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Air Crew effectiveness depends, to a great extent, on the ability of crew members
to maintain adequate voice communication and receive proper hearing protection
throughout all phases of the flight mission. \lthough many factors influence
overall speech communication capability, a primary concern is the level of ambient
noise associated with the flight environment. To maintain operational effective-
ness, the noise in occupied areas of airiraft must be limited to levels vhere
significant degradation of voice communication does not onccur. It is essential,
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aircraft.=In this investigation, both speech intelligibility and hearing pro-
tection were determined for various USAF inflight communication headgear devices.
Speech intelligibility was measured with talker to listener relationships of
quiet to quiet, quiet to noise, noise to quiet and noise to noise. The noise
used for both talking and listening was set to 110 dB (re 20MRe) in each octave
band from 63 Hz to 2 kHz and 105 dB in the 4 kHz and 8 kHz octave bands. Speech
materials were recorded using both boom (kiss-to-talk) and oxygen mask micro-
phones. The results reveal that many noise exposure conditions now specified as
satisfactory for military aircraft may be in the range where adequate speech
communication cannot be maintained., Although additional research is required,
the results of this investigation shdgest that current military specifications
defining maximum permissible noise level in aircraft should be revised to includA
consideration for voice communication.
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SUMMARY

Arrcrew effectiveness depends to a great extent, on the ability of crew members to maintain adequate
voice communication and receive proper hearing protection throughout all phases of the tflight mission.
Although many factors influence overall speech communication capability, a primary concern is the
level of ambient noise associated with the flight environment. To maintain operational effectiveness,
the noise in occupied areas of aireraft must ve limited to levels where significant degradation of voice
communication does not occur. It is essential, therefore, to considi:r voice communication capability in
addition to hegring dan.age risk when defining maximum permistible noise levels for occupi~d areas of
aircraft. In this investigation, both speech intelligibility and hearing protection were deterinined for
various USAF inflight communication headgear devices. Speech intelligihility was measured with
talker to listener relationships of quiet to quiet, quiet to noise, noise 10 quiet and noise to noise. The
notse used for both talking and listening wus set to a level of 110 dB (re 20uPa) in each octave band from
63 to 2 kHz and 105 dB in the 4 and 8 kHz octave bands. Speach materials were recorded using both
boom (kiss-to-talk) and oxygen mask microphones. The results reveal that many noise exposure
conditions now specified as satisfactory for militnry aircraft may be in the range where adequate
speech communication cannot be maintairel, Although additional research is req.ired, the results of
this investigation suggrest that current milituyy pecifications defining maximum permissible noise
level in atreraft should be revised to include censtderation for voice communication,




TR % T T -
¢ s -

PREFACE

This study was accomplished by the Biodyriamics and Bionics Division, Aerospace Medical Rzsearch
Laboratory, Wright-Patterson Air ["orce Base, Ohio. The research was conducted by Henry C. Sommer
of the i-iological Acoustics Branch, Biodynamics and Bionics Division. The research was accomplished
under Project 7231, “Biomechanics of Air Force Operations,” Task 723103, “Effect of Operational Noise
On Air Force Personnel,” and Work Unit 016, “Auditory Responses te Acoustic Energy Experienced in
AirForce Activities.” Acknowledgement is made tothe assistance provided b; Sgt E. R. Farina, AICM.
R. Skelton and Mrs. Hazel Watkins of the Biological Acoustics Branch and Mr. L. Keith Kettler of the
University of Dayton Research institutie.




INTRODUCTION

Since the early development of the USAF aircraft intercommunication system, one of the greatost
single hazards to effective military communications has been the presence of noise. I'o reduce the noise
hazard at both speaker and listener positions, the USAF has developed noise cancelling microphones
and noise reducing earcups for use in the inflight communication situstion. However, even with the
most advanced techniques employed, some portion of the ambient noise environment penetrates the
microphone and/or earcups. In the operational situation, where the ambient noise is of sufficient
Intensity to cause interference with the transmitted or received message, a reduction in intelligibility
may result. Itisimportant to define voice communication performance in terms of speech intelligibility
as a function of noise environment. Current military specifications“ which establish maximum allow-
able noise exposures in occupied crew and passenyger areas of aircraft have been developed with
emphasison hearing damage risk. Through recent efforts to revise and update these military specifica-
tions " and to establish international standards® on maximum permissible sound fressure levels in
aircraft, it has become apparen: that voice communication performance for operational headgear snd
microphones is not adequately defined in terms of hearing criteria. The present investigation was
conducted to determine (a) hearing proteciion and (b) speech intellibility for various USAF operational
inflight headgear devices under various combinations of noise conditions.
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METHOD

SUBJECTS
In this evaluation, subjects performed as (a) talkers or (b) listeners.

(a) Talkers
Two 21 year old male volunteers, selected on the basis of relative linguistic similarly with one
another. paiticipated as talkers.

(b) Listeners
Ten male universit, students ranging in age from 18-22 years, volunteered for participation as
listeners in both the speech communication and Learing protection portions of this investigation. As
determined by standard audiometric methods, all subjects had normal hearing for test frequencies of
500, 1k, 2k, 3k, 4k and 6k Hertz,

APPARATUS

The apparatus and materials us~d in this investigation are discussed in terms of (a) test devices
(microphones and headzet’/helmets) (b) talking and listening (¢) speech test material and (d) hearing
protection.

(a) Test Devices
Figure 1 shows the microphones, headset, and helmets used in this investigation. With the
exception of the SPH-4 helmet, all devices shown are standard USAF issue items. In normal use, the
M-87 microphone is mounted on a boom and used in conjunction with the SPH-4 helmet and H-157
headset. The M-101 microphone is used in conjunction with oxygen masks with use limited to flight
operations associated with hizh altitude flight. However, for this evaluation, the mask was not
connected to an oxyge~ br athing systeni.

[USAF INFLIGHT COMMUNICATION EQUIPMENT]
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Figure 1. Headset, Helmets, and Microphonea used ir this Evaluatior
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" he H-157 headset is used in all aireraft flight operations where oxvgen masks are not required and
olectrically aided voice communication is required. The HGU-26/P [H-154(A)] helmet is the USAF
standard (non custom) issue for all fighter pilots. The SPH-4 helmet was developed by the US Army and
}L.a. been suggested for use by the USAF for helicopter operations.

9} Talking and Listening

Each tallier recorded three lists of 50 words each in a noise and in a quiet environment using
eacn of the two microphones. All recordings were made using a Sony Model 380 tape recorder/
rep: oducer at 7-1/2 inches per second with a microphone input of 4 ohms. The recorded word lis’ s were
then randomized and rerecorded in orders that contained speech produced by eachtalkerin noise and
in quit while using each of the M-87 and the M-101 microphones. Tape processing from the original
recording was accomplished using an additional Sony Model 380 tape recorder'reproducer.The
finalized word lists were presented to ec.ch of the ten listeners through an Air Force standard A1C-25
intercoiamunication set terminated by either (1) an H-157,(2) an HGU-26/P [H-154(A)]or (3) an SPH-4.
The recorded speech was so input to the A1C-25 intercommunication system that the characteristics
{frequency, level, etc.) were the same as if the speech had been input directly into the intesecomniunica-
tion unit through a microphone. For both talking and listening, the noise was presented as ar: ambient
free field environment with levels set at 105 dB (re 20uPa) for one third octave band center frequencies
of 80, 100, 125, 160, 200, 250, 315, 400, 500, 630, 800, 1.0k, 1.25k, 1.6k, 2.0k, and 2.5k Hertz ar.d at 100dB for
one third octave band center frequencies 4.0k, 5.0k, 6.3k, 8.0k and 10.0k Hertz. These levels nroduced a
noise spectrum that had octave band levels of 110d B for center frequencies of 125, 250,508, 1.tk and 2,9k
Hertz and 105 dB at 4.0k and 8.0k Hertz. This noise spectrum was produced by one third octave hand
frequency filtering (Bruel Kjaer 1612/S1A Filter Set and 1612/SP Summing Panel) a white noise
(Hewlett Packard Model 80537A noise generator) and amplifyving the summed signal via a Stroniberg-
Carlson 14 kilowatt zudio amplifierloudspeaker system until the desired band levels were oitained.

Both talkers and listeners were positioned in the sanie portion of the test room. Prior to each
talking orlistenine session, a one third octave band analysis was obtained for purposes of verifying the
noise spectrum.

The quiet curlition talking and listening sessions were conducted in the same room as that user!
in the oise sessions. The ambient noise levels for the quiet eonditions were below 30 dBintheone third
octave band frequency region of 80 to 10.0k Hertz.

(¢} Test Material

The speech materials used in this investigation were selected from the scandardized Maod:ficd
Rhyme Test(MRT)® Each test list contains 50 monosyllabic words in the form of consonanut-vowel-
consonant. The MRT does not require extensive training of subjects and is relatively simple to
administer, seore, and evaluate. Six Jists of 50 words each were used as the basie speech material peol.
The 50 words within each of the six basic lists were repeatedly randomized to provide 24 different word
lists. Each talker delivered the word in the carrier phrase "Number —, you will mark — please™
separated by a 2 second interval. Prearranged answer sheets corresponding to the vattous randomized
word lists within an order of presentation were provided to the listener. On the answer sheet, six
possible words were liste | for each stimulus word spokn by the talker, comprising @ multiple choice
type situation. The listener's task was to strike cut the vord on the answer sheet that he thought he
heard. Since the test form allows for guessing, a certain number of correct response s could be obtained
by chance factor alone, To compensate this chanee factor, the criterion measure used was percent
correet, corrected for guessing. The formula used to calculate the criterion measure® was as follows:

7 correct = 2 number correct D-um-b%r-lm
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td) Hearing Protection

Hearing protection was determined for each device. The ten listeners used in the speech
intelligibility portion of this investigation also performed the hearing protection evaluation in accord-
ance with the procedure of the American National Standards Institute “Method ror the Measurement
of Real Ear Attenuation at Threshold . In this method, auditory threshold is measured three repeat
times with and without the device in place on the head. The difference between the with and without
chreshold values is defined as the amount of protectica afforded by the device. Hearing protection
values are determined for discrete frequencies of 125, 250, 500, 1.0k, 2.0k, 3.0k, 4.0k, 6.0k and 8.0k Hertz.

The instrumentation used to measure hearing protection consisted of: an audio oscillator, an
electronic switch, an operator’s attenuator (110 dB total range in 1 dB steps), audio amplifier, and a 25
watt loudspeaker. The loudspeaker wus positioned 1.3 meters in front of the subject. Subjects found
their threshold of hearing by varying their attenuacor until the test tone was barely audible.

PROCEDURE

All listeners were tested on four separate days. On the first day, subjects were given a baseline
audiogram, instructions ansd practice on both the hearing protection and speech intelligibility tasks.
The second, third and fourth days were used for evaluation of each of the three helimet/ headset test
devices. The order for evaluation was randomized for each listener. The daily routine for each subject
was similar. Each listener, was first given an audiogram, then fitted with the test device to insure the
best possible fit and earcup seal. After the necessary adjustments were made to the test device,
listeners participrtedin the hearing protection evaluavion. After completion of the hearing protection
evaluation. subjects were then given a fifteen minute rest period during which they were escorted to
the speech intelligibility test area. Listeners then donned their headgear test iten: and were seated it
the test rooin. The recorded speech test material was then played te the listeners. Listening levels were
fixed at the mid gain position of the AIC-25 intercommunication unit. The input speech was monitored
to insure a constunt speech level input. At the ecnclrsion of the speech intelligibility evahiation,
subjects were removed from the test area, given n post exposure audiogram, ¢ nd dismissea for the day.
For each subject all testing was conapleted in a two week period.

RESULTS
HEARING PROTECTION

Table 1 presents the menn hearing protection and standard deviation values for each of the helmet
headset devices. In generul, for both the jow (125 and 256 Hertz) and mid (500 to 4.0k Hertz) frequen. v
regions, the SPH.4 provides slightly nore hearing protection than either of the other devices. In the
higher frequeney region (5k and 8k Hertz) the HGU-26/P (H-154(A)] provides slightly better hearing
protection.

Table 2 presents the d B(A) reduction values for each device as a function of various dB(C)minus dB(A}
classes. These dB(A) reduction values were determined for the nesn (X) and menn minus one standard
deviation(X - 1« Nalues calculated from Tahle 1. The mean (X) applies tu those values expected for 507
of the population, while the mean minus one standard deviation (X - 1) applies to an 84% population
coverage. The methods used to caleulate these dB(A) reduction values have heen described in detail
elzewhere®. Basically, cne A" weighted overall sound pressure level (dBA) is a single number rep-
resentution used to describe a noise. The "A™ weighted level is such that consideuble weighting is
provided for in the low frequencies. The “C weiyhted overall sound pressure level (dBC) provides
another single number representution of the sume noise, however, little weighting is applied. Because
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TABLE 1
HEARING PROTECTION VALUES

FREQUENCY (Hz)

DEVICE 125 250 500 1004 2000 2000 1000 6000 8000
SPH-4 Mean 15 13 29 27 31 39 50 34 30
St. Dev. (3) (&3] (5) 3 (%) (5) (6) (7 9
HGU 26 Mean 11 11 21 21 34 41 46 38 33
H-1540A) St. Dev. m 4 xR 4 (5) () %) ®) ®)
157 Mean ) 14 22 33 32 32 39 29 22
St Dev, (EY] (R} (5 (6) 6) () N (¥4 (6)

TABLE 2
SINGLE NUMBER ATTENUATION FACTORS (dBA)

C-ATVALUES

Device 2o o ltod dte? sto 12 130r *13
X 28 26 23 19 14
SPH-4 .10 234 » 19 16 12
HGU.26p X 25 22 20 16 11
1HL1540A Y X 1 19 17 15 1 7
HA187 X 27 24 21 17 12
e 2 20 17 14 9




of the differences in weighting charactenisces, the dBCminus dBA (“C-A”) value indicates the relative
contribution of the low frequency energy to the overall seund level reading. A “C-A” value that is
negative, zero, or a smail positive nummber indicates that the low frequencies contribute little to the
overall soundlevel A large “C-A’ value indicates that the low frequency encrgy influences the overall
sound level. Since most ear protectors provide Little hearing protection in the low frequency region
(125-250 Hertz), defining hearing protection as a single dBA reduction value that covers all noise
spectra would be impossible. For this reason, the data of Table 2 are provided. Forexample, a fixed wing
Jjet aircraft spectrum wouid be such that alow “C-A” value would be obtained and therefore the helinet
or headset wouid provide maximum reduction of the A-weighted overall sound level. A helicopter noise
spectra has a considerable amount oflow frequency energy and consequently a large “C-A” value. As
observed fromn Table 2, the larger the **C-A" value, the less effective the hearing protection device
because of general poor low frequency performance.

SPEECH COMMUNICATION

Analyses of variance were calculated on the data obtained from each talker to listener relationship
{quiet to quiet, quiet to noise, noise to quiet, and noise to noise). Sienificant effects were found only for
niicropaones in talker tolistenerconditions of quiet to quiet and no. . to quiet. Figure 2shows the main
effects for microphones for all talker to listener relationships. For talking from quiet Lo quiet, the mask
microphone (M-101) provides a statistically significant iniprovement cver the boom microphone (M-87)
while for talking from noize i quiet, the opposite is true. To better understand this effect, Figure 3
presents the speech intelligibility scores for each of the talker to listener relationships for each
helmet/headset device for both microphones. From this figure, it can be observed that for the quiet to
quiet cendition, higher scores were obtained for all devices when speech was recorded using the mask
microphone, while the reverse was found in talker to listener relationships of noise to quiet. This effect
was not observed for the same talking conditions when listening in noise. Although a statistically
significant difference was observed for microphones, the actual percent difference in intelligiblity
scores (2 to 57%) is not expected to be of practical consequence. Figure 4 presents the intelligibility
scores Tur each headset/ helmet device as a function of each talker to listener relationship used in this
investigaiion. As expected, talking from a noise environment to 4 noise environment (pilot to co-pilot)
produces scores considerably below those for the guiet to quiet condition. In general, the condition of
talking from quiet to noisz (tower to pilot) provides slightly better intelligibiiity than from noise to
quiet (pilot to tower). This indicates that noise entering the microphone has slightly more effect on
speech reception than the effect caused by the noise at the earphone. However, additional investiga-
tions are required to verify the significance of this finding.

DISCUSSION

Of particular interest in this investigation was the fact that no significant differences were observed
amaeng nny of the listening devicesin any of the talker to listener relationships. Consequently, the type
of device worn by the listener appears to make little difference to speech reception capability in the
noise conditions examined in this study. However, the significant effect found for microphones in
talker to listener relationships of quiet to quiet and quiet to noize were quite surprising. When the
talker and listener &re both in quiet, the mask microphone (M-101) provides for greater speech
intelligibility over the boom microphone (M-87) while the reverse is true with a talker to lisiener
relationship of notse to quiet, Therefore, the type microphone used in an aircraft may be animportant
consideration prior to the determination of maximum allowable noise levels. It has generally been
assumed that in any given noise enviromnent, the mask (M-101) microphone used with tne MBU 5/
oxygen mask would yield better intelligibility than the M.87 boom microphone. This nssumption ix
based on the fact that additionnl noise redoction is afforded the M-10Fnievophone through the rubber

mask associated with the MBU 547 sk resulting tn a better speech to noise ratio at the input.
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The hearing protection afforded by the SPH-4 helmet is 1to 2dB better than that provided by the H-157
headset and from 3 to 5 dBA better than that for the HGU-26/P [(H-154(A)]. In terms of hearing damage
risk exposure criteria’, Air Force Regulation (AFR) 161-35 requires a decrease of 4 dBA for every
doubling of expos-ire duration. Therefore approximately twice the allowable exposure duration can be
tolerated if the SPH-4 helmet is worn in place of the HGU-26/P [H- 154(A)}. However, thisslight increase
in hearing proteciion of the SPH-4 over the HGU-26/P {H-154(A)] does not appear to influence speech
reception capability when listening in noise. In fact, iuspection of figure 1 reveals that speech intelligi-
bility for the quiet to noise and noise to noise conlition is slightly better when using the HGU-26/P
[H-154(A)] over any of the devices tested.

In Figure 5 the noise spectrum and level used in this investigation are compared to those levels and
spectra provided in MIL-S-8806B for the protected ear. For the condition where both talker and
listener are in noise (pilot to co-pilot) the speech intelligibility for the Modified Rhyme Test (MRT) was
in the iower 70 percent category. This is at or near the minimum acceptable performance allowable for
aircraft intercommunication systems. It should be noted however, that the gain ot the AIC-25 inter-
communicaticn set was et to mid position for this investigation. Increasing the gain to maximum, an
increase in speech level of 16 dB, would increase speech reception capability. However, it must be
remembered that data collection in this investigation was conducted under ideal conditions (e.g.
maximum fit and seal of the earcups associated with the helmet and headset devices). Therefore, it is
questionable whether in an actnal flight situation the speech reception is any better even if the rain
level is set to maximum,

Additienal investigations are required to determine the effects of operational flight (jet, prop and
helicopter) noise on speech communication capability when listening at different gain setting levels.
However, consideration should be given to reducing the levels permissible for the 15 minute and 30
minute durations now specified in MIL-S-8806B. Particularly since these levels and durations are
specified for take off (Curve E) and climb (Curve F) where intelligible voice communication is most
essential,
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