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THE EFFECTS OF HEARI LOSS3 ,N S TECH COMMTNITATION

AND THE PERCEPT ICN 1'i OTHER SOUNDS

I. INTRODUCTION

Speech communication is one of the most important activities engaged in

by mankind. It is necessary to the proper function of rrost jobs, as well as

tc the satisfactory conduct of social and person~ai relations. Loss of hearing

degrades speech communication in these vitai functions. The extent to which
h1arina impairment may degrade perforrince in military occupations is the

sub ect of this literature review ani analysis.

Noi.se and filtering, which are common in everyday comnunicdtion
situations, have the effect of reducing the natural redundancy in speech.

When the listener is hearing-impaired, redundancy is further reduced, to the

point where the listener mu't strain to understand the messages communicated.

Depending on the degree of iearing loss ant the degradalion of the speech

signal, messages may be correctly peLceived, partly or completely
misunderstood, or missed entireiy. The consecuences <If crmmrunication failures

will range from minor annoyances to disasters.

The causes of hearing impairment among soldiers run the same gamut as
they do in the civilian population. They can include impacted earwax, middle

ear infections, and inner ear disorders caused by viruses, heredity, or

ototoxic drugs. Probably the most common hearing impairment is noise-induced

hearing loss, which may result from recreational as well as military and other

occupational causes. These losses may be temporary, permanent, or

combinations of the two. High-frequency hearing (in the 3000 to 6000 Hz
range) is earliest and most severely affected by most noise exposures.

Because consonant sounds tend to be high in frequency and low in sound energy,

and because they contribute most of the intelligibil-ty to speech, noise-

induced hearing loss acts as a very effective filter to remove the

intelligibility from speech. When added to the inherunt distortion, which is
present to some extent in most impaired auditory systems, even mild hearing

impairments can place the listener at a disadvantage in certain situations.

For thesa reasons, all three branches of the military have developed

performance criteria for hearing sensitivity. As we shall see, however, these

criteria differ among services and among jobs within services (which is
reasonable), they are not always enforced, and they do not appear to be based

on objective data or principles.

II. EFFECTS OF HEARING LOSS ON SPEECH RECOGNITION

A. Filtering Versus Distortion

Certainly one of the most plausible expland: ions for the difficulties

encountered by individuals with noise-induced hearinj loss is that the hearing

3



loss acts as a low-pass fiter. Thin is even born rut L:.

people who have experienced their hearing losses ovez i rer-i _i -<c, in

that they tend to drop consonants from the ends of words. kCe - f this

filter effect, researchers sach as Kryter (1970) , B::-da -L . 1>5, and

Skinner and Miller >99?) have propsed correcti ons to ::rprn. T.ment to
the Articulation Index (Al)

Levitt (1982) has summarized the filter effect succinctly. For the

mildly hearing-impaired individual, most of the weaker consonants, such as

sibilants and voiceless stops, will be barely audible or inaudible. This

effect will be greater when these phonemes occur in the final posi-ion or in

blends, where their intensity will be lower. The more severely hearing-

impaired person will miss the identifying cues for all voiceless sounds and

also many of the weaker voiced consonants, such as voiced stops in the final

position.

Although there is still some controversy over toe issue of filter versus

distortion, there is a mounting body of evidence indicating that filtering is

not the only problem for hearing-impaired listeners. Plomp ('978) divides

hearing losses into Class A, attenuation, and Class 7, w hi7h is added

distortion. Class D listeners are those who say, "1 can hear '.'u talking, but

I can't understand what you are saying." Class A individuals have difficulty

at low speech and noise lec-eis, but their hearing appcoacheo isa of normal

listeners at high speech levels, even when the speech is acre>' Ar ied by high

levels of noise. Class C people have minor difficulties in :-w noise levels

but substantial problems in high levels of noise and speech. This difficulty

is manifest in the speech recognition function that plateaus or "roils over"

at levels considerably lower than 100 with increasingly higher listening

levels. Plomp believes that most actual hearing losses are combinations of

Class A and Class D, and as a rule of thumb he estimates that for every 3 dB

i,-,lrease in the speech reception threshold (SRT) for sentences, the distortion

or "D" component increases by 1 dB. (One can assume that pdrely conductive

losses would be categorized as Class A only.)

This controversy n i been the subject of several investigations over

recent years. The earli>: studies found few differences netween the abilities

of subjects with actual . ring losses and those who listened ttcm..:sh iow-pass

filters (Sher and Owens, <74; Bilger and Wang, 1976; Wang 1 97S( . An

exception is an experire. .. <hung and Mack (1979) which ,ntt, -, -pass
filtering with a cut-off a 210 Hz in an attemp' to mke tet ions

physically comparable for o-rcal-hearing ou t n 1 hich-

frequency hearing losses. ch subject was test (,,. ., 75,

and 85 dB) with 3 cifferent speech-to-no'ise a -. cm)

Although the effect was "not as overwhelming" as i s. r v. t ns,

the hearing-impaired listeners performed signi.r
normal-hearing crunterparns, especially at h ...

favorable speech-to-n,:oe latios.

Walden Pl. (1981) use:, an innovatio ,

versus distortion issue - 14 subets with .

using these subjects as t , r own crnt rols, th.l . -I., he

consonant recognition abiti I. of the impaired e r C 7 . ea r,

listening through a fi lter -ped to the co)nfi.r<i t .

Rather than using the audiomet ric configurati-n -r

4
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2.at' !h.e ~.~:V:a ±0-A increase in stimulus luve. fora

e wally Vi. -ValH . '.ho eii: with a cochlear impairment i

, ":ly I, . in Tk - i ired eat int egrates s.,2l: nwS s. .4.

W" O" '. 3 " ' wa ,,) , .1 ,w: greater eu f , s trom maskersii that piec4 t,
-L, lht (, l .!<l t r.I 1 .:] t k r'. 4, t . [ , i ] ti ' • u , b -, t.

i pI b A a .. , r L se .t

F ".* -:.{ ." ' m.) ,eveloped a simpi I ti 'k nq
" ..: " t,-: :. ' .: r: in clinical patients. On tlii .q -. z

nil L-,. .: : a v es or hear ing impai mert, ' , " .

.... . !. !: . :: , but degraded temporal tes a t n A i . ,

hearing-impairen, with more unfavorable speech-to-noise rat i-n .
qrpare .edut i ins in temporal resolution. They repeated i he *-:it :, .

in-imA abjects , this time applying masking to simulate hearing ioqw .ww
a.,i f iunl a response pattern that differed considerably from t ih .t . W
hear ing-impaited subjects. Once again it appears that attenuatin a1n- 1

o xpla!r: difficulties in temporal processing.

?Q1 2; tent EW. several measur.s of tr:, i i p
i :, 1 a -s : ' no rmi 1 ar. he i ,i- ..i'

* .. . it u-we I p orr res:3n~ i t. *than f -

.1 .:, . 1 :... *f whether the two groutp were m: i-,

.. ' if'a .t i,rion levels. Two -f t h emp :'
.:w s !, : *,.i ':al lit terence limen (just noticeable .I n n .

i : i
t  

in) a i a ngr gap detection thresh.l is (minimum dot -. ,1;
itr i ns) t-.ielated siqiticantly with impaired sp,,'ch iiecgnit i-, ao i .

hw , ft ,t t-is p oi tei even after adjustments had been made for , :;:4,
attenuaticn. The authors conclude that these temporal processing dida a ]t.,

"Way represent the important underlying processes that contribute t the

.:h jw,:,::,-p* i n in the hearng impaired" (p. 750)

D. Hi Sdu lral Processing and Localization

Hearlg-impaired individuals benefit from t . effects of binaui::

hearitng, but probably not as greatly as persons wit. normal hearing (Nahel-k
an- Robinette, 1978). This is especially true in n [By conditions, where th-y
I n-t Ponefit as much from the binaural "relea.- from maskirng" dn in

rM -;-, a, g i Counturpa t s.

,,"- lek and Maso.;n (1981) tested the effect of noise and reverh-t: i P

a. nauira L nd binaual word recognition by subjects with vat iou..ye- ,

ar..)unts of qJr in-1 loss. They found a binaural advantage ,. H. i

onvir n-r'::- . , irv-rher,it ir time of 0.1 secornd art W In

With r- . - south .ocal izat:,n, St phns (1 )76) .iif . F -t. t in n

h'ir f ( '141, s 5howing that h4aring-impai ed :W:1 l'ct s exhibit n 1 y n i:h'!

at. n ormto, ti in perceiving iourid lateralir .tion and i5ect innality. H.wo ,z,,

he r e+zrer. es Raftter ant Butler (1968) ant But 1-i (190/ ) a s .winq I rw c"

su- t ,o 3 wit h , igh-t tequency hearing losses at, unable tn ider, if T K,

diiecti, n of sount in the vertical plane (St.pher.;, 197 ).
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HEARING HANDICAP

zas or t e,3 s i-na -i ~rk w 1 th h~a ri ng-impa ir edi n-1 i v., Lio 1 wouldj
,tqrr e that- small amounts -of hearino loss cause no handi, L, and are f, -i, not

evont ' coable to the affected indiv.idual. The questioun is, th-n, how much
'ear nc rva i : ent can a r'orson accoui re before hie or she can no longer
_inta adequately in social or occupational settings?

Deitin

nree te rs, imp a irme n t, handicap, and disability are often used
,_.Ihangeab lv, but they mean quite different concepts. To Confuse the issue

Sthey are iefined differently by different authorities.

n fr 1 to American Academy of Ophthalmolo_-gy and Otolaryngolo1gy (AA.DO)
a : cw :.g dstinct ions (Davis, 1965)

urmpa rment: a deviatio)n or change for the worse in either strurture -r
--itrn, usuall1.y Dut side the range of normalI.

Hal~dicap: the disadvantage imposed by an impairment sufficient to
afftc onre's pe rsonal1 et ficiency in the act ivities o.f da ily I iv; nq.

D iSaL L 1itLY: the actual or presumed inability to remain emFXloyeA at-fl
W aq e 3.

The British Association of Otolaryngologists and the British- 'Soc'iety of
~osorgy(BAOL/RSA, 1933) define impairment similarly, but- have reverfoedi the

AA00'3 oiiin of handicap and disability. Accordingly:

I-,-i3a t iY: a, v .dKor res t rict io n (res ult _ing f rom an i mpdlrrmn')'

ai t fy to pe rc(-eive e ve ryda y sounds, e it her i n qju iet.( r- a no 7'y

haokg roud. It ' a 1ly given in a scale a-t pe r'rot-agos fa)r

_-h1p dic :ntage for a g iven ind ividual rec;li 1 ij Ir

rmir~r~.or diisatlt that. restricts atv K thtwoiuli h e

'-,o~ -' t- r hat.....hd

mAi ia~pa _ , 'IP moI ca iyat''

W - r thi. range considered normal f(. V Io s

3 a Lpr t me n t of L abo r 'a 3 c

ra'r Ci, HA, 1 '8 1) addrs the cancev 1
A~ ,whi ch- is3 :Iewh,-re betwe.en the AA,,

ra n. rotepot ion rioald f o r th- :' 1, I

oraI hea r i ng impi i r ment . DOHA ']et f ' '' a ti, r ' T

w-ih art indj'uidua ca ennot- rana-ton as o 1-mi h- i'j F

Th AAC' "he It "tt icalt" and its'- a', et

r c - '' in t hre f1.: t. do Et th 11 1 1' ' .1

10



compensation laws use the word "impairment" with the AAOC's i ......
handicap. Altho'ugh the British definition is probably more accnirdt , ..
the AAOO's use of the word "handicap" is more familiar in the U. -' .

use it for purposes of this report. We do not, however, supp,,it toe .A
audiometrio definition of handicap: an average hearing threshi e
500, IC00, and 2000 Hz that exceeds 25 dB. The reasons fr t. ........
apparent in the subsequent discussions.

P. Audiometric Threshoids Defining Hearinq Handicap

The point of beginning handicap has been the subje.
and investigation over recent decades. Early experimr:-, .. T
relatiunzhip between speech recognition and used the term .:r:g <.
speech" since the distinctions between impairment, handi-ap, aodi ,isibii y
had not yet been made. The first well known method for assessing h:earing i >ss
for speech was developed by Fletcher (1929) . Fletcher's time-hnote,i "Poit-
Eight Rule" divided the entire audible range from 0 to 120 aB (ASA) for 're

averaged frequencies, 500, 1000, and 2000 Hz into percentage of loss with a
slope of 0.8% per decibel. For many years, physicians used tioto__
to calculate compensation for hearing loss, even though it was . ,
that ourpose. Later, the AMA adopted the Fo~ler-Sabine met ho
this method, average hearing threshold level was calcua ae- I
audiometric frequencies 500, 1000, 2000, and 4000 Hz, which wt-. ,  -.. .

weightings 15 , 30i, 40f, and 15%, respectively. The "low fen.,e' ." .

o)f beginning handicap was identified as an average hearing th.:ush, .
10 1B (ASA, or 20 dB ANSI) (AMA, 1947).

According to Davis (1973), the new formula was too complex, nrd
otologists refused to use it. Accordingly, the AAOO (1959) developed a simple
method, which many state statutes still employ today. The new method used the
simple average at 500, 1000, and 2000 Hz with a low fence at 15 dB (ASA, ,'- 27
dB ANSI), a high fence (or point of total handicap) at 82 dB, and a growth 1
handicap of 1-1/2% for each decibel between these points. The AAOO helIeve i
that hearing impairment should be evaluated in terms ef the ability to har
"everyday speech", and that the ability to hear suiitences and repeat them
correctly in a quiet environment was satisfactory eviience of good hearing for
everyday speech (AAOO, 1959) . The AAOO determined that the average hearing
level of 16 dB (ASA, or 26 dB ANSI) at 500, 1000, arid 2000 Hz was the point at
which individuals begin to have difficulty hearing ,e ntences in quiet and seek
medical hel for thir hearing prolems. This -....rrminatin was ,as
clinical evidence (Davis, 1973).

Over the following two decades, many studies were conrductedi ' -':
the audiometric frequencies that best predicted hearing handir-ia, an :
average hearing threshold le-'el at. the sc'. lected t 1eij f,5 !-. : -. :e•

point of beginning handicap. Many, although not all o t he -.a s i .{ .
which were conducted in quiet backgrounds, pointed toward the imvprtar.
mid-frequency hearing for understanding speech (for example, Hair ,
1956; Quiggle _ 1957; and Quist-Hanosen and Uteen, 1960). s
investigations used various types and amounts of noise backgrounrds, p'res:,ma 'y
because noise is characteristic of many everyday lis:tening conditions. M i
studies of word recognition in noisy backgrounds have shown the imp;'tane "
good hearing above 1000 Hz. The same is tri, with speech distorted by
speeding (Harris et al, 1960) and reverberation (RPbinson, 1984). Ta..

11



4:3* r any promine nt speech recognition/audionetric f r -utin y st o, er
.. 1c e oerthe past 30 years, showing the auci u k- ., oun c es

i:.*f es as being most important for understanding speech ;rldel various
>-sOf noisqe and distortin.

'ecause of the importance of high-frequency hearing for understanding
Iless than optimal conditions, the American Academy of Ophthalmology

KAAQ )* ecided to include 3000 Hz -in the definition of beginning hearing
nnc 1' 2. The low fence remained at 25 dB (AAO, 1979). Many states have

... ge he-r wor:ker _ ompensation ztatutes -accordingly in thc interv ening

Other formul7as of interest would include the one recommended by the
Nat-ional Institute for Occupational Safety and Health (NIOSH, 1972) and later
adc4ootled bcy OSHA (1981) for purposes of preventive regulation. It identiifies

'aI! impairment of hearing as an average hearing level of 25 dB or greater
ot.0?,2001, and 3000 Hz. The rationaie for the inclusion of 3000 Hz and

oeexclusion of 500 IEz is based on many of the studies iisted in Table 1.

The British Association of Otolaryngologists and the Pri-tish Scociety 3'_

Aucioooitshave recommended a low fence of 20 d-, fo-r the averaqeri
fLrequencies 1000, 2000, and 4000 Hz, based on studies cordn~uotd -in !:he 1_1K,

:Sand the Netherlands (BAOL/BSA,193

The exact level of the low fence (or point of beginning hand-4cap) a-
been the subject (-f much, and sometimes heated, debate. if the fenc e is set

-ohigh, a series of adverse social consequences will res-ult-. Ini vidJu a s
han-.hacicappning hearing loss will be ineligible for comper -iii~. L'ok er

osyenvironments will be denied regulatory protection. Soiir n
3a:_at)rs will be assigned to jobs in which they are unable to cxmunicate

adiequately. If the fence is set too low, the opposite set of co-nsequences
-will prevail. individuals will be compensated although their losses eu
ectner entirely or i n part from presbycusis. Regulations will1 be
unnecessarily si-rii~q- t and expensive. Soldiers and aviatoYs w~' 1

dicosliiedfro:m jobs .In which they could have performed)siifc<

Recent investigat: ns of the low-fence issue have attemptCd to n~rci
the hearing threshold 'Ievpl at which persons With Mild losses at-' oe

)tab eo understanding 3peech the way normal listeners- d1o. 1L h11 h o-Io of

.~i~anrd thos7e o f A r (1970) , Suter estimated t.1sn r' itt f .n

.. KO3,--, 7- our s at an average hearing threshold oL 19 cm . 2',
,17,jet 'q8 his point translates to ar~)p:, v
,a7'i?20 Hz, and 22' dB at 1,000, 2000, and ~ 5

*.'; vilua 1s w ith miil s~znsorineural impairments have o' -
o w rdte high frequencioes. She obse rves, hc rweve

tote denoup, o the definit ion of hear ing ha--n- It -in
Pr wh- ich hanrd- i c:a F a ,s e ss3e 1. A s t he da t a n
a rngT i the high fr"'quencies becomes increasigr nr

i i3 beco(,me J Increa: ingly degraded.

9, the AAOO id into) two gro)ups, the -ph- I' -
trar-i the or_- iryngology/hea-l and neck s7ura(r

12
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Smoo-enburg (1982 and 1986) has also studied the question cf the lw
fence. He defines the "onset of handicap" as the amount of hearinq loss where

an 4*ndivLdual first begins to notice a handicap in everyday (meaning somewhat
noisy) situations (Smoorenburg, 1986) . Because hearing sensitivity at 2000

and 4000 Hz correlates so well with speech recognition in noise, Smoorenburg
(1986) defines the "target SRT" as that point where SRT begins to turn
significantly upward as a function of average hearing level at 2000 and 4000
Hz. On the basis of data from 400 ears, he identifies this point as a mean
SRT of -4.6 dB, which corresponds to an average hearing level of 10 dB at 2000
and 4000 Hz (a level that would be considered well within the range of normal
hearing) . Smoorenburg then identifies the level at which the SPT increases
significantly at the 0.05 level of confidence, which is an SRT of -2.8 dB,
corresponding to an average hearing threshold level of 24 dB at 2000 and 4000
Hz, or 15 dB at 1000, 2000, and 3000 Hz. SRT increases significantly at the
0.01 level of confidence at -2.0 dB, which corresponds to an average hearing
threshold level of 32 dB at 2000 and 4000 Hz, and 22 dB at 1000, 2000, and
3000 Hz. Smoorenburg believes this (the 0.01 level) is an unacceptable
hearing handicap.

In one of the most extensive investigations of this issue, Robinson en,

Aj. (1984) tested 20 normal-hearing and 24 hearing-impaired individuals in a
variety of listening tasks, which included a simulated social gathering,
public address announcements recorded in the Waterloo railway statioi , and a
telephone listening situation where speech and noise were mixed, all at a
speech-to-noise ratio of 2 dB. They also administered CVC m)nsy]]able io
the sound field at several levels of speech and noise. The results hr wed
large differences between the normal and hearing-impaired groups, but there
were also large differences within groups and even within the same s-
responses across tests. Average hearing threshold level at 3000, 4 , a
6000 Hz correlated most highly with performance on the three simulations, an-!
the average at 1000, 2000, and 3000 Hz correlated best with the spech
audiometric tests.

Robinson and his -olleagues concluded that they could rot identify ithe
threshold of disabil ty (what we call handicap) on the basis of a
discontinuity in the performance curve because this point is ent i roy
dependent upon the dit-iculty of the test. "There ar- as many pot-7.n ia:

'disabilities' as there are activities." (Robinson Qtal-, 1984, p. 103) Tho:y
decided that the functi:lcn of the low fence is not to dist inquish hIe*wfrn
circumstances but betwe.-n people. They found that the 2n] oe n -

performance by normal subjects (on the poor performance end -)f hc a
corresponded to hearing threshold levels at 1000, 2000, and 3000 Hiz lr n,-

impaired group ranging from 27 to 34 dB for all of the teol s. Be-a, 1C
performance of individuals with hearing threshold levels in this r-ino -
less dependent on particular tasks, they chose an average hearinq J . !

JB at 1000, 2000, and 3000 Hz as the threshold of disability.

Robinson and his colleagues make a very impotz ant p in' wh-r
:tserve that the onset of handicap (disability in theil w, r,

according to task, so that the selection of any one set of 1'
definition of beginning handicap is necessarily arbitrary. w 1
selection of the 2% perf, rmance level of normal listeners is a i .'
arbitrary. it is based on a limited total numrber of sub, e (0
2'4 nearing-impaired) , and only one speech-to-nos. a d. , .
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'u ects had hearirng impai rments- a:io qr,
at 1000, 203C, and 3CCO Hz. T he ,3hi
P- -dice,1 dif ferent Lesults -&ai tl~e i..............

i-n the final d!aaysis,

i w-ys i nvol-1ved some deg rec of

r.he SR T in cr e as es a t t he or 1 --v;
.'10rMalI performance, or an est4:,iaer
.- rmnally or subnormally on speech ~
:s involved. Fortunately, these recenE e xpe r _4e '
ueaocT-nning handicap to between aboutl 15 r:,3 a-
-he only way to narrow it further wcul h'i

-istening conditions in the specifiC, jULs o . . .

assessment of handicap is needed. One must- t i.4 II-at-I 0

range appl ies to the recognition of everyday spt-eoh l.p- , i I) I,!u'as~.
such as sentry duty in quiet areas, may very well I~L t11ir
hearing if the listener needs to detect taint or ng-rqe~ L. .

PR LEDITlNG CnIMMUNICATION AS A UOoR -. 1

Some interestinq schemes fcr urt-di 1 <:. T,
7-17-mmnicat ion losses have been devyond
one scheme hie borrowed a graph f rom teon a:,,
Figure 1, from Stevens and Davis, Shows an cc
di'stinguishable tones in the auditory area. III- -j t- I 7, IAk
holding intensity constant to find the differen- 1ir-n (L), fi f rquenc!y
(based on the work of Shower anH Sildaulph, 1 9 3i) arI.i ther 11) II 11ccr
frequency constant to find, intensity difference limeT- 0tbasedic1 ne wr..,,o
Riesz. 1928). Stevens and Davis plotted onre~ ' i-' -- ~
listeners the number of discriminable units in . -

dB high. The upper left number in each ciell giv,;es i
upper right number gives the DLs for trequc-ricy,
their product, the total number of DLs in each o

each cell, Stevens and Davis est imatedli a.... -1 4 0
,distinguishable tones in the audible range.

Figure 2 shows Kryter's (1984) versV'- ''' ;r~ t i- .v- r~ Qiv --

a-id Davis. The lower, concave curve,:
)3: range of "critical intensities" i

labelled #4). Kryter estimates 43,093 (1
range. Curve #3 represents the audiogra-ic
hearing threshold level of 15 dB for SOD 00,
,i ) 1 have- lost the capacity *- per-c-
.4fl it crnstituting everyday specch, -i, a,,

discriminable units. Curve #2 represerit- a
an average hearing threshold level of 2 3 iEA a~ ,a

person would have lost 31> or 15,500~r of
out of the total disc riminable units. l' - 4.
average hearing threshold level of 55 di W i
Consequent loss of 96". or 41,293 of the j0 pco 44o'' r 2

of the total number of discriminable unri t-s ePa~ C I

diisc-repancy between Kryter's estimate of
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Figure 1. Number 'f distinguishable tones in the auditory arv<a.

Note. From Hearing. Its Psychology and Physiology by r. S. t .

Davis, 1938 and 1983, New York: American Institute of Plhysics. F_" ,.
with permission from Hearing, Its Psychology and Phy7:,i. coy, 'A-: ..
Acoustical Society of America, 1983.
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-::J that o-f Stevens and Davis (340, 000) , Kryter's hear3iiq
eC -sl__;htl-v lower if calculated on Stevens and Davis
3.'. a' so note that7 these estimates are based entirely -r

-ird th3ituat ion might be somewhat different if the inerfsity,
temoraldistortions present in many cochlear impairr>l .. w..3

idnot-er method of predicting the speech communication 7blte f
neaon-_'Mpai:red individuals, Kryter (1970) calculates Articulation, index (A2
~3uscorresponding to various amounts of hearing loss. '!able 2, ~ vo

1_973). shows A: estimates for several hearing threshold levels, based_ 'ir

aro )t f speech expected to exceed thresholds of audlibility f,
<voc:a! effort. He has arrived at these estimates through a ser~os t-

wn~c incudesubtracting 6 dB for the transition from earpho nes
tie-J and adju.sting for the difference in threshold between pure t neo a--

.oavl'ng continuous spectra. According to Table a, an i nd d iV W
an:- iverage hearing level of 25 dB (ISO and ANSI) at 50C, 1020O, and

Scorresponds to a level of 35 dB at 1000, 2000, and- C1 H 7 Wi
"everyday" speech (65 dB long-term rms) at an Al of 0.47, and- w:-1

h~ r95% of the sentences and 73% Of Monosyllables presierttd.
:nversaticn' (55 dB long-term rms) , will result in an A! r-f C .26, w.'

sentncesand 35% monosyllables recognized.

%gure 3, also from Kryter (1970) shows the estimate-1 ;-,
metand percentage of monosyllables recognized as a tu.oc'

''-aring threshold lev el at 500, 1000, and 2000 Hz, and at 1000,
ihe curves represent functions calculated from the AT, arn i

3-e represent the AAOO 1959 hearing handicap rule and orh.-r liir
-edi by Krylier for sentences at an everyday level, normal

,v',and weak conversational level. Again, the reader should be aw,:
-i o)f the-e predictionns assume a quiet environment andi a hoar irio OS

-i i i er ize-A b7.y the att~enuation model, withoutdstrin

ertain other inv 13tigations have used the A! wit h hear inq-:r
:ib eots1. Mac rae and B r : den (197 3) tested 3 09 hea ring - npa iredI si ir; ,~

~r -oences, in qu iet m d speech-to-no ise rat ios of iao

'-ro'- similar- to Kryter'V-, they calculated an AT for ec .~v a

f'-nd- very high cort ' t ions between AT and senten-e rho

2-:0 -1speB-t- rat io, the correlat ion wasi 9 ~
-ech-to-noise ratio, i was 0.989.

in a 3lightly different approach, Smooreniburg ~~
A:for nor7-lal listeners, based on the speech-"-.;

~- s achieved 50 : sentence recognition (SRT) . Theyt
eaich hearing-impaired subject, based on the 7,p-h -1-"
-e-,nn-ling to the subject's SRT aL~l on the amount of

ava 4iable becau5-- of the filter effect. Whete-, h-i-
suh mect in A-weighted noise levels of 40, 55, and wa,7

-iqe AlI for hearing- impaired subjects, was 0.249. ;-
;'ne-rs- coild function at a s1lghtly poorer Al than I he~ ho i

-)I -r-cto (a difference in AT of 0.03) , the authors n'- 'i'
1i cues does not rompl- ely explain the difference i,

andt hear in;- imnpa ired obet
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_J KAL

oa h has3 been conducted on the ability ofJ hearing-
sotCr and recognize auditorl' warrina :3U-nals. W hatr

the effect of hearir. -osr. c~tnb nation
~i n: (1)984) ca r u a: fe of- t a

7ear d neaa n o I )S I!'.'- ,-

t ' ~ 53i

e,; i sto spectral differences :n t he s9ig-.nals.-
ai r-t the subjects wore hearing prote-ct ion, andic

-in-ontrolled variables, anriy conlin s ro 1 h

S~i are a is t1ie e t5e ct i: 1'in inra r '

he!-e sound of footfalls, bar'-ec- wir- fie~g
r i rna'qazine. Popular opinion holds that many of th-ese#-
" ly h igh-frequency, with energy inr the 2000-6000 Hz range

inA Wion 19P). However, PieanHde(7)have sho'wn
a e.,-e types of sounds are fairly flat.

r'm (1976) developed a m'.rc lelI for p -ed ic t i riq the
..io~ses. They analyzed -i( nise samplesa )rc'

ia I baiis, thenl mode 0 ': T-e n rm *- '-I '

':! >e (-msec and 2100D-msec per:.oD,13.Aruia o'i

'o'dexoe:len an /:re ern en. Or, .7~ a T,
'~~~ei~ socir to I-bhe 241 n o ise sprac .'i
o LosIscoo ild detect t hese sounris a-:a "

1 Wi th ouot- 20 years of nloi sc oxp.:sorU -
-I": nc v ircrme n' a.1 no ise ( 'L2 r-~ w ~ i w,

'T- t e'- r'crioe bet-,weeni the two gro-)ips fell Ir 0.3 JB 3A
4 ,ta. n o ise ( r e corde d inr rural Fra-ioe( p Fr

f ; rJ5 B j,? 'eri no ,rmal lst'-en er.s -an r. -

P... The- authors-, explain tniat the reaso-n why h:r
~r rr~teris because listeners would be re-lying largely on

'.~rirg omake most of the detectios They 7:aut ir-nedi
.rI 11i, identif ication are n:the same, aol that hear inc

ikelIy tohave mo-re d-ff-cu tI s tn ana Ivzrinq



than their normal-hearing counterparts. From the preceding discussions of
suprathreshold abnormalities, it would appear that this caveat is warranted.

VI. MILITARY PERFORMANCE CRITERIA

All three military services now have hearing sensitivity criteria, which
restrict personnel from certain jobs and classes of jobs. In fact, the

Department of Defense now has criteria for rejection for appointment,
enlistment, and induction that apply to all three services (DoD, 1986). These

criteria were issued as DoD Directive 6130.3 on 31 March 1986, and were
adopted by the U.S. Army on 27 July 1986. They reflect a tightening of the

previous Army induction standards in that they now include the 3000-Hz
frequency, and they no longer allow unlimited hearing loss in the poorer ear.

It is interesting to note, however, that they are generally less stringent
than the levels identified by recent researchers as the point of beginning

hearing handicap (see Suter, 1978; Smoorenburg, 1982 and 1986; and Robinson fL

aI_, 1984). Table 3 specifies the acceptable hearing threshold levels for
both ears:

Table 3

Department of Defense Hearing Threshold Level Induction Standards
(DoD, 1986)

500-2000 Hz Average threshold no greater than 30 dB
No single frequency greater than 35 dB

3000 Hz No threshold greater than 45 dB

4000 Hz No threshold greater than 55 dB

A. U.S. Army

Until the DoD-wide directive, the U.S. Army has had its own indutir
standards, which have been somewhat more complex than the new standar i3 (".S.
Army, 1983) . Table 4 gives the Army's previous acceptable hainq thre:sh 1, i
levels for appointment, enlistment, and induction from 1983.
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e~A q -i0 e r; 9r, 1 Pi. .

500 Hz Audiometer average level of 6 readings (3 pe,

1000 Hz ear) at 500, 1000 and 2000 Hz not more than 30

2000 Hz dB, with no individual level greater than 35 dB
4000 Hz at these frequencies, and level not more than

55 dB each ear at 4000 Hz; or audiometer l-ve"

30 dB at 500 Hz, 25 dB at 1000 and 2000 Hz, an
35 dB at 4000 Hz in the better ear.

^R

If the average of the 3 speech frequencies is greater than 30 dB ISO-ANS-,
-eevaluate the better ear only in accordance with the fcllowing -jbie cf

acceptability:

Frequency Bet:eL .

500 Hz 30 dH
10CV Hz 25 d3

2000 Hz 25 dB

4000 Hz 35 dB

The poorer ear may be deaf.

The Army also has criteria for aviatots an - --r traffic c:,tr ie

(V.5. Army, 1987). These are somewhat more <i- nr th-r3n ',e :r~ict
criteria. They are shown in Table 5.
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Tabl e 0

U.S. Army Hearing Thresnald Leveo Standni5 n i

Aviators and Air Traftic Controllutn
(AR 40-501, 198Y)

Frequency (Hz)

000 ijOG p00 3000 40 OOGI3

Cia sses
I &j !A Each ear 25 dB 25 dB 25 dB 35 11B 45 dB 45 01B

Class 2 Better ear 25 dB 25 MB 20 WB 35 W8 V5 dB V
(Aviators) Poorer ear 25 dB 35 dB 35 Wi 4n dB 65 dB 70 03

Class 2
(Air Traffic

Cnrollers) Each ear 20 4S 25 dB 25 dB 35 dB Q5 1 75 IF,

Class 3 Better ear 25 dB 25 WB 25 dB 35 dB 6- AR 75 W
Por'or ear 25 dW 35 dB 35 AB 45 WF Q1 jAs 0 iF.

Soldiers may be denied appointment, enlistment and1 induct ion f
numerous otological abnormalities, suclh as severe external o)r mni-le a
otitis, matiditis, or rllstory of ear suraery. Avial-orn, may I,)(

unt it for flying according to another li,,t. of otologqica I citeria, w
includes abnormalities alabyrinthine funct ion, eustachian t un dysfnfulnTin,
and 'deformitires of !he p. a which would be l ikely to caasp prqh hems with n
use of protective heacign, or extended periods (U.S. Army, 1 94j).

The U.S. Army has a -!uem of profilinj hearing irnpairmnt !, qluaii~y

crrent personnel t v n erformance of vario'us duties. A pro fi1-
designation of i indicates h~qh level of medical fitnss A 2 prfil-ma-
' at a pers-n possesses sr. oe medical c 'rxiltin or lefect "ha! may~ imp, >
limtatirons on classificatioQ ana ass ignmnt.r A 3 profil ini- that V.

mlcicondit ion requires certain randr the 4 pr K.......
Kn performance (U.S. Aimy, 1987). TWA- u shr. H (hoarinq' pi-is

'rnn4, acco rdinig to Army Regu Iatron 40V (..Am, 1M8).
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U.S. A:" Hca: .ei d:.i Level Profiles
(A . .. 87

500 Hz Must ot 25 dB, each ear
1000 Hz Must novtI exceed 25 dB, each ear

2000 Hz Must not excJe B 213, each ear
3000 Hz) Sum of at-horetriocthresnolds at
4000 Hz these frequencies for both ears
6000 Hz) must not exceed a total of 270 dB.

H-2 Audiometric thresholds for the frequencies 500, 1000, or
2000 H7 may equal but not exceed the following:

59_O li Hz0_ . t 2000 Hz
Better Ear 30 dB 30 dS 30 dB
Worse Ear 30 dB 5, d1B 50 dB

ri--3 Any hearing loss greater than H-2. The patient's
remaining auditory acuity, unaided or aided, must
permit the reasonable fulfillment of the purpose

of the individual's employment on active duty in
some occupational capacity commensurate with his

or her grade.

H-4 Any hearing loss with which, despite the maximum
benefit from a heaing aid, the active duty member
is unable to perform the duties of his or her office,
grade, or rank in such a manner as to reasonably
fulfill the purpose of their employment.

U.S. Navy

The Navy does not yet have a system of H P-ofiles, although such a
"iy.tv . h2a been proposed (personal communication from John Page, U.S. Navy
,invronmental Health Center, Norfolk, Virginia). There are, however, criteria

i ,.the following positions and duties: qualifications for commission;
r< -ntIment, enlistment, or indur- ion, submarine duty; flight training; and

.ice Groups I, II, and IIl. 'hese crileria are shown in Table 8 (U.S.
.I.-vv, 1980 and 1984).

29



Table 8

U.S. Navy Hearing Threshold Level Standards
(NAVMED 25 Nov. 1980 and 3 Aug. 1984)

qua ification for Commission (25 Nov. 1980)
Each Ear:

Av. 500, 1000, 2000 Hz must not exceed 30 dB, no single frequency
greater than 35 dB

3000 Hz - 45 dB
4(.0 Hz - 60 dB

Appointment. Enlistment, or Induction (25 Nov. 1980)
Each Ear:

Av. 500, 1000, 2000 Hz must not exceed 30 dE, no single frequency greater .
35 dB
4DC0 Hz - 55 dB

(R, if the average at 500, 1000, and 2000 Hz is greater than 30 dB, the r< t .
;4ar must not exceed:

CO Hz - 30 dB

'0,00 Hz - 25 dB

2000 Hz - 25 dB

4000 Hz - 35 dB

Poorer ear may be totally deaf.

.iobmarine Duty (3 Aug. 1984)
Same criteria as in qualification for commission, above. Submar -e -

personnel must also not exceed:

500 Hz - 35 dB

1000 Hz - 30 dB

2000 Hz - 30 dB

4000 Hz - 40 dB

83C0 Hz - 45 dB

it testing at 8000 Hz i impractical, 6000 Hz may be substitute d, wi-.I

-raximum of 40 dB, but ex,.ev: loss at 6000 Hz may be disregarded if ali
hearing criteria are met.

'~e Groups I and II 3_u : . 1984)
(Audiograms must be obtained on all flight physical exams.) HearirTQ thre-'.

1eve's must not exceed:

Better Far Poorer Ear
000 Hz 35 dB 35 dB

'000 Hz 30 dB 50 dB
J0tJ Hz 30 dB 50 dB

(continued Cr, Fr
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Table 8 (continued)

= oiup Ii (3 Aug. 1984)
{A:JI:§x~rn must be obtained on all personnel except for personnel aboard

Tu- ne,-a , hearing threshold levels must not exceed:
Bek-t t erEar Poorer Ear

5¢0 Hz 45 dB No
* 193 Hz 40 dB Requirements

40 dB
Individuals failing to meet these standards, but whose hearing, in the opinion
of the examining physician, is commensurate with safety in flight, must be
evaluated by the Naval Aviator's Speech Discrimination Test and must obtain a
score of at least 70.

t acirds for Flight Training Candidates (3 Aug. 1984)
Hearing threshold levels must not exceed:

5etter Ear Poorer EAr
53 0 Hz 25 dB 25 dB
1000 Hz 25 dB 25 dB
2000 Hz 25 dB 25 dB
3000 Hz 45 dB 45 dB
4000 Hz 60 dB 60 dB
A series of three audiograms is necessary to disqualify a candidate.

D. Other Military Criteria

According to Frohlich (1981), all German military pilots must have
hearing sensitivity no worse than 30 dB between 250 and 2000 Hz. Candidates
for flight training must have hearing threshold levt-Is of 20 dB or better
between 250 and 2000 Hz and at 3000, 4000, and 6000 Hz, the combined losses in
both ears must not exceed 210 dB.

Gloudemans (1981) reports the results of a survey of military hearing
threshold level criteria for several nations. He gives data for Italy,
Portugal, Canada, Norway, France, the Netherlands, and the U.S. These data
appear to be somewhat unreliable, however, in that thresholds based on ANSI
and ASA zero reference levels appear in the same table (unspecified), and the
author gives criteria for the 5000 Hz frequency (attributed to the U.S.
Army!).

E. Prevalence of Hearing Impairment in the U.S. Army

Walden et al- (1975) conducted a very large and thorough study of the
prevalence of hearing loss within three high-risk (noisy) branches of the U.S.
Army: infantry, armor, and artillery. The investigators randomly selected
1000 subjects in each of three branches, including 200 in each of five length-
of-experience categories. Tests of pure-tone hearing threshold levels, SRT,
and speech recognition of CNC monosyllables in quiet (at 40 dB above SRT) were
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,5 7. and each sub4,ect was assigned the approprr
ci large dfferences in the prevalence *.

ro z ignificantly, they did sh.cw c

L:he nave hearing losses resul MQ rcc

-es,, rime- In-service category (.-.4 ye,.
ldan H-1 profile. In the longest cater 4 r,, 2.: 4

01.v about 45% had an H-i profile. Spee~.....-r 1 C.

Is tha,_ were within normal limits, al1t ho,-; q n
-o~ntl. scores in quiet deteriorated slightly wctI kn- a' _

nl-c leagues also administered questionnaires to 'C-

!hh subject was asked to state his current H pro.flle. 1
-- who knew their profiles, a substantial number of themdi o

croraeprofile. In some time-in-service categories, na'
cz;-.ots had worse profiles than they repoY-rrec (Wal i<

socontained items frr self-rnorei

h~eo which remained anonymous. 49.O (1462)_f e
e§ct P~~ ed t: had a hearing loss. Many of Ithese r Apr-(

E1pr*ile p~rossibly indicating that this prcofIe
,i r- lof, -.- c noticeable to some individuals. Sc'

a'-) fobI that the hearing loss interfered with the-ir ait.

14 .3 n te 1462 (221 of the total) reored ,aothet

fcri w it h s _71i-ol f unct ion ing, and 37 .4 of t he 146.C (16 f

eI t ha t hehearing loss interfered wi th J.b 1-).- f:
Va :nr-rr s-sively smaller number indicated ifoi'-

as y(ear;o service increased. T h is is de sp it.
*v -' "r<.orl produces greater hearing loss.

,;h, believed that the hearing lcss

to incrtose with time in servoce. 71-'i
I3 lrihcosierbl time in service may be

imr-pairment can affect their abiilt, i(-c
;'2 1adequately (Walden eL a-L, 1971).

S 74 i Hearing in the Military

, I Le :iearing impairments character
I Ade speech c-mrnunicati--n. T h 1 s

- ertain conorios Tn convey h
i iari ,jlosses which typify the differen' )

r'. 1 d i n F iqu re 4 (f rom R ic hard-s, 1 9 7

r a d f req uent e sof v a r ios apeec

.~i Iev~ ~f~D '~. ne ran se op

or~oc~a~c a'~-, 4 'i'~al ly

'5 Ft'ri e ird i id al 1 1 t he tourTtn 'I v

p; n t r Wi I .i i F-1r -

ad siret of r he vond ,'wel f-r.

'ci. I ~lose rrost-<-crs i
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00ia rrsY7 -ft are a

80 -Fundamental -- oe omn
E 'E of voied sounds e

C1. ~ r.mr. S.
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%-L.

E Threshold of audibility
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Figure 4. Relative intensities and frequencies of ariou3 speech component,3.
Typical U.S. Army "H" profiles are superimposed.

ZLt. From Telecommunication by Speech: The-aszasmaoLarc
'"Qeplone Networks by D. L. Richards, 1973, London: Butterworlhs.
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Table 9

Hearioc~ TtrLeshoid Levels Typical of Army "H" PrcfiV

250 500 1000 2000 3000 4000 L

15 20 30 40 45 1
06 26.5 38.5 4 7. 5 54

q 025 35 50 5

31.5 43.5 57 .5 64 1

30 4 0 55 70 80
4 41 46.5 63.5 -77.5 89

'heae typ ical1 H prof iles have been p
b- _y Stevens arid Davis (1938 and 1983) (see Fi

~.discor discriminabie un it s in the audito ry a rea. .'
'- ean and 90 t of c rit ical intens i -es dur I iq

e lowe r io rtiorn of t he cha rt . Aoc(_ording 1.y,

K I pohiE would miss approximately 374, of -!I,
a , ecn range . An individual with an H-2 profile w

H-3 pr'fi l would cause nearly 80, of the sVe

-1er shn bear in mind that these e s tit r-,
(60 11A) "everyday" (65 dB) level of ii,1-

ir 2t ;ays typical of military situatiori_->
Pirii in combat conditions, but so,

Sin add~ 1i h e es t ima tes res ulIt i ng f ro(m F igi'

Or i gpa d , anid do not include the additionj~l
TT I' it r' c omp onie n t . Bec-a use t he rd j s' 1 ,it

ib lern d speech and noise level Li, w,

-1 i-q radlat i on wl II rrore than of f s et t he hocr-.

r +, typ Fsi!)t u at io(ns.

f 0 3 000 s-oId ie rs t ested by Wa 1 r~on
ea th i n normal limits, tohe autho,

-i '+>. uiet we.-~ riot good indica: ors )

iqg f romr hio;h-f requency hearing logs. Theyv

I nv I *invf~uode rats - r-intense1 v Iao

ii f' , p'*eoh will not be as highly itl1i~l

7!, Wil the list :i-r be given the courtesy oif h4ar it~
ir ht f P1 Wai eni~ and his colleagues o n

",in -ommun icate fanrly well under ideal oor'iid i-:
Ji y '3' crrit. dI ffj looltie:3 in the typical r.-)mliat en'i a.
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Fi(gure 5. Typical U.S. Army "H" pro~f .- r
discriminable units in the speech ared. 0b-:

1983) . Kryter's (1984) curves for cri0 e

added.

Noe Adapted from Hearing: Its Psvch..Irvand~ LyS.S St~re-vs
and H. Davis, 1938 and 1983, New Ynrk: J~



st at' emet f 18i of the 3000 3old4-ers
tezr- with their ability to perfori'.

Th e cilical evaluation of Army t.~ ii
on nctlse. They also recommend t 'I

t ne e 'f fe cts- of hearing lo3S On comrMUn'A
"e. , and that "this research should be o

L. z 33 )fs die r s with noise-induced hearing Ir

-ed a many soldiers do not carry the appropria
-,pro file system be rigorously administer.

v al-ien ,t a (1975) indicates that manysc
adartillery branches need to be reassJlqi>:,.

~eel--nt profile. According to Aspinall and ~L
>~-~erat onofficers have suggested that the combo:._ J.

w' u ' 3tfer a debilitating manpower shortage if ailr

a__-2d.ng to their hearing lsaonwihthe apjprtoL

:i I ) Clearly, the extent of hearing impairment- ,

the miiary in general, poses a 3 gnif icant p r
-7 JV3?!Eio appeParsq tco be inadequate for effective communi:j

sI :ystem it selfi poorly enforced. The sit Lua,
entor. _n the fcrn of rigorous hearing conserv-at )

-- f he se If ic communication needs of eacn
&opersonnel are assigned, and the resultima revi.

rn Es The consequences of communication fail~i'
se %2Ere, ranging from mild inconvenience tc. lofs1
a-d even loss of life.

i Sueec.h Recognition

othat noise-induced hearing lsac t
)me debate on the extent to whichd.

,. tu, rdegrades the ability to hear speech, iY
to ,- c<. r of degree of distortion ratner t.T.;.

This d~o ion exists. There is also little d,<:*
3.~ degree of the distort ion coot>

7 *h- i -..r atios, perhaps up to 10 diB more

0 adtor-y S ys3re M th dt intfe rf
ri ~v~rred into categor ies of frequerncy, T,

-- gj The frequency distortions most co)nrrunny
". I-" and upward spread of masking, but t

"_n" been i',ent if ied. Intensity d tc
i rmal, in-nsi-tv discrimination, and(- liiteri -yr-c1

tlie eltiuseffects --n spee-h, as have
Sas; albnc-rr-a I ef fects f rots, ' em-pral 1 uts

.1 S ~ *ar a-d ip dethecti ion .

1.1 0an crave !,L~ W11 that hea ring-impa i red siI
f c ra .h iana, but not as3 much as nrImaNI



t h [ d <3 { l1irniteA data, it cpp... ' o<..

1, I icfioulties localizing sou;.. The K--.

:ent ifylri. the source :, Z.,..,:. .h:> ..

e terms "handicap", " impairine i't, T :s>.' L "
ir:a)irmerl" are often used interchangeably, but ca., . -

s _eport , the preferred term is "hanicap" .,,-.

.<:aa'; ~-ic.:n e imposed by an impairment sut IlL. . , o; orta

efticiency in the activities of everyday li\ing.

Most strdies of speech recognition in quiet pdi - t- h Ue Tporra1nce ,-t
good hearing in the mid-frequency range. Virtually all of th,-. s'-ites of
speech recognition in noise show the importance of i--f'<Ier 7  

a rico
The same is true of speech that is distorted, :o: f o-j.......i

reverberation. Recent investigations of the ,Low t

.. dicap indicate an average hearing threshoid .I , .
the z frequencies 1000, 2000, and 3000 Hz. 1.
,.;ally with varying amounts of background :x:," ,

fence will depend mainly upon the difficulty -. (I .. .

.Ca CiaI consideration must be made for l f I 1gn
ident ification of faint or high-frequency stnds3 , a ! t1-- ,1 ite ,In
for hearing sensitivity in the high frequencies

£redicting Communication as a Function of Heari[ ,

An estimate of the effect of hearing impairpi' I , , . i .

can be made on the basis of audible discr iminable , : ,d. an
according to a method devised by Kryter (1984). Es ; i, ,I , a-' k.-
with the use of the Articulation Index. Both h. . r is
hiearing mechanism as a frequency filter, necessit.: i. . <, I ,o..' 1 c ..
the distortion component.

w r ia Signal Identification

There has been very little research on . .

i3teners to detect and recognize auditory ,. :, , :,>1'.. }-.a c' on
listeners with essentially normal hearing, a , ' .',,'- p r ,,

hearing-impaired listeners, indicates that det, !. I ,.7
two groups are not very large. These diffrencr,_s I.aly ,l2 J,

o1, 71a 1 signal recognition than they are , -1'

Military Performance Criteria

The U.S. Departmen of Defense now has heario . ' l . v< st andalh-.
for appointment, enlistment, and induction that a--, y -i h ..e, I V j,i - f.

The U.S. Army has had its own set of inductin a a wh;.,: we,, in s-
until they were superceded by the DoD directive. O my Ah 'ny a:; ha 'arcia di
for admission to training as aviators, air trf 1 .- , AI:, d\'ve:s.
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j:adifton, it has a profiling system of H-I through H-4, wft."

on within various military occupational specialties.

The h.S. Air Force also uses H profiles, which apply

se.i... s.of candidates and the tenure of certain jobs, iuch a uvj :s, _'

traffic controllers, and communication operators, etc. The U.S. Navv do)es not

yet use H profiles, although a set of profiles has been proposed. The Navy
does have hearing sensitivity criteria for positions and duties w je'c j-od

hearing Is considered important.

Most cf the U.S. military standards for appointment, 2:, ,
i:i-_ct ion, or even for jobs requiring significant amounts of czr:.cir ::,
are either at the upper limit, or exceed the range identified by rese.rcner2
as the point of beginning hearing handicap. This becomes a ria.kv o--cy irn
circumstances when human safety and mission success depend upon effective
conmrlunicat ion.

The German military system's criteria for flight trairing candidates and
experienced pilots are slightly more stringent than those used Ly th. ,.. Air
77rce. Hearing threshold level criteria also exist for other nations, hut

reliable data are not available at this time.

The prevalence of hearing handicap in the U.S. Army is very high, a,

-east among soldiers in three high-risk branches: armor, artillery, an:!
infantry. Many soldiers in these branches have profiles exceeding the H-i
designation, including over 65% of the soldiers in the most experienced

category (17.5-22.4 years of service). Many soldiers do not carry the correct
profile. Nearly one-half of the soldiers in these branches believe ,hey have
a hearing impairment, and nearly one-third of these report that the
irpairment interferes with job performance. That these hearing im pa i r
-an impede job performance is not surprising, since many of them will '--
che range identified in recent research as the beginning of hearhng han.-
-he severity of the hearing loss problem in the U.S. Army, and very possi-ly
irl the military as a , ole, is sufficient to be significantly disrupt ire --f
speech communication. The consequences of this disruption can be sev< e -

rerms of the destructio of costly equipment, and in extreme cases, the
cf life.

. RE.EAR-H R ECCMMENDATTONS

S. The most urgent recommendation would be to charecter; .

croditions in which soldiers need to communicate, and assess the alK1I1 -.s f
hearing-impaired personnel to recognize speech in these conditions, iftner
through modelling or through actual testing.

2. The next step would be to recommend changes of the H p'- f : . -in

the assignment of profiles to MOSs in accordance with the ter"7ts f
recommendation #1.

3. A survey of the military standards or profiles in oth ,r na,,* ,
along with the research results or other information which formed 'h. .
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for these standards, would be a he-: i-l adjunct to
Army's profile system.

4. Another important project would be to cont/n .h e t-
the ability of hearing-impaired personnel to det> :! a
sounds. The addition of the binaural listening mode, an.
recognition (in contrast to detection), and a populst><
subjects would greatly strengthen the existing study.

5. It would also be useful to investigate thei
impaired people to localize sound in the horizontal pia-i :
the vertical plane in combat-type conditions.
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