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THE EFFECTS CF HEARING LCSS ON SEZECH COMMUNITATION

AND THE PERCEPTICN CF OTHER SCUNDS

I. INTRODUCTION

Speech communication is one o©of the most important activities engaged in
by mankind. It 1is necessary to the proper function of most jobs, as well as
tc the satisfactory conduct of social and personal relations. Loss ¢f hearing
degrades speech communication in these vital functions. The extent to which
hoaring impairment may degrade performaince in military occupations is the
subject of this literature review and analysis.

Noise and filtering, which are common 1in everyday communication
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 cf aearing loss and the degradation of the speech
signal, messages may be correct.y perceived, partly or ccmpletely
misunderstood, or missed entirely. The consequences of commmunication Zairlures
will range from minor annoyances tc disasters,

The causes of hearing impairment among socldiers 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 mcst common hearing impairment is noise-induced
hearing loss, which may result from recreatiocnal as well as military and other
occupational causes. These losses may be temporary, permanent, oOr
combinations of the two. High-frequency hearing (in the 3000 to 6000 Hz
range) 1is earliest and most severely affected by most noise exposures.
Because consonant sounds tend to be high in frequency ard low in sound energy,
and because they contribute most of the intelligibil.ty to speech, noise-
induced hearing 1loss acts as a very effective filter to remove the
intelligibility from speech. When added to the inhercvnt 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 thessz reasons, all three branches of the military have develcped
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 LOS5 ON SPEECH RECOGNITION

A. Filtering Versus Distortion

Certainly one of the most plausible explanetions for the difficulties
encountered by individuals with noise-induced heariny loss is that the hearing




loss acts as a low-nass fi‘ter., This is even born cut i thoe spes 0 of some
people who have experienced their hearing losses over a peri.i .. rs, in
that they tend to dreop consonants from the ends of words Berg s wf this

b
filter effect, researchers suach as Kryter (1970}, Braetida ef al. (1373,, and
Skinner and Miller (1%82) have propo>sed corrections for Learing mpaliment to
the Articulation Irdex (AI).

Levite. (1982) has summarized the filter effect succinctly. For the
mildly hearing-impaired individual, most cof rhe weaker consonants, such as
sibilants and voiceless stops, will be barely audible or inaud.ble. This
effect will be greater when these phonemes occur in the final posiricn or in
blends, where their intensity will be lower. lie more severely hearing-
impaired person will miss the identifying cues fcr all voiceless sounds and
also many of the weaker voiced consonants, such as vcoi ed stops in the final
position.

Although there is still scme controversy over the igsue of filter versus
distortion, there is a mounting body of evidence indicating thet filtering is
not the only proktlem for hearing-impaired listeners. Plomp (1%78) divides
hearing losses into Class A, attenvation, ard Class T, which is added
distortion. Class D listeners are those who say, "I can hear yc-u taiking, but
I can't understand what ycu are saying." Class & individuals rave Aifficulty
at low speech and ncise levels, but their hearing approaches ~ra” cof normal
listeners at high speech levels, even when the speech 1is accomyjrimﬁ by high
levels of noise. Class I pecpie have minor difficuities in Low nolise levels
but substantial problems in high levels of noise and speech. This difficulty
is manjifest in the speech recognition function that plateaus or "inils over"

at levels considerably lower than 100% with Increasingly bigher listening
levels. Plomp believes *“hat most actual hearing losses are combinaticns of
Class A and Class D, and as a rule of thumb he estimates that for every 3 dB
increase in the speech reception threshold (SRT) for sentences, the distortion
or "D" component increases by 1 dB. (One can assumeé that purely conductive
losses would be categorized as Class A only.)

This controversy n.:: been the subject of several investigatiocns over
recent years. The earli=- studies found few differences petwesn the ablilities
of subjects with actuali W ring losses and those who iistena2d through low-pass
filters (Sher and Owens, @ :74; Bilger and Wang, 1976; Wang et al.,. .3%78). An
exception is an experimen® ., Thung and Mack (1979), which introlbied Dsu-pass
filtering with & cut-off a 2003 Hz in an attempt to make the test -~ nail'tions
physically comparable for rormal-hearing subiects and =Y s wir? nigh-
frequency hearing losses. Fach subject was t SRR AT L (L5, 05,
and 85 dB) with 23 cifferent speech-to-noise (e, -1 ar. t 414 dRp)

Although the effect was "not as overwhelming" sume nrher 134t LGNS,
the hearing-impaired listeners performed significantly mira poorly *hon nnelr
normal-hearing counterparts, especilally at hizher =sooooh Tove ol s 105s
favorable speech-to-ncise ratics.

Walden et al, (1781) used an innovative aczhoove : 1L ller
versus distortion issue »r 14 subiects with uni at. >0l 2€e3r 3 ITralirents
Using these subjects as t‘ujr own controls, the Ilnwestigars:s oonpared the
consonant recognlt-on abi cf the impaired ear %o “hat i *h= - :mal ear,
listening through a fiiter = xped to the configurarian of ~Te iopagired ear.
Rather than using the audi-metric configuration at thresbood, Waidon and hils
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-ran a norma. llsctener would require. Assuminc a0 o Ce e dre
combinatiorns of Tlass A and Class [, cne wo . . e o N
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a
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there o e a 10-dB increase in stimulus leve. for o oz
erually  deete cratslen "he edar with a cochlear impairment - Lk
Soonty o ” mpalred ear integrates sounds over o oa shooco

At i), ahiows greater effes trom maskers that prece o i

Coorwar omassa ot oand masxkers that o tollow sidgnae !l {ad F e
-t st T enporal o gaps as o dhort oas those cete ot oy
| L, L S
Wik oandd Jobeern (19H0) developed a o simplitied macking e
vees T IS *ionAn clinical patients. On twesting sal
: w3oant weveral rypes of hearing impaicment, ey ot

: o tuteners, but degraded temporal resolut S I
hearing-impaired, with more unfavorable speech-to-rcise raticos ;oo o,
Jreater redoections in rempeoral resolution. They repeated the testn wit)
normal subjects, this time applying masking to simulate hearing 1apaircnt,

ami found a response pattern that differed considerably from thatr -t i
hearing-impaired subijects. Once again it appears that attenuation alone 1
ot wexplain ditficulties in temporal processing.

Tl wml 4. (1390 tested several measures of terpooai oo
Weel Lo Trenpieenooy s Thit ton tanks onh normal oard hearingeiogosy e
Moo e ooy e b ot s showed pooror resuit s o than b oo

oL taeoa, teerat dliens of whether the $wo groups were Compare

—

sensation levels., Two of the tempor sl
Tt s, inreassed temporal dditference limen (Just noticeable ditie oo

Srouroilny taration) and loenger gap detection thresholds (minimum oot e toagiog.
firary ns) correlated significantly with impaired speech recognition apiiicy
These eftects persisted even after adjustments had been made for o3
artenuatison., The authors conclude that these temporal processing disatilit e
"may represent the important underlying processes that contribute to the poo:
speech peroeption in the hearing impaired" (p. 750).

. Binaural Processing and Localization

Hearing-impaired individuals benefit from t:: effects of bkinauta:
hearing, hut probably not as greatly as persons wit: normal hearing (Nabeler
and Robinette, 1978). This is especially true in n.isy conditions, where they
4 net penefit as much frem the binaural "relea:s: from masking™ as 1o rb.d

rmaL =hearing coun

prpart s,

Na o lek and Mason (1981) tested the effect of noise and revertw:rat i n
moonaural and binaural word recognition by subjects with various types o

arountas of Yoearing loss. They found a binaural advantage ot &% 3+ in
Cnvre nrent oo reverteration time of 3.1 second and VU0 an reort s

SE0LS s

With e ro sound localizatinon, Stephens (1376) cites Floreot .
Soharf (79795% 0 0s shawing that hearing-impaired sul dects exhibit coaly mor
abnormalis-i=s in perceiving sound lateralization arnd directionality.  Howeoor,
he references Roffler and Butler (1968) and But l-r (1970) as snowinag ! foa
~t3 with high-trequency hearing lasses ar- unable to idenr ity ot he
directinn of sound in the vert.cal plane (Stephen.s, 1976)

5t ?
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tIT. HEARING HANDICAP

Masr protfessionals L2 work with hearing-impaired individuais would
agree that small amounts of hearing ioss cause no handic ©, and are ~ften not
even noticeable to the affected individual. The questioun is, then, how much
hearing _.mpalirment can a prerson acauire before ne or she can no longer
function adegquately in social or occupational settings?

2 Definitions
Three terms, impairment, handicap, and disability are often used

ly, but they mean quite different concepts. To confuse the issue
are defined differently by different authorities.

n L%685S *he American Academy of Ophthalmology and Otolaryngology (RAADOQ)
cade the following distinctions (Davis, 1965):

Impairment: a deviation or change for the worse in either structure ~r
ction, usually cutside the range of normal.

Handicap: the disadvantage imposed by an impairment sufficient to
affect one's personal efficiency in the activities of daily living.

ai;ility:  the actual or presumed inability to remain employed at full

The British Asscociation of Otolaryngologists and the British 3eciety of
Axdieclogy (BADL/BSA, 1983) define impairment similarly, but have reversed the
AAQQ's dafinitions of handicap and disability. Accordingly:

Cisability: any i1a’'k or restriction (resulting from an impairment) of
ability to perceive everyday sounds, either 1n quiet or a nnisy
background. It i usually given in a scale of percentages for

Compensat ton parpo s

Hanilzap: the disaivantage for a given individual resalt ing trom
impatrment or disabtiiity that restricts activities that wauld be
>d for that 1.0 idual.

(2§ OL SR

1 Health Grgeddization defines disabi ity as Tanw o v :
Sk g from oan impairment) of ability Co operform oanoact Loir ey o
tlaen nin the range considered normal for a taman bocdy T ot by
t.in 54.)

.53, ULepartment of Labor's Gooupatinoal  Jatery  aqn 0 Heal}
Cion (GGHA, 1981) adds the conceps A "mAaterial o lmralonen :

Pt ing", which 1s somewhs:re between the RACO's connepts f inpaairment ann
mandicap. it is the protaecticn goal for the setting b s5tandards 0 provent
supAar inral hearing impairment. OSHA detives 1 an e peoint orp Nlon o™

reeyend which o an individual cannot fanction a5 well Ao o4 ne rmal-hearing pers o,

The AACO's use af "hoodicap™ and its atrendans menina b rean rnat ly

weer L o andersteod in the 10, despite the  faci ot har e St oW e

10




compensation laws use the word "impalrment"” with the AAJT's

handicap. Althougn the British definition 13 probably more accurate, ne-
the AAQO's use of the word "handicap"™ 1s more familiar in the U.S., we o
use it for purposes of this report. We do not, however, support the AA_7 .
audiometri~ definition of frandicap: an average hearing thresholi lece 3
500, 1000, and 2000 Hz that exceeds 25 dB. The reasons for ©his w. . oo

apparent in the subsequent discussions.
B, Audiometric Thresholds Defining Hearing Handicap

The point of beginning handicap has keen the subiest ot wn

and investigation over recent decades. Early experimen<cs ¢ .
relationship between speech recognition and used the term "hearing [oxs o
speech" since the distinctions between impairment, handirap, and disability
had not yet been made. The first well known method for assessing hearing loss

for speech was developed by Fletcher (1929). Fletcher's time-honored “Point-
Eight Rule" divided the entire audible range from 0 to 120 aB (ASA) {iHr tne
averaged frequencies, 500, 1000, and 2000 Hz into percentage of loss with =«
siope cf 0.8% per decibel. For many years, physicians used Filetaler's
to calculate compensation for hearing loss, even though it was ror e

’<

rhat purpose. Later, the AMA adopted the Fowler~Sabine methcdi ¢~ %1 )
this methocd, average hearing threshold level was calculavtesd f£- . -,
audiometric frequencies 500, 1000, 2000, and 4000 Hz, which wero .1:ver,
weightings 153%, 30%, 40%, and 15%, respectively. The "low fenze" - :ha

2f keginning handicap was identified as an average hearing thr.
10 4B (ASA, or 20 dB ANSI) (AMA, 1947).

According to Davis (1973), the new formula was too complex, and
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 (R3A, ~: 2%
dB ANSI), a high fence (or point of total handicap) at 82 dB, and a growt: of
handicap of 1-1/2% for each decibel between these points. The AANO believe i
that hearing impairment should be evaluated in terms «f the ability tc hear
"everyday speech", and that the ability to hear s-:ntences and repeat them
correctly in a gquiet environment was satisfactory evi‘ience of good hearing for
everyday speech (AAROCOQ, 1959). The AAOO determined that the average hearing
level of 16 dB (ASA, or 26 dB ANSI) at 500, 1000, and 2000 Hz was the point at
which individuals begin to have difficulty hearing sentences in quiet and seek
medical help Sy thair hearing problems. Thiz oorermination was based
clinical evidence (Davis, 1973).

B

Over the following two decades, many studies were conducted +. disc e
the audiometric frequencies that best predicted hearing handicap, an.: * =5
average nearing threshold level at the selected treqguencies trar o
point of beginning handicap. Many, although not all of rhe sariie: o ,

which were conducted in quiet backgrounds, pointed toward the importarce ¢
mid-frequency hearing for understanding speech (fo: example, Harris et al.,
1956; Quiggle et al., 1957; and Quist-Hanssen and JSteen, 1960). Mast Tarter
investigations used various types and amounts of noise backgrounds, presumal:ly

because noise 1is characteristic of many everyday listening conditions. Most
studins of word recognition in noilsy backgrounds frave shown the importance of
good hearing above 1000 Hz. The same 1is tru with speech distorted by

speeding (Harris et al., 1960) and reverberation (Rubinson, 1984) . Tat Lo
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preminaent speech recognition/audiometric frequenty studies
>ver the past 30 vyears, showing the audi-cmetric fraquencies

as being most important for understanding speech under various
of noise and distorticn.

Because of the importance of high-frequency hearing for understanding
ech . less than optimal conditions, the American Academy of Ophthalmology
(AAZ)  decided to include 3000 Hz in the definition of beginning hearing
handicap. The lcw fence remained at 25 dB (AAO, 1979). Many states have

~hangsd thelr worker compensation statutes accordingly in the intervening
s

¥

ther formulas of interest would include the one recommended by the
I itute for Occupational Safety and Health (NIOSH, 1972) and later

a T

adoprted by OSHA (1981) for purposes of preventive regulation. It identifies
material impalirment of hearing as an average hearing level of 25 dB or greater
av 12037, 2007, and 300C He. The rationaie for the inclusicen of 3000 Kz and

!
vhe exclusion of 500 Kz is based on many of the studies listed in Table 1.

The British Association of Otolaryngologists and the British Scciety £
Audiclcgists have recommended a low fence of 20 dR for the avera
frequencies 1000, 200C, and 4000 Hz, based on studies condusted in ¢
"SA, and the Netherlands (BAOL/BSA, 1983).

The exact level of the low fence (or pecint of beginning handizap) has
been the subject f much, and sometimes heated, debate. If the fence is set
~~o high, a series of adverse social consequences will result. Individuals
with handicapping hearing loss will be ineligible for ccmpensatimn. Vintkers
n nolsy environments will be denied regulatory protection, Soldiers an
3viators will be assigned to jobs in which they are unable tn communicat
adequately. If the fence is set too low, the opposite set »f conseqguences
wi l’ prevail. Individuals will be compensated although their losses resuclt
~her entirely c¢r in part from presbycusis. Regulations will be
necessarily string- 't and expensive. Soldiers and aviators will bhe

[ ERON

s

(D

d

d squalified from jecbs 1n which they could have performed satisfacror:iiy.

Recent investigat! ns of the low-fence issue have attempred to piupoint
rhe hearin threshold level at which persons with mild losses are n~ longe:

tapable of understanding speech the way normal listeners da. O the Fasias of
toor dara and those of A -on (1970), Suter estimated the point ~F belod

nanticap oocurs At oan average hearing threshold oo 19 dB a4t 15403, 27070, and

NN Hz (Surer, 1978) . This point translates to appr ximat..iy 4 AR o4 707
1000, and 2000 Hz, and 22 d4dB at 1900, 2000, and 4unn Hr, pracacosn s
tnetividuals with mild sensorineural impairments have audiometrico por D0 Toa o0y
cre *oward the high frequencies. She observes, however, *has she aolea- ion
“f a4 fen-te depends upon the definitinn of hearing handi~ap arn i "o o rdle s oa
under wrnich handicap s assessed. As the data in Tarle T foddle aseo ey
neearing in the high fregquencies becomes increasingiy imyoar*an' acs Distenirg
“ondiv ions become increasingly degraded.
vHy 1979, the AAOC had sp.it into two groups, the <ophtialcc ooy oarc o oot he
o hand, ard the <t . laryngology/head and neck suraery gy Gp st ot i
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Smoorenburg (1982 and 1986) has also studied the question of the low
fence. He defines the "onset of handicap"” as the amount of hearing loss where
an individual 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 bhegins 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 SRT increases
significantly at the 0.05 level of confidence, which is an SKT 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
.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 1level) 1s an unacceptable
hearing handicap.

In one of the most extensive investigations of this issue, Robinson et
al. (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 station, 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 monosylilables -
the sound field at several levels of speech and noise. The results zhowed
large differences between the normal and hearing-impaired groups, but there
were also large differences within groups and even within the same sub‘e-t's
responses across tests. Average hearing threshold level at 30006, 40%7, ani

6000 Hz correlated most highly with performance on the three simulaticns, an<d
the average at 1000, 2000, and 3000 Hz correlated best with the speech
audiometric tests.

Robinson and his colleagues concluded that they could not identify ttre
threshold of disability (what we call handicap) on the bmbasis =2¢f a
discontinuity in the performance curve because this point 1is entire.y

dependent upon the difliculty of the test. "There are a3 many potantial
'disabilities' as there are activities.” (Robinson et al., 1984, p. 103) They
decided that the functiosn of the low fence 1s not to distinguish he!weern
circumstances but betwe+~n people. They found that the 2nid per-antile -~
performance by normal subjects (on the pocr performance end of the =5-a.e)
corresponded to hearing threshold levels at 1000, 2050, and 3000 Hz nn ‘“he
impalred group ranging from 27 to 34 dB for all of the tests. Because *he
performance of individuals with hearing threshold levela in this range wa~
less dependent on particular tasks, they chose an average hearing ieve! f 7

4R ar 1900, 2000, and 3000 Hz as the threshold of disability.

Robinson and his ceoclleagues make a very impnrtant point when ey
~hserve that the onset of handicap (disability in their wor-ds) warier
according to task, so that the selection of any cne set of ~condicinrs £op @ he

definition of beginning handicap 1s necessarily arbitrary. Hewoger, b e

selection of the 2% perf-rmance level of normal listeneras 13 alsc somewh

arbitrary. It 1s based on a limited total number ~f subis 3 (20 normals ans

Z4 hearing-~impaired), and only one 3speech-to-nnise rat i ({7 dR) ., Gy
16




sub jects had hearing impalrments as Greao s
av 10CC, 2032, and 30C0 Hz. The shuape ard 300 10,
ecroduced different results nad th

in the final anatlysis, it

1lwlys involved some degree of
“he SRT increases at the ©x cr 1%
nermal performance, o0r an estin

e :
nurmally or subnormally on speech . v

s invelved. Fortunately, these recent experiments Have GLrz wo - -
veginning handicap to between about 15 and aR s

The onliy way to narrow it further would e o s

Zistening conditions in the specific Jows nr Liie roronlc L wh
assessment of handicap is needed. One rmust also remetser that thirs 1h
range applies to the recognition of everyday speech. Special i cumest
such as sentry duty in quiet areas, may very well ved . iie mole Hen
hearing if the listener needs to detect faint or nigh-frequency sounds,

VL PREDICTING COMMUNICATION AS A FUNITION v R

<

[
{

Some 1interesting schemes for pred
communication losses have been developed ity Frytl::
one scheme he borrowed a graph from Stevens an: “av.s L, L 1

distinguishable tones in the auditory area. The wo estaimales were made by
holding intensity constant to find the difference limen (DL) for frequency
(based on the work of Shower and IZidaulph, 1931), and then by hoiding
frequency constant to £find intensity difference limens (bzased the work of
Riesz, 1223). Stevens and Davis plotted on the are¢a ~f audibility f-r no:mal
listeners the number of discriminable units in s7uares /2 0 3ve wio= e
dB high. The upper left number in each cell gives tne Ls for 1ur. g i
upper right number gives the DLs for frequency, - oo lower nandesr gl
their product, the total number of DLs in each ¢« . criing the tatals £oy

LAV IS

AilCes,

S11 L ve

Figure 1, from Stevens and Davis, shows an ¢sfiaate [ TSI ualeer ot

each cell, Stevens and Davis estimated a Lo lototal o oot 340,000

distinguishable tones in the audible range.

Figure 2 shows Kryter's (1984) versi-n ~f - it Adevelopod by 8
and Davis. The lower, concave curves re;. i - . ST n T AT Tat v
30% range of "critical intensities" pres - B 2 B 1 TR

iabelled #4). Kryter estimates 43,093 di~ . . rirab - omiva

range. Curve #3 represents the audiocgram f{ an liiovi taa. with oan a2

hearing threshold level of 15 dB for 500, 10063, ard 2330 o Tia
would have lost the capacity ©n perceive 1a- T, -

units ~onstituting everyday speech, ani arcout 4+, e
discriminable units. Curve #2 represents ‘he amniic g arm ot o lroiool

an average hearing threshold level of 25 4B at S0., 127G, and [
person would have lost 31% or 15,500 of the Spee:s . unit o, ani

sut of the total discriminable units. Coavve #7 coo0ge T TR I TR

average hearing threshold level of 55 dbk at 5%.. 00

consequent loss of 96% or 41,293 of the spee~n u:1ts, ani 44 ~r 150,000
~ .

of the total number of discriminable units Hece
diszrepancy between Kryter's estimate of ‘lre
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Figure 1. Number »f distinguishable tones in the auditory area.

Note.
Davis, 1938 and
with permission

Acoustical Soclety of America,

1983, New York:
from Hearing, Its
1983,

From Hearing, Its Pgychology and Physiology by 5. 5.

American Institute of

Psychology
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Figure 2. Number of discriminable units, as in Fiuure 1, with mean a.d &2
range of c¢ritical speech intensities, and thre.. hypothetical audizsyrars
superimposed.

Nute. Adapted from Physiclogical, Psychelogical, and
(NASA Reference Publication 1115) by K. D. Kryter,
National Aeronautics and Space Administraticon. Reprinted by permission.
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cf Stevens and Davis (340,000), Kryter's hearing loss oot 1ot o
Lightly lower 1if calculated on Stevens and Davis' =+ 3. T LERIPER

so note thar these estimates are based entirely -~ oA ii-o. o0 0 is

ituaticon might be somewhat different if the intensity, {roopior o, i

distortions present in many cochlear impairm...ts ware S.axes

Iin anocther method of predicting the speech communication abilities of

g-impaired individuals, Kryter (1970) calculates Articulation Index (ATI)
corresponding to various amounts of hearing leoss. Table 2, frum Fiyvier
sho

ws Al estimates for several hearing threshold levels, hased -n “he
for ; )

f speech expected to exceed thresholds of audibili.y Sour le

effort. He has arrived at these estimates through a series ~i =*
clude subtracting 6 dB for the transition from earphones bt ooun
and adjusting for the difference in threshold between pure tones arnd

: : naving continuous spectra. According to Table 2, an individual winh
an average hearing level of 25 dB (ISO and ANSI) at 50¢,

10328, and 2707 H:
wnilh courresponds to a level of 35 dB at 1000, 2000, and 27300 Hz will ness

everyday" speechh (65 dB long-term rms) at an AL of 0.47, and will anrrec iy
near 93% cf the sentences and 73% of monosyllables presented. Tl
conversation" (55 dB long-term rms), will result in an AI cf 2.26, wi ' &2
sentences and 35% monosyllables recognized.

Figure 3, also from Kryter (1970) shows the estimated per arncage Feas -
e ISU

ey e ST

nearing threshold level at 500, 1000, and 2000 Hz, and at 1000,

<« ’ [ I
He. The curves represent functions calculated from the AI, and the 3¢ rai=s-:
.ines represent the AAQOO 1959 hearing handicap rule and other linear * or--
vrriprsed by Kryter for sentences at an everyday level, normal - onwe:r s.co
ieverl, and weak conversational level. Again, the reader should he awa:re &~
I »f these predictions assume a quiet environment and a hearing Imss oo

~hraracterized by the attenuasion model, without distortinsn.

Tertain other inv:stigations have used the AI with hearing-srosirai
subects. Macrae and Br:yden (1973) tested 309 hearing-impaired subiies = w.-
TID sentences, 1in quiet and speech-to~noise ratios of +10 and -1 =7 ;
~anner similar to Kryter'.:, they calculated an AT for each 1naivi-lial -t
ard found very high cor:elations between AI and sentennce reo N
nrootre -0 4B speech-to-rois-r ratlio, the correlaticn was 2.
i7" speech-tn-noise ratio, it was 0.989,

'n a4 slightly different approach, Smoorenburqg ol gl, (19%1;
sree AT f£or nornmal listeners, based on the speech-to-naise rae
Hoecvs achieved 50% sentence recognition (SRT). They then ~aj-iia.. -

rn

‘v each hearing-impaired subject, based on the spee-h-t -n- ¢
“rresponding to the subject's SRT and on the amount =f inforra:
n-* ke available because of the filter effect. wWhereas *he aver g

n-rmal suhijects in A-weilghted noise levels of 40, 55, and 0 ¢ wan ,
2verage Al for hearing-impaired subjects was 0.248. Boocagso i
.isteners couald function at a slightly poorer AT than *he hearinag- oo,
;ub *ects (a2 difference in AI of 0.03), the authors conclude that resduss - ¢
1u1inie cues does not compic'ely explain the difference in performance o> w . -

srmal and hearing-imrpaired subjects.,
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AVERAGE OF HEARING LEVELS AT 500, 1000 AND 2000 Hz (EARPHONES re ASA"
-5 -0 -3 0 ] 0 15 20 2% 30 35 40 45 50 55
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. oo 0 ANARNING SIGNALS

ety little research has been conducted on the ability of hearing-
tireet inyividuals o detect and recognize auvditory warning signals.  What
s 3 e one fias ¢l the effect of hearing lLoss in combination

- v (1584) carried out a fiel 1 sruaay ~ o0
i s and hearing loss oo tne oercept . .

' A e A TRl S ” i 5‘:{: > B PR P v
I T Co
! i URTUNE R e [
C e o . .
Voo Leennya vesponded similarly o . : Lo
G “Lrisules Thl3 to spectral differences in the signals.
roe (e a.:1) «f the subjects wore hearing protection, and
e wtnor o uncontrolled variables, any conclusions from “his
Teo Browicth extreme caution,
: creetoedd research area 15 the effect of hearing imcalrnens on
o lwmwportant eanvironmental scunds,  Suoch 23 Somtiat T onndn
= oo st oade the sound of footfalls, barbed wire Leing ~Lipped, and
oot oa rifle magazine. Popular opinion holds that many of these
At pirevdorinant ly high~-frequency, with energy in the 2000-6000 Hz range
, Asiinas. oand Wilsson, 1986). However, Price and Hodge (1976) have shown
oo apestra ol these types of sounds are fairiy flat.

T Ancd Hodge (1376) developed a macdel for predicting rthe
e Y aricns anises.  They analyzed 24 noise samples acanrding to
ety oo oryiiical bands, then modeled fne normal ear's ogernool oy
Cirat ot - reray wver 2G-msec and 200-msec per:iolds. Actual and predict e
troerie e nhowed excellent agreemernt. O oomparirng ot oAl
. R = wxne sed soldiers to the 24 noise spestra, <heyv oSt ing el
T [ cnalviduals could detect these sounds at an average Love.,
. “horns 3eidiers with oapout 20 years of noige expasure. Wi T
Cohiah-trequency environmental noise (Sungle wivh oaniimals and
: ;T e e dilterence between the two groups fell to 0.3 4B, A
. oo y nt.al nolse (recorded in rural France) produced ar
rterer e o T UH B hetwaen normal listeners and soldiors with D20

: SO Lo iine eXposure. The authors explain tnat rhe reascn why these
Dot leersniceess are not. greater is because listeners would be relying largely on
coodels vae ty hearing to make most of the detections. They cautinped,

ey *har gertecticn and identification are nct the same, and that hearing-

Are Tikely tao have more ditficulties in analvzing s-und




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 apoly to all three services (DoD, 1986). These

criteria were issved as DoD Directive 6130.3 on 31 March 1986, and were
adeopted 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 el
al., 1984). Table 3 specifies the acceptable hearing threshold levels for
both ears:

Table 3

Department of Defense Hearing Threshold Level Inducticon 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 dBR

4000 Hz N¢ threshold greater than 55 dB

A. U.S. Army

Until the DoD-wide directive, the U.S. Army has hadl its own indunticon
standards, which have been somewhat more complex than the new standar-ds (1".3.
Army, 1983). Table 4 gives the Army's previous azceptable hearing thresh |l
levels for appointment, enlistment, and induction from 1983.

i
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, 9
rrequerncy goth ears
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 level
30 dB at 500 Hz, 25 dB at 13060 and 2900 Hz, anl
35 dB at 4000 Hz in the better =ar.

CR

I1f the average of the 3 speech frequencies is greater than 30 dB ISO-ANSI,
reevaluate the better ear only in accordance with the fcllowing tabie of

acceptability:
Frequency Betier cdr
500 Hz 30 dB
10C0 Hz 25 4B
2000 Hz 25 dB
4000 Hz 35 dB

The poorer ear may be deaf.

The Army also has criteria for aviators ar. -<ir traffic contrailers
(.5, Army, 1987). These are somewhat more =+ 1@ ent than vhe “pdact s
criteria. They are shown in Table 5.
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Tat:-le &

U.S. Army Hearing Threshtold Leve! Standaris t
Aviators and Air Traffic Controllers
(AR 40-501, 1987)

Frequency (Hz)

5C% 1000 2200 3000 4200 €o00

Classes
1 5§ 1a Each ear 25 dB 25 dB 25 dB 35 dB 45 dB 45 dR
Class 2 Better ear 25 dB 25 dB 25 dB 35 4dr C5 dR 75 odn
(Aviatozrs) Poorer ear 25 dB 35 dB 35 dB 4¢ dn 65 dB e odB
Class 2
{Air Traffic
Tontrollers) Each ear 25 AL 25 dB 25 dB 35 dB £% B 75 R
Class 3 Bettar ear 25 dR 25 dR 25 dB 35 dB 6 B 75 db

Poc er ear 25 dB 35 dB 35 dBR 45 -iF 65 din 75 ¢n

t and inducticn £for

Scldiers may be denied appointment, en en
e external or middle ear

1
numerous c¢tological abnormalities, such as seve
otitis, mastoiditis, or nistory of ear surgery, Aviators may be donlayraer
unfit for flying accerding to another list of octological criteria, which

t

includes abnormalities - labyrinthine funcrion, eustachian tube dysfuncrinn,

and deformities of thne p. .a which would be likely to cause prebilems with =
19=%7

use of protective headgeao or extended pericds (U.S. Army, i

The U.S. Army has a ~vem of profiling hearing impairments = qualily
curvent personnel tor - performance of varicus duties, A profils
designation of 1 indicates high tevel of medical fitness., A 2 rrofile meanas

that a person possesses 5. .+ medical condiftion o defect that may improao
limitations on classificatlion ana assignment. A 3 profile indicates that i

merdical condition reguires certain restrict ansdd the 4 profile drasvical v

limivts performance (iJ.5. Army, 1982;. Tabie © shows H o (hearing) proefiies 1

srrouan 4, according to Army Regularvion 45-°50 (GT.5.0 Army, 1987)
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-esield Level Profiles
TUR7?Y

500 Hz 1 25 dB, each ear
1000 Hz Must not exceed 2% dB, each ear
2000 Hz Must nct exceded ZH 4B, each ear

3000 Hz! Sum of audicmetric thresnolds 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 Hz may equal but not exceed the following:

200 Hz 1029 Hz 2000 Hz
Better Ear 30 dB 34 dB 30 dB
Worse Ear 30 dB 55 dB 50 dB
H=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 heaiing 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.5. Navy

The Navy does not yet have a system of H profiles, although such a
“ysnom hac been proposed (personal communicatinn from John Page, U.S. Navy

“nvironmental Health Center, Norfolk, Virginia). There are, however, criteria
t~r the following positions and dutles: gualifications for commission;
i intment, enlistment, or inductian: submarine duty; flight training; and
rvice Groups I, II, and ITL. These «~riteria are shown in Table 8 (U.S.

Navy, 1980 and 1984).




Table 8

U.5. Navy Hearing Threshold Level Standards

(NAVMED 25 Nov. 1980 and 3 Aug. 1984)

Qualification for Commission (25 Nov. 1980)
Each Ear:

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

3000 Hz - 45 dB

4000 Hz - 60 4R

tlach Ear:
Av. 5C0, 1000, 2000 Hz must not exceed 30 dE, no single freguency greater tha:
35 dB
42C0 Hz - 55 dB
VR, 1if the average at 500, 1000, and 2000 Hz is greater than 30 dB, the rotte:
»ar must not exceed:
5¢0 Hz - 30 dB
1300 Hz - 25 dB
2000 Hz - 25 dB
4000 Hz - 35 dB

Pocrer ear may be totally deaf.

sui : 2 98

Same criteria as in qualification for commission, above. Submar:ine
personnel must also not exceed:
500 Hz - 35 dB
©C00 Hz - 30 dB
2000 Hz - 30 dB
4000 Hz - 40 dB
2600 Hz - 45 dB
If testing at 8000 Hz i impractical, 6000 Hz may be substituted, wi-n
maximum of 40 dB, but ex . ©3s loss at 6000 Hz may be disregarded if ali .t-
nearing criteria are met.
jervice Groups 1 and II (3 Aug. 1984)
(Audiograms must be obtained on all flight physical exams.) Hearina *“hre::n

tevels must not exceed:

Better Ear Poorer Ear
500 Hz 35 dB 35 dB
1000 Hz 30 dB 50 dB
<UL Hz 30 dB 50 dB
{continued rr et
39




Table 8 (continued)

ms must be obtained on all personnel except for personnel aboard

It aeneray, hearing threshold levels must not exceed:

Better Eax Eoorex Ear
520 Hz 45 dB No
130 Hz 40 dB Requirements
VIV IV VA 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.

. Jards £ light Training Candid 3 1984)

Hearing threshold levels must not exceed:

Better Ear Boorer Ear
530 Hz 25 4B 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 lev~:ls 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
~hreshold 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) ccnducted 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-
nf-experience categories. Tests of pure-tone hearing threshold levels, SRT,

and speech recognition of CNC monosyllables in quiet (at 40 dB above SRT) were

31




37 and each subiect was assigned the appropria:. = ol T
- teed nn large differences in the prevalence ¢ . . Soaro oy
i, ©uv, significantly, they did show o oo : SE
t:rarches nave hearing losses resul® ‘nag tn b0 ot r
shorrnest tTime-in-service category (l1.5-«. EPTRANRN
ERCINEY rried an H-1 profile. In the longest (7L .5=20.4
or..y about 45% had an H-1 profile. PLilLormeT ry
a3 results that were within normal limits, although botn
o oase recogniticn scores in guaet deteriorated slightliy with
NN SR For
A >1lleagues also administered questionnaires to STV
S subject was asked to state his current H profile. ¢
5 their profiles, a substantial number of them did not
- prcfile. In scme time-in-service categcries, nearly
T ohe zubtests had worse preofiles than they reporteq (Walildern w0 3.,
e .o3ticnnaires lso contained items for self-reported hoearling
- rhe responses o which remained anonymous. 49 . 7% (1462) Lf -re
crerrs believed they had a hearing loss. Many of these responrnidents

e
in H-1 protfile, possibly indicating that this profile aii w:

hearing loss to oe noticeable to some individuals. 63 of the [dn.
“me rorval) felt that the hearing loss interfered with their abiliny - o
i, 34.3% of the 1462 (22% of the total) repcrted that the hea: g3
n-erfered with s¢cial functioning, and 37.4% of the 146, (18% ~f -ro

cenvzted that - he hearing loss interfered with joh e
'y, a progressively smaller number indicated difficulrd ¢
e as years ot service increased. This 1s despite e fas i

i se:rvice duration produces greater hearing loss. Inocontrant, o

TS f =ub -2 = who believed that the hearing loss interferes: . -,
cLionlng tended to jlncrease with time in service. The  ant oo

crnav soldiers ioh considerable time in service may be less willicoo -
Tt s memir s impalrment can affect their abilities o ryryn o
T n Tt lr adequately (Walden et al., 197%).

setLences ~f lwmg - i Hearing in the Military

L2 ool bnubatoo ot the nearing impairments characterize i Lo
o can jrade speech communicatinn. This R :
ti.e uniie:r certain conditions. To convey the extort - f -
©, oLy tnerical hearing logses which typify the different H or il

sv= 9 ardd vlotted In Figure 4 (from Richards, 1973, which 7w
weeointaensities and frequencies of wvarious speech ooarponeens o, ar
s {ctenvaersac lonal) lewel of £0 4B One can see that oooue oWt

Sheo T e Conss nant o area, especiailly e Doosho-roe e

C,oard osomer b tne thlird and all of the fourth vowe o U oanmoao L

[N intwrferes with a Largor portion PSPPI

W All of the: high-freqguency consonants, ard a0
L, £ orre thiy o and sumre of the second vowel frormarns o Tt
Cor gl HET oprofiae will lose mest conancnants, most ot e e s e
Gt als formant s Je that,
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Figure 4. Relative intensities and frequencies of .arious speech components.
Typical U.S. Army "H" profiles are superimposed.

dote.

Richards,

1973, London:

From Telecommunication by Speech: The Transmissiun Performance
lelephone Networks by D. L.

Butterworths.
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Table 9

Hearing Threshold Levels Typical of Army "H" Profi’.--

250 500 1000 2000 3000 4000 6l

20 30 40 45 50
38.5 47.5 54 R

'
[
J
AY emd
D N
[y}
(o2}
w

0 <l 25 35 50 55 I
z 345 31 31.5 43.5 57.5 64 g -

15 30 40 55 76 80 Ea
2.5 4i 46.5 63.5 77.°

o
je el
O

“, these typical H profiles have been pi r!. .
-veloped by Stevens and Davis (1938 and 1983) (sec Ficg.:.

’ of discriminable units in the auditory area. W
. o0 che mean and 90% of critical intensities during i«
it in rhe lower portion of the chart. Accordingly, -

toral H-l profile would miss approximately 37% of the
it v e spench range.  An individual with an H-2 profile w
Lie o whe H-3 profiie would cause nearly 80% of the spee i

e reader  shou. bear in mind that these estimate:
s (600 Ry r "everyday" (65 dB) level of sjeee ot
: are not . «ways typical of military situations. Tiee

erapiy b r in combat conditions, but so,
‘ Gopen s In additi :, *he estimates resulting frem Figares |
¢ rlitering para .3, and do not include the additicnai i
]

1 o oom o the ddistort s o component. Because the distortioo

c .y roublesome in high speech and noise levels, we oo
St it cddegradation will more than offset the banefit o :

Loooerhat —type situations.

R ERA the 3000 soldiers tested by Waiden <O al. o
veetgnit ion soores within normal limits, the authors oroned
inizal tests i qulet werse not good indicaiors of the

sioan resalt ing from high-frequency hearing loss.  They boeorooo

Sitaations dnvolve nnoderate-to-intense levels of noise. N

oo wesn real-life speeck will not be as highly intelligible ao
vy Lo, nnr Wwill the listener be given the courtesy of hearing
it oabcove: his GRT. Wai ion and his colleaqgues caoncoaded i
tiert can communicate fa.rly well under ideal conditions, oo

ray prse great difficalties in the typical combat enwviyo -
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b oatatement f 18% of the 3000 soldiers <o
csos interfered with their ability to perforrn
! inical evaluation of Army tro:

ol e Cl
‘3nitiin In noise.  They also recommend t. 0 thi /7
iiv ~f the effects of hearing loss on communicat:ion
c: s .nve 1. Jereral," and that "this research should be or:.:

33 2f ssidiers with noise-induced hearing laso”
d that many soldiers do not carry the appropriarc
he profile system be rigorously administered.

oy Walden et al, (1975) indicates that many sol.7i«
ry, and artillery branches need to be reassigno’

ve lenient profile. According to Aspinall and W.ils:

5 acoording to their hearing loss along with the appripc.
i~ . cos" 4z, 1l1y. Clearly, the extent of hearing impairment I

inadequate for effective communicat.
is poorly enforced. The agituarn: .
in the form of rigorous hearing conservation
~he specific communication needs of each 5.
na-.rpalred personnel are assigned, and the resulting revi:
The consequences of communication fail

v
and even loss of life.

Ceneser s

e dee Jeoiwaning laosz oL Speech Recogndtion

s s ornooguest  othat noise-induced hearing loss azts an
: Trorrer iwostii. come debate on the extent to which disto:t

. system Yurt or degrades the ability to hear speech, b
rppeorra b ar of degree of distortion rather thai
cor - ' ion exists. There 1is also little doul
2 w w0t degree of the distortion comprnis
ratics, perhaps up to 10 dB more {--o
: - sounterparts
vl of the auditory system that interfe:rs
R o zan e divided 1nto categories of frequency, i’

vasing.  The freguency distortions most commonly 103
Cdece i oturiirg curves and upward spread of masking, but oth-

.- arisrarticon, have been laentified, Intensity distors . .,
orent, arnormal intensity discrimination, and limited aynacr:

caero snwnomo have ddeliterious effecrtrs on speech, as have Ao
vy prooecessing, sachoas abnormal effects from temporal sumno

recwward Tasking, and aip detection.

veoot lagar ians have soown that hearing-impaired sulblesr s
gz f binaurai hedaring, but not as much as nerma. [0

36

ccnservation officers have suggested that the combat -
woeuld suffer a debilitating manpower shortage 1if all oo

'z in the milirary in general, poses a significant proplen,

ranging from mild inconvenience tc loss of oo




(he tasts of limited data, 1t appescs o Loal bearing

mincr difficulties localizing soui.. Lhe horiaan sl ' R T
troub e raentifving the source of o4 5o e e
deran iy Handizap

The rterms "handicap”™, "impairment’, RS LRI SRR st Tate 4

impalrment" are often used interchangeably, but carry i on® faaas ig3. T

“nis r=port, the preferred term is "handicap™. wh: 1 i
irsadvantage impesed by an impairment sutfiocienr . Aels opersonal

efficiency in the activities of everyday living.

Most stirdies of speech recognition in quiet poiat to the importance ot
good hearing in the mid-frequency range. Virtually al! of the studies of

speech recognition in noise show the importance c¢f hich-fregrencty rearing
The same 1is true of speech that is distorted, For exaig.— b o500 o1 .
reverberation. Recent investigations of the “"low fonce’™ r opoii: ot b s o

nandicap indicate an average hearing thregshold @ .o 1 .- ; .

tnhe frequencies 1000, 2000, and 3000 Hz. T P e e
sialiy with varying amounts of background noise . Tiloo w0 L ue L T e Ly
fence will depend mainly upon the difficuloy of iy it 0 Dioten’ g task

Special  consideration must be made tor Clicamstonced roquising 1 he

identification of faint or high-frequency sounds, i+ whi b case: the criterion

for hearing sensitivicy in the high frequencies «n .} ' oo ore — oy e

uegblngimumm;mmmm;gn_qf_hﬂu‘uu DOETINEY ST

An estimate of the effect of hearing impairment - . Sl Csmmun i adr 1on
can be made on the basis of audible discriminabile wun:ts in the speesn range,
according to a method devised by Kryter (1984). FEstima s can aiss be mat
with the use of the Articulation Index. Both f §loere methioodis nodel * he
hearing mechanism as a frequency filter, necessitai: . . fded S rest i oo
the distortion component.

Warning Signal Identification

There has been very little research an ' - ity o f Lol iagc lmpalied
listeners to detect and recognize auditory wi'n g signals. kers2arch on
listeners with essentially normal hearing, arl !l estivarei recponses 1%
hearing-impaired listeners, indicates that detect 1 1 1T e oo “n Lot wed 10 v by

LWwo groups are not very large. These differences may ' oo P N f R TIERI
tor a~tual signal recognition than they are top e

{1 £ . .

4 ltevel atandards

The U.S. Departmen: of Defense now has hearing -+ hire
for appointment, enlistment, and induction that ap v o 4ll three scrvices.

The U.5. Army has had its own set of inducticn — anda:-is whiolh weie in use
until they were superceded by the DoD directive. [he: Army aiso ha  standards
for admission to training as aviators, air traf:r: ot Tlers, aned divers
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“rnoaddition, it has a profiling system of H-1 through H-4, wh: . . ..
personnel within various military occupational specialties.

The U.S. Air Force also uses H profiles, which apply - RS T
selection of candidates and the tenure of certain jobs, such as «via® 3, ail:
tratfic controllers, and communication operators, etc. The U.S. Navy doues not

C
se # profiles, although a set of profiles has been propcsed. The HNavy
nave hearing sensitivity criteria for positions and duties wheve gocd
ng is considered important.

o)
4’)

[N
[SRm 1

UtV I o S oY
w

o

1
I
,‘.

Most of the U.S. military standards for appointment, .1zt oeng,
induction, or even for jobs requiring significant amounts of coimmunloiticn,
are either at the upper limit, or exceed the range identified by rasscarchers
ss the point of beginring hearing handicap. This becomes a risky p-iicy irn
circumstances when human safety and mission success depend upon effective

ommunication.

The German military system's criteria for flight trairning candidates and
=xperienced pilots are slightly more stringent than those used by the 5.3, Alr
Ffrce. Hearing threshold level criteria also exist for other nations, Lkut
reillable data are not available at this time.

The prevalence of hearing handicap in the U.S. Army is very high, at
_east among soldiers in three high-risk branches: armcr, artillery, and
infantry. Many soldiers in these branches have profiles exceeding the H-

,
designation, including over 65% of the soldiers in the mnost experienced
category (17.5-22.4 years of service). Many soldiers do not carry the correct
prefile. Nearly one-half of the soldiers in these braaches believe they have
a nhearing impairment, and nearly one-third of these report that the hearing
impairment interferes with job performance. That these hearing impairmen’ s
~an impede job performance is not surprising, since many of them will ex:ved
ne range identified in recent research as the beginning of hearing hanilicap
The severity of the hearing loss problem in the U.S. Army, and very possibl

)

n

Y
in the military as a . onle, is sufficient to be significantly disruptive cof
speech communication. "he consequences of this disruption can be seve:e in
rerms of the destructio of costly equipment, and in extreme cases, Gthe l-3s5
f life.

TIIT. EGEARTH RECCMMENDATIONS
1. The most urgent recommendation would be to characterize ¢t

;anditions in which soldiers need to communicate, and assess the abilities of
hearing-impaired personnel to recognize speech in these conditions, «ither
“ihrough modelling or through actual testing.

2. The next step would be to recommend changes of the H prefiies ant
the assignment of profiles to MOSs in accordance with the resuits of
recommendation #1,

3. A survey of the military standards or profiles in other na-i-ns
along with the research results or other information which f{orme-d 'he bua:
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for these standards, would be a he.r:ful adjunct to any sovis:orn
Army's profile system.

4. Another important project would be tc continue b
the ability of hearing-impaired personnel to detesr and
scunds. The addition of the binaural listening mode, an a ;.

recognition (in contrast to detection), and a population
subjects would greatly strengthen the existing study.

Joort e

5. It would also be useful to investigate the .bilit
impaired people to localize sound in the horizontai plaine and espectally i
the vertical plane in combat-type conditions.

-
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