general question of spatial
lTocalization of sound sources with complex sounds could refine the

results of the present study.
| One experiment not suggested is to repeat the experiment with

employees wearing hearing protection devices. As the present items on
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the market attenuate high frequency sounds, it appears that substantial

effects would be the same as in the present experiment.
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COMMERCTALLY AVAILABLE WARNING SIGNALS
(based on avallable lliterature from manufacturers)

Name of Unit

Vibrating Horn
Vibrating Horn 31-41 (w/grille)

Vibrating Horn 32-42 (w/single projector)
Vibrating Horn 33-43 (w/double projector):

Motor driven Sirens
Motor driven Horn 20
Motor driven Howlers (eingle projector)

Motor driven

Howler: (double projector)

Motor driven Howlers (Heavy duty-single projector)

Motor driven
Motor driven

Buzzers

Howlers (Heavy duty-double projector)
Howlers (Heavy duty-grille front)

Electric Signal Horns model 20
(motor driven methanical)

Electriec
Eleetric
Electric
Electric
Electric
Electric
Electric
Electriec
Electrie

BELLS

Signal
Signal
Signal
Signal
Signal
Signal
Signal
Slignal
Signal

Horns model 60 (two projectors)

Horns model 31X (diaphragm grille)-

Horns model 32X (horn)

Horns model 33X (dual horn)

Horns model 53 (resonating w/13" projector)
Horns model 55 (resemating w/24® projector)
Horns model 350 (grille)

Horas model 351 .(aingle projector)

Horns iodsl 352 (dual projector)

10" Single stiroke amd vibrating
Single stroke

Code No. of

Manufacturer .

O O N0 OO\ MO

N
Y]

22
22

22
22

Ratings

as glven
100 &B at 10¢

101
101
98

110
103
110
106
97
95
92
89

163

100
101
102

99
104
105
100
101

98

106
92

dB at
dB at
4B at

dB =t
i® at
aB ~t
dB at
dB at
dB at
dB at
dB at

dB at

dB at
dB at
dB at
dB at
4B at
dB at
dB at
dB at
4B at

4B
dB at

335 Hz

10¢
10t
10!

10t
10¢
10°
10t
101
10*
10t
10t

100

100
10t
10¢
10¢
10t
10t
1ot
10¢
10¢

10

€6



Nome of Ug;t

Electric trumpet horans
Model 243

Model 244 and 362
Model 363
Model 364
Model U-70
Air Horns
Model 277 {matched peir)
Model 275 (matched pair)
Model 176C (single)

Model 555C (with compressor)

Code No, of
Mapufacturer

Sparton
Sparton

Sparton
Sparton
Sparton
Sparton
Sparten
Sparton
Sparton
Sparton

Sparton

Ratings
as_given

130 dB at 4M
480 Hz
130 dB at 4"
400 Hz
130 4B at a"
3,0 Hz
130 4B at 4"
270 Hz
130 dB at 4"
52% Hs

137 4B at Y
385 & 505 Hz
137 4B at 4"
320 &-385 Hz
126 dB at y"
208 Hz
125 4B at 4
410 & 450 Hz

76



BELLS
10

8"
6"

4"

Although these sre not normally used in ilndustry, they provide additional information:

Nemg of Unit
Vibrating
Vibratone
not aveileble

Single stroke and vibrating
Single stroke

Vibratone
Single stroke and vibrating

Vibrating
Vibratone

Automotive horns
$-500

S5-570 low

S-570 high

U-34 low

U=34 high

U-1

and U2

S5-1 and S-2

Code No. of

Manufacturer

16
22

16
22

Sparton
Spa:ton

Sparten
Sparton
Sparton
Sparton
Sparton

Sparten

Ratings
as_given

.98 4B at

10t

102 4B at 10*

101 4B
86 4B at
585 Hz
100 4B at

96 dB
88 aB at
98 4B at

Tor

107

1ot
10¢

133 4B at y"

. 314 Hz

137 4B at 4"

212 Hz

133 4B at 4"

396 Hz

128 dB at 4¥

360 Hz

125 dB at 4"

LS50 ¥

130 4B at 4%

420 Hx

153 4B at 4"

270 Rz

S6
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97

AUDIRLE SIGNAL APPLIANCES (3801 AQ) ULSZ

Source: Underwriters Laboratories Inc.
Fire Protection Equipment List, January 1974, rp. 86-94

Note: Menufacturers identification numbers are as numbered by writer.

BELLS

Single stroke, Sizes not given numbers 6, 8, 9, 11, 16, 19, 23, 25,

26, 28, 30, 3., 35, 38, 42, 49, 50, 52, 55, 58, 40, 61.

Sinzl. stroke, Sizes

4" numbers 7, 21, 22, u1, 47, 53, 67.

6" numbers 1, 7, 18, 21, 22, 36, 41, 46, L7, 53, 57, 67.

8" numbers 1, 5, 7, 18, 21, 22, 36, 41, 46, 47, 53, 57, 67,
10" numbers 1, 5, 7, 18, 21, 22, 36, 41, 46, 47, 53, 57, 67,
12" numbers 1, 5, 7, 21, 22, 36, 41, 67.

Controllsd stroke vibrating, 6%, 8", 104, 12" numbe» L2,

fibroting, sizes not given numbers 5, 8, 9, 11, 16, 17, 23, 24, 2¢,
27, 28, 29, 30, 22, 33, 34, 35, 38, 39, 42, &3, 44, &5, 19, 52,
54, 55, 56, 58, 59, 40, &1, 62, 63, 6L, 66,

Jibrating, Sizes
L' pumbers 1, 21, °5, 41, "7, 50, 51, 53, 67.
6" numbefs 1, 18, 21, 22, 25, 36, 41, 46, 47, 48, 50, 51, 53,
57, 67.
8" numbers 1, 2, 3, 14, 18, 21, 22, 25, 31, 36, 37, 41, 46, 47,

48, 51, 53, 57, 67.
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109 numbers ], 2’ 3, 11{., 18, 21, 22, 25, 31’ 36’ 37: LI-", 11-6) 14-7’
8, 505 51, 53, 57, €7.
12" numbers 1, 21, 22, 36, 41, 67.

Vidbrating comtsctless 4", 6", 8", 1o%, 12v numbers 7, 15, 42, 51.

Vibrating, contact 4", 6%, 8%, 10", 12" numbers 7, 13, 51, 65.

. Vibrating, polerized 4%, 6%, 81, 10M, 12" numbers 7, 22, 45, 55, 58.

Electronic vibr: ting number 16.

Tlectro mechanical number 28,

BUZZERS

No other description numbers 5, 6, 16, 21, 28, 33, 36, 46, 47, 55,

37, 58, £3.

Vibrating numbers 8, 9, 32, 49, 61.

CHIMES

No other description numbers 6, 7, 15, 18, 20, 21, 22, 25, 26, 28,

32, 42, 52, 55, 58, €0, 67.

Vibrating number 7.

Single stroke numbers 11, 16..

HORITS

No other description numbers 5, 16, 21, 25, 26, 36, 40,.55, 58, 67.

Dizphrapgm numbers 16, 63.

Electronic numhers 22, L5,

Motor driven numbers 8, 9, 49, 61.

Resonating numbers 7, 22, 42.

Vibroting numbers 7, 8, 2, 10, 11, 12, 18, 22, 32, 41, 42, 49, 50,
55, 57, 58, 61, 62.

Vibrating polarized numbers 22, 45, 55, 58.




HORN-SIREN COMBINATICN

Yumber 16.

SIREBNS
Indoor use numbers 2, L, 16, 18, 21, 22, 6b.

"Motor driven, outdoor usc numbers 8, 9, 49, 61,

FTTSTLES

Mumber 7.
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Method to be used in Calkhlating Loudness

Yaffe (1961) made his analysls of sound on the octave band filter set
based on ANSI Z2-24.10 - 1953. He calculated the sones based on Stevens,
5. 8. "Calculations of the Loudness of Complex Nolse," Journal of Acoustic

Society of America, Vol. 28, No. 5, September 1956, p. 824. Two conver-

sions of the data are necessary to bring it to the approach used in this
study, which is based on the "new" octave banda as. speéified in ANSI
81.11 - 1966 and Stevens, S. S., Procedure for Calculating Loudness: Mark

VI, Journal of the Acoustic Society of Ameriea, Vol. 33, No. 11, Nov. 1961,

pp. 1577-1585,
As an example, in Table 2, page 8 of the Yaffe and Jones Report, we

see the following:



Weave

To Convert

Yleave

No. of

Analyses Percentile

18 Modian

(See below for conversion)

Octave Band Octave Band

No. Hz

18 63

21 125
2L 250
27 500
30 1000
33 2000

36 L0O0O
39 8000

dB
Band level index (Sones)

20 75 100
Unit 75 150 300
aB 90 89 92
Sones 15 22 %6
63 125 250
50, 88.8 92.7
13.6 16.1 26.1
Band Level
dB
g0
88.8
92.7
4.5
96.5
96
91
8"‘0 6

E band loudness index 311.5 x .3
Sm = max. band loudness index

or computed loudness level = 111
0D = Octave Diffuse

600 1200

Octave Bands

600 1200 2400 4800
2400 4800 10,000 Overall
96 96 g2 86 103
52 58 63 52 147

1000 2000 1,000 8000
96.5 96 91 84.6 103
54 66 56 43 139.6

Band
Loudness
Index

13,6
16.1
26.1
36.7
54
66 = S
56
A3

[T

93.45
46,2
139.6 Sones (0OD)

Phons (OD)
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H.

R.

X.

D.

J.

J.

c.

R.

104

SUBJECTS

B., Age 25, Environments: White Noise
Aundiometric Record: Right Rar Normal
Left Ear Mild Loss at 4K and 3K
C., Aze 21, Environments: #11, 14, 26
Audiometric Record: Right Ear Normal
| Left Ear Normal
D., Age 23, Bnvironments: White Noise
Audiometric Record: Right Far Normal
Left BEar Mild Loss at 4K
D., Age 54, Environments: #14, 26
Audiometric Record: Right Zar Mild to moderate loss at 4K and 8K
Left Bar Mild loss at 4K and 8K
H., Age 22, Tnvironments: #14, 26, 30
Audiometric Record: Right Ear Normal
Left Bar Normal
L., Age 22, Environments: #11, 26, 30
Aundiometric Record: Right Ear Normal
Left Par Normal
0., Age 22, Environments:  #30
Audiomatric Record: Right ear Essentially normal
| Left Far Essegtially normal
T., Age 22, Environments: #14, 26, White Noise
Audiometric Record: Right Ear HNormal

Left mar Normal
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Classifications of Hearing Loss as used by the Speech and Hearing Clinic,

Auburn tniversity

Yearing Threshold level in decibels

From O to =10 Normal

From =10 to =25 Eésentially normal
From -26 to =4O : Mild 1oss

From =41 to =65 Moderate loss
From -66 to -«90 Severe

Below ~90 Profound
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SPEECH & HEARING CLINIC
AUBURN UNIVERSITY
1199 Haley Center — Auburn, Alabama

Phone:

205/826-5545

AUDIOLOGICAL RECORD

File Number A Date__ = =77 /°\ge*"‘1\5 DOB Examiner
Name H.B. Referral Source
Address
Weber
Frequency in Hz
125 250 500 1000 2000 4000 8000
—10
Key to Audiogram
0 ; (J Ear RiL
10 {3 <> 'I A/C (o] X
- /’ <j ; e& - A/C Masked A O
Eg 20 )< >( <7 B/C > <
§ N B/C Masked > | <
c 30 % b Color Red | Blue
:>: 40 NR—No Response
- DNT—Did Not Test
- 50 CNT—Could Not Test
] SAT-—Speech Aworeness
i o B
_E 60 Hl.—Het:rin\;e Lev:? "
E SL—Sensation Levet
o 70
£ Test Reliability:
g 80
T
90
100
110
A/C ' Effecti
B—C—— L+R+~L~+R+L4+R—+L+R—+L~+R—+L R—L-L—--R-—-é-{—c—: Maesi;:;
/ B/C  Re 0dB HL

Right
Ear

Left
Ear

Sound JWith Pt. Aid
Field [RE LE

Heoring Loss

Pure Tones

SRT

HL for Sp.

Discrim.

Sp. Discrim.

Bekesy

T Remarks:

one 500

Decay
1K
2K
4K

Sisi 500
1K
2K
4K

Reference Levels Used: ANSI (1SO-1964)
Audiometer Used 70/ (/’M/Jrnf ﬂc%

/j o KL

Masking for Speech

Audiologist



SPEECH & HEARING CLINIC
AUBURN UNIVERSITY
1199 Haley Center — Auburn, Alabama
Phone: 205/826-5545

AUDIOLOGICAL RECORD

File Number__ 5 Date 7 37“/‘7"2/ AgeZ\ DOB_o-[-SZ Examiner

107

Name__ R.C. Referral Source
Addres. e
Weber
Frequency in Hz
125 250 500 1000 2000 4000 8000
—10 Key to Audiogram
0 : Ear R 1L
' » / e Y A A/C o] x
» 10 1 \L/ / A/C Masked AlD
3 20 - B/C > [ <
.E B/C Masked =3 Ll
; 30 Color Red {Blue
g 40 NR—No Response
3 ou 3,
C u as!
% 50 SET—Spoeech Awareness
ective askin
_E 60 HL—Heoring Level ®
= SL—Sensation Level
o 70
£ Test Reliability:
S 80
X
90
100
110
A/C A Effective
—+L+R+L—+R+L+R+L4+R~4+L4+R~L R--—-L——R——/—c Masking
B/C B/C Re OdB HL
Right Left Saund JWith Pt. Aid
For | for | Flld IR '} Reference Levels Used: ANSI (1SO-1964)
Heoring Loss
Pure Tones - /
SR Audiometer Used ./ 76/ 4/)1/-@” b/%(ﬁ/cﬁ
HL for Sp. K /
Discrim.
Sp. Discrim. Masking for Speech Nowe.
k
:::y Remarks:
Decay 500
1K
2K
4
sist 500
K
2K
4K Audiologist
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SPEECH & HEARING CLINIC
AUBURN UNIVERSITY
1199 Haley Center — Auburn, Alabama
Phone: 205/826-5545

AUDIOLOGICAL RECORD
File Number____C Date_8°9- 74 Age 3 DOBA.~SL) _Examiner
Name_. X.D. _  _Referral Source
Address
Weber

Frequency in Hz
125 250 500 1000 2000 4000 8000

| T
0 ’ Key to Audiogram
") em—
0 Ear R

S D L
10 X ~\C> = A/CAP:ck d i 1;
20 \ )( B/C > | <

\\ B/C Masked [ <

30 Color Red | Blue
40 x NR—No Response

DNT—Did Not Test

Hearing Threshold Level in Decibels

50 CNT—Could Not Test
SAT—Speech Aworeness
EM: E?f"e:’hOHM kil
60 HL—Hst:Aercir:;e Lev:: °
SL—Sensation Leve!
70
Test Reliability:
80
90
100
110
A/C A Effective
—liL+r4L+RELERFLFRELFREL ——RTL—-—R———/E Masking
B/C B/C Re OdB HL
Right Left an.;gd With Pt Aid
For | For | Fild IR€ U] Reference Levels Used: ANSI (1SO-1964)
Hearing Loss
Pure Tones
o7 Audiometer Usedégw_m
HL for Sp.
Discrim.
Sp. Discrim, Masking for Speech
Beki
T::y Remarks:
Decay 500
1K
2K
4K
Sisl 500
1K
2K
&« Audiologist
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SPEECH & HEARING CLINIC
AUBURN UNIVERSITY
1199 Haley Center — Auburn, Alabama
Phone: 205/826-5545

AUDIOLOGICAL RECORD

File Number__D Date__& i !7 e Ageb’—y/ DOB Examiner
Name__ _____ D.D. — _ ____Referral Source
Address )
Weber )
Frequency in Hz
125 500 1000 2000 4000 . 8000
—10 [
Key to Audiogram
0] ' Ear Rt
—
\ A/C o x
“ 'G & A/C Masked A O
% 20 \ N B/C > | <
8 \ \ B/C Masked > | <
c 30 \ - Color Red |Blue
% 40 (} » NR—No Response
- \\ | DNT—Did Not Test
< 50 f) CNT—Could Nat Test
3 \ SAT—Speech Awareness
£ Threshold
$ 60 EM—Effective Masking
£ HL—Hearing Llevel
= SL—Sensation Level
o 70
£ Test Reliability:
% 80 Cae
90
100
110]
A/C A Effective
-——+L+R+L—+R4+L4+R+L+-R-—+L-+R+ L——R—-—L-——R—-——/C Maski
B/C N B/C asking
_ /C Re OdB HL
Right Left Sot.;gd With Pt. Aid
for | For | Pl IR ] Reference Levels Used: ANSI (1S0-1964)
Hearing loss
Pure Tones
A Audiometer Used {70 G Zwsokl Soavcen
Discr?m‘ i
Sp- Diserim. Masking for Speech NCM&
Bekesy
— Remarks:
Decay 500
1K
2K
P14
Sist 500
1K
G M
4K Audiologist
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SPEECH & HEARING CLINIC
AUBURN UNIVERSITY
1199 Haley Center — Auburn, Alabama

Phone:

205/826-5545

AUDIOLOGICAL RECORD
File Number___ E __ Date_%¥ - 22724

Age 22 DOB.S-{2-%2 Examiner

Name__ . __J.H. Referral Source
Addres. —— — -
Weber
Frequency in Hz
125 250 - 500 1000 2000 4000 ﬁGSO .
—1
0 P — \ /\ Key to Audiogram
[9) Ear R L
y x ~ x A/C o|x
" 10 ) A/C Masked AlDO
2 2 B/C > | <
.‘;’ B/C Masked >«
: 30 Color Red |Blue
g 40 NR-—No Response
- DNT-—Did Not Test
2 50 g:'l:r:scpoeuelcdh rr;a:::'ess
-g 'l;lzreshold “
EM—Effective M
g 60 Hi—tieoring. Lovel
'|.=. SL—Sensation Level
o 70
£ Test Reliability:
s 80
X
90—
100
110
A/C A/C Effective
—tL+R+L—~+R+L~+R~4+L+R—+L4+R-+L ——R——L-FR——L Masking
B/C | B/C  Re 0OdB HL
Right Left Sg:und With Pt. Aid
For | For } TRl IR LI Reference Levels Used: ANSI (1SO-1964)
Hearing Loss
Pure Tones
il Audiometer Used 6‘ § /’70/
HL for Sp. )
Discrim.
Sp. Discrim. Mosking for Speech /'l/aﬂ/e
Bek
T::y Remarks:
Decay 500
1K
2K
4K
Sist 500
1K
2K
4« Audiologist il




SPEECH & HEARING CLINIC
AUBURN UNIVERSITY

1199 Haley Center — Auburn, Alabame

Phone: 205/826-5545

AUDIOLOGICAL RECORD

11

File Number___F: Date__%-5 =~ 7 4/ Age&&_ DOB_____ FExaminer
Name J.L. : Referral Source
Address
Weber
Frequency in Hz
125 250 500 1000 2000 4000 8000
—10 : !
@\ E Key to Audiogram
0 7 Ear R L
-
\ < -‘@A P alc o | x
- 10 G/ I . */ A/C Masked A O
:g 20 B/C > | <
gﬂ B/C Masked > ]«
e 30 Color Red |Blue
gl 40 NR--No Response
-l DNT—Did kl;lo:q tl’,e;.'r .
CNT—Co ot Tes
% 50 SAT—-Speuech Aworeness
£ Threshold
4 60 EM—Effective Masking
£ HL—Hearing Level
- SL—Sensation Level
o 70
£ Test Reliability:
9 80
- o
90
100]
110
A/C Effective
—+L+4+R+LFR+L4RH+L4+R+-L+RHL driLLrIAC Masking
B/C B/C
Re OdB HL
Right Left Soukr;d \avnh Pt. Aid
Hearing L = A : "] Reference Levels Used: ANSI (1S0-1964)
earing Loss
Pure Tones
SRT Audiometer Used 2 Jo /[ g”' “Son ‘fﬁzﬂ%/ﬂ
HL for Sp. /
Discrim.
Sp. Disecrim. Masking for SpeeCh Now @
Bekesy
T Remarks:
Decay 500
K
2K
&«
sist 500
K
2K
4 udiologist




SPEECH & HEARING CLINIC
AUBURN UNIVERSITY

1199 Haley Center — Auburn, Alabama

Phone: 205/826-5545

112

AUDIQLOGICAL RECORD
File Number___ G Date “ / /r 7"/ Age 2’?/DOB Examiner
Name____ c.0. — Referral Souzrrn __ |
Address - .
Weber
Frequency in Hz
125 250 500 1000 2000 4000 8000
—10
. A~ KeEy to Audiogran:
7 — e— o
)(> — N >\ A/C o | x
“w 10 ~ c> / A/C Masked A|D
é 20 7/ B/C > | <
g \x B/C Masked -3 <
c 30 Color Red |Blue
g 40 NR—No Response
3 e i,
Oui O ol
% 50 SAT—Speech Awareness
< Threshold
§ 60 E‘T_:“:f'i“ LMo;klng
——Hedarin eve
ﬁ SL—Sensoﬂgn Level
o 70
£ Test Reliability:
S 80
-
90
100
110
A/C Effective
——+L+R+L—+R4+L-4+R—+ L-—R—r—L—FR—r L ——R-r—-L-——R-—é—/—c—:- Maskin
B/C B/C v
, Re OdB HL
Right Left ioulgd With Pt Aid
e X1 Reference Levels Used: ANSI (ISO-1964)
edarin 055 .
Pure T%nes ,
SRT‘ 5 Audiometer Used £ Z¢/ ge‘/&ﬂm - J’éf/%(
HL for Sp. 7
Discrim. .
Se. Discrim. Masking for Speech /\/ o &
Bekesy
— Remarks:
Decay 500
K
2K
T4
sisi 500
r , /
2K 1o aﬂzﬂ/
4K Audiologist




SPEECH

& HEARING CLINIC

AUBURN UNIVERSITY
1199 Haley Center — Auburn, Alabama

113

Phone: 205/826-5545
AUDIOLOGICAL RECORD
File Number___H __ __ Date / /4“6 s Age.zgg DOB________ Examiner
Name__ R.T. o .Referral Saurce
Address _
Weber
Frequency in Hz
125 250 500 1000 2000 4000 8000
—10
) Key to Audiogram
0 < == Ear R|L
" 19 " A/C Masked AiD
8 20 X B/C > | <
9 B/C Masked -
a 30 Color Red {Blue
£
g 40 NR—No Response
- DNT—Didlglo;‘ T'estr ,
CNT—C ot Tes!
% 50 SAT—Spoeuech Awareness
-E' EM—E.I;?;::"»';M Maskin
i-' 60 HL—Heoring Level °
= SL—Sensation Level
o 70
£ Test Reliability:
g 80
-
90
100—
110
A/C l A Effective
—————-L—-—R-Y—L——R——L——R L—~—R—-—-L——R-—L—-—R—-—L-—--R-——/—C- Masking
B/C L B/C Re OdB HL
Right Left Sound (With Pt. Aid
For | for | Feld IRE ') Reference Levels Used: ANSI (1SO-1964)
Hearing Loss
Pure Tones - :
SKT Audiometer Used__Z 76 7 gﬁ*«f"w v/%(%d’
HL for Sp. /S
Discrim.
Sp. Discrim. Masking for Speech o<
Bek:
TQ:Y Remarks:
Decay 500
1K
2K
P13
sist 500
X
2K
4K
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TABLE IX
ORIGINAL RAW DATA

Environment #11

q
Rheostat Settings Correlation

20 19 18.75 18.5 18 17.5 17 16 Errors Coefficient

Signal #

dB 104 98 93 89.5 8 83 81 78

Average . 501 .585 .751 .803 778 - 1,184 .873 1.208 _ 867076
Sg B 448 .582 L7438 .870 <774 1.176 1.058 1.316 .920392
Sg T .554 .588 .754 .736 .782 1.192 .688 1.100 .724782
Signal #2

dB 104 98 92 87.5 82 . 81 79 76

Average 175 .245 <343 «294 +336 .549 .776 1.049 .808632
Sy B 192 .22 312 .282 - 406 .552 .828  1.506 , 752213
Sg F .158 .266 374 « 306 .266 546 .724 .592 «793419
Signal #3

dB 107 100 96 91 85 8y 82 81

Average 212 .298 «309 « 324 347 «329 400 .622 .738699
Sg B .152 .280 .236 .328 .322 .366 .290 934 .6036214
Sg F 272 316 .382 .320 .372 .292 .510 .310 L3170
Signal #4

dB 104 100 93 88.5 83 82 80 76.5

Average .263 465 493 .608 663 1.73 .687 .931 .630972
Sg B .266 456 574 524 .666 2.01 678 .890 551345

S5 F .260 474 412 .692 .660 1.45 .696 .972 . 725003

SLL



TABLE IX (Continued)

Environment #11

Signal #5
dB
Average
Sg B

Sg F

Signal #6
4B
Average
Ss B

35 F

Signal #7
dB
Average
Ss B

Sg F

Signal #8
aB
Average
54 B

S F

20

106
177
JA32
222

100
245
.200
.290

102
.927
«932
.922

103
.240
24l
.236

19

101
.187
.156
.218

98
.285
.268
«302

97
.952
.960
KT

101
+353
416
.290

18.75

94
243
.240
246

90
«307
.290
. 324

90
1,093
1.070
1.116

92
372
.362
- 382

18.5

90
271
.276
.266

87
«375
322
428

87
1,132
1.106
1.158

89
. 4""7
440
454

Rheostat Settings

18 17.5

86 82
249 +320
226 .328
.272 312
85.5 81
.291 .689
.280 .536
.302 842

83 79.5

1.102 1.971
1.162 2.792
1,042 1.150

86 80.5
408 1.258
454 .908
.362 1.608

Livd

81
345
432
.258

80

L3 458
“ehh2
474

77.5
1.114
1,112
1.116

79
0483
472
. 491"

16

77
473
473

76
646

0722
571

75
1.084
1.084

71"’0 5
1.848
1.848

Errors

Correlation
Coefficient

.892764
. 888569
730975

.810876
.852516
.678657

L4510,
.516298
738474

738691
674358
<7351

9LL



TABLE IX (Continued)

Environment #11

Rheostat Settings ~
Correlation
20 19 18.75 18.5 18 1?7.5 17 16 Errors Coefficlient

Rank Order in Reaction Time

1 2 5 5 5 5 5 5 5
2 5 2 6 2 6 3 3 3
3 3 6 3 3 2 2 6 6
L 8 3 2 6 3 6 8 4
5 6 8 8 8 8 1 L 2
6 4 4 4 b 4 8 2 ?
i 1 1 1 1 1 I 1 1
8 7 7 7 7 7 7 7 8
Octave Band
Octave 31.5 63 125 250 500 1K 2K LK 8K

dB : 56 64 80 34 86 89 81 84 77

[11



TABLE IX (Continued)

Environment #14

Signal #
dB
Average

n
[¢/]
HwEy

Signal #2
dB
Average
Sg
Sg
Sg
Sg

nwo

- Signal #3

dB
Average
Ss D
Sg E
8¢ B
Sg H

20

104
.606
.596
.666
548
614

104
.280
.338
.28,
+256
.240

107
.258
.312
.250
«230
240

19

98
.605
402
.620
672
.726

98
+303
<3hy
.298
.256
.312

100
274
.320
.238
240
.298

18.75

93
.751
.768
.718
«730
.788

92
.362
-390
346
. 360
350

96
0335
«355
398
.282
-306

Rheostat Setting

18.5

89.5
.836
.840
. 850
.808
- 846

87.5
»397
Ry
-390
.392
396

91
-346
373
«390
.316
- 306

18

84
844
.786
.916
<94k
.728

82
470

47y

XA
.530

85
-389
482
410
.280
384

17.5

83
1.146
1.060
1.024
1.225
1.278

81
.866
732
472

1.694
566

84
.689
.860
.522
0806
.568

17

81
<395
.320
.160
.532
.568

- b b b -

79
1.010
1.502

486

1.044

82
.820
.985
. "‘3"’

1.356
.506

16

78
2,142

1.498

3.356
1.574

76
2.448
2,522
2.3"""

81
1.081

1.118

1,252

.87,

Errors

O OoOWw

ool e No]

WOOoOo

Correlation
Coefficient

.802125
827494
.87729

722409
.815253

697245
661082
» 557448
687568

J797427
.79465"
.658049
L 747421
.766017

8LL



TABLE IX (Continued)

Environment #14

20
Signal 4
dB 104
Average 524
S5¢ D 9573
Sg © 564
Sg B 472
55 H 436
Signal #5
dB 105
Average 243
Sg D 246
Sg E .298
Sg B 156
Sg H 270
Signal #6
dB 100
Average 270
Sg D .330
Sg B 272
Sg B 224

Ss H 252

19

100
<535
.636
408
.526
.570

101
.282
274
L3l
2h2
.268

98
« 307
330
.298
.282
318

18.75

93

.599.

654
.482
.616
645

=L
313
.316
-356
.278
.300

90
»309
+352
.330
290
262

Rheostat Setting

18.5 18
83.5 83
567 .823
. 701 1.04
+ 560 .750
.700 .756
.708 L746
90 86
<3304 .332
.358 . 366
«354 <294
.298 .310
.324 . 356
87 85.5
<347 .389
. 354 .388
418 434
.306 . 360
.308 374

17.5 1y

82 B0
1,028 1.402
1.082° 1,126

.776 .936
1.365  2.406
.890  1.138
82 81
457 456
42 .528
.542 .384
456 482
.388 428
81 80
676 1.125
432 1466
-450 474
.708 .808

1.114 .275

16

76.5
1.849

1.674
2.024
77

. 503
. 380

.508
.620

76
2.462

.297
1.954

Errors

- OWwWOo nNO OO

V. NelleNe]

Correlation
Coefficient

833445
.917499
L 745937
722465
.75692

.937829
926471
.513299
.2502

.829683

.731265
.892938
. 596051
749676
.659861

6LL



TABLE IX (Continued)

Environment #14

Rheostat Setting

20 19 18.75 18.5 18 17.5
Signal #7
4B 102 97 90 87 83 79.5
Average .953 .999 1.096 1.188 = 1.229 1.27
S D 1,060 1.208 1.254 1.252 1.306 1.476
55 E 864 924 1.066 1.226 1.236 1.324
Sz B .890 .936 1.030 1.168 1.216 1.080
S5 H .998 .926 1.032 1.106 1.158 1.202
Signal #8
4B 103 101 92 89 86 80.5
Average .363 413 483 «535 .559 .755
Sz D .398 410 466 - . 521 . 570
5 B .356 434 .576 .522 .600 . 704
Sy B .360 .380 420 474 .556 1.060
55 H .338 428 470 610 - .686

Rank Order in Reactlon Time

1 5 3 6 5 S 5
2 3 5 5 3 3 6
3 6 2 3 6 6 3
L 2 6 2 2 2 8
5 8 8 8 8 8 2
6 L L L L L L
Vi 1 1 1 1 1 1
8 7 7 7 7 7 7

17

77.5
1.816
1.336
1.60
2.91
1.416

79
1,232
.596
.832
2.678
.822

NE SO W

16

75
2.004

2.12
1.888
4.5
1.756
2.13

1,382

NN =~JF W\

Errors

WOOOo

[eNeNeoNe]

Correlation
Coéfficient

. 842203
.89226

869974
.623571
.789601

.832036
.986665
727466
.698639
. 85943,

0¢L



TABLE IX (Continued)

Environment #14

Octave
daB

Octave Band

31.5 63 125 250 500 1)
62 70 85 99 89 85

2K
80

4K
70

8K
60

LZL



TABLE IX {Continued)

Environment #26

Signal #
dB
Average

Signal #2
4B
Average
Sg F

Sg
Sg

Se

o=

Signal #3
dB
Average
Sg F

Sg H

Sg E

Sg B

20

104
.691
.696
b
604
.718

104
319
357
.258
<335
326

107.

.331
304
320
370
330

19

98
-7L|-9
071 6
748
<746
.785

98
<363
342
326
350
432

100
320
.284
295
.350
350

- 18.75

93
-942
1.090
1.064
<794
.820

92
o441
0568

. 322
434

96
. 364
402
-31 o
0382
«360

Rheostat Setting

18.5

89.5
.882
.852
.976
.%6
.832

87.5
«399
ol'|'1 8
346

390

442

N
. 403
. l+88
«326
412
386

18

8y
<991
1.032
-995
.973
.962

82
<563
554
A6

.690

85
410
7%
.366
.368
.1430

17.5

83
1,186
1.26h

1.234
1.120

81
.661
.902
420

-

«599

«554

<584
. 658

17

81
1.637
1.686
1.674
1.552

79
.830
1.148
. 850
492

82
.768
.624

1.008
.672

16

78
2,782
2.782

76
1.151
1.151

81
1.059
1.288

.830

Errors

OQOON OWwWoOOo

OCpow.

Correlation
Coefficient

< 746451
.789022
.801427
.872872
.892084

.835685
.834371
» 704341
.84018
863244

752211
694241
.663517
. 744683
+970503

a2l



TABLE IX (Continued)

Environment #26

Signal #4
dB
Average
Sg
Sg
Sg
S

W e

8

Signal #5
dB
Average
Sg F

Sy H

Sg E

Sg B

Signal #6
dB
Average
Sg F

Sg H

Sg E

Sg B

20

104
.528
.668
470
0530
obhly

106
. 267
.288
.236
261
.282

100
315
.358
242
<305
<354

19

100
<594
. 760
<546
«520
548

101
L] 327
402
.280
296
«328

<340
<454

o248

.288
368

18.75

93
- 628

.583
650
650

94
314
.292
.290
360

90
. 346

-294
.362
.383

Rheostat Setting

18.5

88.5
.725
.862
.596
.698
<745

90
375
438

300

-290
472

87
-395
«330
»330
466
452

18

83
L] 887
1,22

.752..

.690

86
- 394
<478
.376
336

85.5
442
-
.378
578

17.5

82
1.242
1.545
1.250

.930

82
-3

494
. 364
406

81
.623
+556
.510
472
.952

1?7

80
1.582
2.00
1.145
1.60

81
«507
416
<446
«h32
735

8o
.592
.610
.560
.606

16

76.5
2.590
2.590

77
.558
574
478
. 622

76
.726
.726

Errors

000 = [o N .\ e Ne]

[=NeoNoNel

Correlation
Coefficient

+793238
.850991
.820468
.719847
99Ly2L

.922245
.848016
+927992
.77880y4
713521

.910656
+ 746051
.920014
. 874894
801419

€cl



TABLE IX (Continued)

Environment #26

Signal #7

dB

Average

Sg
S
Sg

Sg

Signal #8

dB

Average

NIt E W~

s e~ o

o % - ]

20

102
1.109
1.034
1,122
1.192
1.088

103
. 381
R
274
418
418

N = F oW N\

19

97
1.157
1.09

1.156
1 .226

101
.382
«366
374
<394
.392

N = £ 0N OVt N

18.75

90
1.187

1,214
1.168
1,180

18.5

87
1.227
1.21
1.270
1.230
1,196

89
487
. 470
o482

.508

[PUr S S  — y

Rheostat Settings

18

83
.292
164
. 354
<374
274

86
.598
.618
Sty
.604
654

17.5

79.5
1 578
1.238
1.380
1.506
1.388

80.5
.907
652
.87,
1.127
974

Rank Order in Reaction Time

N - oW o

N = F oW o

RS I Sl e - I AVINARN [ ) |

NFE =00 OAW

17

77.5
1.476
1.250
1.486
1,680
1-486

79
.964
.670

1,258

=] 00 NWwWov:n

16

75
1.427
1.398
1.456

24,5
1,607
1.314
1.900

=45 0~J W ovwum

Errors

[oNeRoNe]

oO-00

Correlation
Coefficlent

947272
911939
. 964066
.839079
.86871

.861408
. 794356
. 85087
. 848268
.86693

AN



TABLE IX (Continued)

Environment #26

Octave
dB

Octave Band
31.5 63 125 250 500 1K
63 72 83 89 89 86

2K
80

4K
73

8K
62

Gel



'TABLE IX (Continued)

Environment #30

Rheostat Setting

~ Correlation

’ 20 19 18.75 18.5 18 17.5 17 16 Irrors Coefficient
Signal #1
dB 104 98 93 89.5 8y 83 81 78
Average 602 +535 691 694 .659 . 739 .765 .920 .821361
5 @ .686 652 .778 .836 RATA .720 .880 920 o] .688684
Sg F .670 - 594 .696 772 .692 .766 772 - 0 -696976
S 450 360 .598 474 .572 732 RSN - 0 +769371
Signal #2 :
dB 104 98 92 87.5 82 81 79 .76
Average .219 .257 .275 .285 . 337 .372 .336 <334 .928223
Sg G .284 .278 .332 . 334 A2k L2 436 340 o} . 772466
Sq F 166 .282 .216 .232 .270 .206 «235 .286 0 462528
S5 E .206 .210 .276 .290 316 468 .338 376 0 .83289
Signal #3
dB 107 100 96 91 85 84 82 81 : 774009
Average 224 .225 .255 249 .33%1 . 321 .258 . 302 777844
Sg G 240 .292 .278 «304 .336 418 <294 .302 0 .619467
Sg F .220 .160 246 224 .328 274 «250 - 0 .655896
54 E 212 224 240 218 .330 .270 .230 - 0 . 562044
Signal #4
dB 104 100 93 88.5 83 82 80 76.5
Average .407 437 465 493 497 <564 557 .558 .955102
55 G bl 486 .506 542 .578 .604 .582 ..558 0 .918182
Sg F 415 482 416 448 a2 .512 -490 - 0 .529721
Sg E .362 342 AN .488 472 .576 .598 - o} .917689

9L



TABLE IX (Continued)

Environment #30

Rheostat Setting

' Correlation

20 19 18.75 18.5 18 17.5 17 16 Errors Coofflicient
Signal #5
aB 106 101 9 90 86 , 82 81 77
Average .210 217 262 .283 .292 . 306 .285 »305 .951869
Sy G 204 . 302 274 « 390 . 370 440 . 362 .282 1 .603366
Ss F .178 .192 .258 .190 276 .254 24l - 0 .?717685
S E .188 .156 254 .270 230 224 248 .328 0 745025
Signal #6
dB 100 98 90 87 85.5 81 80 76
Average .227 .263 .287 .316 <317 .253 291 .382 ' .69199
Sg G .276 . 302 . 360 . 366 .376 272 . 360 468 0 .626086
Sg F 222 250 .222 263 232 226 240 - 0 5.14616E=02
Sg E 182 .238 .278 318 3Ly .262 272 .296 0 622541
Signal #7
dB 102 97 90 87 83 79.5 ?7?7.5 75
Average 1,058 1,034 1,08y, 1,067 1,118 1.131 1.122 1.110 .861795
35 G 1.066 1.096 1.250 1.132 1.200 1.234 1.162 - o] 674445
Sg F 1.114 1.006 .988 1.026 1.010 1.042 1.104 1.056 o] 2. 117249E=02
S E 994 1.000 1.014 1.044 1.144 1.118 1.100 1.164 0 + 900787
Signal #8
dB 103 101 92 89 86 80.5 79 4.5
Average .287 «363 .366 418 422 430 »389 448 .83749
Sqg @ .382 468 J16 494 .508 498 430 472 0 461163
55 F .254 .258 .328 .348 .00 334 .378 - 0 .851877
Sg E 224 + 362 354 412 .358 458 .360 424 0 715352

Lel



TABLE IX (Continued)

Environment #30

Rheostat Setting Correlation
20 19 18.75 18.5 18 17.5 . 17 16 Frrors Coefficient

Rank Order in Reaction Time

1 5 5 3 3 5 6 3 3
2 2 3 5 5 6 5 5 5
3 3 2 2 2 3 3 6 2
4 6 6 6 6 2 2 2 6
5 8 8 8 8 8 8 8 8
6 4 L 4 4 4 4 4 4
? 1 1 1 1 1 1 1 1
8 4 4 4 4 4 4 4 7
Octave Band
Octave 31.5 - 63 125 250 500 1K 2K 4K 8K
dB 69 93 91 89 78 69 63 50 48

8¢l



TABLE IX (Continued)

Environment #White Noise @ 90 dBA

Signal #1
daB
Average
Sg €

5., H

S5 A

Signal #2
dB
Average
5; C

Sg H

S5 A

Signal #3
dB
Average
S; C

Ss H

Sg A

Signal #,
daB
Average
Sg C

S; H

Sz A

20

104
712
.Skl
.608
'986

104
.331
.252
0318
42l

107
.308
.276
.288
362

104
472
418
.512
486

19

98
715
.568
.81y
.762

98
400
.322
. 3""0
.538

100
327
272
.330
.380

100
.539
542
49y
.580

18.75

93
.815
.704
.828
AN

92
<453
42l
452
482

93
.623
.618
l578
670

Rheostat Setting

18.5

89.5
941
914
.918
.992

87.5
667
.508
-590
.902

91
<436
. 396
434
480

88.5
699
. 704
.68y
.708

18

8y
1.133
1.140
1.128
1,132

82
.813
.766
.816
.856

85
64
.02
.398
592

»

83
<965
.818

1.212
.864

17.5

83
1.393
1.53
1.256

81
2.948

2.820
3.076

84
-S43
.518
.516
«59%

82
1.330
1,060
1.556
1.374

17

81
1.902

1.723
2.080

~

9

.690
650
648
.772

80
1.715
1.738
1.776
1.632

Zrrors

(e NeoNe MOOo M OO

N O o

Correlation
Coefficient

.86263
SOL7343
.893317
. 76406

663407
.955143
.670302
.659185

.762389
.822402
+705919
«755174

.876104
.830212
.899745
. 867496

6¢lL



TABLE IX (Continued)

Environment #White Noise @ 90 dBA

Signal #5
4B
Average
54 C

Sg H

Sg A

Signal #
4B
Average
S5 C

Sg H

54 A

Signal #7
4B
Average
8g C

Sg H

Sg A

Signal #8
dB
Average
54 H

Sg A

20

106
«330
.285
356
348

100
-295
.258
«290
338

102
1,128
o982
1.252
1.150

103
+365
.306
«390
400

19

101
«327
.264
.362
+356

98
.362
.320
.348
418

9?7
1.096
1.076
1.108
1.104

101
442
.328
.551
AN

18.75

9k
.383
.310
. 500
340

90
423
.338
436
496

90
1,186
1.138
1.142
1.280

92
.517
420
. 564
.568

Rheostat Setting

18.5

90
o bhily
.350
554
428

87

497
.362
.510
.620

87
1.236
1.170
1,208
1.330

89
« 569
.522
+ 9%
.592

18

86
429
.386
453
448

85.5
.680
.852
.532
.658

83
1.320
1.278
1.304
1,378

17.5

82
47
426
492
. 491"

81
1.238
.815
1.840
1.060

79.5
1.473
1.695
1.376
1.348

80.5
1,122
.912
1.824
.630

17

81
48y
JLh6
512
0494

80
1.852

2.710
s994

?77.5
1.699
2,46
1 1466
1.484

79
1.509

1.862
1.156

16

77
779
.616

1.154
.568

76
1.790

1.790

75
2.189
3.12
1.534
1.914

74-5
1.858

2.375
1.340

Errors

(oo e [l e Mo [oNeNe)

-—

Corfelation
Coefficient

.80%168
.881332
.66451

«924733

.868989
.791934
.768267
. 870442

.817062
.79280

«799534
.819161

.905489
.893458
.874948
.852779

o€l



TABLE IX (Continued)

Environment #White Noise @ 90 dBA

Rheostat Setting Correlation
20 19 18.75 18.5 18 17.5 17 16 Errors Coefficient

Rank Order in Reaction Time

1 6 5 3 3 5 5 5 5
2 3 3 5 5 3 > 3 >
3 5 6 6 6 6 8 8 6
L 2 2 2 8 8 6 7 8
5 8 8 8 2 2 L L I
6 4 L L L L 1 6 7
7 1 1 1 1 1 7 1 1
8 ? 7 7 7 9 2 2 2
Octave Band
Octave 31.5 63 125 250 500 1K 2K 4K 8K-

4B 6 74 77 8y 83 82 T 82 76 67

LEL



TABLE X
FALSE REACTIONS OR ERRORS IN EXPERIMENTAL DATA

132

Environments

Signals #11 # #26 #30  White Noise
1 0 E-3 E-3 0 A2
2 0 F-2 0 A=2
E=2
3 0 B3 p3 0 0
L 0 H-2 BE=-2 0 A-2
E=3

5 -1 g F-1 G=1 0

6 B~-1 H-3 0 0 0

7 0 H-3 0 0 0

8 0 0 E-1 0 A1

2 18 14 1 Vi

No. of Total Trials 640 1280 1280 960 960

% 0.3t 1.40 1.09 0.10 0.72

W &

b2

Overall percentage 42/5760 = .0072 or .72%.



TABLE XI
DATA SUMMARY (WITH ONSET TIME SUBTRACTED)

Signal #1 (onset .035 sec. delay)

Std. Corr.

Intensity 104 98 93 89.5 84 83 81 78 Dev, Coeff. Regression Rquation

Mean .587 .603 .755 .796 1.002 1.095 1.279 1.825 413 .872 3,526 - .0405%

Envir. #11 466 .55 716 .768 o743 1.149 .838 1.173 .253 867 2.609 - ,0324x
Al .57 .57 716 .801 .809 1.111 1.36 2.107 .52 802 2,861 ~ ,0L4LLSx
#26  .656 AN .907  .847 .956 1.151 1.602 2.747 642 746 4,014 ~ .Ohlhx
#30 .567 .50 .656 .659 624 . 704 .75 . .885 115 821 979 - .0157x

W.N. .677 .68 .780 .906 1.098 1.358 1.857 2,215 575 .862 4,196 - ,046°x
Signal #2 (onset .006 sec. delay)

Intensity 104 98 92 87.5 82 81 79 76

Mean . 259 L.308 .369 402 4598 1,073 G732 1.241 .369  .813 3.975 ~ .0528x
Envir. #11 .169 .239 .337 .288_  .330 .543 77 1.043 .301  .808 3.943 - ,0557x
#L4 27%  .297 .356 39 .Jh6L .86 1.004 2.442 730 .697 5.114 - ,0649x%

#26 313,357 435 393 +557 .655 824 1,145 .283  .835 2.971 = ,0412x%

#20 ,213  .251  .269 .279  ..,33% . .366 .33 .328 .05t ,928 .273 - ,0172x%

W.N.,  .325  .394 447 (661 807 2.942 — - 1,002 .663 6.197 - .0727z

e€el



TABLE

XI (Continued)

Intensity
Mean

Envir. #11

#lu

#26

#30

W.N.

Intensity
Mean

Fnvir. #11

#y

#26

#30

W.N.

107

267
212
.258
. 331
.22
.308

104

.22L
048
«309
313
192
257

100

.289
.298
274
320
.225
. 327

100

.299
.250
335
<379
.255
. 324

96
327

.309
335
<364

255

371

93

347
278
384
B3

408

91

. 552
324
346
403
249
436

88.5

423
«393
452
.51

.278
48l

Signal #53

85

.388
<347
.389
410
33
464

83

. .552
- 448
.608
672
.282
.750

(onset - no change)

Stad. Corr.

84 82 81 Dev. Coeff.

496 .587 .825 .188  .795
.329 . 400 .622 120 ,738
.689 .820 1.081 .303  .797
.599 768 1,059 263 752
.321 .258 .302 042 77
543 690 1.063 250  .762

Signal # (onset .215 sec, delay)

82 80 76.5

. o96h 978 1.379 L1200 877
1.515 472 716 4488  .630
.813 1,187  1.634 47% 831
1.027 i.367 2.375 .703 793
<349 342 343 .055 .919
1.115 1,50 1.877 .599 .876

Regression

e2.356

e1.325

3.71h
e

2.706
e
e~-149
e2.702

4.903
6.467
4.532
5.41L

422
5.895

Equation
.036x%
.0265x
.0495%
.038x
.0129x
.0378x

.0625%
.0846x
057x
.0653x
.0191x%
071 %x%

veL



TABLE XI (Continued)

Signal #5 (onset .006 sec. delay)

Std. Corr.

Intensity 106 101 oL 90 86 82 81 77 Dev. Coeff. Regression Equation
Mean .239 262 297 .335 «333 .389 409 .518 .0898 .926 1,050 - .0238x
Envir. #11 A7 .181 237 .265 . o243 314 339 467 .0961 .892 1.430 - .0308x
#y 237 276 307 .328 . 326 451 45 497 094 937 1.174 - ,0248x%
#26 .261 . 321 . 308 .369 .388 15 . 501 . 552 .098 .922 1.120 - .0233x"
#30 . 204 211 255 277 .286 .30 .279 .299 037 . 951 -, 0749 - ,0141x
W.N. .32y 52! 377 438 423 465 478 0 ..773 0 143 .803 1.322 - .024%

Signal #6 (onset .006 sec. delay)

Intensity 100 98 90 87 85.5 81 80 76
Moan 2664 .305 .328 .38 L418 .69 .858 .1.195 .33 .860 4.428 - .0591x
Envir., #11 .239 .279 301 .369 . «285 .683 452 .64 170 .810 2.493 - ,0397x
ML 264 301 .303 . 341 ..383 .67 1.119 2,456 .754 731 6.229 - ,0788x
#26 .309 334 o3l .389 136 617 .586 .72 154 .910 2,262 - ,035x
#3o  .221 .257 .281 .31 311 247 .285 376 L0476 691 -.0951 « .0134x
W.N. .289 . 356 L17 491 L6780 1,232 1,846 1,784 644 .868 6.678 - .0807x

Gel



TABLE XI (Continued)

Signal #7 (onset .813 sec. delay)

Std. Corr.
Intensity 102 97 90 87 83 79.5 77.5 75 Dev. Coeff. Regression Fquation

Mean 222 235 .316 . 357 . 399 .632 632 .75 .201 . 930 3,174 - .0472%
Envir. #11 A1y .139 .280 .319 . .289 1.158 . 301 .27 <331 461 3.00%3 - .04Onux
#lh 140 186 .283 .375 6 R 458 1.003 191 . 383 .82 5.511 - 0744x
#26 .296 W34y 374 Aty 479 +565 .663 H1h 133 JI47 1.762 - .0296x%
#30 245 221 .27 254 . 305 .318 « 309 297 .035 .861 -.274 - ,0117x
W.N. .315 .283 373 223 . .507 .660 .886 1.376 .370 817 3.824 - .0517x

Signal #8 (omset .12 sec, delay)

Intensity 103 101 92 89 86 80.5 79 4.5
Mean 207 271 U318 .37 43 N 795  1.383  .395 .873 4.542 - ,0601x
Envir., #11 120 .233 252 . 327 .288 1.138 .363 1.728 .568 .738 5.422 - .0724%
AL .23 .293 363 415 A39 0 635 1.112 1,636  ..87 .832 4.629 - .0599x%
#26 261 262 .33 .367 478 . 787 8LL 1.487 L22 .861 L. 449 - ,0583x
#30 167 243 246 .298 <302 310 .269 .328 0516 .837 .1955 = ,0173x%
W.N. .245 .322  .397  .449 651 1,002 1.389 1,738 .548 .905 5.448 - .0672x

9¢l



APPENDIX F

ANATOMY OF THE HUMAN EAR
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Anatomy of the human ear can be separated into three major sub
parts, the outer ear, the middlie ear, and the inner ear. Figure 33
indicates the complete ear with this triparte breakdown.

The outer ear provides for the original receptions of sound. As
sound travels through air, the movement of the molecules create a series
of waves of pressure. These waves, upon striking the auricle, are
somewhat concentrated by the concave contours of the ear and directed
into the concha thereby into the passageway of the external acoustic
meatus. Dimensions of the auricle differ for each person but one study
[2] provides these sizes:

Length from 53.8 to 79.7 mm; 95% percentile 74.8 mm

Breadth  from 27.4 to 42.8 mm; 95% percentile 39.4 mm
Diameter of the external acoustic meatus ranges from 4 mm to 10 mm while
the Tength is approximately 25 mm. Walls of the meatus are thick
hairless skin which secrete small quantities of cerumen, a water proof‘
~wax-1ike material. The dividing 1ine between the outer and middle ear
is the tympanic membrane which stretches across the meatus, and seals
the passage against outside air or foreign material.

The tympanic membrane (ear drum) is mu1t11ayer connective tissue
covered with skin on the outside and mucuous membrane on the inside.

The ear drum is the shape of a shallow funnel with the apex of the

funnel (umbo) pointing inwards. Attached to the funnel is one part of
the malleus (manubrium), part of the ossicles chain making up the middle
ear. The ossicles consist of three bones which act as an impedance
matching device, either damping or amplifying vibrations of the tympanic
membrane in transmitting sound energy to the oval window at the beginning

of the inner ear. The first and largest bone in the ossicles (Figure 34)
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is called the malleus (hammer) and by a projection of the malleus called
the manubrium, is directly connected to the tympanic membrane. Through
a multi-directional knee action type socket, the incus (anvil) is moved
by the malleus, and in turn moves the stapes (stirrup) forward or
backward in a horizontal plane at the oval window. The inner ear is
filled with air and under changing pressure conditions can exert
differing pressures on the tympanic membrane, occasionally creating pain
to the individual. The Eustachian (auditory) tube which connects to the
throat relieves this pressure upon normal and swallowing actions.
Muscles involved are the stapedius and the tensor tympani. Upon con-
traction the tensor tympani pulls the manubrium of the malleus thus
increasing the tautness of the ear drum. Loud sounds reflexly excite
the tensor tympani and stapedius and as indicated above, the increased
tautness provides a damping effect to protect the ear drum. The
stapedius muscle is in the neck of the stapes and upon activation,
vibrates the stapes~at the oval window, thus transferring acoustic
energy to the fluid medium of the inner ear. Other ligaments which
provide suspensions of the ossicles in the middle ear are; three of the
malleus, posterior ligament of the incus, ligament between malleus and
drum membrane, and the annular ligament of the stapes.

The inner ear (Figure 35) contains the sensory perception areas of
the organ of hearing and is sketched in diagrammatic form in Figures 36
and.37. It is fluid filled and has as the key element the cochlea, a
tube coiled (2 1/2 turns) around a central bony pillar. At the Tower
end, two apertures are present, the oval window and the round window.
The oval window is a diaphragm connected to the stapes of the middle ear

and as the stapes moves in and out, this movement creates variations in
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pressure behind the window in the perilymph fluid of the scala vestibuli.
This pressure carries movement of the liquid and as it moves toward the
apex of the cochlea, it goes toward the helicotroma. The helicotroma is
a connection between the scala vestibuli and the scala tympani. The
pressure then transmits by hydraulic Taws to an area located below the
oval window, the round window. The round window bulges and thus

permits the movement to be damped. As the original sound vibrations
come through the ossicles and move the stapes up or down at the oval
window, this pressure is transferred by a downward movement of the
basilar membrane, tectorial hairs along the organ of corti (an organ
supported by the basilar membrane) are stimulated and produce neural
impulses which proceed to the cerebral cortex and the sensation of
hearing occurs.

The cochlea is a tube composed of smaller internal tubes. The
internal tubes are the scala vestibuli (vestibular canal), the scala
media, and the scala tympani. Each unit is filled with a Tiquid, the
scala vestibuli and the scala tympani have perilymph, while the scala
media is filled with endolymph. Between scala media and scala tympani
is the cochlea duct; and between two membranes, the basilar and
tectorial, is the organ of Corti. A bony spiral Tamina supports the
organ of Corti and inside the organ are internal hair cells (3500);
external to the outer support rod are four hair cells which have a total
of 20,000 hairs.

As the shearing force, from movement of the perilymph of the scala
tympani caused by the oval window being pushed inward, moves across the
basilar membrane, the cell hairs are stimulated and produce a DC

potential alteration. This alteration is innervated by fibers of the
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auditory nerve, whose cell bodies 1ie in the spiral ganglion embedded

in the skull.
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20
21
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34
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69

81
82
83
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COMPUTER PROGRAM REGCOR

ALO4-36054A REGRESSION/CORRELATION

REMARK ~-- REGRESSION AND CORRELATION PROGRAM

DIM ACSB1,BC50),X[501,YL50])

REMARK ~- READ DATA

GOSUB 2048

REMARK =-- REGRESS VARIABLE 2 ON VARIABLE |

FOR I=1 TO N

LET AfI1=X(C11]

LET BfI1=Y[1I]

NEXT 1

GOSUB 508

REMARK -~ PRINT AVERAGE AND STANDARD DEVIATIONS
PRINT :
PRINT “THE AVERAGE VALUE OF VARIABLE 1 IS",aAl

PRINT "THE AVERAGE VALUE OF VARIABLE 2 IS",A2

PRINT "THE STANDARD DEVIATION OF VARIABLE 1 15",Dl
PRINT “THE STANDARD DEVIATION OF VARIABLE 2 I5",D2
PRINT “THE CORRELATION COEFFICIENT BETWEEN VARIABLES ! AND 2 I5",C9
LET A9=A2

PRINT

PRINT "EQUATION 1"

PRINT *"VARIABLE 2 =",19," +",59, "% VARIABLE 1"
PRINT P9, "PERCENT OF THE VARIANCE IN VARIABLE 2 EXPLAINED"
PRINT

REMARK -- REGRESS VARIABLE 2 ON LOG OF VARIABLE 1
FOR I=1 TO N

IF XC1Y <= @ THEN 8@

LET ACI11=LOG(X(IY)>

NEXT I

GOSUB 580

PRINT *EQUATION 2"

PRINT "UVARIABLE 2 =",19," +"5,59,"%xL0G OF VAR | *
PRINT P9, *"PERCENT OF THE VARIANCE IN VARIABLE 2 EXPLAINED *
PRINT

REMARK -~ REGRESS LOG OF VAR 2 ON VAR |

FOR I=1 TO N

LET ALI1=X(1]

IF YCI1Y <= @ THEN 20

LET BC{II1=LOG(Y(I}>

NEXT I

GOSUB 508

GOSUB 608
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Continued

88 PRINT "EQUATION 3"
89 PRINT "LOGCVAR 2) =",19,"  +",S9,"% VARIABLE 1"
9@ PRINT "ALTERNATE FORM --"

91 PRINT "VARIABLE2 ="EXP(I19)," * "'EX,FS’(“ $9) "t VAR 1"
92 PRINT P9,“PERCENT OF THE VARIANCE IN UARI ABLE 2 EXPLAINED "
93 PRINT

180 REMARX -~ REGRESS LOG OF VAR 2 ON LOG OF VAR |
181 FOR I=1 TO N

182 IF ACI1 <= @ THEN 20

123 LET ACI¥=LOGCXCIM)

194 NEXT 1

195 GOSUB 5@0

186 GOSUB &0a

187 PRINT "EQUATION 4* ,

188 PRINT "LOG(VAR 2) =", 19," +0%, 89, *kLOG( VAR 1)
129 PRINT "ALTERNATE FORM == ) :

118 PRINT "VARIABLE 2 ="EXP(I9).,"x(UAR [r"$ 59,'")"
111 PRINT P9,"PERCENT OF THE VARIANCE IN VARIABLE 2 EXPLAINED"
120 GOTO 2¢

2¢@ REMARK -~ SUBROUTINE TO READ DATA

2@¢1 READ N

2@2 PRINT

203 PRINT ** ", DATA "

2¢4 PRINT

295 PRINT " GOBSERVATION"," VARIABLE 1",' VARIABLE 2+
206 PRINT

2@¢7 FOR I=} TO N

208 READ X[I1

209 NEXT I

219 FOR I=1 TO N

211 READ YCI1

212 PRINT I1,XL[I1,Y[1]

213 NEXT I

214 RETURN

5P@ REMARK -- SUBROUTINE TO REGRESS N VALUES OF B(I) ON ACI)
512 REMARK -- COMPUTE SiMS

511 LET 51=0

512 LET S2=¢

513 LET S3=0

514 LET 54=0

515 LET $5=0

516 FOR I=1 TO N

517 LET Si=S1+All]

518 LET 52=52+B{1]

519 LET §3=S3+CACI11t2)

524 LET S4=S4+(BLI1t2)

521 LET §5=S5+(ACI1*BLII)

522 NEXT'I

530 REMARK -- COMPUTE AVERAGES

531 LET Al=S1/N

5§32 LET A2=52/N

535 REMARK -- COMPUTE VARIANCES

536 LET V1=2(53-¢(N*(A1t2)))/(N=1)

537 LET VU2=(S4-(N*(A212)))/(N-1)

540 REMARK -- COMPUTE STANDARD DEVIATIONS

541 LET DI=SQR(VI)

542 LET D2=SQR(V2)
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Continued

550 REMARK -- COMPUTE DIVISOR FOR REGRESSION LINE

551 LET DR=(N*S3)=-(S1t2)

552 REMARK -~ COMPUTE INTERCEPT (I%) AND SLOPE ( S9

553 LET I9=((S2%S3)-(S1*S5))/D@

554 LET S9=((N*S5)-(S1*x52))/D@

560 REMARK -- COMPUTE PERCENT OF VARIANCE EXPLAINED (P$%)
S61 LET P9=((S9t2)*V1)/V2

578 REMARK --COMPUTE CORRELATION COEFFICIENT (C9)

571 LET C9=SQR(P9)

572 LET P9=1P0%P9

580 RETURN

632 REMARK SUBROUTINE TO FIND PERCENT OF VARIANCE IN VAR 2 EXP
608! LET S3=0 ‘
662 LET S7=¢

633 FOR I=1 TO N

634 LET E=EXP(I9+(S9*ALI1))

605 LET S8=58+((Y(131-E)t2)

606 LET S7=S7+((Y[I11-A9)t2)

6087 NEXT I ,

608 LET P9=100%(1~-(S8/57))

679 RETURN

999 REMARK -- TEST DATA FOR BRC

1980 REMARK -- NUMBER OF OBSERVATIONS

1801 DATA 8

1210 REMARK ~-- DATA

1811 DATA 104,98,93,89.5,84,83,81,78

1012 DATA 4665055507165 768,+743,1.149,.838,1.173

1224

END
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SAMPLE PROGRAM USED TO CALCULATE RESPONSE
TIME BY INTENSITY

HP2000E TIME SHARED BASIC

18 DIM C(8)»V(8)»SC1EH6)

11 READ N

12 FoP. 1 = | TO N

13 READ CCI)»VCID

14 WEXT I

15 PRINT" *,"RESPONSE TIME BY INTENSITY"



Continued

o PRIWNT

PRINT ' “,"ENVIRONMENT NO. 11"

i]
17
18 PRINT

19 PRILIT"SIGNAL NO«'","INTENSITY","FPEACTION TIHML

26 PRINT

2l FOR I =1 TO A
22 FOI' J = 80 TO 1ES5:TEPS

23 LET S(dJ) = J

24_ R = EXP(C(CI) - (V
FERQFR
24 o=

25 PRINT I,d.01

26 NEXT J
27 NEXT I
46 DATA §

41 DATH 2. 669,.0324
42 DATA 34943,.8557
43 DATEH 1.325,.C2€5
45 DATE e d356 6358
46 DATELE ©e493,6E397
47 DATI 3eG03,6e G494
435 DATAL Sed442,.0724
42 TND :

RN

NLSPONSE

“EXPC CCI) =VCII*S(J)I)

TIME TY INTENSITY

ENVIRONMENT NOe 11

SIGNAL NG

1 8@
i "85
1 g
1 w5
i 186
1 105
2 gr
z 85
2 90
2 95
2 166
P4 1€5
3 86
3 85
3 g
3 Q5
3 1610
3 irts
4 S
4 x5
4 90
4 a5

INTENSITY

REACTION TIME 1IN

le 1715
« 865623
« 735651
. 625628
« 53206

« 45248¢C
« 598697
» 453165
°« 343029
« 259629
« 156518
- 148748
« 451581
« 39554l
« 34645¢€
. 303462
-+ 2658063
.232818
e 7400677
o 48 48G9
« 317588
« 208045

SECe.

IN

152
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Continued
3 9g - 489681
3 95 « 449 47
3 160 « 334874
3 165% « 276927
4 80 1. 26925
a 9% « 629393
4 9% - 4540672
4 16¢ « 327587
4 185 « 236336
5 3¢ « 475289
[ 85 e 42295
5 SG « 376439
5 95 « 335042
5 160 « 298197
5 165 « 2654065
6 8g « 533915
6 85 « 493172
€ 9@ « 411478
6 25 e 345418
6 160 « 289964
€ 165 « 243412
7 850 -« 545529
7 8L e 470481
7 9F e 485757
7 95 . .« 349938
7 106 « 381727
7 185 « 260279
8 80 « 306542
8 85 « 602601
8 9 . 450229
g 95 « 336385
8 1¢. « 251327
g 106 « 187777
DON E
TYTTONSE TIME BY INTENSITY
ATVITGN: 70T NQ. 30
SIGNAL NO. IWMTENSITY REACTION TIME IN SEC.
1 £y « 158654
1 &5 « TGE823
1 90 « 647912
1 95 « 598996
1 i e 553773
1 165 « 511964
2 oL « 331874
2 65 « 304526
2 14 « 279431
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Continued

3 185 226842
4 86 « 972389
4 85 « 73125

4 9g e« 549991
4 95 « 41354

4 100 « 314988
5. 80 « JQHUHESE
5 8L « 392979
5 9 ' « 347149
5 95 « JPEGE65
5 166 « 2768982
5 165 . 239309
6 8¢ « 927744
6 85 e 625628
6 9@ « 421895
6 95 « 254587
6 109 « 191358
6 165 « 12938

7 80 « 643393
T g5 e 443526
7 9@ e 305746
T 95 « 210768
7 106 « 145293
T 1G5 « l0D159
8 44 « 849591
8 85 « 629 707
8 90 « 466732
8 95 « 345936
8 100 . 256404
8 185 e 10CGAY

N RESPONSE TIME BY INTENSITY

ENVIRONMENT NO. 26

SIGNAL NO. INTENSITY REACTION TIME IN SEC.
! 80 1.58725
1 85 1.27125
1 90 1.31816
1 95 « 815463
1 106 < 653117
1 165 .« 523091
2 80 . 722528
2 85 .« 588017
o Y7 .« 478548
2 95 . 389458
2 166 $316954
2 165 . 257948
3 80 « 716853
3 85 . 592147
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Continued
4 166 « 136286
4 165 892781 E~G2
5 80 « 355582
5 85 « 30483
5 90 261322
5 95 224024
5 160@ « 19205
5 165 « 164639
6 8¢ « 5@5G99
6 85 . 414161
& 906 « 339595
6 295 « 278455
6 160 « 228322
6 165 « 187215
7 86 « 337128
7 85 « 324G
7 90 236218
7 95 « 18452
7 100 e lasl3e
7 1G5 « 11259
8 8@ -7(’:‘4688
8 85 « L9 L 662
8 90 « 341639
8 95 « 23777
8 166 « 16563
8 165 « 115325
TONE
RESPONSE TIME Y INTEHNSITY
ENVIRONNMENT NO. 14
SIGNAL NO. INTENSITY REACTION TIME IN SECe.
1 86 135121
1 g5 1. 28166
1 SO « 865838
1 95 « 693156
1 1¢@ « 554882
1 165 444192
2 8¢ « 924965
2 8% « 668647
2 9F « 483357
2 95 « 349413
2 1.6 « 252587
2 165 « 182592
3 80 « 731922
3 85 « 610486
3 287 e 4766317
3 95 « 372135
3 106 « 290544
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Continued
o 85 « 256404
o 166 « 235275
2] 175 « 215887
3 50 e 366972
3 85 « 287797
3 S e 26982
3 g5 « 252966
3 160 « 237165
3 185 « 282351
4 80 « 33088
4 g5 « 326743
4 96 + 273351
4 95 . 248453
4 165 « 225255
5 5= « 279878
5 9¢ + 260826
5 95 « 243071
5 166 « 226525
6 86 «31129¢9
6. 85 + 291126
6 og «272259
6 95 e 254616
6 160 «2238115
& 165 « 2226824
7 G « 298197 -
T g5 « 251253
7 95 « 265272
7 5 «25€196
7 166 : « 235932
7 165 « 222573
) 80 -« 38483
& 85 « 279571
g 9@ « 256424
g 166 « 215671
g 185 « 1978
DON E

RESPONSE TIME BY INTENSITY
ENVIRCGILFUT  WHITE NOISE

SIGNAL NOQO. ANTEISITY REACTION TIME IN SEC.
1 40 le cag 72
1 85 1. 50866
1 Qg 1. 083873
} 95 « 824482

lag « 654424
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1G5
80
&5

9

95
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1.46375
1.61765
« 767513
. 49189
. 341981
. 237758
. 724698
599896
. 496585
c411867
. 346275
.281675
1.210646
« 847469
.« 593333
. 415405
. 250835
. 26362
.« 5499 ]
. 487727
. 432575
. 383659
. 348275
«361797
1.24857
.834018
. 557106
< 372135
< 248578
. 166644
. 731982
. 565243
. 436485
. 337858
. 260279
< 26099
1. 67465
< 767973
. 548811
© 392193
. 28627
. 200288
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SAMPLE PROGRAM FOR CALCULATING SUM

OF OCTAVE NUMBERS

DIM SC1@1,AL10)

READ N,M

FOR I=1 TO N

READ SC1I1]

NEXT 1

FOR K=1 TO M

FOR I=] TO N

READ AC1I1]

NEXT I

READ C,V

U=0

FOR I=1 TO N

B=A[LIl/SC12

R=EXP(C-VUxS[I1)

F=R%B

U=U+F

NEXT I

PRINT ' ","SUM =", U

NEXT K
DATA 7,8
DATA 84:99:89:85:8@:7@)6ﬂ
DATA 56,70,95,90,91,84,67
DATA 3.861,.0445
DATA 64,67,92,87,91,83,68
DATA Sel14,.08649
DATA 62,69,182,97,102,87,80.
DATA 3.714,.08495 .
DATA 69,75,1082,97,99,89,76

. DATA 4.532,.0857

DATA 64,67,102,96,99,90, 77
DATA 1+174,.0248

DATA 63,75,93,182,908,87, 79
DATA 6.229,.0788

DATA 54, 73,85,96,90,83,69
DATA 5.511,.08744

DATA 64,76591,97,94,88, 73
DATA 4.629,.0599

END

11.08172
8.93327
7. 35389
9.6277
356751
11.3788
6.84367
B.31116

SuM
SUM
SUM
suM
sSuM
SuM
SUM
SuM

o6 v uonu N
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