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ABSTRACT

An investigation was carried out on subjects with mild degrecs of
noioe -induced hearing loos, in an onhndecavour to  identify measurable
characteristicas of hearing that identify the points of onset of hearing
dipability (defined as  difficulty in  hearing speoch in  various
circumptancen) and of hearing handicap (defined as perceived pocial
dipadvantage reeulting from the hearing losp), these concepts being
underatood to refer to average findings in a context of hearing losa

provention in industry.

Data woro obtaincd from five listening teote, including simulationn of
roal- 1ifa, and from sclf- aspessment questiohnaires, and compared in ecach
case with corresponding results for control groups of young and older
otologically normal porsons who underwont identical teotao, Tha
audiological otatus of subjiccta was measurcd Dy purce-tone audiometry,
tomporal repolution, froquency selectivity, and off-frequency liotening
offect, The moet sonpitive meacure, and the one moot clogsely corralated
with porformance and solf aopossmont, waps the pure-tonoe audiogram,

Porcentage orrors in difforont listening situationa dcpend groatly on
the kind of test material and the inherant difficulty of the acountical
contoxt, and thio applien irrospoctive of hearing loos, It 1o shown that
the influocnco of tost conditiona inm largoaly eliminated by comparing the
parformance of the impaired porsono with the limit of the range of
porformance among noImwal porpons., In thion way an onoot point for
dipability io identificed ag 30 4B hearing throshold level, average over 1,
2 and 3 kHz. In the cano of handicap, tharo appears to be a continuoun
trend ostarting from nermal hearing with no definable threshold of onact,
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FOREWORD

This report describes in detail an investigation oupported by UK
Medical Rescarch Council Grant G800708), which was carried out between 1981
and 1984,

The plan of the project was deviesed by two of us (PAW, DWR). The
formor undertook the developmeant of the audiological test protocol and the
experimantal arrangements for the simulated listening situations. He also
carried out the pilot tests and the initial phase of the main experiment,
ap well as preparing a draft of the £irst part of this report, until hio

. departure in 1993 on taking up a permanent appointment elsewhera,

The conduct of the experimental work, after a short overlap period, wag
v continued by another of us (NJT), who also undertook the computar aspoactp
of the atatictical analyses. He wan assisted during most of thic period in
the day-to-day running of the tests by JPL, on whom devolved aleo the
rospongipility for record keeping and, in particular, the important tank of

locating suitable oubjectas.

Ropponpibility for the interprotation of the data, the presantation of
thio report, and the views axpressed, rests with the principal author
(own).

v Thanke are dua to Dr. R,D. Patterson, MRC Applicd Poychology Unit,
canbridge and Mr, E.G,T. Johnaon, British Telecommunicationn Research
cantra, Martlagham Heath, for their help at different stagea of the
projact, and also to the individuals participating as subjectn. Production
of tho video recording was undertaken by the Department of Teaching Modia,
University of Southampton, whose cooperatioh ia gratefully acknowledged,

[}
[v
N D.W. Robinson

[ Tp—

LT TILLETL 2N

e

e e s

oS - vii -

B e R T S

e R SV

- o . o o
7 T s e A e L it e ~

33,
Sagae



e g - o
'-.i';b!u-f-‘.i-«u 2 L RN SR I G

SUMMARY OF CONCLUSIONS

Scope_and purpose

An inventigation is described, tho object of which was to dotermine the
parameters of hearing that distinguish thao onost of hearing digability and
handicap in persons chronically exposed to hoise. The rosults are apecific
to hoaring losses extonding only to the mild range., pPifferent audiclogical
factors probably oporate at more severe levels of pensorinelral hearing
losn.

Teota performed

The teots comprised (a) an audiological battery of (sclf-recorded)
pure-tone audiometry, tomporal tesclutionh, frequency aoelectivity and
critical ratic {for two bandwidths of masker), and off-frequency listening
faculty) (b) meseage rocoption porformance in three gimulated real-life
pituations including an audiovisual prosentation, and apeech audiomotry at
throe lovels in quict and ono lovel in a background of multivoice Dbabble;
and (c) a questicnnaire in throe parta to obtain self--aoceosments of
hearing difficultios (disability) and perceived auditory dipadvantage
(handicap), tho first two parto interrogating subjects' hearing in ite
genoral anpocto and in nine particular situations respectively, whilst the
third part obtained reactions to the simulationa,

Subioects

Throoe groups participated in the exporiments. The £first group,
depignated YN, conoioted of 20 young otologically normal perasohs; the
gecond, dopsignated NI, compripmed 24 noise-cxposed persong of various ages
{mean 45 yr) with hiotories of agignificant (but unquantified) noioo
oxpooure and froo from extrancoud otological disorders; and thoe third,
designated ON, consisted of 10 older otologically normal perscong, mean age

50 yr.

Hearing lovels

The pure tone audiogramn of group YN conformed cloooly with the
intornational atandaxd of normal hearing, and thooe of group ON with the
intornational standard for otologically normal persona of the appropriate
aga, tho agreement applying both to mean values and to dispersion, Hearing
threshold lovels in group RI varined from little above normal to aubotantial
loonen, avoraging about 30 dB at 4 kHz, Pive of the 24 subjocts in group
NI would ba deemod to lie above the ‘'handicap' threshold according to the
Britioh Standard criterion usod for hoaring conpervation; the remainder
had laenooor hearing losocs.

- ix -
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Normalizat.on of data

Rosultn of tests for group YN provided normative meana and standard
deviations for 55 indices of impaixment, 1listening disability and
self-agsenamant . Data for subjecta in groups NI and ON wera then
normalized by oxpressing them relative to the mean of group YN in units of
the corresponding standard deviation thusm facilitating comparisona between
an individual's reoults on different teats Dby freeing them £rom the
particularitios of the various scales of measurcment,

Audiological testso

These tests woro carried out with a proba tone of 4 kHz, Significant
impajrmonts were €ounhd among the 24 oubjects of group NI in respect of
frequancy solectivity (16 affectod), temporal reselution (8 affected),
critical ratio (%5 affected). The older normal group alse showed
nignificant impairment of frequancy oolectivity, but only a alight effect
on critical ratio, and no doterioration of tomporal resolution., The
off. -frogquoncey liostening toots yielded no significant results with the
high-band masker (above the f£roguoncy of the probe tonhe) and rather weak
indications of impairment with tha low-band masker, All meaosuras excopt
off -froquency liotening (high band} corrolated very highly with hearing
threshold leval but nono was as genaitive as hearing threoheld lovel for
distinguishing betwaenh tho impaired and normal qroups. From other studico
this io ‘not an unoxpected reosult for the slight or mild hearing losges
shich charactorized tho majority of subjects in groups NI and ON,

Listoning tosts

Average parformance at tho threoo simulations and the opeech audiomotry
differed groatly batwoan groups NI and ON on the one hand and ¥N on the
othor, but there wore largoe individual diffoeronces within groupe ( including
tho young normals) on oach teat, and some aubjoects gava reasults differing
widaly acrogs tests. Tho osimulation of public addresas announcemonts in a
ptation concourse was judged the most realistic, with telephone liatening
in noige noxt, and an audicovigual asimulation of a sccial gathering loos
roalistic though still judgod on average to bear a fair resemblanca to roal
life, Thooe testo showed that a person's hearing ability may be soricusly
misdudged (aither way) f£rom speach audiometry alonc, Tooting in a
roprosentativa range of pituations ia highly desirablo although it presents

major practical difficultioco,

Corrajation botwoon the audislogical and liotening toat regulta

pespite a fow idiosyneratic capes, performance at the threce simulations
correlated gignificantly with the audiclogical tonts except for temporal
resolution, and most highly (about ©.7) with hearing chreshold levels
averaged over 3, 4 and 6 kHz, Speach audiometry also corrolated
aignificantly with hoaring threshold levels, both in quict (0.8} and in
neise {0.7), the value abtained with the 1, 2 and 3 kHz frequoncy average
being higher than with the 3, 4 and & kHz average, contrary to the
simulations, Frequency oeloectivity correlated significantly with specch
audiometry in quiet but (surprisingly) not in noise, Tomporal repolution
correlated only with specch audiometry in quiet. These partly cquivocal
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rogultos may refloct the relativoly omall impaimments of the test group
excopt for hearing threshold lovol. Tho lattor dominates the audiological
deocription of those mildly- impairod subiccts and poemo to vindicate the
traditional uso of the purce-tono audiogram ap the primary indicator fo:
hearing consarvation purposea,

Solf--apgsoosmonts

Rapults of tho simpler quostionnaire on hearing in gonaral corrolate:d
highly (0.0) with that on hearing in particular situationn., Both oorved to
diotinguioh clearly botwoon tho youny normal group and tho impaired tes:
oubjocto. It was found that the aimple guostionnairs was as affoctive a1
the olaborato ono, Attomptod dAiotinctions Dbotwean ‘'dioability' ani?
‘handicap* poctions of the quostionnairos produced no clear divioion of
regults, Solf-aoponaments of hoaring difficulty tended gonerally to ba
optimiptic in comparison to actual ability, ao 3judgod by rotroapoctiva
adjustments to oolf-rating (in the third part of tha quastionnairo) after
oxporioncing tho oimulations. This wao moot marked among the older normol
group, who initially rated thoir hoaring equal to that of the young normals
whon, by actual performance, it ¢loarly wan not,

Corrolation betwoon nolf-asoopsmonte ard lictening test rosoulta

Comparigon of questionnaire scorca and performance at tho liotenirg
tagts ehowod that gclf-acccoomaent is a very unroliable guide to individusl
hearing ability, The overall correclation (amout 0.5) wae comparablo with
that found in other gtudieo and, although eignificant, it only permito
bread trends of aveorage performance to be predicteod from the quostionnaire
resulta,

Corpolation botweon oolf-asnegamants and hearing throshold levols

Por rcascns which are not obvious, the rogulto of pelf-aoscooment
correlated more highly with hearing threchold lovelp (about 0.5) than with
porformance at lioctoning. The same has boen oboorved in provious studios
cven when, as here, the quostionnaire io otructured to teot o varioty of
hearing difficultion, not only those obviously relatod to auditory

nenoidtivity,

Throahold of disability

It is arguod that tho point of onoot of disability in torms of
equivalont hearing throshold level cannot be uniquoly definod on tho banio
of a discontinuity in a curve although recant otudiocs havo used thio
prineciplo, The location of the discontinuity in both indistinct and
doponde on tho difficulty of tho tost uood to charactorizo digability; it
doon not avon exiot in mituations whore normal hoaring peroong are alroady
in difficulty. Tho ongsot point hao to bo dofined oo as to diotinguish
botwoon pgoopla, and not botwoon nituationo, By dofining a ‘'throohold of
inability' in oach test as the point correnponding to the 2nd parcentile of
normal parformanca, tha oquivalont hoaring throohold lavol is shown to be
much loos dapandant on the particular test, and a compopito valuo of 30 dB
for the 1, 2 and 3 kiz avorage (or 38 dB for 3, 4 and 6 kiz) 1o arrived at
for a gonoral throshold of disability. Theos valuas, though numorically
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greatnr than conpventional levels of the 'low fence', do not imply any
rolaxation of hoearing consorvation standards but arise aimply from a

rodefinition of terms,

Threshold of handicap

A procedurc similar to that above was applied to the wgoelf--aspsassed
handicap measurced by questicnnaire. In this casc it is shown that handicap
rised progroosivaly over the entire hearing threshold level range and that
a throstold for handicap is indiotinguishable from the upper end of the
nommal range of hearing thresheld level {(about 10 dB for the 1, 2 and|3 kHz

avarago),
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Hi, Aygx

HDTL

HTL

Neg
NI
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SYMBOLS AND ABBREVIATIONS USED

Normalized impairment indicea, defined by (A - 2)/y
or {in some cases) as composites of cognate g values.

Ganeral symbol for an individual test score
Critical ratio, expressed in 48

CR for octave band masker, equal to (Te ~ Ney)
CR for broadband masker, equal to (Tg — Neg)

Normalized indices of gelf-asseaped disabillty, defined
anhalogously to a

Disability (WHO)
Praguency salectivity

Frequaency palectivity index defined by the value of Ty
Frequency selectivity index defined by (Ty - Tp)

Normalized indices of self-aspesaed handicap, defined
analogously to a.

Handicap (WHO)

General symbol for an indawvidual valus of HTL

HTL in a laft ear, right oar, average of left and right
ears, respectively

HTL at frequancy i (kHz), averaged over frequencies 1,3, k
reppectively

Hearing dAipability threshold lavel

Hearing thrashold lavel

Impairmant {WHO)}

General symbol for a sound pressure level, in AB
ra 20 uPa

General aymbol for a sound pressure spectrum level, in
dB re 20 pPalz~ /2

Individual value of ¥ for octave band masker, at 4 KHz
Common value of N for broadband masker, at 4 KMz

Noise-induced subject group

Not ptatiatically significant
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or of f-frequenhcy listening efficiency

OPF-H Index of impairment of OP observed with high-band
masker, equal to (Ty - Ty)
oP-L, Index of impairment of OF observed with low-band masker,

equal to (T, ~ TN)

ON Clder normal-hearing subject group

Pige s P2y Normalized disability indices, defined analogously to a
r Product-mement correlation coefficient

RETSPL Reference equivalant threshold sound pressuza_ lavel

{audiometric zero)

Normalized overall self-assessment indices {composites
of 4 and n)

8240 82y

SAN Speach audiomatry {free field) in noise
SAD Speech audiometry { free—field) in quiet
8p standard deviation

T Genaral symbol for threshold sound presaurs level
{dB re 20 uPa) of 4 kHZ probe tone

P Te value of T with continuous octave band masker {in TL test)
- Tm value of T with modulatad (gated) octave band maskar
{(in TI test)
To valuas of T in quiet, equal in principle to (H, + k),
whers Xk is the valua of RETSPL at 4 kHz for the audio-
motric calibration in uee
- ) Vvalue of 7' with broadband masker (in PS5 test)
™~ Value of 7 with notched-spectrum masker {in PS test)
Ty Value of T with high-band masker (in OP-H test)
T value of T with low-band masker (in OP-L teat)

Ve T s T T

tmpairment of temporal resolution

ERiS
]
(2]

Temporal impairment inde< defined by the ratio of
(Ty - Tg) to (Tc — Tu)
TI-2 Temporal impairment index defined by (Ty - To)

St
]
L ]

L)
-

w weighting factor for subjects' familiarity with test
situation

# z Mean value of a test score A for subject group YN
8 v S0 of individual test scores A for subject group YN

g mw Young normal-hearing subject group
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1. INTRODUCTION

It might be supposad that the principal dstermining factor in sotting
limits for occupational noige exposure, and in compensation for hearing
losa already sustained occupationally, would be the effect of the
noise-induced hearing loas (NIHL) on the lives of those exposad, In
practice tha amount of losa 18 almoet univerpally aseesped from the
pure—~tone audiogram, daspite the fact that the picture obtained in this way
is known to De incomplete with respact to the perceived affects of the
loan. It is not particularly surprising that the issue is to some extent
side-ptopped in this way since the audiogram can ba dotermined ralativaly
sasily and without ambiguity, whereas there are great difficulties in
investigating and dafining the broader aspects of hearing losa.

To obviate any confusion hatwoen tha meanings of terma used in this
roport it is neceesary at tha outset to moke clear distinctions between
thrae concopte required to describe the otate of a person‘*s hearing. for

' this purpoze we have banod tha usage on the dafinitions of the WORLD HEALTH
ORGRNIZATION (1980) which, in the praesent context, reduce assentially to
tho following:

I - Impairmont: losn or abnormality of the functioning of the ear
D - Dlsabiltity: inabhility to perform normal human activities due to I

" - Handtcap: limitation of an individual's role fulfilmant
rasulting from I or D,

Tha relationahip betwean these concapts and tha methodsa used for their
moagurement (4in the cose of ) and assessment (in the case of D and A) have
bean discussed by DAVIS (19u3) and by WILKINS and ROBINSON (1983), A more
ganaral review wbha provided by NOBLE (1970). It ip avidont that the
inpast of a noisd oxposure will vary according to a multiplicity of
factorns, aven though the noise exposurs may be tha same. For axample,

. some individuals asuffar much groataer impairment than otherp as msasured by
o cbhjective tests such as audicmetry (and are than usually described as baing
' the ‘susceptible’ or ‘tander' type); pecpla with ansantially tha ooane
dogreo of hearing impairmant may ouffer Aifferent Aisabilities dus to their
varying capacitios to compreheond auditory information; and those with
pimilar levals of dieability may bo handicapped in varying degreas or not
at all because of thair differing personalities and life styles. Some
aspact:s of disability are amenable to quantitative meagursment, for axample
by means of apeech audiometry, and it is possible to traat the relation
betwean thess measuremants and cbjiective impalrment measures as valid -~
within daefinable statistical limita - for a given population. However,
this cannot he said of disability as a whole, or of handicap, since what is
normal human agtivity for some may be unnecassary or irrelevant for othera.
Even less is it popsible to spesk of population norms for the aspesament of
handicap in its broddeat aenns, for this concept depends on gocial and
cultural factors that are more aménable to dassriptive than to quantitative
handling. Nevertheless an approach to the study of handicap - alkoit an
incomplete approach - can be made by identifying situations that are common
or universal within the population to be studied, and to ilnvestigate the
disadvantagas due to hearing loss that members of that population pearceive
in themselves or are percaived by their peern.
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Table 1: Hearing loas formulae
Source Fragquencies Formula Low fence Noten
(kHZ) * {dB re
150 389)

Powlar (1942) 0.5, 1, 2, & Weighted 0.15, 0.3, 10 1l
0.4, 0,15

AMA {1947) 0.5, 1, 2, & variable weights 20 1
(depending on HTL8)}

AROO (19%9) 0.5, 1, 2 Unweighted avarage 28 1

IS0 (1971, 1975 0.5, 1, 2 Unwaighted avarage 25

NIOSH {1372) 1, 2, 3 Unwoighted average 25

DHSS (1974) 1, 2, 3 Unweighted avarage 40 3

{notional)

Macras {1975-6)% 0.5, 1, 1,5, Weighted 0.2, 0.25, €3 kHz: 20 2

2, 3, & 0.2, 0.15, 0.1, oO. 4 kHz: 25

CHABA (1975%) 1, 2, 3 Unweighted as

B8 5330 (1976) 1, 2, 3 Unweighted average 3ac

Borney 0.5, 1, 2, 4 Unweighted average 25 4

(Ginnold, 1979)

Oregon 0.5, 1, 2, 4, 6 Unweighted average 25 4

{Ginnold, 1979)

180 (1902a) - None standardized - s

AAO (1979) 0,%, 1, 2, 3 Unweightod avarage 25 [

prit. Asp. of 1, 2, 4 Unwelghted average 20

Otolaryngologisnts

(Anon, 1983)

Notas:

Genernlt The table is not exhaustive, Moat of the 'low fence’' values
derive from considerations of compasnaation; others (a.q9,,

B8 5330, IS0, NIGCSH) ralate to preventive measures,

1 t The 'low fenca' valuen wars originally given in terma of
pra—1969 Amarican Standard hearing lavels,

2 1 ‘Tow fance' values later raviesed to 15 4B, The Auntralian
pystem calculates disability for the battor sar at each
fraquency befare averaging,

3 ] Compensation is payable only for 50 AB or greater,

1 An example of individual State formulae in uss in USA,

8 1 The revision of ISO 1999 mantions several formulae but
makea e specific recommmndation,

6 1 Aloc uped in Canada (except H.C, and P.Q.) with 'low fenco'

at 35 48,



2. GENERAL QUTLINE

Much has been written about the effects of hearing loss ip general
and of NIHL in particular, but & coherent body of scientific knowledge
adequate for practical application has not been fully developed, The
information, partly in its nature, is fragmentary and different criteria
are in use with ostensibly the same aims. It is a pignificant commentary
on the state of the art that the INTERNATIONAL ORGANIZATION for
STANDARDIZATION (ISO, 1982a), 1in reviaing its 1975 aotanpdard on tho
aspaspment of noise for hearing conpbervation purposee, has actually backed
away from spacifying some of the essential parameters (which it formerly
included), leaving it to users in Adifferent countries to decide for
themselves. only the relationh betwecen noise exposure and ite auwdiometric
conpequences is fully specified; the relative importance o€ Aifferent
frequencies and the amount of threshold shift deemed significant are not.
This area has been satudied extensively, but even so there are large
disparities between reaults of different investigations; these have been
averaged away, without a full understanding of the reasons for them, in the
revised Standard. Thare has been a lesser, but 8still considerable,
research effort into the relatione between other measurable impairmenta of
the hearing mechaniem (principally the faculties of freguency selectivity
and of temporal resolution) and the audiogram or the otological
clapsification of persons with various types of hearing loes, There is a
vast body of data on the intelligibility of speech under varioius test
conditions and ite relation to the above impairment measures. By contrast,
information ia much less abundant on the way that hearing loss actually
affects people's everyday livea, and on the ways in which they depend upon
their hearing or compensate for its deprivation by means of their olher
faculties. Clearly in a matter so overlaid with personal variabilily as
this, a complete picture would be wvirtually unobtaipable excapt on an
individual basis, and this would be of little help in the practical matter
of broad-bhased hearing conhservation. At the game time, the use of
pure-tone audiometry, or of pgychoacouastical testa using absetract
acouBtical stimuli, or even the administration of pomewhat artificial
apeech testn, can be seen ag rather inadequate surrogates for the direct
aspessment of hearing handicap. The present investigatioh is aimed at
exploring the poseibilities of tests more closely related to the latter,
whilst keeping in the foreground the potential practical application of the
procedures used, and without abandoning the important evidence that is more
easily obtained by objective tests,

Recent interest in this area has centred on proposalo for legislation
dealing with occupational noise (HEALTH AND SAFETY COMMISSION, 1981;
COMMISSION OF THE EUROPEAN COMMUNITIES, 1982, 1984). The impact of these
propogals on the makers of noise would be direct and quantifiable. On the
other hand, the benefit in terms of hearing leoss prevented, although
apparantly calculable, is subject to very large uncerlainties becaune the
lony-term effects of such legislation, as w1l as  economic anad
technological developmenta, can vitiate any numerical projections; in
practice the effect in terms of hearing handicap is not overtly considered
at all. It is true that the schemea under consideration are presented as
being underpinned by a svcientific framework (albeit they arrive at rather
different criteria for noise limitation and greatly different onea for the
mandatory implementation of biological monitoring), but at best they rely
on the crucially important concept of a 'low fence', the minimum deqree of
measurable impairment (normally a pure-tone threshold shift measure) above
which a disability is deemed to exist, Table 1 gives some examples, In



the context of compensation payment, not only is the point of onset of
disability required but also an index that describes the whole range from
normal to deaf, pifferant indices have been usad for this purpose,
invariably derived from the pure-tone hearing threshold levels at different
audiometric fraquancies but combined in wvarious ways and with variocus
woightinga. These in turn have resulted from attempts to correlate the
audicgtam with speech intelligibility; the diveraity arises in part from
the unlimited variety of speach tests and listening configurations that can
be devised. The frequency 2 kHz appears to feature in all such formulae,
e.g., tha 0,5, 1, 2 kHz averaga recommended by the American Academy of
ophthalmology and oOtolaryngology (COMMITTEE ON CONSERVATION OF HEARING,
1959), and the 1, 2, 3 kHz average in use in the U.K., bath in compensation
regulations and standsrdn for hearing consarvation. The rola and weighting
appropriate to other frequencies is much disputed. WARD (1983) discuwsnes
the difficulties in eptablishing an easily measured indax of handicap in
the context of compensation, and enumeratea 11 assumptions which underpin
the recent revision of the Anarican index by thoe American Medicul
Association and thas Amsrican Academy of Otolaryngology, now tha 0.5, %, 2,
4 XHz average, The British Aspociation of Ctolaryngologista (ANON, 1963)
racontly abandoned its praevious position which was in lins with U.K.
official practice, in favour of 1, 2 and 4 kHz, It is instructive to note
that these changes of fashion all centre around the accuracy of speech
intelligibility correlations to the pure—tone audiogram, the variationa
arieing from particular experiments in which the speech is either presanted
with or without background noiss. Competitions batwoen correlation
coafficients, none of which diffar very much, may be sean as a scmewhat
spacious exmreine if the results have little relation to hearing in the
real and evoryday world of the hearing impaired. The quost for optitum
corralation is, of courpe, rationalized by the obsearvation that loss of
capacity for hearing speach is the main ingredient in the handicap, Dbut
the strangth of this argumont is much diminished 4if the ‘spoech’ in
question is artificially contrived, and the pictura ip in any case clouded
by contradictory rasults obtained in diffaront inveatigations.

‘The need for a oyatematic investigation of handicap associated with
NINL has bean racognizred for scme timd and the work of NOBLE (1970, 1978)
ia probably the most extensive to date. His mathod, however, is directed
mores at tha evaluation of the individual and doea not land itaslf to the
developmant of indices derivabla from measuremsnta that can be applied to
populations as a whols, In the present investigation wa have set ourselvens
a more ragtricted targat with a practical cobjective, namoly to atudy the
ronset' of handicap, in a broader context than that of spesch audiometry,
and to ralate it to tho more cbjective meagurable attributes of heaxring,
The aim might bo described as a study of a more genaralized concopt of the
‘low fance'.

Thia report reviews the ralevant previous rasearch in thia fiald, and
thoen describes an experimental method which has been devaloped npecifically
to aspeoa the onget of handicap dus to NINL., The mothod diffors from that
of pravious studies in that the impairment, dipability and handicap aspacts
of hearing loass ara all brought together within a singlo experimental
protecol, The taste ware first applied to a group of normal hearing
subjects to provide a basoline for cowmparioon. Daviations from thias
bagelina werse than determined for a group of noipse-axposed individuals with
mild to moderata degrass of hearing loss., Thesa comparisons illustrate the
aonaitivity of the method for discriminating between the exponad subjacta
and the normals in raspect of the variouas impairmant, disability and



handicap measures used. The same tests were also administered to an older
group of subjects with no history of significant noise exposure in order to
provide some basis of comparison between the effecte of hearing loss due to
noise and that aspociated sclely with age, Subjects with gross otological
abnormality or an adverse medical history relating to hearing were excluded

from each group.

3. PREVIOUS RESEARCH

3.1 Impatrment of hearing

Extenaive research data have been published relating noise exposure to
impairment of auditory function as measured by pure—tone audiometry, for
example, BURNS and ROBINSON, 1970y PASSCHIER-VERMEER, 19689; BAUGHN, 1966,
Passchier-Vermeer's report is iteself a digest of eight earlier
investigations. Baughn's data were used exclusively in preparing the firat
IS0 recommondation in 1971, the other material not baing available at the
time this was drafted (1967); subsequently doubts were raised about the
accuracy of tho data underlying the IS0 recommendation, and the current
revision already referred to was set in train at the instance of the United
Kingdom, For this purpose an evaluation of the above data was undertaken
by JOHNSON (1900) and after some adjustmant and discuseion in the
responsible IS0 Working Group a formulation based on a sinple arithmetic
avarage of the data of Burnp and Robinson and of Paeschier-vVermeer was
adopted (SO, 1962a). It is worth poting that even in thia comparatively
wall-zepearched field quite large discrepancies remain, This arises in
part from a lack of uniformity in defining an appropriate base-1line of
normality. From one standpoint this is taken to correspond to a young
otologically screened population, from another to an unscresned
aga-stratified and non-exposod population matched in othar respects to the
noise-exposed population of interest, The uncertaintiess of specification
are naturally greater in ths latter case but againet this it may be held
that it is more relevant in practice,

Data in the literature are almost as discordant with regard to
agn-rolated hearing loms (with no noise involvament at all, at least,
occupaticnally) and although a draft International Standard (IS0, 1582b)
has also been arrivad at to summarige these datn on the basis of a review
by ROBINSON and SUTTON (1979) its merit is practical convenience: there is
no disguising the intrinsic discrepancies betwean the numerous experimantal
studies in this field. Another important limitation occure in these
population studies of impairment, namely the Jlargs inter-individual
dispersion of hearing thresheld 1levels oven among groups that are
Tewmgirngous for age, sex and noise expopure. In dealing with the more
personal concepts of disability and handicap, it would ideally be
appropriato to compare the present condition of an individual with the
person's initial, unimpaired state. Unfortunately that is rarely possible,
and ohs hae to asvumo the initial condition to be that of the population
norm, although this is clearly +inaccurate in meost cases. It is a
legitimate question to awsk whather a person whose original hearing
sensitivity was at the extreme sensitive and of the normal range of
variability but who has since acquired a threshold shift of, say, 20 4B
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(and po remains within, but at the other extremity of, the normal ranga) ie
disabled in comparison to another whose hearing began and remained at the
latter level., HNo doubt the firet person would answer that he was, but this
could not be tested by audiometry alone.

Dospite these limitationn and qualifications, existing knowledge of thae
ralation batwean noine axposure,age and the audicgram justifies its use for
the purponea of industrial hearing conservation and, of course, it has been
00 used in a variety of developing forma for many vyears, The audiogram
is, howavar, a blunt inotrument and provides no rational basis £or setting
noise limita, Racant work has amphanized that noiss attacks auditory
functioning in ways other than simpla lcaa of sensitivity, and thesce may in
the end prove to bo more ralavant. Rasearch in this £ield has identified
at lenst three aspects of impairment: f£requency pelectivity (PLORFNTINE at
al, 1980); temporal integration (CHUNG and SMITH, 1980); and temporal
resolution (ZNICKER and SCHORN, 19B2). The oodence of impairment of these
functions is that it interferes with the identification and perception of
sounda at their natural laevels of occurrance as distinct from the question
of actual audibility. Definitive data on thase affacts are, however,
atill lacking, as also is cloar avidence of their indepandance from hearing
sonsitivity and of their real implicationa for averyday listening

abilitien.

3.2 Dioabtiiity

Disability can be measurad by losn of performance at specific hearing
taska, the variety of which is almost unlimited, The teat commonly used in
the laboratory and clinic ia speoch audiomaetry, amploying santances or word
lists presented monaurally over hoadphones in quiat conditions. A large
nuiber of wvariants have bean described, which include the addition of
oompeting noise (or aothar speach), froee—fiald binaural liatoning, spoectral
or temporal filtering of <tha epeech opignal, and the addition of
ravarberation, The exact purposs of these modifications ia not alwaye
atated, but the genaral idea is usually to sensitize the test (that is,
enhance its powar to discriminate between finer lavels of Aisability), to
provide greatar realism, or to maka tha tost more difficult (and po raduce
the proportion of uninformative all—corroct responmes), A full account of
the factora involved in speech tests, of the inherant uncertainties, and of
the principles of power v. sensitivity in diffsrent versions of the teat,
has beon given by LYREGARRD at al {1976).

Clearly, what is required in the context of determining handicap is a
sot of disability toots covoring a represantative range of communication
situations encounterad in daily lifa (or, at leant, the daily livea of the
population to ko studied). Whilst the range of such situations in
virtually unlimited an to detail, the following factors and contrasts can

be idantified:
(1) 4interactive commutiication or passive listening

(i1) nature of the auditory matarial (speech, othar recognizabla
sounds, abstract sounds)

(iii) oemantic content of the material (premonitory, interrogativa,
informative, nautral)
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{(iv)} (in case of speech) the voice (normal, raised or Jlowared;
receivad or deviant pronunciation; standard idiom or dialect;
quality of elocution)

(v) (in casa of speach) liatenar's familiarity with the language and
lexicon in use

(vi} acouastic conditions (raverberant, typical ambient, dead)
{(vii) noise or othar compating acoustic stimuli

{viii) 1liatening with one or both ears

(ix) oset of the listensr (attention directed to, or diatracted from,
the primary hearing task)

{x) wvioual cues

Regarding tha way that thesa factors arae realized in disability tests,
it is notablo that almost all focus on the task of liastaning as & passive
activity, mainly becaume of the difficulty of atructuring and acoring a
two-way test. This limitation can ba ovarcome in special circumstances,
guch as in telaphonometric performance rating where trained crews of
testara can ba used to assons the quality of a communication link by
interaction Dotwoan talker and listaner in pairs (RICHARDS, 1973},

wWhatever the chosan test material, a varioty of nmwans axists for
prasenting it and for ecoring performance. Cotmon responhsa modes ara for
the subject to repoat varbally what he heard, to write it down, or to press
a lapalled button, Tha material may be gselactad in diffarant ways,
likewins the available rasponses. The latter may be an opan choice from
the total avanilable vocabulary of the aubject, or a salectad subpat of the
vocabulary {(euch as all meaningful monoayllables), or a a&trictly limited
got of forced-choice alternatives (typically 4 or 6). In aAdition, less
direct methods might be employed, such as rating tha affort of listening.
Por oxampla, tha International Telegraph and Talephone Consgultative
Committea (CCIT'P, 1981) hava opacified a 5-point catagory oacale of
listening offort for the assessmont of talaphone transmisoions, running
from *“complate relaxation poasible" to "no meaning understood with any

feasible affort”.

In papoive apeech tests, the nature of the matarial and the character
of the speaker's voice have received rather littles attantion, and are often
decided on the basis of convonlenco and availability of racordinga rather
than realiom. Intar-list coneistoncy favours tha conatruction of
phonotically balanced material at the exponse of realistic word fredquency,
wharaas diagnostic potantiality favours constructing the material on the
basis of maximally confusible phonamas (FOSTER and HAGGARD, 1979).
Differont aima motivate disability acssssmont as compared to audiological
diagnosis, but matarial has not boesn doveloped spacifically for tha formor
purposa, As rogards opeaker's wvoice, GENGEL and KUPPERMAN (1900)
inveatigatad the effact of having the CID W-22 word lists read by pix
difforent apeakers, and concludad +that “apeakers cannot be  uged
interchangeably if consistont performance f£rom individuale (i.e.,
liateners) im desiredv, Daspita thia aignificant f£actor, and the
lixelihood that it 18 further compounded by listenar intaraction, it in
comnon to tost with material read by a single apeakar in a monotone voice,
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In particular, all previous studiee of speech intelligibility -~ even thosa
that included noise at the listening ehd - appear to have employed speech
produced in quiet conditions, 8o that the chahge in voice quality (and
henca both realiom and intelligibility) when the speaker is also present in
noise is ignored.

Very few studies have conaidered the individual characterietics of the
ligtener, but notable in this area ia that of ABEL et ai (1980) which
demonstrated a substantial disadvantage in speech testing for thoss who are
not fluent in the language ussad.,

Manipulation of the acoustic factora in the above list i easier,
Preo—field lintening tests with the apeech and noise sources spatially
separated have frequently been used; sgea, for axample, CHUNG and MACK
{1979), In an extension of thie approach, ANIANSSON (1974) simulated a
conversation across the liotensr as well as tha speaker of interast located
directly in £ront. Whereas the above variations have bean includad for
realism but not evaluated £actorially, the effect of reverberation on
hearing-impaired listoners has been inveetigated in greater detail; see,
for example, NABRELEK and ROBINETTE (1978).

Other aspects of disability which are lesp frequently tested include
the parception of non-speach sounds {FPINITZO-HIEBER et al, 1900) and the
apatial awarsness asgociated with the localization of wesound sources
(NORDLUND and PRITZULL, 1963; HAUSLER et al, 1979 GATEHOUSE and PATTEE,
1903}, A comprohensive ansapoment of disability clearly requires the
development of further tests of this kind.

3.3 Dlaadbiiity and impairment

Numarous attempte have been made to determine an exact relation batwaen
the predomjinant measuras of impairmant and disability, i.e., tha purs—teno
nudiogram and epeech discrimination score. NOBLE (1973) reviewed 23
ytudies of this type and indicated that tho rosults 4id not consistently
aatadlish an association between tho two moasures, and that in general the
correlations wara relatively weak. Given that speech peorcaption involves
auditory and cognitive procosses not involved in the detection of pure
tones and that there are many aspectn of impairment besides loss of
senaitivity at threshold, this observation io not particularly surprising.
For instance, ACTON (1970) prasented rooults which suggest that people with
n mild noise-induced hoearing 1l1loss in fact score bettar in speech
intelligibjility tests in noise than normals, which he attributed to their
greater experience in communicating in noioe,

The mors rocent of theds studiss which have included measures of
froquency eelectivity and temporal resolution ars summarized in Table 2,
It can be sean that the correlations batweon these individual measures of
impairmant and the measuro(a) of disadbility are alse not particularly
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otrong. Significant relationships aro ovident, with correlatioe
coocfficionto ofton in the range r = 0.4 to 0.8, but the tronds aroe not
conpiotont acrops tho nptudiao, 0o that no gencral conclunion can bo Adrawn.
variablo f£indingo amony tho studicg may rolate to the many differoncer
botwoon the nature and detail of the tests of impairment and disability,
the oubjoct groups inventigated (note copecially the diffnronces botwean
TYLER et al 1902b and 19982¢), or the mothod of analysing the data,

None of tho ptudies in Tahlo 2 wan wpecifically designed to investigatc
the relationship botwoon impairmont and disability. Thus, in goncral they
have not dincludml multiple corralations of the wvarious moasures of!
impairmont with a moaoure of dipability. in principle, a2 suitable battory
of impairment meaouras should provide a prodictivo rolationchip for at.
leagt a particular meagure of dinability amongnt a opacific group of:
pubdjocts, In tho ong partial attempt at this approach, TYLER et al (1902b
found that their sevon measuroir of froquancy and tomporal rooolution
accounted for 89% of the total variance in the scores on the PAAP test,
with tho two prodominsnt mnaburcs (tomporal differonce limon and temporal.
integration at 4 kHz) accounting for 68% of tho varianco. Unfortunatoely,
the audiometric throohnld moaoures wore not includnd in thio analyeis,

The principal componento analysis conduntadd by PESTEN and PLOMP (1983)
rovoaled rapulto moro complox than would pormit any concioe summary. Tho
pcorca for mpoach in noiece cluntorsd with wsume moasures of £roquoncy
nolactivity (tho critical bandwidth in nimultanoous masking and the low
froquoncy oida of the poychoacoustical tuning curve (PIC) in both
gimultanoous and forward macking) but not others., Tho acorens for opeach in
quict cluotor with the audiometric thrashold, the forward and backward
maoking glopen snd the throohold of the click in quiot, Critical ratio,
and both critical bandwidth and high- frequoncy nide of the PTC in forward
maoking appoar to bo rolated to both the offoects indicated by tho two
Slupters, whoreao the high--frequonhcy nide of the PIC in pimultancoun
manking, the threshold of the click in noino and tho width of the temporal
window sre anly wodkly relatod to the other moasurecs,

particular difficulties oxiot becauno of intorcorrelationn botwoon
moaourcs of impairmont, Thun, TYLER et al (1982b) found that whon tho
offects of purc-tono throohold 1in quiot wiorn partialled out, tho
corrolationn botwnon  frogquoncy repolution at 4 KkHz  and speech
dinerimination gqonorally becamo non-gignificant, In particular, BAILEY
{(1983) haos arguod that errors by the hoaring impaired in the pldon of
articulation of conoonants (c¢.g., tho diptinction Imtwnon tho voicod
plopives b and 4 oo in dig and dig) may involve aithor distilnetlonn
botwnon tho opoectral changon of opooch oounds and honce frequency
golectivity, or moro simply tho elevated throsholds of hearing at the mia
and high frequencios involved,

The inovitsabla conplaxition of ascomdling a battery of moasurono of
imgirmant which could bo used to prodict dipability at loast in termn of
ppaoch poaccoption, returna one to question the purpone of thio ondoavour.
In the contoxt of handicap, it lo tho poarch for toots of hearing ability
which are freo from the cognitive and linguistic aspocts of opooch, but
which roliably prodict the impact of any sbnormality of hoaring on opoach
parcoption, With an added requiroemont that tho tonts should bo relativoly
pimple to ¢conduct and to porfomm, it would appaar that thore io scope for
the dovolopmont of a oingle dicability toot bamnl on the percoption of
ppooch-1like pounds. Such a tost could in thooey oncompaso all the moro
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Table 2: Some studies relating disability and inpairment (other than hearing sengitivity).
(A key to the abbreviations is given at the end of the Table.)
Source Irmpairment Disability Nept carrelation Subjects comnents
meapuref B ) o aIure{s)
GENGEL FD at piscrimination of 0,5 — 1 {N3) - = SCHARM's (1978) reviow cites 2 other studicem with
(1978} 0.5, 1,5, 3 Xue v in worda, {rank order similar high correlatichs but 2 more with low
C in (differant) corrolations
words
PONDIRNG PIC &t 1 XNz Honosyllablen N "No sopotonic relationship® in cass 1. HTL and
{1979) {metric 4; oot} 1. Unfiltered, @ - - 21 Aioct rolated in a non-liner manner. Alpo CB
2. Piltered, W 0.7 (ren) 3 found ot to corrslate with speech scores,
DRESCHLER CHR SRT {oontences) BH 10 Frequency resolution and HTL also highly corrs-
& PLOMP Ch (CPH) 1. Q 0.6 {N3} and lated (r = D.0). The metrics for SHT in N ars A
{1980} 2, H {2 motrica) 0.9 [&LD] mixod {related to attenuation) and D {related to
V dipcrimination distortion)) higher correlation is with b. Pl,
in triadic compar- r2 ars pooitions of first and vecond formanta,
ivons
1, P1 metric 0.8 ()
2, F2 mtric -0,4 t(H3)
DRESCHLER CR at 1 knz As abovar 0.3 {N3) N Lk Author comments that resulte overall are in *fair*
{1960) N 0.1 (N5} agroomeht™ with thoss ahove, but noto pon-signifi-
F1 ~0.1 (N3) cant correlationa. CR also correlated with sean
F2 1] (n3) HTL (£ = 0.5, "7}
PICKR CR at ) kHz CVT wordas Fationta with CR correlatad with HTL at the same frequency
{1900) Flat looeaa {r = 0.5 -0.7)
1. @ 0,7 El6
2. N 0.4 1l
RITSHA &t at  I"IC at Max, discrinina- Not reported M 45 *Tremandous® spread of discrimination scoros for
{1900} 0,5, 1, 2, &4 Xiz ation, P8 worde {*flat* avdiograzm subjects with Q,p ¢ 3. 0, and ITL corTelated
{metric ©,4) up to &0 4n L) {r = -0.8) for 1% oats,
U CR at SRT {nonoehia 0.8 Hormals 56 Corrolation based on CR averaged across 4 Crequen—
f1902) 0.5, 1, 2, 4 Kz words in N) +5n clas {40 oais)}, best individual fresusncy Qave
+CL reag,7 (eet), CR also highly correlated with UTL
+mixed (r =0,7 -~ 0.9)
TYLER »t al 1, N masking PR wards An N 1, ~0.3 (Ns) NotoAls 10 Corrwlations N3 at 0,8 kMR, ITL at 4 kIk corye~
{1902} 2, T masking PAAF words in N 2. =0.7 (*e) HIfM. 11 lates withs
3.’ 3, D4 {*v} Other a8 19 1. £r=0.3-0.4 (" oxr H3)y 2. £r= 0.0-0.% ("2}
(3 motrice) d.r= 0,407 (") 4, £ = 0.6 (")
4. Teaplnt 4. 0.3 (%) Proviously TYILIR ¢ al (1900) reportsd atronger

{all at 0.5, 4 Kkne)

correlations of speech with podsurus <, 4, 4.




Comments

Soyrce Impairment Dirabilicy Hast correlation Subjecte
matARUTE(S ) noagure{m)
TYLER #t ¢} 1. Tewpint PAAP words in N 1, 0,7 ("w) Normals 16 correlationa geherally etronger At 4 Kiz than
{19a2b) 2. D 2, 0,7 (") 5N 16 0,% XHz {but mehsuras 2 and 3 at 0.5 Xliz also
3. 'L 1, .7 (*v) ocarrelate with speach evon after remavipng
4, OL 4, 0,5 {*}) reqreauion with HILY. NTL corTelates with:
5, PTC %, 0,7 (=) l. ¢ = 0,40,7 (") 2. [ =0.50.,7 (")
{3 motrice) 3. 1= 0,7-0.8 {**)) 4. ¥ =0,2-0.6 (K5, *)
6, ¢ = 0,2-0.6 {N3, *}
PATTERSON APS {3 wetrica} FMF words, Normals K28 Correlands Are alope of redrennion line of discr
et al [~ filtered, NVN, 1. 0.8 (") (1% to 76 years) wination secore ta potch width and (1) pannband
{1982) {poth at 0.5, 2, including D 2, 0,5 ("%} meauure froomm AFS, and {2) broadband threahold
& XHz) condition {equivalent to R}, HTL alpo highly correlated '
APS {1 @ O,%, *%1) but not with €k (& = 0.3, 1s)
FTSTEN & 1. C8 (CPN) SRT {osentencus) 1, O.4 (HB) SN 22 Metric for @ 10 A + D {see DRESCHLER and PLOMP,
PLOMP 2. CR 1, O 2, 0,5 (") (0L at ) kHz abave), Matric for N is D alone, Mean HTL also
{1983} 3, CB {Pwd M} [MD metric) 3., 0.7 () 30 - 60 4B) cortelated mignificsntly with the following
4., PIC 4, =D.4 (N3) DEAKUTEB]
{2 metrice)
5. PIC (1w W) 5. 0,5 () .= 0.4 (%)
{2 motrics) 2.r= 06 (')
&, ™ 6, 0.2 (HS) 3. k= 0.7 ("w)
T. A M 7, =0,9 (=r) S, r=-0.% (*)
B, Bwd N B, ~0.8 ("%) T, r= 0.8 (W0}
9, Click in Q T, 0.8 (") D. r==0,p (87}
10, €lick in N 10, 0,3 (NS) 9.t = 0,9 (")
11, Templnt 11, -0.1 (Ks)
From a pripcipal-componants analysio, tha author
1. CB (CPN) 2. N 1, 0.6 (') conbcluded that speech in O is governed by Hly
2. CRh {P metric) 2, 0.6 (°v) in N it in "clooely Allied” to frequency
3. Ch (Pw N) . 0.5 (*) resolution.
4, PIT 4, 0.6 (¥
{2 metrics)
S. PIC (M) N) ' %, -0.6 ()
{2 motrica)
& ™ 6, 0,3 (N3}
7. 7. —0,3 (NS}
a. W N 2. -0,2 (NS}
9. Click ih Q@ 9. 0.2 (N3)
10, Click in m 0. -Q,1 {(N3)
11. Tesplint 11, 0,2 (NS)
Abbreviations
A - attepuation metric {upeech) CR - critical ratio HTL = hearing thrashold level SH = aenagrintural lops
AP3 = avditory tilter sham D - aistortion metric {speech} N ~ nuise SKT ~ speech reception thresho
Pwd M - backward sasking E = bars N3 ~ not aignificant Tol -~ temporal difference limm
€ = consonanta FD = frequency dlacrimination NVN - naise with variahle notch TempInt ~ tegmral integration
€b ~ critical bamd P M - forward wmasking Fi = phonetically balanced ™ - temporal window
CFN = comb-filtered noime GO - gap detection PTC = paychoachumtical tuning curve ¥ - vowrls

CL - conductive lozs GDL = qgap detection lisen Q ~ qQuiat




fundamenta)l aspects cof auditory processing, whilst not testing the more
variable processes involved in the extraction of meaning from patterns of

auditory information.

3.4 Handfcap

Following <€rom ite dafinition two aspects of handicap can be
dintinguished. ‘The first, and dominant, of these is self-perception of a
disadvantaged condition. Complementary to it 1a the element of actual
disadvantage observed or recoghized by others with whom the sufferer comes
into contact, without the latter necessarily beiny aware of it {(or having
adapted to this state over a period of tima), The primary tool for
atudying the firet aspect is the self-repoxrt questionnaira., The attendant
uncertainties of this highly subjective procedure hardly need straaping,
but it can be argued that in the last analysis this is the only way to
elicit the information. Questionnaires adminietered by intarview are
liable to reflect the attitudes of the interviewer, and some studies have
been criticized on this opcore, notably whers the interview takea on tha
agpact of a doctor-patient consultation. The interview procedure was
advocatoed by NOBLE and ATHERLEY (1970). NOBLE:; however, later adapted the
1970 questionnaire for self-administration by paper and pencil (NOBLE,
1979). The pecondary aspect of disadvantage apparent to the pufferer's
pesrs (if not to himself) presents obvious Aifficulties for investigation)
and +this appliea also to the other poseible approach of discreet
third-party observation of the suffersr's social behaviour pattorn.

Tha wsolf-report questionnaire moathod aveida the complications of
antering, or simulating, the real-life social environmont and is much the
mogst widely ueed., Even hars thero have beaen relatively few studies carried
out on a large anough scalge to permit generalized conclusions, and not all
of thesa have been systematically validated by subsequent application, A
synopeis of the published literature is givan in Table 3, A variaty of
target populations has been investigated, ranging from those with all typen
and levela of hearing looss to the more apocific, Noble, for example,
originally dovised his hearing measuremmant ecale (HMS) in the context of
noige-induced hearing loos, Othars have studied minority groups, for
example, users of bipaural hearing aids (MARKIDES, 1982) and employsd
peraond with sovere acquited hearing losecs (THOMAS et al, 1982).

To date no standardized technique has hean evolved for administering
these questicnnalrea or for their conetruction, although it must ba
admicted that it is very dAifficult to compose a oot of relevant queptions
that can all be answered intelligently by such diverse groups; alao
different investigatore ofton have different aims, There is a particular
problem ih devising question® which both the normal-hearing and the
impaired can answer, but this im a pre—requisite when the objective is to
distinguioh between them, for the purpome of defining the lowar boundatry to
the handicapped condition, Por example, questions which presume
impairment on the part of respondents, or which allude, for exampla, to
hearing nida, sit very uneasily whera that presumption is not juotified.
In a briof review of the field, SUTER (1970) pointed out that anowers to
queationnaires appear to depend upon age, occupation and various other
factors, and it is not always clear whathar the answers should bo
interpreted in comparioon to those of a peer, but unimpaired, group or by
raference to young normal hearing, #ith regard to the age factor, GLORIG
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Table 3: Some studicd cemploying hearing handicap questionnaires.
(A& key to the abbreviations io givon at the end of the Table)
Sourco Meanur i) yhobrument Suybjocta Carrelationn CoarmmznLe
1 SILVERMAN fH0nnmsC Fre- and poat-oporative 123 SAlI 0.9 SAI (Social adequacy 1niox) Lo average
#t al {1940) {{fupootrationn) P8 word scoro at 2 sjpweech lovals in Q
2 DIRK3 & 26 Qn x5 &, ) 35 Ogn on BN uoorn, AR 14-9% 417 - Study conoemed comparioon of mopaural
CAIHART attitude to HA Cohtrolo 155 and binaural MA
{1962)
3 RIGH ot al flaaring Handicop Scale Mainly €L, AR ?1-72 50 Wl 0.7 Requires coopmrative rospondonta,
{1964) (HHS) 20 Qn x5 € iR 2 sRT: 0.7 Busceptible to exaggeraticn. MoABUTOD
veroiona A, ) Ml 0.2 {NHS) aainly sgnoitivity
4 HIAMENFELL HHS (A angd B} Harwalel AR 27-%0 21 M3 in Q) 0.5 M5 moavured by Fiyme Tost., HHS{A)
ot al {1963} AR G001 a5 MO8 in M5 .5 botter than HHI(B).
5 SPEAKY HNS (A) Pationts, AR 19-768; CL 5 HIln 0.7 Spoech materials were PB worda, asentonces
ot al {1970) Hixed & SRt 6.7 in Q, sontences + compoting mnssage,
SN 42 K51 -0.5 correlationo higheat for PB,
[:] BEHKOWITY & HHS (A) Bon-pathalogical 100 rTL: 0.6 €10 wW-l wordo for SKT, CID W-22 warde
HOCHBERG patignta, AR £0-87 ERT) 0.6 CID List B sentennos for MDS, HHI
(1971} Mgy -a,3 reported raliable for geriatrice,
1
[t 7 PETERI & nHS (A ahd B) male VA patients, L] Hli 0.6 Self-anseeaamnt commred with IS aspooo-
w HARDICK SN, Al 19-65 SKT 0.6 wont by apoute, ¥ = 0.0
] (1474) Mos: 0.5
] MCCARTNEY 10T (A) MHormalu, AR &0-0% 16 WL 0.6 (HIS) 0.5 (HMS) A oystoratic comparinon of HRS and HMS on
4t al {1976) NS {(ono 1tean 16, 17) 4T 0.4 0.4 & gariatric population
MuSE 0.4 -.e
9 SCHOW & HHS () Hormalu, MA 24 0 HTL) .7 Categorien of handicap proposed on basip
TANNAHLLL Hear-normaln, WA 37, 19 MBIt -0,2 of s
(1977} Preabyacupic 5N, MA GO 20
10 TAMHAHILL HHE (Dboth formd} SH WA candidaten, 4 SRT: 0.6 Correlation io for pro-aided condition.
£1973) AR 56-41 Study concermed pout-aided (mprovesoent
pi} BRUNT (1979) HMS SN, AN 5T7-%0 6 HTLt 0.7 High correlation {r = 0.64) also found
SRTT 9,5 with Stagyered Spondaic word teat {S5W)
MDS, -0.% (NS)
12 TAYLOR T 0n 4 4 C. Gnaon lip  Pomaly woavers, NIHL, 19 - Pilot study. Roastion of othar houcehold
ot al (1967) reoading, niQn lahguage, AR 45 64 membura taeted but not found usufyl,

aposch in N, telephane,
aeetings, nokse aversiof

Table continucd overleaf



Tablae 3 {continuecd)

Houroe MeAsUYING inetrusment Huhjects Carrelatiann Comnant y
13 KELYL, &t al 20 gn, upscaled, Farale woavaro, MINL, 9% 1Arge diffarencos found boiwonn toot and
{1971) Soctiana on occupational MA 64 contral groupe in each mection,
history, cosmunicAtion Controla, MA b4 13
difficulty, telephona,
radio/TV, meotingt, tes
of HA
14 PEANSOM 1000 x 3 {or 4) € Aa for KELL st gl above HTL ~ varjous froquency =Own aspossmont considerod too wubjoctive
ét al (1973) pections on comsmnication combipations. {Valuce for inclusion". Criticizsd by Moble for
with (1) family/friends af r not given.} retaining only speech-rulated Qna.
(2) atrangars; talesphone;
public moetings.
is  somEn Washington Msartng Jcals Clinic cliente 1345 - Incongiotent respohsoy cast doubt on hiec-
et al (1970} T gn % 2 C {Yea/8a), archical natuye of scale.
hisrarchical + 1 Qn x 4 C
1f  MNOHLE & Fearing Meanurement Scals Foundrymen, NINL, 46 Higheat valuen for Preceded by 3 pilot otudios, Originakly
ATHETULEY 42 On & (moptly) % © AR 35-6% WrL, IKT, W3 againdt in Anterview form, puhsequently 1n poencil-
{17710) Sections on mpeech hear- relevant sections of ard-papur form {NORIE, 1979). Sece alno
ihg, ACULTY FOF pOR-~ ncala: about 0.6. NCCARTNEY ot gl abave,
vpeech soundsa, localiza-
tinn, ewOtional responoe,
apeech distartion, tinni-
tus, permcnal opinion
17 MMYERLEY & HMS prop targera, NjiL, n MTLy 0.7 (beat of § BCOrON compared tory  HA elinic attendeed,
MOHLE [1971) AR 16-53 frequéancy comginationo}, drop-forgera, metal dreasery; wWeavars,
Ju LINDEMAN TEn w2 C (Tomplaint™ Toundiry workera, NIML 642 Tl 2 kHz; plwancses at Hutharlands ptudy,
(1931) = 1, "no cxxxplaint = G) 4 /N ratica. (Vvaluus not
Qiven ap coafficlents. )
19 PWNERTSEN Sactal Heartng Handicap Normaln 285 Exproonod as an incgualaty) Dahieh otudy, SHE derived frosm IHS,
ot al Indax (SHI) tmpaired (all typus, 198 SHI » 0.9 SHT Compromive between froa choice, multiple
(3973) 21 Qn m 3 C (ymm oF o/ excluding HA usern) chwioce, MNDS discarded as less reliable.
doutrtful/dan’t Xnow ar SRT refats to panish puseraln,
no mgetinnoe )
20 BINK- al A candidaten, 551 Similar to IMENTSEN »t ol Used to assose alded hearing improvement;
Kigsm AR <50-»78 arova, bopt reault with Cl,
ot al {1974)
1  LOED at ai agnx2-5C Hocruice a HTL shift ve pcore incremont  Used to Cowmpars hoaring bofotre and after

(1974)

{values of r nat givan},

8 wouks bauic military training.




Tablo 3 (continued)

Souroe Mnasuring instoment fubjocts Carkolaticne Cousmniti
22 IIABID & 1 gn x 100 C Pationte (&) 69 HTL 2 kiz. (a) ¢, {a) Lopdon pamplo
NINCHCLIPPE  (ovarall aubjsctive [§3] 9 {(b) C.4 {b) Cairo sample
{1978} Anpoopent ) AR l&-00 (p ¢ 0.0}
23 HINCHCTIPFE 21 Qn (€ not stated) Fatiento 110 HTL 2 kizi 0,4 aaditional Ona on underatanding
& GoRDoN Bections Toflecting AR 17-76 {ua hypoaculia section) quastionnaire; deprivation of anjoyment;
{1980} aymptond:  hypodcusis, social disadvantago,
dysacusia, plonophobia,
dyd -sterpoacunis,
tinnitus, vercigo
24 GIOLAS Hesaring Parformance Pernony with 190 No data given except HPI. Authors noted low corralation of #M3 ue
&t al Inventory (MPI) *compunicative daiscriminstion) scale accordingly con-
{1979) %8 On x 5 C + "don't dafEiculty" structad to ewphasits discrimination,
ke~ , Shortenad fors (90 On) given by LAXD &t aol
Sections on undoretand- {1983},
ing mpoech, intonsity.
Teopones to auditory
tfailure, nocial,
personal, eccupational
25 OWENS L hy Profaundly o0 - Difforances potwoan Aided and unaided
PUIIKANA impa s red hearing found etatietically significant
{1980) on scmm sections of HPI.
6 WANG HbY Vetorand, AR 10--69 143 HTL1 .0 {tppech pection) Subjectp Matly with mild hearing
(1981) KTy 0.3 {intansity oucn,) {mpairmentas,
M08, ~0.3 (3 mectiona)
Abbraviations
A, B - altarpative formo of HHUS N - paipa
Mt - age rangu [(¥r) NIHL = noilso-induced hoaring loam
[+ + {npunbar Of} Fedponod cCatégariom NS - not pignificant
<IN - Contral Inotitute for the Deaf, 5t. Louin s~ phonotically balanced monosyllablus
cL cupducrive long @ - quist
HA - hoaring aid gn - (nuhber of) questichs
HHUS -~ Hearihg Handitcap Scalo SAT - Social Mequacy Tndax
HH3S - Hearing Moanurement Scala SNI -~ Social lnaring Namdicap Index
HPY = Jlsaring Porformance Invantoty M - sensorinaural lows
HTL ~ hearing threchald lavel (various frequoncilog and combinaticnn) 8/K — mpeech-to-noise ratio
PA - moan ags (yr) KT - ppesch recuption threshold (%0% corract poots, Various saterials)
MDS - paxipus (opeoch) discrimlnation pcorse (various materials) VA - US Vetorans Administration




and BAUGHN (1973) and MERLUZZI and HINCHCLIFFE (1973} presented data which
suggest that one's expectation of hearing ability dJdeclines with age,
irrespectiva of extraneous impairment, which could be interpreted as
progressive adaptation to the increasing age-related thrashold shift, The
same trend, though lesa pronounced, is discernible in the resulta of the
1954 Wisconsin State Pair hearing survey (GLORIG et al, 1957), Thus a
palf-rating of 4ust ‘pnut handicapped' can occur at progrespively greater
levals of hearing impairment with increasing age.

The questionnaires used in previous studies exhibit a great divarsity
of approach and form, Among the many factors govarning questionnzire
construction thosa in the liet below can bs readily enumerated, and
exanples of each of these alternatives are to be found in the literature

cited:

- interview va paper-and-pencil administration

- gonaralized ve particularized questions

- prolix ves economical wording

- numpor of questiona {examples range from 1 to 150}

- incluaion ve exclusion of opean-endad questions

- provision va withholding of *don't know' or ‘haven’t been in
that situation' responpe cptions

- abaolute va relative judgement required (e.g., relative to the
past, to other pereons, atc.)

- polarity of wording: neqgative va positive; uniformly vs randomly
ordered

- framn of reference:; the queation elicits the prssent stata or it
antails recall

- typo of response admitted: binary choice (yes/no) va scaled,

In the cane of binary choice; parallel va hierarchical jtema
In the cape of acaled response: continuum vs discrete cteps
t unimodal va noutral
mid-point
:+ dimension of ocale {s.9,,
‘oftenness', degroe of
difficulty, etc.)
1 end-points defined or open
1 {in cowe of discrote stepp),
the numnber of categorien
offerad.

NOBLE, pointed out some leos obvious considerations in addition to those
above, For example, come subjects will not be able to report handicap ao
'fraquent difficulty’ with some situations for the simple reason that their
handicap has led them to avoid being in such gituations., He faulted ohe
questionnaire for ‘brain-teasing' and consequent subject frustration
through the mixed use of positively and negatively worded questions
supposadly balanced 8o ao to average out any responee biag, Writing o¢f the
ule of temporal {‘'oftanness') scaling as opposed to ifntensitive { 'degree of
difficulty’, etc.) acaling, ho advocated the former on the grounds that it
induoes the subject to 'integrate experience over time and come up with an
aggregate'; intensitive scaling (falsely) ‘assumes that experiance is the
same from time to time in a given situation and variep only with different
aituationa’ . dimilar arguments and counterarguments about the mitutiae of
questionnairas sbound in the litarature; perhaps more significant are somo
marked differencen in attitude to the purpose and capabilities of the
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mathod, HIGH ot al {(1964), for example, extol the merits of self~raport
from the aspects of speed, scorability and repeatability while adding that
a 'not entirely desirable aspect of tha self-zeport scale ip that it
reveals handicap as viewed through the eyes of the subject®. This led
them to purge their original experimental scale of all items not having
face validity in a speech communication context. PERRSON et al (1973)
dacided that questions they had included on subjects' own assessmonte of
their hearing ware too subjective for ultimate inclusion, and retained only
four on the basis that these correlated best with speech audiometry: there
are shades of a circular argument here. By contrast, NOBLE (1970),
BIRK-NIELSEN and EWERTSEN {(1974), SCHOW and TANNAMILL (1977) and othors
amphanize that a given level of impairment i8 no predictor of handicap and
maintain that self-report over a wide range of activities ‘'as viewed
through thoe ayen of the subject*' is indeed the approach to follow, In this
field, the saying ‘'quot homines tot sententiae’ (thare are as many opinions
ap thare are pecopls) saems to apply equally to the investigators as to
thooe investigated, A useful summary of the moro important contributions
to tho literature has been given by HARDICK &t al (1980), and by GIOLAS

(1983).

The assessment of behaviour in the wsocial environment has been
attempted by BIRD and TREVAINS (1978) and by THOMAS et al (1982), also
through tha medium of quastionnaires. Thoy studied the perceived effects
of acquired hearing loss on the respondante’ communication patterns, their
social and work relationships, job proficiency and Job statua. Bird and
Trevaing also administered a questionnaire to a colleagus at work or a
relative of sach raespondent and found that these generally confirmed the
self-roported difficulties. Obpsrved bDohaviour could include direct
acoring of communication abllity, or an assessment of compengation
machanisms, Por instance, in the latter catagory, KONO ot al (1979)
raported that people with NINL and a noisy workplaco tend to have a higher
noise exposurs at homo. With a few exceptions, however, the validation of
questionnaires by observation of behaviour remains largely unexplorsd.

3.% Handicap, disabiiity and impairmant

A number of studien shown in Table 3 attampted to relata answers to
questionnaires with measures of digability or impairment, Por this to be
done it is conventional to treat the handicap as though it ie & acoradle -
4f not ptrictly a maeasurable ~ entity. Reducing questionnajlre rasponses
to numbera certainly facilitates tha search for correlations but it is an
unavoidably arbitrary procesa, Scaling the responses on a continuum, or
for eoxampla by 5~ or 7-point ratinge of ‘oftannass' from ‘nhevert to
talways', can be rationalized on an extension of the Thurestonian principle
of equal discriminal dispersion, wusing a non-linoar transformation 4if
appropriate. Handicap, howavar, neede scaling along a multitude of
dimensions and no metric principle has been established for weighting their
ralative importance, Purthermore, handicap is an experiance for which
each subject can contribute only one datum, corresponding to his actual
location in this multidimaneional gpace, In thie respact it is unlike
caertain subjectiva entities (loudnespe, annoyance and so on) which can be
pystematically tested hy varying the stimulus, and the validity of scaling
rules thereby verified empirically, It followa that single-number rating
of handicap io necessdarily a weak approximation, Nevortheless gome authorse
have addressed handicap rating directly as though it were a upidimensional
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entity uming a degenerate questionnaire of only ohe item (HABIB and
HINCHCLIPFE, 1978); othors, notably NOBLE (1972), highlight the essential
multidimensionality of the concept while at the same time applying
arbitrary weights in pursuit of a mingle number., Such simplification may
be necessary if the objact is to deduce from a maximum acceptabdle handicap
rating the corresponding admissible levals of dAisability, thance to
impairment and finally to noise axposure. The present study recognizes the
logic of this aim whilst cautioning againgt too simplistic a raliance onh a
unique cause-effect relation between noise and handicap, A profile of
handicap across a number of dimensiona is a more raalistic meanns of
exproppion and is attractive in that it offers scope for the axnrcise of
Judgement: as to which of them should determine the critoeria of
acceptability. Massive quantities of data would, howevar, be requirsd to

exploit this advantaga,

Clearly thare is a need for further conbined studies of disability and
handicap to aid the interpretation of questionnaire surveys, and convarsely
to pemmit interpretation of opecific dimsanility measures. To date the
maasures of disability have been based upon conhvantional speech audiomatry.
Aa an intermediate betwean disability and handicap, measuraos should be
davaloped which havae a high degree of realism and thus permit more diract
interpratation in the context of averyday communication., This would go
soms way towardos answering the question idantified by SUTER (1978): ‘How
much speech communication ability is nesded in order to conduct the
activities of daily living in a satisfactory manner?'.,

3.6 The onast of handicap and itn retation to noise iimits

Aa wa have meen, thoe ideal noticn of setting noise limits through the
oedium of simple cause-affect relations allied to an acceptability
eriterion poses intrinsic difficulties, and thene would not be dispelled
aven if the relations were much mora accurately Xnown than they are at
preaent, This is not to say that some improvement cannot be made upon
present practica, for this bases noise limitation simply on one or other
measura of hearing saneitivity with only soms general reference across to
the way that this might be interpreted in tarms of spesch discrimination in
special conditions,

Prasent practice only scratches at the purface of a logical nyetem, and
an intermadiate ataga botwoen this and the ideal sat out abova would De the
development of an appropriate set of task performance tasts within tha
common experience of all membera of the population. It could then b
inferzred that the larger the moasured Aissbility on thooa taska, the
greater on avorage the resulting handicap., This is the approach that we
have followed,

In addition to the numerous studien already mentioned which have
investigated the relationohip botweon impairment (threshold shift) and
disability (epeoch diocrimination losp), two recent contridbutions have
provided raesulto spocific to the queation of onset of disability. For
hearing conservatjon purposen it is the borderline botween normality and
disability rather than the higher levols of disability that are of concern,
and these two studies ars thersfore of particular ralaevance to the prasent
investigation,
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SUTER (1978) assessed tha intelligibility of two speech matarials
(averydiy sentencas and monogyllables) in quist and in noise, Speach and
noise ware prasentad from two vertically adjacent loudspeakers, with the
aubjects listening under artificial monaural conditions, using the better
aar, The 48 aubjects wera divided into three groupe according to the
audiogram of the tested ear, and the results wera gubsaquently analyred
only on the basis of these groupings. The results are aumnarized in
figura 1. Tha differences betwean Suter’'s groups I and II wore
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Figura 1: Haan percent correct rosponaess of thraes groups as a function of
gpeoch~-to-noise ratio (scores averaged over two aspeach
materials), (Aftar Suter, 1978)

statistically aignificant for threa ncisa conditions, but not in quiet, It
is avident from tha Pigure that a group of subjacts with ah avorage hearing
threshold level (HIL) across 1, 2 and 3 kilz of 26 dB was found on avaraqge
to be ‘disabled‘' for speech heard in noise, relative to a group with normal
hearing (average hearing threshold level 3 d3 on tha same basis). By
‘disabled’ wa maan hero a condition that is atatistically daistinguishabila
from ‘normal’': it doas not imply any particular degres of this condition,
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in particular a handicapping degree, Unfortunately this presentation of
groupad rapults does not permit a Qetermination of the thrashold of the
disability, and inferances about any handicap are difficult to draw because
of the unrealistic 1listening condition, The same data can, howaver, bo

prassnted in anothar way.

A roplotting of Suter's results, shown in Pigure 2, indicates that the
oubrjacte did not really fall into three distinct groups but form a
conhtinuoue distribution of hearing thrashold lavals, From thin
prosantation it could be argued that the threshold £or this particular
moasure of disadility is betwean 15 and 20 4B HTL avaraged ovar 1, 2 and
3 ktiz, Suter's results have been rapresanted aa redefining the 'low fanca'
at 17 4B, but the applicability of this fiqurs o a widar dafinition of
dipability is open to question and in any casa the data do not Jsupport tha
notion of a clear-cut breakpoint,
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Pigura 2: Mean percent corroct responses (avaraged over +two spesch
materials) for opench—to-noise ratic of approximataly 0 4B, oo a
funetion of hearing threchold level (avarage over 1, 2, 3 kHz),
for 48 aubjocts, (After Sutar, 1978)

SMDORENBURG et al (190), 1982) anpessed the intelligibility of putch
sentences in quiet and four levels of noise, in sach casa adjusting tha
speath leval in an adaptive manner to obtain a acore of 508, that ia, the
apeach reception threshold (SRT). The material was pressnted mohaurally
through an earphona. The subjects ware 7 young persont with normal hearing
amnd 22 others with a noise exposure history, Laft and right cars wore
treated separately. The rasults for the three higher noise lovela are
ahown in Pigure 3, vhare the ordinata in tho differsnce in SRT botween an
individual noise—exposed ear and tho average for the 14 normal sars, The
authors argued that the breakpoint occurrad at an average NTL of 18 4B,
averaged over 1, 2 and 3 kilz, and that thins corrasponda to an incrosse of
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Figura 31 Averago hearing losa for speech in noise at lavels of 40, 55 and
70 AB{A) as a function of hearing loas (average over 1, 2,
3 kHz) for 44 ears. ™a curva connects averaga wvalues for
hearing loss classes 10 4B in width, (After Smoorenburg ot al,
1981)

2 4B in SRT. Using the sama technigque, PIOMP and MIMPEN (1979) ehowed that
the equivalent disability occurs dus to purely age-rolated hearing loea at
the age of about 65 years, Tho unspocified ages of Smoorenburg et al's
noise—axposad subjects, and the limited number of thoeo tested, rathar
weaken the force of thie comparison,

4. SYMNOPSIS OF RESEAFCH AIMS AND PROCEDURES

The aspecific foous of tha presant ptudy is the onsst of handicap rather
than 4ta 1later dovelopmant or more gsevare manifestationa, and the
exporimants ara designed accordingly, in the light of the axperience and
methods adopted by previous workern, The following ia a brief sumnmary of
the parte of the teat procedure that has beon avolved. They are descrihed
in the hierarchical order [-0-f but for reasons that will becoma apparant
they wers actually administered in a differant and more complicated order.
A full description of the test mathod is given in Chaptar 3.

Impairment 418 aspessad by a short battery of audiological tests,
consieting of puro-tone air-conduction threshold audicmatry, £requency
gelectivity, temporal resclution and the off-fraquency listening effect,
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Disabiiity iJ8 determined by ipaccuracy of Mespage reception in
simulations of evoryday listening situations. 'The mssential acoustical and
vigual elamsnts of listening to speech at a social gathering, ovar a public
address system, and ovar a telephohe are re-created in a laboratory
setting., Paerformance at these testa is measured either in the conventional
manner (as a parcentage of the material correctly raproduced) or in terma
of the subjects' ability to answer questions relating to the messages
conveyed., In addition, frae-field speach audiometry in quiet and noise ia
alpo administared,

flandicap i8 assaessed by a questionnhaire in three sections. Section I
obtaina a ganeral self-assesamant through a sariea of questions gimilar to
those uned in previous atudies, Saction II alicita attitudes to nine
common kKinds of communhication situation (domestic, social and public) in
more detail; these include familiarity with the situations deacribed,
nelf-anneased ability to cope, any particular difficulties encountered, and
the relative importance of such difficultiea in the subjects’ aeveryday
lives. Three of theses nine situations correspond to the laboratory
pimulations described abova. In thepe cases, additional questions (Saction
IIL) ara administered at the end of each correasponding simulation test with
ithe objact of uncovering any changos in attituds to tho general aituation
{(givan previously in answar to Section LI of the questionnaire) as a direct
conpaquance of actually axperiencing a particular eituation of the same

kKind.

Soma genoral obsarvations on this experimantal plan may be noted hare.
firatly, the nine ‘scenarion’' for Section II of the quastionnaire
conatitute a highly condansed selaction from a much larger possible range
amracing the factors enhumarated in Chapter 3.2, The main conpiderations
in making thin salection were subject toleration and tha probability that
moat msubjects would have some direct experisnca of most of tha aituations
chosan, thus avoiding undue strain on their imagination of the associated
hearing difficultios. Sacondly, in anh ideal experimant each of thanae
goonarion would bp mirrored in a corranponding simulation to test actual
disability. In practice the asimulations had to be restricted to the
pappive liatoning saituations. Thirdly, Sections [ and II of the
questionnairs, although clansifisd above for aimplicity as testing
handicap, also contain some questions relating rather to disability. The
lattar provide a direct tast of the corraspondance betwaen aubjects'

pelf-percaived dipability and their actual performance in threa typical

situationa, Fourthly, wo have chosen to clanaify the sprach audicmatry ans
a disability test rathar than one of impairment, though the status of
opeach testo in the [-D-H hierarchy ia open to debate, Prifthly, the tests

of impairmant are not as comprehonsive as would ba dasirable but aro,

.again, reptricted hy congiderations of +test duration and subjact

tolaration, The complote tests take a little ovar 2 hours Lo adminiater
and for ocparational reasons aro neceosarily carried out during a ningle

vigit,

To oummarize, this inhree-pronged study ie designed to provida the
following information;

{a) the starting point of dipability an revealed dy seif--assesemant and
measured performance in a rangs of listening asituations of common
occurtanca.
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{b) the onset of pelf-assessed handicap and its relationship to dAisability
an determined by the two approaches in (a3, and

{c) measures of impairment of hearing which individually or in conmbinaticn
act as predictors of the onaet of handicap.

5, METHOD

This chapter deacribes the test method as finally implemented, In the
course of its evolution, a number of pilot experiments were conducted with
subjects, both normal and with various impairments. These servaed to rafine
the questionnaires, to make adjustments to the acoustical test materiale
and to pelact optimum sound pressure levaels,

Testing time per subject was of necepsity restricted, and no prior
axperionce of sublective tests could ba assumed, Certain more complex
procedures, such as determination of psychoaccuatical tuning curves, were
therefore deemed impractical,

5.1 Tost modthoda

This sub-chapter describes the content of the component parts of the
tests under the respoctive headings of impairment, disability and handicap,
together with some coneiderations leading to the choices made., The tosta
were in practice administered in a different order, described in cChaptar
5.3. As will bo peen, it was a necessary part of the plan to aspesa the
handicap by queotionnairo bafore the gsubjecta were given the listening

taeste.

5.1.1 Impairment tests

The tests of hearing impairment related to pure-tons Thearing
sangitivity, tewporal resolution and aspects of frequancy selectivity
regpectivoly, apn describded below.

5.1.1.1 Pure-tcno threahold

The air-conduction hearing threshold of each ear wan teated at 0.5, 1,
2, 3, 4, 6 and 8 Mz using the self-recording tachniqua. The audiometer
was calibrated in accordance with ISO 389 ADL (INTERNATIONAL ORGANIZATION
for STANDARDIZATION, 1983) and was pat to produce pulred tones of nominal
duration 250 mp at the rate of 2 per second with an attepuator sweep rate
of = 5 dB/8 in 1 dB steps. The racording charts ware read to the hearest
integor decibel. Measured hearing threshold levels are designated by Hy
where the subseript indicates the audiometric Freguency; an average at
frequencies 1 and 1 is indicated by subscripts 43j, ete.; a superscript
L or R is added where necespary to distinguish batwean left and right ears
and the guperscript LR indicates an average over both ears. For analyeie
the audiometric results are summarized through the following indicen; H,L,
R, HIRy HU,, HR,y and Hly,, BRye, HURjL,.  The 1, 2, 3 kHz
averages follow UK practice in the area of hearing conservation {BS 5330:
1976) and assessment for disability compensation purposes. High-fraquency
hearing looe is characterized either by H, or by H,,,, random uncertainty
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bainyg reduced in the second case through taking the average, whereas Hy is
directly related to the other impairment tests described below and permits
an estimate of reliabjlity to be made since this measure was repeated {sea

holow),
5,1.1.,2 Temporal resolution
This was measured by the methed of simpliftied masking period patterns

developed and evaluated for clinical use by ZWICKER and BCHORN {1982), As
illustrated in Figure 4, the resolution measure is based on a comparison
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Figure 4: Schematic diagram of the stimuli used in the test of temporal
rosolution. Tha signal is a pulsed 4 kHz tona, and the masker
is an octave band of random noise centred at 4 kHe,

Patwean throe monaural threshold sound prassure levels, designated T
{with subscripts) and expressed in decidels, re 20 uPa referrsd to the
artificial ear, of a tona under the following conditions: (a) in quiet,
violding Tl {b) when masked by a continuoua random noise one octave wide
centred at the tone frequeney (Tc); and {¢) in the same noise modulatoed by
a pyuare wave alt 14 Hz (Ty). In each cape a 4 kKHZ probe tone was used and
the thresholds were dotermined by the self-racording technique with tho
tuntt pulned (nhominal duration S00 me, repetition rate 1 per second), and
the attenuator sweeping at + 5 dB/s. The noiee in thoe continuous regime
wad sot individually for each ear at a lavel such that ita one-third coctave
band sound pressure leval in the band centrad on 4 kHz was 43 4B above the
threshold pound pressura leval of the probe tone in quiet, that is, at the
laval g+ M dB.  An oxception was made whan To axceesded 60 4B, in which
cage T + 33 AB was gelectad to avoid axcessively loud stimult, Tha
regults are oxprassod by means of indices of impairment of temporal
rapolution, TI-1 Qefined by (fy - Tc)/A Ty - Tp) (which is Zwicker amd
Schorn's ‘temporal resolution factor’ with the sign roversed) and (-2
definad by (Ty - Te). Note that both these quantities increase (from
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larger negative to smaller negative wvalues) ap the impairment increases,
1hiz test alzo yields a second estimate of H,, obtained by subtracting from
Tg the value for 4 kHz of the reference equivalent threshold sound pressure
level for the type of earphone used (1DH 39P/MX-41/AR), namely 12,0 4B,
There wagp & slight difference betwean the conditions of test for Tp and
that of B, in the pure-tone audiometry in respect of the tone pulsing rate;
otherwise thise is a direct replicaticn,

ZWICKER and SCHORN's (1982) results indicated a normal range of TI-1
from about -1.3 to -0.5, wvaluea greater than -~0.5 @ignifying reduced
tomporal resolution, TThe power of this mathod to characterize
senporineural hearing impairment is not known precisely, but 2Zwicker and
Schorn reported significantly raduced temporal resolution at 4 kHz in a
group of 20 NIHL patiants.

The masking noises for this tast were generated by a Brial and Kjaer
random noise genorator type 1405, set to produce white noisa., Modulation
wad effacted by feeding a 14 Hz square wave signal into the on/off control
of the white noiso generator at the remote control input socket. Tha
output of the ganorator was connected to a Briel and Kjaer £ilter get type
1615 and the filter output was magnetically recorded on a Nagra tape
recordor type IV D. A racording of 1 min duration was made for each of the
three conditions, this Dbeing sufficient to obtain accurate threshold
determinations. The 50% duty cycle of the modulated noipe resulted in a
sound preosure level axactly 3 AB below that of the continuoun noise for
the samo potting of the controls., This was verified acountically with the
aid of the artificial ear and an integrating pound level mater,

5.1.1.3 Froquency saloctivity

This was dotermined using a notched-noise masking technique, the
principle of which ie as follows. If the thrashold of a tona is measured
when mesked by a Dbroad-band noise of uniform spectral dAensity, the
aalectivity of the auditory filtor is indicated by the critical ratioc (CR),
defined as the difference betwean the thrashold sound preseure level of the
tone and tha sound praspura spactrum lavol of the noipe at and around the
tone fraquancy. A degraded auditory filter having, opay, twice tho normal
bandwidth will vield a critical ratio 3 dB above normal, but this increment
is bscarcely large enough for accurate experimental obsarvation, The
pensitivity of the test ip greatly incrased if, instead of uniform spectrum
neisa, one substitutes a noise having a notch in its spectrum centred on
the test tone frequency, It theBe circunostances doubling the bandwidth of
the auditory filter may raise tho tone threshold by as much as 20 dB
comparad to normal. PATTERYON et al {1982) suggested a wvory slople
fraquancy seloctivity tost based on this; it conoisto simply of measuring
the threshold of a 4 kilz tone in the presenca of broad-band noise at a
specificd level having a defined symmetrical notch in ite speactrum centred
on 4 kHz, However, this method shares one of the objections to a
convantional critical ratic determination, namely that it does not separate
the effoct of listening efficiency from that of frequency selactivity por
e, although, of courss, it has the advantage of enhanced sonoitivity.
Thie objection can be overcome in principle if a third measurement is made,
namely the threshold of the tone masked by a noipe which is the same as tha
notched noise but with the notch absent, that is, a broad-band uniform
spectzum noisa, The dAifference betwsen the manked threshold lavels in the
uniform nolpe and the notched noise respectively ehould eliminate the
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eflect of liatening efliciency provided the subject does not change hia
criterion of dataction, Each of these methods was used in the prasent

tosts.

The tone sighal uBed was identical to that in the temporal resolution
test described above., The noise magkers were derived from tape racordings
provided by Dr R.D, Patterson and prepared following the procedure he
described (PATTERION, 1976). The uniform noise was presanted to subjects
at a fixed sound praessure spectrum level Ngg = 37 AB {defined relative to
20 uPa and a 1 Hz bandwidth) unless H, for the ear being tested exceeded 50
dH HTL, in which casa Nyg was raised by 20 dH, 7The notched noise was
presented at the corresponding level, such that the sound pressure spactrum
level remote from the hotch was the same as for the uniform noipe. Maskers
were presented uninterruptedly throughout the threshold determinationa.

ong of the requisitoe data, namely the quiet threshold, To, was already
to hand from the previous temporal resolution test, The additional
measurements required were the threshold sound pressure levels of the 4 KMz
tona under the following conditions: (&) masked by the uniform broad-band
noige, vyielding 7y and (b) maeked by the notched noise (Ty) (see
rigure 5). Indices of frequency selectivity were obhtained from the three
measurements as follows: F5-1 defined aimply by the value of 7y in the
manner of patterson, and an alternative index F5-2 defined by (Ty - Tu).
Hath FS~1 and ¥8-2 (ncrease with increasing impairment, although all values

of P8-2 are inherently negative.

Browd Bend MNoiw Naiker

)

r2 frequeacy kilz

ol Neite blusko
N
(L (H}

"\\;'\_ . _\\‘\\ \‘:
o ‘\\ T . \\
NN \\ \\ .

ne 2.0 4 5.2 72 Frequerey KU

Pigure S5: Schematic diagram of the atimuli used in the test of frequency
prlectivity, ‘'The signal is a pulsed 4 kHz tone and the maskars
are alternatively a broadband randomn noise and the same noise
with a npoteh in the spectrum centrsd on 4 kHz, Mankers are
maintained continuously throughout the threshold detarinination.
For the tests of off-frequency listaning only the low (L) or
Wigh (H) parta of the notchod noine spectrum are reproduced,
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In addition the measurements yielded two estimates of the critical
ratios (1) CR-1i, for octave-band magking noise, defined by T ~ Npy, where
Nep = Lers - 29.5 dBR is the sound pressure spectrum level of the
octave-band noise u=zed in the temporal resolution test) and Lyy, i8 ite
one-third octave band sound pressure level in the band centred on 4 kHz,
and (ii} CR-2 for broad-band noise defined by Tg - Ngg = Tg - 37 dB. The
conpntantas 29,5 and 37 dB represent respectivaly the one~third octave
bandwidth (relative to 1 Hz) of the noise used in the temporal resoluticn
tegt and the smound pressure spectrum level of the noise masker in the
frequency pelectivity test, As with the other indices already described,
CR-~1 and CR~2 both tncreage with increasing impairment.

5,1.1.4 Off-frequency liastaning

The off-frequency listening effect is a subjective compensation of the
cantra frequency of the auditory filter to optimize detection (PATTERSON
and NIMMO-SMITH, 1980). The effect is inhibited in the frequancy
galoctivity tenst using the notched noise masker but can be revealed by
praganting separately cach of the constituent bands of the notched noise,
Measuras of benefit of off-frequency listening are provided by comparing
the thrasholds under these conditions with that obtained with the whole
notched noise, viz., (a) OF-L defined by (T, - Ty), and (b) OP-H, defined
by (T - ™Th), where Ty, and Ty are respectively the thresheld sound
pressura lavels of the probe tone wheh only the low (0.8 to 2.8 kHz) and
high (5,2 to 7.2 kHz) parts of the noise spectrun are present as maskers,
In principle both OF-L and OF-H will have negative values, and the emaller
the magnitude of the negative nunber the greater tha impairmant of the
facility for utilizing the off-frequency effoct to enhance detection of the
signal, that ip, both OF-H and OF-L increase with increasing impairment of
this faculty. for a eoymmotrical filter centred on the test tona
frequency, removal of either of the conotituent bands should rasult in a
downward change of at least 3 dB in the threshold lavel of tha tone as
compared with the whole notched noise, The downward change should be
subgtantially greater than this when off-frequency listening io operative.
The values of oP-L and OF-H should accordingly have an upper bound of
-3 48, reprepsanting total absence of off-frequency listening capability.
In practice, smaller negative values, perhaps penetrating the low positive
range, might bo expactad due to measurement uncertainties,

5,1,2 Dipability testsp

The teste of hearing disability, consiating of three Bsimulated
limtening oituationn and the free—field speech audiometry, are deecribed

below.
5,1,2,1 Simulated soctal gathering.

This roprosented the pituation of an individual 1listening to another
person ns part of a face-to-face convaersation, with another pair of parsons
conducting & ooparate conversation across the first, all of which occurs in
a badble of other talkers and eome background music, On the basis of
information presented by BPLOMP (1977) it was degided to pat the combined
lavel of the croso-convarsation, babble and music at approximately <70
daB{a), which ie typical for a "cocktail party” in a domestic living room,
The ralative levels of tha competing stimuli wera set by trial to avoid one
or other being unduly prominant.
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The gpeech material of primaty interest to the listener consisted of
names, addressns,  amd 7-digit telephone numbers drawn from  British
telephone directories. Entries were initially selected at random. An
ent.ry was retained if it was in the format of name, initial, houne pumber,
stroeet name, town and telephone nunbear; otherwise it was rejected and
another drawing made. A et of pome 50 entries of this format was
compiled. 'Thia materisl has particular value for pregent purposes on a
number of count.s, Firstly, thaere are items within each entry that have
widely difforing probabilities of occurrence: thus, the spoken form of the
cardinal humbers unes oply 28 words for npumbers up to 1000, telephone
numbars, as spoken in standard WK practice, use a vocabulary of only 12
worda {the numbers one to nine, plus "0", "double” and "thousand®); at the
athar extreme, surnames and street names are drawn from a much larger (and
rather open-ended) vocabulaty; the ligt of town names is long, but not as
long as that of surnames, and has a somewhat greater in-built redundancy.
Secondly, the material is representative of factual information that might
be transmitted at a social gathering. Thirdly, and perhaps most. important,
it permita some interpretation of the consequences of mis-hearing any
particular word or itemp  for instance, ah error in any of the 7 digits of
tha telephone numbar rendets the whole string worthless; similarly for
rrrora in the first lettoers of a surname when searching a telephone
directory; by contrast the identifier of a street as Road, Street, way,
Grove, ete., and the latter part of a surpame, may often be corrupted
without loss of identity in these circumstances,

The test was composed of 20 telesphone directory entries, 5 spoken by
each of 4 people whose nat.ive language was English but with some regional
variation, [n the 1181 of material shown in Appendix A, the speakers are
identified as JB, MS, KH and DR, the first two being temale. Video
racordings of a mueh larger corpus of material read by these speakers were
made at the televigion studio of the Department of Teaching Media at the

Universaity of Southamplon, e recordings were made wilh a Hitachi gplour
camera type FP 21, a Panaaohic recorder type NV 9600, and a Sony lapel
nicrophone type ECM 40, Special attention wan given to the lighting

conditions and to the sound recording technigue to avold any unnatural
video or aulio colourations.

The apeakar faced towards the video camera and read each item from an
adjacent monitar, The monitor scteen also indicated when the speaker
should commenhce ach item (name, stroet sdross, town and telephone nunber)
the timimg having been predetermined to allow for writien responses without
unduly slowing down Lhe proceedings. Each directory entry took about 1 min
1o read, Overhead, side and floor lighting provided shadow {ree conditions
for the video recording. 'The framing of each speaker was such as to obtain
a hirad and shoulder image, approximately life-size on the television screen

ugert in the tests.

Both ears of each aspeaker were fitted with a behind-the ear
tinpitus masker, Viennatone type aM/T, producing a broaidpand noise, The
lavel was adjusted by pilot trials to produce an average elevation of
gpeach production level equivalent to Iwving in a free- field speech bhabble
of 70 AB{A). e tiphitus masker was nnt. visihle to the camera, “The
purposs? in creating a neisy talking onvironmont in this indirect manner,
rather than have the talker in actual room noise, was that it provided a
noige-f{ree recording for subsaguent. investigation al various
gpeach- Lo noisge ratios,

- 25 =



The cross-conversation was provided by a stereophonic recerding of a
radio play, with extended pauses and sound effects edited out so as to
ensure a continuous flow of interchanges between two female voices,

The apeech babble was provided by repeated overlaying of separate
recordings of 4 persons each reading at a constant voice level from a
novel. ‘Iwo sSeparate l1l2-voice babbles were composed and reproduced from two
separated aourcesa in the teat room.

The music consisted of material from an LP gramophone record featuring
a five-piece jazz group. It was edited before re-recording, to ensure a
fairly constant sound level. Solo passages, hoticeably louder or softer
sections, and extanded pauses were deleted,

In the test presentation of the audiovisual material, the egquivalent
continuous A-weighted sound pressure levela Laasg Of the conatituent audio
alementa, measured at the location of the subjects' heads in the free sound
field, were aB follows:

Congtituent sound Lpaq (4QB)
Primary speech materia) {corrected for guiet intervals
betwaan items) 72
¢roas-convaraation 66
pabbla 66
Humic 66

The three interfering sounds combined to provide a nominal background level
of 70 dAB(A), and the primary material was therefore presented at a
speech-to-noise ratio of +2 dB.

5,1,2,2 Public address announcemahts Ln a concouras

This pimulation was achieved by a sterecphonic presentaticn of tape
recordingns made &t various locations around the concourse at Waterlco
railway station. The public address system consista of a large number of
loudepeakars located on the walle of the coneourse, It ie common
experience that intelligibility of announcements is poor in some locations
around the concourse, 1his is probably due to the highly reverberant
conditiona inaide the building, the large distances, and, in some
locations, due to the line-of-sight to the nearest loudspeaker heing

obacured.

The tape rocordings were made using an Aiwa stereo microphone type
CH-27 fasding a Sony portable caspette tape recorder type TC—-D5M, From the
corpua of material recorded, ten itema were finally salaected to provide a
range of intelligibility, to contain material suitable for the avaluation
of comprehenaion by direct questioning and to highlight the elemant of
unexpectednons, A transcript of the key passages of the ten items is given
in Appendix B, along with the 14 questiona and their corract answera, It
should be noted that some of the information given over the public addaress
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would in real life also have bean available on the departure and arrival
diaplay boardg or printed timetables but in these cases the questions weras
selected and phrased so that correct answers were unlikely to be Known on
the basis of prior information alone (items 1, 3 and 5}. other items
contained information of a kind which would only be publicized cover the
public address system (items 4, B).

The format of the test tape consisted of an introduction followed by
the guestions and the relevant recorded material, and a short interval to
permit the answer to be written down. In 4 cases (itema 4, 8, 9, 10) the
material was preceded by two quastions, in the remainder by one only. The
introductory material and the questions wera read by ona of the authors
{(PAW), The material recorded at Waterloo was reproduced in the test room
at the sama level as that where it was recorded, and in terms of the
aquivalant continuous A-weighted sound presgure level over the duration of
each announcement this varied considerably, from 57 to 72 4dB{A).

5.,1.2.3 Listening over a tolephono

This was msimulated for conditions where both speaker and listensr are in
a hoisy environment, ‘The speech material used was a further 20 items from
the material recorded for the simulated social gathering (see Appendix C).
The audio track of the video recording was raplayed through an artificial
mouth, Briel and Kjaer type 4216, into a telephone handset attached in the
normal position to the mounting fixture, Te artificial mouth wap located
in the spoech babble described in Chapter 5,1,2,1, sot to a leval of
70 AB(A), with the speech material reproduced at a lovel aquivalent to the
corracted equivalent continuous value of 72 dB{A) used in the pimulation of
the social gathering., ‘I'me mixed speach and noise signal was transmitted
over a tolaphone line and the electrical aignal which would normally drive
the earphone in tha receiving-end handaset was recorded on a Sony portable
caspatte tape recorder type ‘TC-DSM. A copy of this recording was
thereafter used to drive the earphone for the listening teats,

Tho tents wore conducted with the subject holding the handset to the
ear of their choica while sitting in the sams spesch babblo as described in
chapter 5.1.2.1. Por simplicity, side-tone of the local noiss at the
listening ond was not provided. In quiest conditiona thie omispion would
not have givan a satisfactory simulation, and HOLMES ot al (1943) havo
raported that side-tone can even have an adverse offect on speach
intelligibility when the listener is in noisa, Howaver, informal tests
woro carried out at the Britieh Teleacom Ressarch Laboratories in connection
with the present study and showed that the effact is less important when
both opeaker and listener are in noipe at the levels used in the presant
talephone listening simulation.

5,1,2.4 Froo-fleld spsoch audlomeotry

This test was adainistered using eight selections from the ISVR
rocording of the Boothroyd AB(S) word lists {pes Appendix D), The material
wan prosanted at oach of thrae aspeech lavals, corresponding to 30, 45 and
70 dB aquivalant continuous A -weighted gound pressure loval ({(after
corraction for silent intervals botween worda), with the speech at 70 AB{A)
aloo propented 4in the presence of the speach babble already dascribed. All
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four conditions were repeated for each subject, as indicated in Appendix D.
The resulting eight conditions were presented in a fixed order, in
conjunction with the same word lists for all subjects,

5.,1.3 Handicap and seli—reported disability

These aapects were tested by the questionpaire method. The
questionnaires of the various authors referred to in Table 3 (Chapter 3.5)
were scrutinized with a view to being utilized in the present study, as
this would have given the advantage of direct cross-reference to published
results, None oF them however, appeared to be spuitable unless modified
congiderably. The principal reason for this is the small-to-moderate
{essentially sub-clinical) levels of impairment that are of interest in the
present target population, We therefore devised an ingtrument suited to
the purposa, Many of the questions and the form of questionnaire
construction are novel, but the conhtent draws on previcus sgtudies in

various aspects.

The prospective target population and the circumstances of test
dictated decinion on some of the factors listed in chapter 3.4, In
particular, the interview method was ruled out and the time factor imposed
a limit on length. It wazs decided to include quastions both of the
generalized kind {Section I) and the particularized kind (Section II),
giving the opportunity to compare theee approaches,

Section I (Hearing in General) conasists of 14 questions, with response
categories that vary both in type and number according to the nature of the
question.

Por Section II (Hearing in Typical Situations) it was decided to
prasent a paries of dbroadly similar, but not identical, sub-questionnaires,
one for each of tha nine aituations tested, Within each of these,
idantified as A ~ J, a varjety of response scales wag used, including a
‘temporal’ ecale {for familiarity with situatiion) and an ‘intensitive’
scale (for degree of difficulty), these two being common to all nine
gituations, ‘he remaining questione {on particular &ifficultiema, reactions
to auditory failings, and degree of percalved disadvantage) ware varied
according to the situation, Categories of *‘not applicable*' wera included,
whare appropriate, and cpen-ended responses were invited as an option in
aoma places. We hoped by these devices, and by lacenic phrasing, to
encourage and maintain respondents' interest and attention to thea task in
hand, It appears to us that long check lists of questiona in identical
format tend to strain the language and appear contrived. Whilst easy to
sacora they can make uhreasohable demands on the patience and imagination of
subjacta. - Por our prospective population, intereet in the tests would be
tha only reward. Each gub-questionnaire was accompanied by a verbal
depcription prominently placed at thes head of the page, and by a phatograph
to reinforce audjects' awareness of the situation they were being asked to

rospond to.

Both Section I and each part of Section II contained certain questions
testing disability and others testing handicap. 'This permits a comparison
to bo made botween the results for the two aspects, and alao a correlation
betweean the perceived disability and the performance at the gimulations,
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Section IIL of Lhe questionnaire (Reaction to Simulated Situations)
congists of three sub-guestionnaires, for the situatieons (B, C and G)
corresponding to the simulations described in Chapter 5,1.2, The purpose
was to test the perceived realism of the simulations and to offer subjects
an opportunity to modify their corresponding Section II responsaes if the
exparience of the simulations moved them to do 8o,

The €ull text of Sections [, TII and III of the questionnaire is
reproduced in Appendix E, The procedure of administration ia descrided in
Chapter 5.3 and the method of acoring in Chapter 6.

5.2 Erporimental arrangementsa, squipment and calibration

e experiments were conducted in the Occupational Deafness Laboratory
of the LSVR, located in a house at 62 University Road, The laboratory
comprises a test room having dimensions 4.3 x 3.6 x 2.5 m, an adjacent
control room and an ISVR-built audiometric test booth,

5.2.1 Impairment tests

The tests dencribed in Chapter 5.1,1 were conducted with the subject
gseatad in the booth, using equipment located adjacent to it, Pure—tone
thrasholds were meagured with a Kamplex audiomoter type ACA-C interfaced to
an XYT racorder, Kamplox model AG3, For the tests of temporal resolution
and frequency seleclivity, an external oscillator provided ihe 4 kHz signal
aB an oxtarnal input to the audiometer, and the masking noises ware
presentad via the audiometor from a Partograph 3eries 7 tape recorder.

Frequencius of ihoe audiometar test tones weare checked periodically
with a Racal digital frequency meter type SA 5720, and thoe output of each
aarphon? was measured at a hearing level dial setting of &0 4B by means of
an artificial ear, Bruel and Xjasr type 4153, The earphones ware
Telaphonics type TOH 39P with MX-4l/AR cushions, fitted to circumaural
noiso~oxcluding muffs (Amplivox Audiocups). fThe muffs wers detached from
the earphones for all measuramanis on the artificial ear, The audiomster
was calibrated using the reference ocgquivalent threshold sound pressuroe
levels givan for this arlificial ear in IS0 389 ADL. Since tho ACA-C
audiomster does not have independent trim potentiometers for left and right
channals, small corroectione wiara necessary to the measured hearing
threshold levels at frequencies whore the two earphones were not perfectly
matched., ‘The {frequencies of the iest tohes wore accurate within 1% or
botter 6f Lthe nominal valuas and stable to better than thiso.

Laval settings for the external sighals were made, in the firat
instance, by adjusting gain conlzols Lo give the reguisite scund pressure
lovals in the artificial ear. Thereaftar they ware monitored by elactrical
meaouramants at the tape rocorder output, for greater convenience. In the
cage of the masking noises (which woere all pequentially recorded on onn
tapa) a 4 xHz calibration signal recorded at the heginning of the same tape
sufficad for the alectrical check measutement.s, Periodically the acoustic
output of tho earphones was chocked oh the artificial ear for the axternal
sighals, ueing a Briel and Kjanr fraguency analyzer type 2121 and filtor
get typoe 1615 in the one third octave band mode, The band sound pressurc
spoctra of the masking noises differed slightly from the corresponding
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ppectra of the electrical signals since ne equalization was provided for
the £requency response of the earphones. The latter were flat within
t 0,7 dB over the range 0.25 to 2.5 kHz but deviated by t 3.5 dB between
2.5 and 7 kHz, giving rise to slight humps in the noise spectra in the 3,15
and 6.3 kHz banda and a slight depression around 5 kHz. Measurement of the
spactrum of the modulated octave-band noipe showed it to be exactly 3 AB
below that of the parent noise, reflecting the 50% duty cycle of the oguare
wava modulation, Por all measuremants on the artificial ear, the TDH 39p
earphones were applied with the appropriate static force (5 N). The
equipment used is shown in Table 4.

5.2.2 Disability tasts

For the tests degcribed in Chapter 5.1.2 the aubject was pseated in the
approximate centre of the test rcom, as shown in Figure 6. FPurnishings in

N Snelvea
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Flgure 6: Schematic diagram of the layout of the test room

the room included two cupboarde, =z set of shelves, curtains, wall-to-wall
carpet, a chair of adjustabla height and back support for the subject, and
a omall writing table. The reverberation time of tha room was betwaen 0,50
and 0,65 8 over the frequency ranga 125 Hz to 4 kHz. Six loudspaeakeri wera
located and oriented 1in the teet room ae illustrated in Pigure 6,
Loudopeaker cabinets LS 2, 3 and 4 wera mounted on stands with the centre
line of their cones at the nominal ear height of 1.15 m. Loudapeaker
cabinetns LS8 and 6 wera mounted on vibration isolation pads on tha floor,
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with their cone centre 1ines At a height of 0,35 m.  Loudspeaker LS 1 was
located bensath the tolevision get at a height of 0,80 m. The forward axis
of this loudspeaker was tilted upwards at an angle of 142 ao that the axis
passed through the nominal centre pogition of the subject's head, while
keeping the distance between this point and the front of the loudnpeaker
the same as that For LS 2, 2 and 4. The location of 15 1 was concealed by
the use of loudspeaker sereening cloth (Tannoy Brown), ‘The height of the
televigion set was adjusted so that the mouths of the speakers in the video
malerial of Lhe sofal gathering simulation were at the same height as the
subject’'s eyes (1.15 m).
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Figure “7: Schematic diagetam of the equipment used for the simulations and
the free- finld spoeech andiomet.ry
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The equipment used for running the simulations was located in the
control room. The schematic arrapngement is shown in Figure 7 and the

equiprent is listed in Tahle 4.

For routine monitoring of the sound sources, a half-inch condenpsar
microphone (Bruel and Kjaer type 4165) and pre-amplifier were mounted
vertically on a tripod and positioned with the diaphragm at the nominal
centre position of the subjects' heads, with the writing table temporarily
removed. The measurements were made with a Bruel and Xjaer fraquancy
analyzer <typa 2121, the overall system being checked daily with a
pistonphone. During the disability tests the microrhone and tripod were
moved to a convenient position and used to drive an amplifier and monitor
loudepeaker in the control room. Routine monitoring of the lavels of
speech babble, cross~conversation, music and target opeach were made with
the fragquency weighting A and time weighting 8, by means of megments of
pink random hoise recorded at the beginning of each of the tapas carrying
thess signals. Levels were read to the nearsst half decibel and the gaine

of the varioua channels rarely required adjueting.

Moasurements of the componant parts of the sound usad in the ‘*social
gathering' and *public concourse®' aimulations were made with a Briiel and
Kjaar integrating sound level meter type 2218 in the A-—weighted 'Lpag’
mode, with the mierophone in the same position as that occupied by the
centre of the subjects' heads, In the case of the speech material
congisting of names and addrespes and word lists, the measursments were
made over a complete presentation and then corrected upwards by
10 log (7/t} ~here T im the total measurement period and ¢ ia the
eptimated osummed duration of the speech utterances. 1In the case of the
public announcements, which conpisted of connected speech without
significant pauses, each item was meapured over ita actual duration and no

correction was necessary.
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Table 47 List of elsclronie equipnwnt

Impajtrment tests

Magnetic tape recordert: Ferrograph, series 7.

signal source: Wavetek synihegizer/function geperator, type 171,

Frequency metef: Racal, type SA 520,

hudionmtar: Kamplex, type AC4A-C (automalic recording) equipped with
ABJF interface.

Earphones: Telephonics type TDH 39P with MX-41/AR cushions, centained
in Amplivox Audiocups.

Recordar; Kamplex, type AGI (interfaced to audiometer).

Prequency analyzer: Bruel and Kiaer, type 2121,

Artificial ear: Briuel and Kiasr, type 4153 (complyinhg with [EC 318},

with microphone type 4134 and preamplifier,
Pilter met:; Briel and Kjaar, type 1815,

Disability lests
In test reoom (dee Figure 6)

Colour ™ receiver (I'V): Sony type KV 2204 UH.

loudspeakers (181-L.S4): Jordan Watts 3100 mm single driver type Janet.

Jouwlspeskers {185-1L56 ) ‘rfannoy 365/5%0 mm dual concentric type HPD 385A,

Telephone (1): Subscriber set type T/DCO/703 with cransmitter, STC type
4050k 71/2 and receiver, STC type 4042W4 70/2.

In control room (see Figure 7)

Videou cussette player (Video): Sony U-matic, type VvP-1210,
Audio cassette players (Cass 1 and 2 )1 TEAC, type A-108,
Attepuntors (Al-A4): Habfield 100 (= 1y dH, types 2120 and 2126,
Control unit {Q331): OQuad, type 33,

Fader: 18VR congtruction with 6 slide potentiometers.

Fower amplifiers (Q303/1-3): Quad, type 303,

v mopitor: Sharp televisjion receiver (h/w), type 12P-37H,
Magnetic tape recorder (F):  Ferrograph, series 7,

For sound flela calibrations/monitoring

Microphone: Hriel and Kjaer, half-inch condenser type 4165,
Integrating sound Jevel neter: Hruel and Xjaer, type 2218,
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5.3 Genaral protocol

Subjects were booked in advance (singly) for participation in the
experiment with a brief explanation of its purpose and the types of test
involved, On arrival at the Laboratory, each aubject completed a
Registration and Consent Form (Appendix F), and then completed Sections I
{Hearing in General) and II ({(Hearing in Typical Situatione) of the
Questionnaire. Thesa were sgelf-explanatory and were completed in most
cases without any specific supervieion from the experimenter. However,
any queries were discussed and any additional werbal comments by the
gubjects were noted on the questionnaire forms. In addition to the
loosa-leaf questionnaire pages, a folder was provided which contained the
same pages for reference and in addition 9 bhlack and white photographs esach
of which 1llustrated ocne of the situations,

huditory teats then commenced with the first simulation. The aubject
wad seated in the test room with the table moved to a comfortable position,
and given a puon, clip board and the appropriate answer pheet for that
simulation, At the end of the simulation, the relevant page from Section
IT of the questionnaire was returned to the subject with the written
instruction shown in Appendix G and an invitation to make changes, if any,
+0 the earlier responses, using a Qifferant coloured pen, fThe subject waoe
than given the relevant page from Section IITI of the questionnairae
(Reaction to Simulated Situations), This procedure was repaated twice
mora, with the three simulations occurring in the fixed order Social
Gathering (B), Public Addreas {(C) and Talephone (G). ‘The subject then
parformed the free-field speech audiometry teat,

At thism stage the session was interrupted for a refreshment break of
approximately 15 minutes. On resumption, the subject undertook the toste
of impairment +in the €ixed order: pure tone audiomstry, temporal
resolution, frequency selectivity and off-frequency listening.

The total duration of each test session was approximatoly two and a
quarter hours. ‘The complete series of teata, ip order of performahice waa
as follows:

1. Registration; genaral queptionnaire onh relevant medical and
anvironmantal history; consent form,

2. Questionnalire section I, Hearing in General (15 questions).

3. Quentionnaire section II, Hearing in Typical Situations (in 9 parta,
A - J, sach with 4 or 5 questions) (eea Appendix E).

4, Simulation of social gathering (corresponding to part B of 3), followed
by Questionnaire section IIXI(B).

5. Simulation of announcements in public concourse (corrasponding to part
C of 3), followed by Questionnaire section III{C),

6, Simulation of telepghone listening in a noisy place {corraesponding to
part G of 3), followed by Questionnaire section III(G).

7. Pree-figld speech audiometry in quiet (at three apeech levels) and in
noige of 70 AB{A) {speech-to-noise ratic + 2 dB); two word liste in
aach condition,
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8, Interval of 15 minutes.
9, Puro tone audiometry.

10. Tomporal resolution, frequency selectivity and off-frequency listening
tests (test material recorded consecutively on one maghetic tape).

5.4 SubJecta

Subjects with normal hearing were recruited from staff and studente of
the University. Full results woere obtained from 20 (13 M, 7 P) with a
mean age of 22 yr. 'These were selected on the basis of the absence of any
medical history of hearing disorder and undue exposute to occupational and
recreational noise, This otologically normal group of young persons will

ba referred to as ¥YN.

Subjects with a pignificant noise exposure were located partly from
records of the audiology clinic of ISVR (2), partly by personal contact (5)
and partly through local advertisement (17). At the time of compiling this
roport a net total of 24 noise-exposed hearing-impaired subjects (23 M,
1 #) had provided complete sete of results, A number of othara were
tested but only those were retained who were free from a history of
otological disorder (except for ono who had once received medical attention
for an ear infection). Thess covercd a wide age range (21 to 62, mean
45 yr). This group will be roferred to as noise-impaired, NI, but since
they do not form a homogeneous group with respect either to age or
occupational noise history thoeir results are treated for the most part on

an individual basis,

To provide a further basis of comparison, a group of 10 otelogically
normal older persons {(group ON) was also tested. These were selected on

the pame criteria as group YN.

Desirably a larger nurber of hoise-impaired subjects would have been
tepted, to permit stratificatrion by age, In the avent, expectations of
obtaining larger numbers from the pay-roll of local industrien did not
materialize, and the location of suitable subjects was also impeded by the
fact that cases of advanced or severe hearing loss wera not considered
puitable for the purposes of the study; Aalso a practical limit was imposed
by the distance of prospective subijects' domiciles from the Univeraity,



6. RESULTS

6.1 Msthod of preosentation

Results for the young hormal group ¥N are considered firast, in terms of
55 measures derived from the tests. Theee ara then npormalized by
expresesing individual results as deviations from the YN group mean,
moasured in standard deviation units, Values for each individual of the
NI group are then axpressed on the same scale. The measures ara grouped
asa [, D or H, and correlations within and between each of these classep

are performed,

6.2 Ropulta for normal-hearing group YN

6.2,1 Pure-tone audicmetry

The results of pure-tone audiometry are given in Table 5 as read to an
accuracy of 1 4B from the self-recording charts. At the foot of each
colunn the mean and ptandard deviation are shown, together with the
conversion to true hearing threshold 1level after correction for the
audiometer calibration. In commonh with other studies of otologically
normal Yyoung persons, the mean values appear slightly nagative at
mid-freguencien (2, 3 4 kHz) and slightly positive at 6 kHz, Thim has heen
argued (ROBINSON st al, 1979) to be an artefact of the IS0 reference
audiometric zero rather than a departure from otological normality, and on
this banis the present group can be considered very cloga to normal,
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Results of pura tone audiometey (Group YN)

Table 5
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The last row of Table V is in error. The values of
standard deviation should read: 2.4 2.4 2,0 1.9




6.2.2 Temporal resolution and critical ratio for an octave—band magker

The values of TI-1 and TI-2 (see Chapter 5.1.1.2) obtained using the
continuous and mcdulated (gated) octave-band noise masker and a 4 kHz probe
tone are given in Table &, which also phows the values of the critical
ratio CR-1 (see Chapter 5,1.1,3) obtained with the continuous octave-band

masker,

Table 6: Results of temporal resolution and octave-band critical ratio
tests (Group YN)

TI-1 TI-2 (dB) CR-1 (4B)

Subject L R L R L R

1 -0,67 ~0.76 -8 -13 26 26

f z -0.92 -0.58 =12 -10 28 26

o 3 -0.54 ~-0.77 -7 -10 in 21

4 -0.67 -1.,17 -4 -7 18 23

5 -0.69 -0.67 -11 -8 26 28

6 -0,42 ~0.67 -5 6 26 23

7 -0.44 -1.08 -7 -13 27 28

] -0.41 ~G,77 -7 -10 22 26

9 -0,41 ~G.27 ~7 -4 21 21

10 -0,91 ~0.64% -20 9 28 21

i 11 -1,54 -0,64 -17 -7 30 24

: 12 ~0.54 -0.47 ~7 -9 8 26

13 -0,94 -0.64 -15 -9 24 24

L 14 ~0.13 -0.85 -2 =11 21 20

' 15 -0.60 -1,00 ~12 -13 25 25

: 16 -0.69 -1.07 -11 -15 33 34

17 ~1,00 -0,50 15 -10 23 23

.;; 18 -0.06 -0.75 -19 -9 24 24

; 19 ~0,64 ~1.17 -9 ~14 23 27

e 20 ~1.15 -0.2% ~15 -3 9 16
¥ Mean -0.71 ~0.73 ~10.5 -9.8 24,0 24,9
§ 8D 0.32 0.27 §.0 3.2 4.2 kN

5§
3

The wvalues of TI-1 anQ 7i~2 are derived from the self-recorded
threshold tracens read to an accuracy of 1 B, values of the critical ratio
CR~1 are given to the nearest decibel, based on the mean calibration of the
syntem for tho 4 Kiz probe tone and the mean measurement of the noisa
gpactrum, in each case using the Brilel and Kjaer artificial ear type 4153.
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A comparigon is made in Table 7 between the values of A4 obtained by
pure-tone audiometry and Tg, the threshold sound pressure level of the
4 xHz probe tone used in the temporal resolution teast, The expected
darffaronco ('rQ - Ha) is 12.0 dB, this being the RETSPL value for 4 kHz

uged in calibrating tho audiomstor,

Table 7: Comparison of threshold determinations at 4 khHz

Signal source Measure Threshold socund prespure level, mean of 20
(dB re 20 uPa)

L R LR av,

Audiometer{l)  d4 4 12 13.1 10.1 11.6
5D 6.2 5.2 5.1

Probe tonal2) To 12.1 12.9 12,5
SD 9.5 6.7 7.5

Difference 1.0 -2,8 -0.9

sD 6.1 4.0 5.2

{1) 7Tone pulsed at 2 per second
{2) 7Tone pulped at 1 per accond

The results of the two threahold measurements agree on average within
0.9 48, the higher value being obtained with the longer pulases,

- £2 -
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6,.2.3 Frequency selectivity, off-frequency ligstening and critical

ratio for a_broadband masker

The values of PS-1, PsS-2, OF-L, OP-H and CR-2 (seec Chapter 5.1,1.3)
obtained using the constant level breadband and notched noise maskers with
a 4 kHz probe tone are given in Table 8,

Table B: Results of frequency selectivity and off~frequency 1listening
tests, and broadband critical ratio, in decibels (Group YN)

Subiect P5--1 FS-2 OF-L OoF-H CR~2
L R L R L R L R 5L R
1 42 40 -23 -25 -7 ] =10 -5 30 a6
2 35 35 -29 -29 -4 -7 -5 -9 29 29
3 ao 31 ~25 -27 -7 -2 =7 -9 20 23
4 s i} ~19 =20 -6 =7 -9 -9 20 20
5 37 a9 =23 -24 ~7 -4 ~12 =7 25 28
6 40 33 ~18 ~22 -2 -6 ~10 -8 23 20
7 1 40 ~19 =23 -4 =10 ~8 -8 25 28
0 34 36 -24 -26 ~9 -7 ~7 -9 23 27
9 a0 30 ~23 =25 -4 -4 -6 -6 18 20
10 44 29 =18 -22 -6 -8 ~19 -8 27 16
1n 34 as -26 -27 -4 -15 -9 -9 25 27
12 ao 34 -30 -26 -8 —~4 =10 -9 25 25
13 32 28 -28 ~30 -4 -7 -0 6 25 23
14 31 34 =27 -26 -9 -5 -2 -6 22 25
15 44 kl- ~17 ~26 -6 -9 ~15 -9 26 28
16 54 40 -16 -25 -3 -4 ~23 -5 35 30
17 klo) ao =30 -30 -5 [+] -5 -5 25 25
18 33 38 -26 -10 -7 -4 -11 =10 24 13
19 44 40 ~20 =213 -6 -5 ~14 -13 29 28
20 31 30 -26 -25 -7 -6 =11 =12 22 20
Mean 36,6 34.6 -23.4 -24.5 -5,7 -5,9 -10.1 -0.1 24.9 24,2
8D 6.5 4.0 4.5 4.3 1.9 3.1 4,9 2.2 3.9 4,7

Comparison of the critical ratio determinations (Tables 6 and 6)
gaenaerally shows a good agreemant, with a significant correlation of
individual ocores (left, r = 0,732; right, r = 0,683; combined, r =
0.601) although the difference exceeds S5 dB in thres ears, The moan
diffuarence (signless) is 2.4 dB, Both measures should agres for normal
hearing since bandwidths of both maskera, though different, greatly oxceed
thy normal auditory critical bapdwidth at 4 kHz, estimated in tho
literaturo (LYREGARRD, 1902; TYLER et al, 1982c; HAWKINS and STEVENS,
1950) to be of the order 330 t 100 Hz depending on test conditions. Tho
mean value of CR-1 and CR-2 for 40 ears in the present tepts yields a
critical bandwidth estimate of 290 Hz,

- 43 -
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B.2.4 Sunulated Listonimng situat ions

G.2,4.1 Soctal gatnering
The results of this gimulation were scored by the number of errors (out
aof a puasidle 20) for each component of the name-and-address format, viz.,

1. Tha initials

2. 'Me surname

3. The houss number

4. Tha street nhame

5, The street classifier (Road, Avenue, Close, etc,)
6. The town name

7. Tha firat 3 digits of the telephone number

8, e last 4 digits of the telephone number

'The results for indivadual subjects are given in Table 9. Columns
headed 1,, .8 give actual numbers of errors in the above categories; the
final column i3 the total number of orrors made, expresged as a percentage
of the total nunber of items in the test, i.e,, 160 (20 names, etc., each

with 8 compuonants),

Table 9: Results of simulation of social gatharing {Group YN)
Subject Errors par componsht Total
L 2 k] 4 5 6 ¥ ] errors

(%)

1 1 E] 4] 4 1 1 o] 4] 7.5
2 2 4 1 7 Q 4 Q 2 12,5
3 ) 9 [b) ¥ 2 ) o] 1 12,1
4 D 6 0 [ 0 % 0 3 12,5
5 0 5 0 2 0 6 0 0 B.1
& 0 (A o % 1] L 0 L 7.5
7 o 10 1 9 2 4 0 5 19,4
g 1 10 2 8 1 9 1 3 21,3
9 2 7 1 a 2 4 0 3 13.8
10 4] 3 0 [ 3 3 1 ¢ 8.8
1L 1 5 0 72 0 E 0 1 8,0
12 1 [ o 12 1 5 [+ 3 17,5
13 5 1.3 L 13 4 10 L] [ 35,6
L4 0 8 L 4 0 % V] 2 12,5
15 0 3 0 3 1 L] L L 8,1
6 4] 4 O 5 1 4 0 0 8.8
17 [+] 5 [B] 5 2 2 Q 3 10,6
8 1 8 0 6 [b] 7] o} 4 15.6
143 1 L] 1 [ 1 4 ) 1 1.9
20 2 k) 0 7 1 4 1 0 12.5
Maan 0,85 Boi% 0 0.400 5,95 L.o0 4,45 0,45 1,9% 13,3
rin) 1.23 2,%4 0,49 2.9% 1,02 2,10 1.1% 1.76 &, 6
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The €airly high overall mean error score of 13% shows that the desired
condition of appreciable but not severe difficulty €or those with normal
hearing was attained. ‘The mean, however, conceals a wide range of
individual performance and one subject (F, 19 yr) scored nearly 5 times as
many arrors as subjects 1 and 6 {M, 23 yr; M, 21 yr). The errora wera, ag
axpected, mainly concentrated in items 2 {surname), 4 (street name) and 6
{town name), the overall error rate for these items being 28%, in
contrast, the overall srror rate for all nhumeralsa, initials and satreet
claspifiers was under 5%, reflecting the limited ‘vocabulary' of B8uch

items.

6.2.4.2 Unerpected announcements in a public concourse

The resylts of this 10--part simulation were scored as 14 items
{questiona 4, 8, 9 and 10 were in two parts). Exact reproduction of the
wording of the announcements was not required, only an accurate
comprehansion of the mespages, and the data sheets were marked accordingly.
Half-scoren were awarded where the gist of a message was correctly conveyed
but nevarthelass was not wholly accurate.

The results for individual subjects are given in Table 10, Columna
headed 1.... 10b are actual numbers of errora on each question (0, 0.5 or
1); the final columh is the total number of errors made, exprassed as a
parcentage of the total humber of messagas (14).

Table 10: Resulta of simulation of announcements in a concourse (Group ¥YN)

Subject Errors in each question Total
arrorp

1 2 3 4a 4b 5 6 7 Ba 6b 9a 9b 1l0a 10b (%)

1 o ¢ o 8] 1 4] o] 0 o] 0 o) [} 0 0 7.1
2 0 © (] 0 1 Q 1 1 0 3] o 0,5 4] 1 32,1
3 0 o [+] 1 o o 1 0 0 [s) 4] [+] o 0 14.3
4 0O 0 o] ] L 1 1 0 0 1 8] [+] o Q0 28.6
5 o o o 1 1 o 6.5 0 o 0 0 [} 0o 0 17.9
6 o ¢ o 3 4] o 0,5 0 o] o Q o 0o 0 10.7
7 o © o] 1 1 o] 1 1 o 0 ] o o] 1 35,7
8 o 0 [s] Q 1 o] 1 1 [+] 0 [s] 3] o 0 21.4
9 1 0O o] 1 1 o] 0 [s] ] [8) Q o] [s] 1 20.6
10 o o0 o] 1 1 0 1 D.5 © ] 1 ] 1 1 16.4
1 0 o0 0 1 1 o] 1 0 D o 0 o o 0 2.4
12 1 4] 0 1 1 8] 1 ¢} o] o] [¢] o] 0 1 36,7
13 1 1 0 1 1 o] 1 o o] 0 0 1 +] 1 50.0
14 1 0 o} 1 1 0 0 1 4] 8] [+] [s] o 0 28.6
15 0o o0 o] 1 1 o) 1 1 4] o] 1 o o o0 5.7
16 o 0 o 1 1 8] 1 0 4] [s] 4] o] o o 2.4
17 1 o] 3] 1 1 o o 0.5 0O 0 [¢] Q c 0 25.0
18 1 o] C 0.5 0O o i 0 Q 0 0 0 [+] 1 25.0
19 c 0 o 0o o o 1 0 0 0 0.5 0 0o 0 10.7
20 [+] 1 8] 1 0.5 @€ 1 0,8 0 0 1 o] 0 0o 5.7
Mean 26.6

S0 11.5

=45 =

Hhagica s



Ther Mfficulty of the items in this simulation turned out to be very
variable, no errors at all being made on gquestions 3 and B ( first part) as
againet about 75% incomprehension of questiona 4 (both parts) and 6.
Subjects alpo varied widely, with subject 13 again scoring most errors and
subjects 1 and 6 again Bcoring least (in the ratio of about 7 to i),

6,2.4.3 Listening on the telephona in a noiay place
The resulta of this simulation were scored in exactly the Rame way as

the social gathering, and are given in Table 11,

Table 11: Reaults of simulation of listening on the talephone {Group YN)

Subject Errors per component Total
1 2 3 4 5 6 7 a arrora (%)
] il 5 [4) 3 [} 3 o] o] 13,8
2 1 16 6 16 [} 15 6 10 53.8
3 1 4 1 J 4] 1 o} 4] 6.3
4 b q [+] t 4] -] 2 2 15.6
5 o 9 0 7 0 -} &} 0 13.1
[} 3 ¥ 1 11 0 6 o] 1 18,1
7 2 ] o) 6 ] [ 0 1 15,0
8 ] 3] 8] 4 ¢} 4 4] 2 11.9
9 &) 9 O ?} 1 L} 0 ¢} 13a.e
10 1 t o] 4 1 7 o] 4] 12,5
11 6 10 o 8 0 ¥ ] 2 20.6
J2 3 12 4] 7 4] 12 o] 2 22,5
13 0 8 o 3 o] 5] o] o] 10.0
14 2 6 4] g9 e} 5 0 1 14,4
15 h] 10 a B ] 5 4] 4] 13.8
16 1 9 0 5 0 4 4] 1 12.5
17 2 9 (o] 9 4] 14 1 0 21.9
b1 ] D 9 0 10 0 a ] 0 3t.6
19 1 ] 1 9 ¢} L] o} 0 16.0
20 1 10 o] ¥ 0 ¥ o] 1 16.3
Mean 2,40 8,65 0.4% r,.0% 0.4% 6A.40 0,50 1,15 16,9
sn 21,25 2,682 1,36 3,17 1,16 3,53 1,40 2,23 9,5

Error acores in this (monautal) teat ware Blightly higher than in the
simulation of the 3ociqal gathering, for which the test material was of
axactly the same kKind, Errors were distributed among the 8 componants of
the name/address/numbar in much the same way, averaging 36.8% for the
difficult onas (surnamn, street name, town name) againat 5% for the easy
onea (npumerais, eto.), Tha only notable difference is that subjects had
mota troubla with initials in the case of the telephone listening in noise
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(although the average error rate was still relatively low on this item, at
12%). Remarkably, subject 13 performed very well on this test, ranking
pecond whilst subjects 1 and 6 were only avarage, An exceptionally high
error rate wag gcored by subject 2 (M, 24 yr) who was about average on both
the other simulations; there was no obvious reason for this,

6.,2.5 Pree-field speech audiometry

Fach list consisted of 10 CVC words and errors ware scored out of 30,
lists were presented in the order 1,...8, with 1 and 5§ at 45 dB(A), 2 and 6
at: 30 dB(A), 2 and 7 at 70 AB(A) (all these in quijet), and 4 and 8 at
70 AB(A) in noise (babble) providing +2 dB speech-to-noise ratio. For ease
of reference the results are given in Table 12, paired as above, in order

of ascending difficulty.

Table 12: Results of free-field speech audiometry {Group YN)

Subject Number of errors per list AV. & arrors in
70 AB{A) 45 AB(A) 30 AB(A) 70 AB(A) quiat noise
4 noise
3 7 1 5 2 [ [ 8 1-2-3= 4-8
5~6-7

1 1 1] o} 0 & 2 2 2 5.0 6,7

2 5 4 o] 1 4 4 B 5 10.0 21.7

3 0 0 (o] 2 0 2 8 3 2.2 10,3

4 0 o o] 2 7 4 9 4 7.2 21.7

5 o 0 v] 2 12 6 5 4 11.1 15,0

6 ] 0 0 1 7 7 5 3 8.3 13,3

7 2 1 [+] 1 2 10 10 5] 8.9 26,7

a [y 1 3 1 2 1 4 ;] 4,4 20.0

9 3 0 0 1 9 9 9 10 12.2 31.7

1o 0 1 0] L 12 5 5 3 10.86 13.3

11 0 2 0 o 2 4 6 3 4.4 15,0

12 1 1 1 4 12 7 10 10 14.4 33.3

13 0 1 o] 1 [+] o 6 8 1.1 23,3

14 o 2 2 ] 3 1 12 1 5.4 38.3

15 ) 1 2 2 2 14 7 a 11.7 26,7

16 0 1 o 1 -] 2 3 ] 7.2 11.7

17 0 1 1 2 L] a 7 3 9,4 16,7

18 0 L [v] 0 4 2 1] 6 3,9 23.3

19 0 1 0 3 a 5 10 3 9,4 21,7

20 0 o 0 0 € 0 9 2 a3 18.3
Av,

arrorn (%) 2.0 3.0 1.5 5,7 18,7 15,5 23.8 17.8 7.7 20,8

8D 3,6 7.8

- /’7 -
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The results indicate that the 1lists were not of equal intrinsic
airfficulty, in particular liet 1 appears to be appreciably easier than list
5. The other pairs also show some differences. For these normal subjects,
the intelligibility at 70 AB(A) in noise was comparable with that at 30
dB{A) in quiet,

In order to characterize the performance of individual subjects and
minimize random error, the Bsix resulte in quiet and the two resulte in
noise have been averaged, and are givan in the form of percentage errors in
two right-hand columng of Table 12 respectively, The grand averages and
atandard deviations in these columns should not be compared directly, but
are ubed separately as the basis for evaluating SAQ and SAN indices for the
fion-normal groups respectively,

6.2.6 Queptionnhaires
6.2.6,1 Section I: Heagring Ln generat

Yhe initial method of scoring for thia Section waeg to award 12 points
to each guestion (excluding @n, 14 on use of ear protectora in occupational
noise, which was not scored far group YN}, Within each question, the
responpes weréa scored 0-3~6-9-12, 0-4-8~12 or 0-6-12 according to whether
there were 5, 4 or 3 "boxes", Qh, 8 was scored 0 for “No*, 6 for a "Yep"
unlenos followed by "I need it louder", in which case it scored 12, 7he
Free repponpe parts of Qna. 8 and 9 were not scored, and "not applicable®
wae scored O where thin option was selected,

The guestions were classified as relevant to D (1, 2, 3, 4, 7, 10, 12)
and H (5, 6, 8, 9, 11, 13, 1%) respectively, actcornling to the jintent of the
queationn, In one or two cases the classification has been found
retroapectively to be slightly ambiguous (Qn. 4 "Do you think other
people notice that you have any problems with your hearing?“; Qn. 9: "“How
do you get on with hearing the sounds of daily life?"), As will be bseen,
the results are nobt sensitive to the minutiae of classification of single

quastions,

Tablos 13 and 14 give tha resulta for each subiect upder the headingo
of D and H respectively. It is immediately apparent that the queetions
produced a widely varying range of mean responsas from group YN, In
particular, question 11 ("In conversation with people that you don't hear
vary well, do you ask them to repeat what they sajd?") evoked a high
response acore suggesting that this intended “reaction to auditory failura*
wan not construed as implying handicap. Three of the handicap queations
{5, 6, 13) and disability question 4 cevoked no response from the normal
group, which is predictable, Question 2 (“Is your hearing getting worse?")
should Bo in the same category but one subject (male studant, aged 20) gave
*slightly lasg good®, and tha same subject also gave the minimum non-gero
ragponpe to gqueation 15 which strictly applied only to tinnitus after work;
theso responpes must o considersd idiosyncratic, Somewhat surprisingly
only b out of 20 congiderad their hearing “"perfaect" (Qn. 1), and a majority
reported “sopetimes® having *to make a special affort to hear things®
(Gn. 3). Inptant dirsctional parception was claimed by only 8 out of 20
{Qn. 7). Quostion )2 was intended to distinguish betwesan sensitivity and
parcoptive digsability. None of tha gubjects admitted tha latter but 1l out
of 20 acknowledged some difficuliy hearing other people if “they don't
gpaak loudly enough®,

- 40 -



Group YN individual scores on

Rueat ionhaire Section I:
dipability questions

Tablae 13

Score on each question Total score

subject

12

10

8.3
14,3

10.7

20.2

28,6

13,1

20.2

15.5

17.9

21.4

1o

16.7

11

25.0

12
13
14
15

11.9

7.1
16.5

pEvY)

4.8
4.8
8.3
9.5

11.9

16
17

1
19
20

14.3

l2 28

20

e 22

Av. Bcore (%)
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Group YN individual gcorea on handicap

Questionnnire Section I:

quizstions

Table L4

Total score

Score onh each questian

subject

15

13

11

0.0
c.0
7.1
3.6

15,5

19.0

14,3

iz

14.3

17,9

b4

7.1

11

iz

-, MO
-~ C -~ 0
oo™ ™
cam ©oo0

13
14

]
16
17
lg

0.0
0.0

19
20

7.9

41
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Further consideration of these results is deferred until the
corresponding data for the impaired groups are presented,

6.2,6,2 Section [[: Hearing in particular situagtions

The questions attached to the nine psituations were classgified, as
above, under the headings of O and A. The A category included, for each
aituation, a qQuestion relating to "reaction to auditory failure", and, in
the case of gituations A, B and D only, a question on "how much it matters®
if there are hearing difficulties (the second question wae only applied to
the situations judged to be of fairly common occurrence ).

Question 1 on each situation was scored 1, 2 or 3 for '"naver",
"sometimes” or ‘*often" respectively, and this number was usad as a
multiplying factor for the other responses on the same sheet, Strict logic
might call for a weighting of zero for "this never happens to me" but it
was felt that the small weighting factor 1 might be reasonable for
rasponses based on an inferred appreciation of the situation in question.

Questiocn 2 on each situation (Qn. 3 in the case of situation J) was
ascorad O to 60 in steps of 20 (60 was chosen as the maximum score, being
the lowost common multiple of 2, 3, 4 and 5). Question 3 {except
pituation D, where it was omitted and situation J where it was numbarsd
@n, 4) was scored according to the number of items ticked (e.q,, 12 pointa
for each box in situation A, 15 each in situation B, 10 each in situation
C), ‘The "reaction to auditory failure" questicns (a.g., Qn. 3, Bituation
A) ware scored by the experimenters' Jjudgement of the importance of the
dapcriptions (and in the case of multiple ticks, selecting the worse case),
cut of a total points score of &0, For example, in situation B, the
rappannes were scored as follows:

*apk the paraon to speak louder" ve. 20
“pratend I heard" Vea eae wae .. 4O
“avoid such gatherings" ... ... ... 60

. In situations A, C, D, E, F, H the response boxea were in the same sequance

an the points awarded; in situation G the first two options were rated
egqual, hut above the third option; the fourth and £ifth optione wera rated
succassively higher (asteps of 15 points in this case). “Not applicabla®
and f{rees-range responses were scored zero, In addition to the
“familiarity” weighting from Qn. 1, a further weighting was applied in
calculating thea composite scores over all questions in both the O and #
categorien: quostions J4 (in D} and A4, A5, BS, H4 and J5 {or 6) were
weighted 0.5 and all remaining queastions were weighted 1, based on a
judgement of the comparatjive dimportance. It is recognized that those
adijustments are rather arbitrary but Bsome equalization of contributions
from different situations appeared to be appropriate, ‘The waighting (0.5
or 1) is already applied to the data tabulated below,

Tables 15 and 16 give the resulte for each subject under the haadinga
of D and H reapectively., Responsas are tabulated before the application of
the multiplying factors, w. In the fipal column the subject's total scoro
i8 given as a percontage of the maximum possible score, with w = 3 for all
quaptions, At the foot of each individual column, the mean percentage
score is shown., ‘Ihese values are unweighted and therefore not directly
rolated to the grand average scores at the foot of the last column in both

- 51 =



Table 15: Questionnaire Section IT: Group YN individual pcores on
disability questions

Sub- Score on each question®
ject A B c ) E
1 2 3 1 2 3 1 2 3 1 2 1 2

1 3 20 0 2 20 0 2 40 10 2 20 2 20 O

2 a 20 12 2 20 1§ 2 40 10 2 20 2 =20 1§

3 2 20 12 2 20 15 2 a0 10 2 0 2 40 30

4 2 20 12 2 20 15 2 40 10 a 20 2 20 1§

5 2 20 12 2 20 15 2 40 10 2 20 2 20 30

& 3 o © 3 20 158 2 20 20 3 o 2 20 10

7 3 20 O 2 40 60 2 40 10 2 20 2 40 O

8 3 o 0 3 20 15 2 20 10 2 o 2z 20 ©

9 2 6 © 3 20 30 2 20 10 2 20 2 20 15

10 1 20 12 2 20 30 2 A0 20 2 20 2 40 30
j 1 2 o 0 2z 2w 18 2 20 1o 2 20 2z 20 15
| 12 2 20 12 a 20 15 2 40 10 2 0 2 320 15
. 13 3 o 0 3 20 LS 2 20 10 2 20 2 o o
; 14 3 o © =2 220 15 2 40 W 3 20 2 20 18
; 15 3 o o0 3 =20 30 2 20 2 2 20 1 O ©
J 16 2 20 ©0 2 =20 130 2 40 lo 3 20 2 20 18
,f 17 2 20 12 3 0 15 2 40 20 3 20 2 20 15
: 18 3 ¢ o 3 20 15 2 40 10 2 o 2 20 15
l 19 2 20 24 2 20 15 2 20 20 2 20 2 20 30
f 20 z 20 © 3 22w 15 2 20 lo 2 2 2 20 1§
i
1
! Mean (%) - 20 o - 33 32 - B3l 21 - 28 - 35 25
j Mean w* 2.4 - - 2.5 - - 2.0 - - 2,3 - 2,0 - -

(Table continues)

*he waight w is the response to question 1 for each situation. Scoren
on the remaining questions are given before application of this weighting

factor,
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Table 15 (cont'd)

Sub- Score on each question weighted
ject F G B J total
1 2 3 1 2 3 1 2 3 1 3 4 asecore (%)
1 2 20 12 2 20 12 3 20 20 2 20 30 21
2 2 20 24 2 20 22 2 40 40 2 20 10 25
3 1 20 12 2 20 24 2 40 20 2 20 30 24
4 2 20 0 z 20 12 2 20 40 2 20 310 23
5 1 o 24 2 20 24 3 20 20 2 20 20 23
6 2 o] [¢] 3 o 12 3 0 4] 3 O ¢} 11
K 2 20 24 2 20 24 2 20 20 2 20 30 28
a 2 20 12 2 20 24 3 20 20 2 20 10 is8
9 3 20 12 2 20 12 3 20 20 2 20 10 22
10 3 20 12 3 40 24 3 20 40 2 v] [+] 30
11 1 0 12 2 20 12 2 20 20 2 4] 10 14
12 1 20 24 2 20 12 2 20 20 2 20 10 20
13 b 0 o 2 20 12 3 0 0 2 0 0 9
14 2 o 0 3 20 1z 3 20 20 2 0 0 17
15 2 o 12 2 o 0 k| 0 0 2 o 20 11
16 2 20 o] 2 20 12 2 20 20 2 20 10 21
17 1 o] [+] 3 20 60 3 20 20 2 [¢] 20 26
1s 2 0 4] 2 20 24 3 o] o] 2 [¢] 0 12
19 2 0 (o] 2 20 24 3 20 o 2 20 20 20
20 1 [+] 1] e 20 24 3 20 20 2 20 ko] 22
Mean (%) - 17 1§ - 32 131 - 30 3D - 20 a8 19.9
SD 5.9
Mean w 1,7 -~ - 2.3 - - 2.7 - - 2 - -
_53_
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11

13
L4
15

16
L7
1.8
19
20

Moean
(%)

L L

Liss

15
1.5
LS
15
15

30

15
15
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footnote Lo Table

Quostionpaire Section [L;

handicap questiony

10
20
20
20
10

A0
20
60
20
20

20
20
20
40
20

/O
A0
20
20
20

40
20

20

A2

10
20
20
10
10

10
3o
10
30
10
L0

20
10

43

15,

20
20
20
40
20

40
20
20
20
A0

40
B0
20
20
40

20
20
20
40

47

Group ¥YN individual scores on

Score on each yguest ion®

3

A0
40
40
40
A0

40
20
40
20

A0
50
i8]
A0
20

40
6O

40
a0

1]

D E F G
4 4 4 4
20 0 a0 ls]
20 20 0 15
20 20 30 30
20 20 45 LS
20 %0 30 15
o] 20 ] LS
20 20 Ele 16
20 0 30 .15
8] Q 30 L5
] 20 30 15
20 20 45 LS
40 8] 45 0
o Q 0 15
28] 20 30 15
] 20 30 4]
] 20 0 15
o] 60 60 15
[+ 20 0 5]
o K0 30 L5
0 Q o] 0
*2 0 Al 29

15
io

a0
L%

Ls
15

15
15

L

The same wiighting factars apply.
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Tables. They serve to give an indication, however, of the freedom with
which the scales were used by subjects. Percentages are in all cases based

on the maximum possible.

Inspection of Tables 15 and 16 reveals surprisingly high percaentage
scores on some questions, notably C2 (i.e,, public address announcements
not usually clearly heard) and D3 (i.e., usually ignore a casual remark if
not properly heard). The "handicap” questions generally attracted higher
scores than the “disability” questions (28% againet 20%), whilst the
coefficients of variation were nearly the pame (30%, 31%). Pamiliarity
with the situations was rated on average between "sometimes" and “often”
for all situations except P (formal meeting around a table) and wan
greatast, rather unexpectedly, for H (talking to a clerk through a grille).

In order to facilitate comparison between the performance in the
slmulations (Chapter 6.2.4) and self-assessment by questionnaire, +tha
relevant portions of the latter are extracted in Table 17. The “pocial

Table 17: Questionnaire Section II: Group YN results for situation B and
gituations B-C-G combined, for disability and handicap

questions
Subjact Percentage score (weighted)
Situation B Situations B, C, G

D H 2] "

1 1 30 19 29

2 19 30 22 24

3 19 59 24 41

4 19 io 22 0

5 19 22 24 21

& 29 33 20 34

7 56 30 a6 24

;) 29 44 23 30

9 452 56 25 35

10 28 22 kt: 29

11 19 3 ls k]

12 29 78 25 62

13 29 33 21 28

14 19 37 25 29

15 42 33 21 27

16 28 7 24 14

17 12 44 3a 33

18 29 22 27 21

19 19 15 22 17

20 29 a3 28 41
Mean (%) 26,5 34.8 25,1 30.0
80D 10.6 15,9 5.8 10.3

- 55 -



gathoring”, "public address announcements™ and “listening on the telephone”™
are mirrored by situations B, € and G of the Questionnaire Section I
rospecl.ively, ristening to speech 1in noise (as in tha free-field
audiometry, Chapter 6,2.5) may be compared with situation B. Par
completeness the B and B-C-G questionnaire results are given both for the D
and § categorieg, although it might be expected that correlation with the
gimulations would ba higher with D, since the simulations do not depend on
the handicap as such, The scores arae weighted as already deacribed.

It will be rocalled that the answer sheets for three of the situations
(B, C, G) ware returned to subjects after experiencing the corresponding
simulations, A few sul¥jects availed themselves of this to revise one or
more of their previous questionnaire responses. Tha alterations were
ignored in gcoring the resulta, but some general inferences from them are

discussed later,

6.2.6,3 Section [[I: Reaction to simulated saltuations

Referring to Appendix E, responses to this section of the questionnaire
are coded 1-2-3-4-,,.. according to the box or boxes ticked for each
quastion, Froa responses where this option was exercised (for exampla,
»other” for Qn. 1 of the simulation of a mocial gathering, and "Any other
commant?” for Qn, 4 of this simulation) are coded x, and no response is

coded NR.

gn, 3 of simulation 3 is coded 1 for right-handed subjects, that is,
those writing with the right hamd and holding the telephone in the left;
conversaly it is coded 2 for the left-handad. @Qn. 4 i8 coded 1 for those
who normally hold the telephone in the same hand as used for the test, 2
for tha contrary {meaning that the test was awkward for them in this
renpect). Taelephonically ambidexterous subjects are coded 3. No subject
{ fortunately) tried both to hold the telephone and write with .the same

hand,

Table 18 gives a summary of the results for the YN group. Some
questions (e.g., Qn. 2 on each simulation) admitted of only one response
and the totals for these equal the number of subjects in the group (20};
others admitted of multiple rosponses, so that the totals ars variable,

The moan results for the “degren of difficulty" questions (Qn. 2 in
fach case) lie betwaen "a bit difficult” and "quite difficult", tha social
gatharing proving to be slightly easier than the other two,

The "rasemblance" ragponses (Qn. 4 of the first and sscond simulations,
on, 6 of the third simulation) were reasonably satisfactory, lying between
“vary closaely" and "in some ways" in each case, Subjects found the
raeproduction of tha public address announcements to be quite realistic, and
ware (not surprisingly) somewhat leas convinced by the audiovisual scenario
of simulation 1, although 7 out of 20 awarded even this the accolade of
very closo rapamblance.
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Table 18: Summary of responses of YN group to Section I[II of the
Queationnaire.

Queption Number of occurrences of each coded response
1 2 3 4 6 €6 7 X NR Total Aav.»

Simulation 1 (social

gathering}
1 : 4 3 B 10 6 0 [s] 3l
2 1 11 8 o 0 20 2,35
3 3] 0 B 1 6 1 1 4] s} 23
4 7 10 3 4] 4] o] 20 l.80
Simulation 2 (annouhce-
ments in a concourse)
1 0 0 16 5 5 o] 2 4] a7
2 o 1 3] 1 4] 20 2.50
3 9 7 5 [+] 21
4 16 4 O © 0 0 20 1.20
simulation 3 (telephone
1listening in noise)
1 7 1 1 10 7 [+] 3 [ +] 29
2 0 10 7 2 o] 1 20 w*x2.58
3 17 3 0 20
4 9 9 2 s} 20
5 2 17 4 aQ o 28
[ a8 10 2 o ] o 20 1.70

* The rating scales (easy = 1.,... almost impossible = 4, stc.) are
troated metrically for this purpose.

»* Excludes the “nd rappanse category

6.2.7 Normalized indices of impajrment, disability and handicap

For subsequent compariscn between the YN and the impaired groups, the
YN group results are re-expressed in a normalized form, as distributions
with zero mean and uhit standard deviation, For exampla, the left ear
hearing threshold 1level H, is transformed to +the variable
aLI' = (A - 1.1)/6,2, the constants being those in tha 4 kHz columh of

Table S,

Table 19 lists the normalized indices. The symbol a is used for
those derived from the impairment measures, p for those derivad from the
listening parformance teats {simulations and free-field ppeach audiomotry),
d and h regpactively for thosa derived from the ‘'disability' and
'handicap' quostions of the questionnaires, and a3 (for ‘'self-agosspmant’')
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puant iLy characterized

HL,

HIT,

HIL,

T L

T2

LIS

1 K2
av, 1,2,3 kHz
av, 3,4,6 kHz

leit ear
rignt ear
LR av,

left @ar
right ear
LR av,

lett ear
right oar
LR av.

it car
right ear
LR av.

left ear
right ear
LR av,

composLte temporal coaolution

inpaLoment measure

Fo- 1

S 2

Tnlt ear
right oar
LR av,

efit car
right eart
R av,

compesite {requency selectivity
impaltrment measuro

CR- L

cR 2

left ear
right ear
LR av.

lett oar
rignht. rar
LR av.

Avarane of critical ratios

CROLoamd R 2 (TR av.}

oF H

Lt oar
rignt oar
LR av,

T Y
1.05 6.18
0,70 L.16
0.l8 5.11
-0.42 4.68B
0,37 4.40
-0.02 4,09
2.32 5.17
2.30 3.44
2.31 3.u8
-0,708 0.316
- 0,734 0.266
~0.721 0.172
- 10.9% 5.05
-9.5 3.1
-10.0 2,83
dg = {a,
6.6 6,55
34.6 4.00
5.6 4.69
-23.4 4,50
24,5 4,30
-24.0 3.58

To ¢ (e g ag /L9

24.0
24.9
24,4

2h.9
24.1
24,5

4.5

4.16
3.76
3,46
3.86
4.70
3.7

3.81

as
as
dB

daB
aB
aB

dB
a8
ap

-

ap
aB
(=]

4 ay)/1,801

o1}
aB
ap

as
an
ap

[=1:)
as
an

an
a8
aB

=11]

an

dp
qas

{Table continues)
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Tabie 19 (cont'd}

Normalized Quant ity characterized x ¥ Unit
index
a.b left car -5,7 l.94 4B
a, K OF L right ear -5.9 3.15 4B
a;, LR av, -5,8 1,66 dB
a,5 Composite measure of off- frequency  a,. = (a,.ta,,)/1.492

listening impairment

Pis Errors at simulation 1 (social 13,3 6.5 %
gathering)
P> Errors at simulation 2 26.6 11.5 %
{ announcements )
Pis Errors at simulation 3 (telephone) 16.9 9.50 %
Pio Composate measure of errors Pio = (PratPLstPLa }/1.992
on three simulations
Fao Errorc at SAQ, av. 30, 45, 70 dB{A) 7.7 3,65
Pas Errors at SAN, 70 dB(A), 8/N = 12 QB 19.9 7.81 %
daz zcore on D ogns 14.3 6.55 b
Nas Q'nnaire Secn. I score on f# ons 7.9 6.59 %
P cCompugite Score  5,, = (dyth,,)/1.737
das 3core on D Qns 9.9 5.92 %
Nze f'nnarre Secn.Il seore on H gno 20,2 8.780 0%
S COMpOS1te SCOIC 9,, = (dygih,q )/1.662
dzp 26.5 10.6 %

Nap An d,, nte, but "situation B" only 34.8 15.9 %
S30 = {dagthyg /1. 428

930

dy, 25,1 5,76 %

hap Az dy, otce, but "situations 0.0 10,3 %

92, B, ¢ and G aohly Guy = {(dy, 40y, )/ 1. 464
for combingd measures of [} oand H  from the questionnalres, For each
cntry, the normalized index for an individual 19 egual to (ay - V¥
where Aj; 1s the individual score ain the origipal scale. The unit in

which =z, ¥ and the original measure 4 are expressed is included in the
Table for reference. Note that for the indices a,, a, and a, the HI'L
means (X)) are yneorreccrd tor walibrataon, and correspond to the indaviduat
Qata in Table S,
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6,3 Rosulta for nolaso-impalred group NI

The resultsa for the NI group are given in the geries of Tables 20-32 in
the same order and format as Tables 5-6 and 8-18 for the YN qroup, An
evaluation of the NI group results relative to normals is made in Chapter

6.,3.7.

6.3.1 Pure-tone audiometry

Table 20 gives the rasults of the pure-tone audiometry (cf. Table 5).
Tha mean lwarihg threshold level of the group (last block of Table 20)

Table 20: Results of pure-tone audiometry {Group NI)

subject  Age/sex  Ear 0.5 1 2 3 4 s
101 53 M : : 3 ;.g 22 i; 32 zg
102 49 M ; 13 3 g 1; :g g: 3:
s soom B8 22 a4 o &3
e N I
105 oML e aw s m w
106 O - D G
o e w Lo 2oMoo2o g m
108 52 M :{ 33 g: ;g :: 3; if ::
109 2 F 'R' 2 : : ;: 1; l: 22
110 23 M ;‘ '2 3 1-? 3 g ?.: z
111 21 M : 2 : 2 -‘Bt t ;: 1:
nz2 46 M :{ ]2 li 82 j: g: gg :’:;
13 a2 M L‘ lg :'; :: 2: ‘:g :;g 22
119 LI . s . y s e 0 1a
S - S

{ Table continuog)
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Table 20 (cont'd)

Subject Age/sex Ear 0.5 1 2 3 4 & 8 KHz
me sew L2 oMomomosmmoow
woomow ko3 owoEmomomo
ML e sz s o1 1 1
S Y G
320 - oS
m wow po%o3momomoEomo
T - S G
122 T A S GG
woowmw E0 Do owomoom
Mean 25 L 1.4 14.3 19%.0 25,3 30.5 40,7 33,6

R 9.4 1l1.4 15.6 21,3 256.1 35,1 36.1
3D L 1¢.7 1.8 21,3 21.1 21.7 23,9 27,4

R 7.4 14.0 17.0 17.5 16.7 17.9 21.5
True HTL L 9,9 14,8 20.0 25.32 30.5 a?.0 3s.2
{4B re IS0 389 R 8,7 1l.1 16.4 20,3 23,9 29.3 34,8
ADL}

increases towards the high frequencies as would be expected for this older
noise-exposed group. The dispersion, however, ia large due to the wide age
range and varying noise exposure histories, There is a marked, and
unexplained, tendency (not statistically significant) towards greater
hearing loes in the Jeft ears, not seen in the results of the ¥YN group,

of the 24 subjects in the NI group, five exceeded the audiometric level
deemed to repregent a hearing handicap according to British Standard 5330
(Hyas > 30 QB); these are numbers 104, 106, 107, 108 and 113, Ten
gubjects fell into the category identified by SUTER (1978) as departing
from normal on the basis of speech intelligibility (H,,, > 17 AB); these
ware the & already mentioned plus numbers 112, 116, 121, 122 and 123, The
remaining 14 subjects all had hearing threshold levels greater than the
average normal but below Suter's 'low fence': the hormalized audiometric
indices (Table 19) for thepe 14 subjects lay in the following ranges:

0.0 ¢ a, ¢ 7.5 0.3 ¢ a, ¢ 3.2y 0.5 ¢ a, ¢ 7.9,

- 61 ~
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6.3.2 Temporal resolution and ecritical ratiog for an cctave band
masker

Table 21 gives the results of these tests for the NI group {(¢f. Table
6), The mean values on both of the temporal impairment measures TI-1 and
TI-2, and on the critical ratio CR-1, are all raised relative to the YN
group, and the dispersions are larger in each case, The elevation is
statistically significant in the case of CR-1 {left ears, t = 3.36,
p ¢ 0.01; right ears, t = 3.52, p < 0.01), but not so for the measure TI-1
(left ears, t = 1.83, N.S.; right ears, t = 1,80, N,S,) nor TI-2 (left
ears, t = 1.97, N.S,; right ears, t = 0.9%7, N.S.)

Table 21:; Results of temporal resolution and octave-band critical ratic
teata (Group NI)

Subject TI-1 TI-2 (4B) CR-1 (dB)
L R L R L R
10 =0.44 ~0,64 ~7 -9 23 23
102 -0.72 ~0.42 -13 -5 26 26
102 -0.5% ~1.7% -6 =14 20 22
104 ~0,20 -0,27 ~4 -7 35 a3
105 ~0,37 ~=1,08 =1 =13 26 29
106 -1.67 +0.43 - +3 28 25
107 [+ ~0.08 ] -1 26 33
Q8 ~0.46 -0,80 ~12 -12 33 24
109 -0.65 -0.24 =11 -5 30 3z
110 ~0,3% ~0.73 -6 =11 25 27
111 ~1.,0% -0.86 ~16 -12 26 29
112 -0.17 -D.26 ] -5 27 22
113 -0.19 -0.20 -5 -4 34 a2
114 -0.61 -0,71 =11 =15 19 44
1156 ~0,21 ~0,60 -3 =12 26 28
116" ~0,15 =-0.37 ~-2 -8 g 28
117 -0.24 -0.61 -6 -1 28 0
118 ~-0,68% ~0.78% ~-11 ~12 27 28
119 -0.80 ~0.57 =16 =12 a0 35
120 =-0,24 ~0.79 -4 -15 27 a3
121 -0,11 -0.21 -3 -4 30 39
122 -0,14 ~0,14 -2 -3 35 46
123 =1,50 ~0.65 =18 -13 3 a3
124 -D.58 +0.03 =14 +1 iz 0
Mean -0, 50 ~0,51 -7.8 -8.2 28.7 30.5
sb 0.42 0.43 5.1 5,2 5.0 6.2
- 63 =
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6.3.3 Fregquency selectivity, off-frequency listening and critical

ratio for a broadband masker

The results of these tests for the NI group are given in Table 22 (cf.
Table 8). The mean values and digpersions are all raised relative to the
¥N group and in the case of the measures PS5-1, F5-2 and CR-2 the elavation
ia much more marked than in the case of the temporal impairment and
octave-band critical ratio measures (Chapter 6.3.2), Statistical tests

Tabhle 22: Repults of frequency selectivity and off-frequency liatening
teats, and broadband critical ratio, in decibels (Group NI)

Subject FS-1 r8-2 OF-L OF-H CR~2
L R 7] R L R L R L R
101 34 38 =11 -21 -2 -3 -4 -4 20 24
102 52 52 -9 -12 -2 -2 -7 -7 26 29
103 13 27 ~-24 -25 -2 -7 -11 -4 22 i7
104 75 62 -4 =7 -2 =7 -2 -7 4 34
105 s 42 -28 -21 -4 -4 -4 +l 27 28
106 74 71 -6 -11 -1 +7 -9 413 45 47
107 88 90 -11 -2 +1 -6 -3 -~ 64 5
108 54 7 =12 -23 -4 —6 -2 ~5 a1 256
109 a9 48 =28 -17 -1 =13 +1 -10 32 e
110 39 s =21 -25 -8 -8 -9 -9 25 24
111 33 43 ~29 -23 ~5 -5 -6 -1 27 31
112 87 52 -5 -12 -4 -4 -7 ~6 27 29
113 84 83 -6 -7 =] -1 -12 -~-11 b 55
114 19 51 =15 =17 -5 -2 -4 =10 29 a3
115 &7 42 ~10 ~21 -6 -2 -20 -9 az 28
116 a6 a3 -6 -1 +2 =1 -9 -6 57 49
117 51 51 =13 =17 -5 =10 =16 ~-17 29 33
11e 41 an ~-22 -24 -8 -8 =10 -8 28 27
119 53 43 -21 ~-25 -11 -4 -12 -8 a9 33
120 h2 54 =15 -12 -4 o} -8 ~9 22 a1
121 64 81 =5 -7 -2 ] -4 -11 % 53
122 a0 54 =1 -4 o] tl -4 k1l 56 33
123 80 47 ~20 =21 -2 -5 ~12 -3 5 33
124 62 62 -9 =11 +1 0 -1 -6 36 kL]
Mean 56,3 54.0 -13.8 ~15,2 -~3,}1 -3.7 -8.,1 ~-6,0 35,1 34,2
5D 18,0 17.2 8.4 7.8 3.1 4.2 5,0 5.5 12.3 10.5

- 64 =
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gave the following results:

Fs~1 left ears, t = 4,64, p ¢« 0,001
right ears 4.93 "

Fs-2 left msars, t = 4,59 p ¢ 0,001
right eara 4,76 "

CR-2 left ears, t = 3.56 p ¢ 0,001
right ears 3.94 "

opP-L left ears, t = 3,27 p ¢ 0.01
right ears 1,94 N.S5.

OF-H left ears, t=1,33 N.S.
right sars 1,860 N,S.

For the NI group there was a considerable difference between the mean
values of CR-1l (octave band) and CR-2 (broadband), whereas the values were
almoat identical for the YN group. fThis difference might be explained on
the basia of critical band widening on the part of the NI subjects and the
PS5 tests certainly indicate such a broadening. However, thip explanation
is possibly spurious. As indicated by the YN group results (Chapter
6.2.3) the average critical band was of the order 300 Hz wide and this is
gome 9 times smaller than that of the octave-band masker. Unleas the
¢ritical band is upwards of 10 times wider in the NI group than in the YN
group one would thersfora expect no difference between CR-1 and CR-2. This
geams very unlikely to be the case for the average of the NI group,
containing as it does a large proportion of only mildly impaired persons;
it could, however, ba the case for a few of the more impaired individuals.
Examination of the data shows that the subjects mainly responsible for the
mean Aifferance betwhen CR-1 and CR-2 are those already identified as
axceading the 'low fence' of BS $330, and they have sloping audiograma. An
alternative explanation of high CR~2 valuss 1is that the lower part of the
broadband noise masker spectrum is heard much loudar than that part local
to the probe tone, and thus exerting a remote-masking effect exceeding the
local maogking, Unfortupately time limitations imposed by the experimantal
protocol precluded testing the frequency selectivity in more exacting
detail, and the 2ignificance of raiped critical ratios for the broadband
masker ramains indeterminate, The better basis of comparison between NI
and ¥N subjects appears to be CR-1, and the alternative measure CR-2 has
been discarded in the further copsideration of the present results,
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6.3.4 Simulated listening situations

The method of scoring the results of theee testp was the same as that
described in Chapter 6.2.4.

6,3.4.1 Soctal gathering

The results of this simulation for the NI group are given in Table 23
(cf. Table 9), The pattern of errors in thisa name-and-addrass tasgk in
similar to that for the ¥N group, the greatest Aifficulty again Dbeing
exXxperienced with the surnames and the street and town names, whilet
comparatively faw srrors were made on the initials, atreet classifiers and
numaral groups. The grand average error score for the NI group was 26,2%,
twice as many as for the YN group, and the disperaion was also nearly twice
aA large (11.0% compared to 6.6%).

Table 23: Results of simulation of social gathering (Group NT)

Subject Errors per component Total
1 2 3 4 5 6 ? 8 errora

(%)
10l o] 1 o] [#] o) 2 4] 3 3.8
102 4 11 4 12 6 12 0 3 3z.5
103 L 7 0 6 3 2 4] 2 12,1
104 b & 12 1 12 [ 12 3 16 38.7
105 L 6 a 12 1 7 0 [+] 16.9
106 2 12 o] 13 2 7 3 5 27.5
107 3 12 3 13 8 a 1 12 7.5
108 3 8 1 13 3 12 5 7 3z2.5
109 o] [ o] & 0 3 1 2 11.3
110 3 10 [+] 7 Q %4 2 8 19,4
111 3 12 1 16 4 10 2 10 36.3
112 3 14 ¢/ 11 3 9 3 3 30.6
113 L 13 2 12 2 9 7 9 36.3
114 L3 10 ) 12 & 7 3 18 40,0
118 o 7 1 5 1 L) 1 2 13,1
1186 3 10 2 5 2 4 1 7 21.2
117 Q 4 o] 7 3 5] 2 4 16.3
118 2 9 0 9 4 B8 1 1 21,2
119 1 9 <] 13 3 B 3 12 as.,8
120 1 [ 2 1] 1 3 2 1 15.0
121 8 8 7 15 6 11 [ 12 45.6
122 2 12 1 10 4 ;] 1 ] 27.5
123 & 9 1 g9 o & & ] 23,1
124 1 14 0 1L 7 10 3 9 4.4
Maan 2.25 9.25 1.58 9,88 3.08 7,08 2,25 6.58 26,2
30 1.85 3.25 2,21 3,76 2.34 3,22 1.87 4,84 11.0
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6,3.4,2 Unexpected annouticements in a publiec concourse

The results of this simulation for the NI group are given in Table 24
(cf. Table 10), Tha grand average arror rate was twice as high as for the
YN group (52,5% compared to 26.6%), and the pattern is asimilar, However,
whereas the YN group made no errors at all on questions 3, 8a and l0b, all
questions elicited errors in the NI group, Particularly notable is the
differing performance on this and the name—and-address tasks on the part of

subject 101,

Tablae 24: Repults of simulation of announcements in a public concourse

{Group NI)
Subject Errors in each guestion Total
errorg
1 2 3 43 a4b § 6 7 Ba sb 9a 9b 10a 10b ")
101 1 0,5 0 1 1 0 1 b 0 1 8] 1 [+ 1 60.7
102 1 1 0 1 L 0 1 3 o 1 1 0.5 0 1 67.9
103 1 4] 0O 0.5 1 0 0 1 4] 1 1 0 4 0.5 %42.9
104 1 o] 1 1 1 13 1 1 0 1 1 0.5 0.% 1 78.6
105 1 Q c 0.5 1 © 1 1 o] 1 1 4] 0 o 46 .4
106 [} o] 0 1 1 0 1 1 ] 1 1 Q0 0.5 o} 46 .4
o7 1 ¢ o 1 11 1 ¥ 1 1 1 0o 1 1 78.6
108 0 Q 1] 1 1 0 1 1 0 0 0 1 1 1 50,0
109 o 0 9] 1 1 0 1 o] o] a o 1 1 1 42.9
110 0 1 o} 1 1 0 1 1 o ¢} 1 [s] Q 0 42.9
1t 1 0 1 L 1l 0 L 1 0 0 1 o 1 0 57.1
112 1 [¢] 0 0 1 0 1 8] [+ 1 0 0 0 0 20.6
113 1 1 4] 3 1 0 0 1 1 1 o] [a] [»] 1 57.1
114 0 1 0 1 1 0 1 1 0 1 1 1 o] 1 &4.3
115 o] 0 [¢] 1 Q0 1 1 0 1 0,6 1 0 0 39.3
116 1 0 1 1 1L 0 o 1 0 1 [¢] o] 0 1 50.0
117 0 o] ] 1 o 0 1 1 o] 1 o] 0 o] [} 28,6
118 o 0 0 0 1 0 1 1 0 o] 0 o] 0 1 28.6
119 1 o] 0 b} 1 0 1 1 o L 1 1 1 1 71.4
120 0 ] 0 1 [« I 1 0.5 © 0 4] [+] a) 0 17.9
121 ¢ 1+ 1» © 10 ©0 1 o 1 © 10,5 1 53.6
122 s} 1 o 1 l D 1 0.50.5 1 1 1 1 1 1.4
123 1 1 1 1 1 0 L 1 4] v} 1 o} o] 1 64,3
124 1 L o0 1 L1 1 1 1 1 ] 1 s] 0 1.4
Mean 52,5
5D 16.8
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6,3,4,3 Listening on the telephone in a noisy placa

The resulta of this simulation for the NI group are given in Table 25
(cf. Table 11). As with the YN group, the mean error rate was slightly
higher on this mopaural task than in the simulated social gathering (29.0%
compared with 26.2%) but the pattern of the errors across items was
similar, As with the ¥N group, there was a markedly greater error rate on
initials compared with the social gathering, and a markedly lower error
rate on telephone numbers,

The overall error rate (29,0%) compares with 16.9% for the YN group, a
lesser difference than in the case of the preceding simulation.

faple 25: Results of simulation of listening on the telephone (Group NI)

Subject Errors per componhent Total
1 2 3 4 5 [ 7 8 errors (%)

101 2 9 o] 10 Q 6 0 2 la.1

102 9 13 2 1% 2 12 3 3 36,9

103 5 9 o] B 0 4 1 2 16.9
104 13 17 4 17 ) 13 7 9 53,1

105 k| ) 2 10 ] 6 8] Q 16.2
106 9 11 2 13 K} 11 2 6 35.6

107 g 13 1 13 ) 7 2 1 .3

108 6 10 0 12 1 io 2 1 26,2

109 4] 7 ] 7 1 7 2 1 15,6
110 4 11 a 12 1 12 4 2 28,8

111 1 10 2 1 0 12 2 9 29,4 .
112 7 11 3 14 1 10 1 4 31.9 :
113 12 16 & 1 5 13 5 3] 50,0
114 6 12 3 17 5 14 k] 10 43.7

115 5 10 2 10 1 7 o] 3 23.89

116 2] 10 4 12 1 10 3 4 32.5

117 7 13 o) 13 0 9 4] 0 26,2

118 4 S [+] 8 o 3 Q 0 12.5

119 2 ] o] 9 e} 9 1 10 24,4
120 5 ] Q 2] 0 5 0 0 15,6

121 & 10 4] 6 1 9 4] 1 20,6

122 13 11 1 12 s} 9 7 S 36,2

123 4 7 b] B o] <] 2 5 2).9
124 13 15 5 16 10 12 4 4 49,4
Mean 6,38 10.42 1.50 11,50 1.71 $,08 2,13 3.7% 29,0

8D 3,79 3.12 1,62 3,41 2.48 3.0] 2.09 3.34 11.6
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6.3,5 Free-field gpeech audiometry

The resulta of these tests for the NI group are given in 7Table 26
(cf, Table 12). Relative to the YN group, the error rate was dramatically
greater in the quiet conditions (mean over three levels 20,0% compared to
7.7%)r in the background noipe condition the difference was less marked
(30.3% against 20,8%) but the dispersion was much greater, The
intelligibility at 70 dB(A) in noise was comparable with that at 30 AB(A)
in quiet, the same result as with the YN group.

Table 26: Results of free-field speech audiometry (Group NI)

Subiect Number of errcrs per list Av. % errors in
70 dB(A) 45 dB{A) 30 dB(A) 70 dB(A ) quiet noise
+ noise
3 7 1 5 2 & 4 B 1-2=3- 4-8
S5-6-7
101 o 1 2 3 26 16 5 7 26,17 20.0
102 o] 1 7 1 ¥ 10 12 6 14,4 30.0
lo3 L 2 2 1 [ 3 12 5 8.3 28.3
104 ? 3 13 21 20 20 16 13 46,7 48,3
105 0 1 2 L 21 11 12 3] 20.0 30.0
106 14 6 23 28 0 30 29 28 72.8 95,0
107 13 1 7 1 10 17 18 12 15 41,1 45,0
108 5 B 23 20 27 ao 21 20 61,7 68.3
109 ] 1 0 1 3 4 7 2 6.7 15.0
110 6 1 0 1 4 L) 7 7 8,9 23,3
111 Q 2 4 o] 12 5 B 15 1z2.8 38.3
112 2 2 g 3 3 # 9 ) 10.6 3ac.0
113 7 5 11 11 16 13 11 10 35.0 35,0
114 B8 13 5 4 7 12 a 2 20,8 16.7
115 o] 1 [b] 2 2 3 1 1 4.4 a.l
116 2 3 2 1 8 4 7 7 11.1 23.12
117 2 1 2 2 8 2| 5 5 12.8 16.7
118 2 2 o] 4] 0 4] 4 1 2,2 8,3
119 2 1 1 ) 3 10 13 16 12.8 #8.3
120 0 1 4 3 0 1 8 6 5.0 23,3
121 0 4 & 2 5 9 10 a 14.4 30,0
122 4 2 [+] o ] 2 3 L) 7.2 13,3
1223 3 1 1 2 1 5 9 5 7.2 23.3
124 1 4 5 3 6 12 5 4 17.2 15.0
Avl
arrors (%) 0.7 8,2 17.9 17.5 33.3 22,5 32.5 28.2 20,0 30.3
SD 18.5 20,0
- 69 -
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6,2,

6 Handrcap and disability questionnaires

The method of aeorang the questaionnalre results is described in Chapter

6.2.6,

6,3,

6.1 Sweetion [ - Hearing in general

The results of this dquestionnaire for the NI group are given in
Tables 27 (cf€, Table 13) and 28 {cf. Table 14) for the questions claspified

ag relevant to D and H respectively.

Table 27: Questionnaire Section @i

disability quoestions

Croup NI individual scores on

10

P30 w2 = Y Sob @b p + 2080 b OO0 D>

csO0C

Subject Score on cach question

1 2 3 4 7

101 6 4 s} Q o]
102 B 4 4 (o} 4
103 3 4 4 s] 4
104 [} B 4 4] 4
10% 9 8 g 6 a
106 12 8 a 12 4
107 B & 1] 12 4
108 B 4 ] [} 4
10y 6 e} 4 & 4
110 3 0 4 6 4
111 6 0 4 6 4
1le & & g o] 2}
113 9 8 12 2 4
114 6 ] 4 12 8
115 3 o} 4 0] 4
116 ] 4 8 & 4
117 3 Q 4 0 4
11g 3 0 4 G ]
119 3 4 4 [} 4
120 3 +* 4 6 4
121 ] & 4 & 4
12z 3 s} 4 0 0
123 12 4 ] 12 4]
124 3 4] 4 12 4
Av. score (%) 46 3z 4% 4H L]

™~
wn

12

Total score

ag %

L B o I = Y o]

[0 = 2} [ R N R = ]

L2l N AT )

o 00Q

5D
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Table 28: Questionnaire Sectien I: Group NI individual scores
on handicap queations

Subject Score on each question Total scorxe
5 6 8 9 11 13 18 as %
101 s} o o} 4] o} s} Q 0,0
102 o o] o] o 6 0 o} 7.1
103 o] 0 0 o} 6 o o} 7.1
104 o g 12 0 9 o [} 34,5
105 4 4 12 ;] 9 4 0 48,8
106 8 8 12 4 9 4 G 60.7
107 0 4 12 L) 6 4 3 39.3
108 4 4 6 4 6 4 0 33.3
109 o] o o] 4 4 o] 3 15.5
110 o 4 12 o] 6 4 6 38.1
111 o} ] o} 4 B 4 [ 23.8
112 4 B o 8 6 4 [+] 35.7
113 B -] 12 1z 9 4 3 66,7
114 4 8 12 8 9 4 [} 60.7
115 0 o] 12 o] [ 4] 4] 21.4
116 Z] 8 12 8 9 8 6 70,2
117 [s] 0 o] 4 12 0 & 26.2
1189 4 49 o 4 6 49 2] 33.3
119 [v] 4 ] 8 6 o ] 28.6
120 [} [+] o] 0 9 [} 3 14,3
121 0 o] [+] 4 6 o] 3 15.5
122 0 v} +} o} 0 4] [+ 0.0
123 1z 12 12 4 & 8 0 64,3
124 0 o] [+] 0 6 [a] 3 10.7
Av, score (%) 19 29 44 31 55 19 22 31.5
sD 21.4

Referring first to Tables 27 and 13, the comparison of the NI and YN
groups Shows a vary large increase in solf-rated disability (39.1% compared
1o 14,3%) and a proportiopate increase in the digpersion. The contrast io
apparent on each of the 7 questioens, Even larger differences are revealed
in reapect of the solf--rated handicap questions (Tables 28 and 14) with the
excaption of @n Ll ("In conversation with other people that you don't hear
very well, do you ask tham to repeat what they said?").  The score on this
questionh was already rather high {(41%) for the YN group and it would appear
that this question in not very sensitive for comparing the impaired and
non- impaired, Overall, the NI group scored four times higher than the YN
group (31.5% against 7.9%) onh these A questions.
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&,3.6.2

Section

Il

fleartng in parttcular situations

Tha results of Sectien II of the questionpaire for the NI group are
given in Tables 29 (cf, Table 15) and 30 (eof. Table 16) for the guostiono

classified ap relevant to D and H roapectively.

Referring to Tables 29 and 15,
to boe systematically greater than those of the YN group, other than on @n.l
of each pituation {the 'familiarity' questions) where the scores are very

Group NI individual acores on

the responses of the NI group are seen

Tahle 291 Quesationnaire Section II:
disability dquestions

Sub~ score on each questionw
jeot A B Cc E

1 2 3 1 2 3 1 2 3 1 2 1 2 3
101 2 20 o] F 20 15 2 a0 10 2 20 2 20 1%
1qQ2 3 0 0 2 20 15 2 20 10 2 20 1 20 0
1031 ] 20 o] 3 20 15 2 20 20 3 20 2 20 15
104 2 20 24 2 40 1% 2 40 20 3 40 3 60 15
105 3 20 FL) 2 "0 ao 2 40 k[ 2 20 1 40 a0
106 3 20 16 2 20 3o el 40 30 2 20 2 40 a0
107 2 20 24 3 40 1% 2 40 0 2 20 2 40 15
108 2 ¢} 12 3 40 a5 2 7o 30 3 20 2 40 30
109 2 20 24 2 40 a0 2 /D 30 2 20 2 20 a5
110 ] 0 24 2 20 10 2 20 20 3 20 1 20 15
111 2 20 1z 2 20 1% 2 40 10 3 20 2 40 15
112 3 20 12 3 40 30 2 40 a0 2 20 2 20 45
113 3 40 6B 3 6O 45 2 40 10 3 40 3 60 B0
114 2 0 0 2 40 30 2 40 30 3 40 2 &0 45
115 2 0 12 2 20 15 2 20 10 2 20 2 20 15
116 3 40 24 3 40 45 2 /0 20 2 20 2 40 30
117 3 20 k] 3 20 15 2 40 10 3 40 2 40 30
118 2 20 0 2 20 15 2 20 10 2 20 1 40 15
119 2 20 2% 2 40 a0 2 a0 10 3 40 2 40 30
120 3 20 12 2 20 1% 2 4n 10 F 2n 2 20 15
121 2 20 3] 2 20 1% 2 20 4] 3 4] 1 40 15
12z 3 4] [} 2 20 1% 2 20 20 2 ¢] 2 20 15
123 3 40 J6 3 40 45 2 40 in i 40 2 40 45
124 3 20 [+ 3 20 15 2 40 10 3 40 2 40 1%
Mean (%) N 26 40 41 sH ) 40 58 42
Mean wt 2.5 2.4 2.0 2.5 1.9 -

—— s g i e

*See footnote to Table 15

S PP
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similar (average weignting w over the nine situations 2.26 and 2.22
respectively, on the scale running from © to 3). However, some dquestions
elicited a large difference between groups (e.g., Ons, A3 and F3) whereas
others proved rather insensitive (e.g., €2 and J4), oOverall, the weighted
geores averaged 31,3% for the NI group against 19,9% for the YN group.

Table 29 (cont'd)

Sub— Score on cach question Woighted
ject P G H J total
1 2 3 1 2 3 1 2 3 1 3 4 seore
(%)
101 2 20 Q 1 20 a) 2 20 a0 2 20 10 18
102 2 20 24 2 20 36 3 20 70 2 20 2] 21
102 3 o) 12 2 20 a6 k| 20 20 3 20 20 26
104 2 40 249 2 40 an 2 20 20 3 o) 10 36
105 2 20 36 1 20 6 k] 20 20 2 20 20 30
106 2 20 24 2 40 48 3 20 20 2 20 20 i8
107 3 a0 24 3 40 48 3 40 40 2 40 20 44
1089 2 20 36 2 40 k! 3 20 A0 2 20 20 k¥:|
109 2 20 24 2 20 36 2 20 40 2 20 a0 32
110 1 o 12 3 20 24 3 20 40 3 20 20 25
111 1 0 0 2 20 12 3 20 20 3 20 10 23
112 2 20 48 2 20 2% 2 20 40 2 20 30 15
113 3 60 48 2 40 B0 3 &0 60 2 50 3o "
114 3 20 12 2 20 1w 2 20 20 2 #0 30 e
115 2 20 2} 2 20 12 2 20 20 2 20 Q 16
116 2 ] 18 2 20 24 2 40 a0 2 40 20 [ 39
117 1 20 s} 3 20 12 3 20 20 2 20 20 32
118 2 20 12 2 20 L2 2 L] 20 2 20 10 19
119 2 20 249 3 20 24 2 #0 18] 3 20 10 36
120 2 20 24 2 20 L2 3 20 20 3 20 10 25
121 2 20 12 2 20 12 3 20 40 El 20 10 20
122 i o 3B 3 20 12 2 20 20 2 [ 10 15
123 3 20 24 £l 20 24 2 20 40 2 20 20 45
124 1 70 i2 2 10 12 3 20 o} 2 20 8 25
Mean (b) - a3 a6 . A2 45 . a2 449 - ip 53 3L.2
S0 12.7
Mean w 2.0 - . 2.2 . . 2.5 . - 2.1 . -
- 73 =
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In contrast, the responses to the H questions generally failed to
distinguish clearly between the impaired and non- impaired. comparing
Tables 30 and 16, it will be szeen that there was no difference in the group
mean score on Ons. A4 and B4, and very little on gn., P4y the greatest
distinction occurred on Qns, D4 and J5/J6, The overall weighted scores
ware 28,2% for the YN group, increasing to 34.8% for the NI group.

Table 30: Quastionphaire Section II: Group NI individual scores on
handicap questions

Sl Score on each question Weighted
ject A B [ D E F G B J total
4 5 4 5 4 3 4 4 4 4 4 5/6 Bcore
(%}
101 a0 10 o] 10 40 40 20 4] o] o 15 15 21
102 4] 10 20 10 20 40 20 [n) 30 15 1% 15 24
103 15 20 20 10 650 &0 o 20 30 15 15 0 41
104 o o] 40 10 20 50 20 []e] a0 15 15 3] 40
105 15 10 A0 20 A0 40 40 20 15 15 3o 15 ae
106 o} 10 40 10 10 &0 20 20 a0 15 15 15 36
107 15 10 40 o 40 40 200 20 0 30 15 2] a7
100 18 10 0 20 10 10 20 20 30 15 15 15 34
109 1% c 20 10 70 60 o 20 0 1S 15 15 28
110 15 0 20 o] A0 A0 o} 20 a0 15 15 15 24
111 15 20 20 10 a0 20 20 20 o] @45 18 30 as
112 15 20 20 20 20 40 200 40 30 15 15 (o} n
113 15 20 20 30 40 40 60 20 15 30 15 0 53
114 a0 20 40 20 40 40 60 20 o 1% 15 0 49
115 15 10 20 20 40 60 20 20 30 1% 15 15 k]
116 30 20 20 30 20 40 40 20 o 30 15 15 39
117 1% 20 20 20 20 60 0o 20 3n 15 15 15 37
118 15 10 o 20 40 40 20 20 30 30 15 15 29
119 15 10 20 10 20 40 o &0 45 15 15 15 EL-]
120 In 4] 40 Q 20 40 0 o} 15 a5 15 o} 27
121 15 20 &0 10 o a 20 20 30 30 15 o] 27
122 o] 10 20 10 20 20 20 20 18 15 15 8] 20
123 0 30 40 30 20 40 60 20 15 18 El o] 54
124 15 20 20 20 20 A0 A0 20 60 30 15 15 43
Mran
(%) 52 43 #2 49 51 71 L) ELA A2 EL) 54 L] 34.8
5D 9.1

- 74 -



BT TR ST e

e R T Y A T A ot g ey LW G . B BT L N DT TR T

For completeness, the results for aituation B and for pituations B-C~-G
are extracted and presented in Table 31. Comparison with Table 17 ghows
that the H questicons in these situations failed to distinguish between the
NI and YN groups whereas an appreciable geparation was made hy the D
queations (e.qg., 37,0% compared to 26.5% for asituation 3).

Table 31: Questionnaire Section II: Group NI results for situation B
and pitvations B-C-G combined, for dipability and handicap

questions
Subject Percentage score (weighted)
Situation B Situations B, C, G
D H D "
101 19 ? 18 16
102 19 22 22 21 ;
103 29 a3 28 3a '
104 J 37 as 27 '
105 39 a4 a1 34
106 28 k¥ 45 40
107 46 44 49 45
108 1 22 51 27
109 19 22 36 27
110 28 15 29 ?B
R i 19 22 22 a7 |
112 58 44 39 30
113 87 556 57 46
- . 114 39 44 39 3%
115 19 30 18 a0
116 71 56 43 40
117 29 44 28 33
118 19 15 18 29 \
119 39 2z 4 23
120 19 o) 22 33
121 19 52 16 3z
122 19 22 23 23
123 71 18 45 +
lz4 29 44 29 kL]
Mean (%) 3.0 35,2 32.4 32.2
8D 20.2 16,3 1,7 8.1
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6.3.6,3

Section I -

Reaction to sitmulated situations

Results for the NI group on thia part of the questionnaire are
The degree of Aifficulty reported

by this group was predictably greater on each simulation than that reported
by the YN group,
expected (compara Qns.

summarized in Table 32 (cf. Table 18).

but the difference is not as marked as might have been
2 of each simulation).

Both groups found the verisimilitude of the second simulation (public
address) better than that of the first (social gathering}, with telephone
listening intermediate.

Takle 32: sSummary of responses of NI group to Section III
of the Questionnaire
Question Numbar of occurrences of each coded response ‘Total Av,
1 2 3 4 5 6 7 X NR
Simulation 1
(Bocial
gathering)
1 8 B 11 13 13 0 o 53
2 3 7  *10.5 *3.,5 0 24 2.60
3 3 5 10 4 13 %4 4 4] ) 43
4 9 11 3 1 0 0 24 1.83
Simulation 2
{ announcements
in a concoursa)
1 3 o 23 16 13 ] 3 o] o} 66
2 0 8 *5,5 %g,5 o] 24 2,94
] 10 2 12 8] 24
4 18 3 1 1 1 o 24 1,35w%%
Simulation 3
{ telephone
listening in
noise}
1 14 2 7 9 11 11 1 0 855
2 1 5 14 4 0 Q 24 2.88
3 21 3 s} 24
4 12 12 0 2 24
5 L. 20 13 1 0 35
6 14 B 1 0 1 o} 24 l.a44%%

* Subject no. 105 bracketed responees 3 and 4 in these cases,
*% Fxcludes the "no response" cateqory.
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Using the notation of Table 19,

2.7

Comparison of repults of YN and NI groups

the individual results of each member

of the NI group on a selection of the a, p, 4, h and a indices are given in

Tabla

Tabla

a3.

331 Hearing of NI group relative to normal group YN

Value of normalized@ index {see Key below)

Supject a; a3 a, @i 9y 4y Pie Pir Pis Pao P2y B2y 837
. 108t 13 7 2 14 6 3
106+ 11 14 7 17 9 9
104%+ 1110 2 2 7 3 4 a 10 3 4
113wt 10 14 3 0 2 3 2 3 7 10 7
107+ g 4 2 11 3 4 9 3 6 3
116% 6 11 2 2 10 3 : 2
121+ § 122 3 2 7 2 4
123% 5 4 3 2 3 7 4
122 4 8 23 4 8 3 3
112+ 4 10 2 4 2 4
101 3 5 2 5
119 3 4 2 3 3 3 3
124 7 2 5 3 ] 3 3 2
102 7 a 2 3
120 5 2 2
105 3 3 8
114 3 3 4 2 2 3 8 3
- 117 3 3
103 3
. 118 3 2 2
109 3
110 4
111 3 2 3
118 4

*Subject exceeds the 'low fence' of Suter (HLR, > 17 am)

tsubject exceeds the 'low fence' of HS 5330 (HLR, » 30 aB)

Key to Table entriep:

e L A St e

0" means an index value within normal limits (¢ 2.50)
"2" moans an index value betweenh 2,50 and 2,99
'm® (n > 2) mweans an index value between n and n + 0,99

For meaning of index aymbols, refer to Table 19,

A et b a1, bl o b i o 7 ST
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To factlitate the presentation of these data, any entry for which the
value of the index was less than +2.5 is left blank, meaning that the datum
ig within the limits of the normal group. The other entries are simplified
to the leading digit. Thus “2* means the range 2.,50-2,99, "3" the range
3,00-3.99; "4" the range 4.00-4.99; and so on, These are the numbers of
standard deviations of the normal group ¥YN by which the entry in question
exceeds the mean value for the normal group.

It should be noted that the cut-off value of 2.5 does not completely
embrace the range of the normal data. For a Gaussian distributien it would
include 99.38% of the wvalues, Among the 1100 data for group YN (55
indices, 20 subjecta) there were 8 exceedances of 2.50, some 99.27% falling
below this cut—off. It seems safe to conclude, therefore, that virtually
all entriesa that are not blank in Table 33 represent highly significant or
very highly significant exceesdances of normal limits,

Subjects are listed in Table 33 in order of descending values of a,
{corregponding to HI;L) down to the last case for which a, i3 less than
2.5, and thereafter in descending order of a, (corresponding to HIR,).

The ‘fable illustrates some important featurea of the results, the moat
striking of which are as follows:

1. Ncne of the three indices a, (temporal reeolution), a,, (ecritical
ratie) or a,, (off-frequency listening} is very sensitive, nor
does any of them taken alone appear as a good predictor of
performance (disability) which is represented by the ipdices p. ’

- The index a, (fraquency pelectivity) ia sensitive and obviously
correlated to a, (HTL at 3, 4, & KHz); Thowever, it does not
correspond well to the performance measures.,

3., The performance measures for two of the simulations (p,s and p,,)
are moderately sensitlive, but at a high price in experimental
complexity. Surprisingly, the third simulation (p;,) (telephone
Jistening in noise) vielded very Jlittle information, Algo
somewhat unexpected wag the marked lack of correspondence between
Pia 8nd p;; {(binaural gpeech audicmetry in noise), since the tasks
wera basically sasimilar, although the telephecne listenhing was
monaural and there were mor2 numeroug distracting soundas,

4, Speach audiometry in quiet (p,;) correlates to some aextent with
that in noise (p,,) but thera are notable exceptions: aubjectn
101, 105, 113, 114 and 124 gave normal performance in noige but
not in quiet, whereas the reverpe occurred with subject 119, The
large deviations from normal on speech audiometry in quiet (p,g)
for the Ffiret five subjecte listed no doubt reflects a simple loss
of hearing senpitivity, indicated by the high values of a, (and

perhaps a.).

5, The self-rating measures s,, (Questionnaire, Section I) and =,,
{(Quantionnaire, Section II) appear to be poorly related to
individual performance. In particular, thers ware somg subjects
{109, 110, 115, 116, 118, 120) whose self-rating of their ganeral
state of hearing was belied by porformance within normal limite on
all the listaning testa, and othare (105, 112, 123) who performed
within normal limito on four of the five listening tests. oOn the
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other hand certain subjects considered their hearing normal (101,
102, 121, 122, 124) but d4aid not perform accordingly. The
self-asseasment of difficulty in particular situations (3;,)
yielded a rather insensitive result, only & out of 24 subjects
lving outside the normal limits. Moreover, it had been expected
that this test would predict performance on the simulations (p;a.,
Piz+ Pia} With some degree of fidelity, but this is not borne out

by the results,

A global comparison between the a, p and s measures is given in
Table 34, Here the actual numerical values for each subject are averaged
under the three headings, and include values below the cut-off point
applied to Table 33. Subjects are listed in rank order of descending
avarage azy. Inhterchanges of rank on the other average measures pay, and
Sav are clearly seen; extreme cases of rank differences of 12 or more are

marked with asterisk or dagger.

The Spearman rank correlation coefficients between dayg, pPayv and sy
are ag follows:

day V8 p: 0.634 {(p < 0.01)
azy va oS¢ D.,316 (N.S.)
Pay Vv8 31 0.356 (N.5.)

Thus there i8 a rather weak association betweeh the meanh self-asaassment
and either the performance or the mean impairment. Inspection of Table 33
suggests that performance is possibly more closely linked to a;, ay Or a,
than to the mean measure azy. The corresponding Spearmanh coefficients are

as Follows:

a; VB payt 0.702 (p < 0.01) (Hyas)
a, VB payt 0.614 (p < 0.01) (Haqn)
a; V8 payt 0.461 {p ¢ 0.,05) {F5-1)

From this it appears that the mean performance is more cloasely related
to hearing threshold level than to frequency selectivity, although there in
a sgignificant relation to the latter. This finding ignores, for the
momant, differencaes in the relationships to the constituent parts of the

performance battery {see Chapter 6.4.4).
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Table 34; Global compariscns of group NI results on impairment,
Qisability and handicap (self-assessment) measures

Sub— Impairment {audioloqy) Disability {performahce) Self-assesment

Ject Tay Rank Pavy Rank Say Rank

113 7.3 1 3.8 5 8.9 1

107 7.1 2 4,4 4 4.6 7

116 6.4 3 1.2 16% 5.7 5

106 6.3 4 5.6 1 5.9 3

121 5.9 5 2.1 11 0.9 21%

104 5.8 G 5.3 3 3.4 9

122 5,7 7 1.4 12t -1.1 24xt

108 4.2 8 5.4 2 3.1 10

12 3.9 9 1.3 15 3.5 8

124 3.7 10 2.5 ] 1.0 17

102 2.7 21 2.3 ot 0,2 zzt

123 2.5 12 1.1 17t 6.1 2t
; 120 2.5 13 -0.2 22 1.5 18
| 101 2.2 14 1.4 13 -0.5 23
; 11 2.0 1% 2.6 7 2.7 11 !
: 114 2.0 16 2.6 6 5.8 4% ‘
I
i 117 1.9 17 0.5 20 2.0 16
! 118 1.8 18 -0.3 23 1.4 19 :
| 105 1.5 19 1.3 14 4.9 6* ;
{ 109 1,4 20 0.0 21 2.3 12
f 111 0.5 21 2.2 10 2.0 15
5 110 0.5 22 0.9 18 2.2 13 .
i 118 0.3 23 -0.4 24 2.1 14

103 0.0 24 0.5 19 1.0 20

Note: the lowenr the rank number the more the impairment, etc.

*Difference of rank relative to auy rank » 12
*pDiffarence of ranks on Py and 3ay differ by 12 or more

1
|
| *
|
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6.4 Correlations betuween the measurements

Product-moment correlations between all the variables in Table 19 were
calculated, both for the combihed group NI + ¥YN (n = 44) and for the NI
group alone (n = 24). In the case of the audiological impairment measures
{the monaural tests) the calculations were carried out both op the basis of
individual ears (2n) and left-right avarage values.

The resulting matrices are dissected and presented in the following
sub-chapters, Inferences drawn at succesgive stages enable the number of
variables to be reduced, by elimination of the lesp significant ones.

The plan of this chapter is as follows:
1. Correlationa of monaural measures between left and right ear

2. Correlationsa between different audiclogical impairment meabures
(a)

3. Correlations between the audioclogical impairment measures {a) and
those of performance (p) and self-assessment (s)

4, Correlationg between the measures of performance at the five tasks
{three aimulations, gpeach audionetry in quiat and
noise)

5, Corralations between the esections of the questionnalre (d, h, »)
and boatween these and the task performance measures (p)

6. Multiple correlations relating performance to audiological
impaitmont, and performance to Belf-assessment

6.4.1 Correlations within each audioclogical impairment measura

Correlation coefficients betwean the left and right ear valuea for
YN + NI and NI group alone are given in Table 35. 1In this and subsequent
Tables, repetition of the decimal marker is avoided by giving the valuee of
100 r to the nearest intager.

Correlations for the hearing threshold levels and for frequency
sglectivity are all highly significant, as are those for CR-2, but none of
thoae for the TI and OF measures attain significance.

Apparant want of correlation can obviously reflect an actual absence of
agpociation, but it may result €rom an underlying association being
chpcured by random erior. It is therefore worth examining the latter
factor, All the tests concernsd involved a simple threshold tracking task
and those lieted from TI onwards were done consecutivaly, Thara are
grounds, therefore, for supposing that the component of random aubjective
uncertainty would be similar in each case. This atatemant requires
modifying alightly in that the effect of the uncertainty on the extracted
meapure depends on how many threshold meagurements wers inwvolved in it,
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Table 35: Correlation coefficients between left and right ear
measures (x 100)

Measure Correlands N 4+ NI NI alone
100 ¢ Signif. 100 r Signif,
f, al yg qF 1 *rk 79 *rx
Hizs al ys g,R 93 *aw 92 *wx
Haue a,b vB aR 92 xxx 84 *ax
TI-1 al vs o -9 .5, -13 N.3.
TI-2 ag? vs a.R 20 N.S. 31 N.S.
FS-1 a,®* wva a,R 89 *hx as *ax
F5-2 a, b vs a,R 76 *xx 70 wrx
CR-1 a,o0 va a, R 45 *x 21 N.9.
CR-2 a,,Lwvs a,R 81 wa 77 L
oOF-H a, I va a,,R 16 N.S, 14 N.S,
oF-1, a, v a R 28 N.S, 30 N.S,
N.5, p » 0,08
* p¢0.06
** p < 0,01
**% b < 0,001

Thus, it would be Jgreater (by the order of v2) for measures derived from a
difference (threshold shift) as in TI-2, FS5-2, OF~H and OF-L, and less (by
the ordar of 1/v3) for those derived from averages (fA,,s., Hy.a) than for
those derived from a single determination {H,, FS-1, CR-1 and CR-2), These
distinctions will slightly affect the correlation coefficients which,
however, are pugceptible to a larger effect, namely the actual range of the
variables, there being an inverse relation, To examine the correlation
coefficients in the light of these Factors, the relevant data are assembled
in Table 316, 1he measure TI-1 iz omitted since this is derived in a
special way as a ratio involving three thresholds and its derivation is
incompatible with thoge of the other measures; however, on general grounds
the reliance on 3 wvaluea would tend to increase the random uncertainty and
it ie noticeable that the correlation coefficients for TI-1 are smaller
than (the already omall) values for TI-2 (Table 35). Table 36 also gives
the mean of the signless differences between left and right measures for
each ear, as well as the root-mean-square value of these differences.
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Table 36y Factors relevant to the left-right ear correlations (data
ara for the combined group YN + NI)

Measurae loo r Numbar of thresholds Left-right difference
(n = 44) involved Range Signleas mean R.M, S,
(as) (dB) (aB)
H, 25:] 1 75 8.0 10,9
leg 83 Av, of 2 21 4.3 6.6
Aass 92 Av, of 3 19 6.5 9.0
TI-2 20 Diff. of 2 23 5.6 7.3
' FS-1 a9 1 61 5.4 9.0
P5-2 76 Diff. of 2 29 5,1 6.8
CR-1 45 1 30 5.6 8,5
CR-2 Bl 1 53 5.7 7.9
oF-H 16 Diff. of 2 17 6.5 9.1
OF-L 28 Diff, of 2 36 4,1 5.8

The Table shows that there is a broad similarity of the values in each
of the last two columns, As expected, the 3-frequency averages lead to
smaller values than H,. Unexpectedly, the values for FS-1 are greatsr, not
amatler, than for FS-2. Given that there is also a theoretical advantage
for F8-2 (see Chapter 5.1.1,3) this measure emerges as preferable to FS-1.
The fact that the correlation ccoefficient for FS-1 is slightly larger is
probably the aimple consequence of the range of values being so much larger
than in tha case of FS5~2 (both are highly significant, Table 35),

Table 36 also illustrates that OP-H 18 an appreciably less symmetrical
function of hearing than OF-L, leading to a smaller (and non-significant)
- correlation coefficient. The coefficient for OF-L ia alsoc formally
non—-gignificant (at r = 0.28) but approachea the levael p = 0.05 {r = 0.30).

6.4.2 Intercorrelations between the audiological impairment measures

These correlations were calculated both for individual ears (n = 68)
and for mean values of left and right ears {(n = 44). The latter yielded
higher valueg in almoet every case, and the few exceptions occurred when
the values were non-significant in both cases, Only the mean-ear values
are therefore considered,
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The results are given in Table 37 for the combined group YN + NI (upper
values) and the NI group alone (lower values). A large proportion of the
confficients are significant or highly signhificant, the critical values of
100 r Dbeing as follows:

p < 0.05 p < 0,01 p ¢ 0,001
upper figures 30 38 L L]
lownr figures A0 52 63

It may be seen from the Table that, €or the combined group, the
following pattern* emerges:

Highly correlated: HTL wvs TI, FS, CR & OP-L; Hy,3 v8 By VB Hayug
T! ve HTL, F5, CR-2 & OF-L; TI-1l va TI-2
FS wvs HTL, TI, CR & OF-l1; F8-1 ve F8-2
CR-1 vg HTL, FS & OPF-1; CR-1 vB CR-2
CR-2 va TI
OP-1, v8 HTL, TI, FS & CR
OF-H vs TI-2

less highly correlated: HTL wa OF-H
TT wve OF-H (TI-1 v8 OF-H, N.5.)
CR~-1 vs8 TI-1 (CR-1 v8 TS5-2, N.,S.)
OF-f va HTL, TI-2 (OP-H vB TI-1, N.5.)

Non-significant TI-1 vs OPF-H
or uncorrelated: PTI-2 vs CR-1
Fs vs OP-H
CR-1 va TI-2, QF-H
CR-2 vg OF-H
OF-# v8 TI-1, F5, CR; OP-H ve OF-L

The pattern is pimilar for the NI group alone with the significance
levels generally woakened. Compared with the combined group, the following
correlations change from significant to non-pignificant:

H, vB OF-H; H,,4 VB CR=1; Hy,s V8 CR-1 & OF-H;
TI-2 v8 OP-H; CR-1 va OP-L.

The only blocks that are wholly non-significant are OF-H wva FS and CR.
Thete is ah unexpectedly low correlation hetween OF-H and OF-L, which
rendars tha concept of the conbined measure a,. unjustified,

CR-2 correlates more highly with all other measures than does CR-1,
pobgibly because it ig not purely a measure of critical bandwidth, being
very highly correlated with H, and H,.,, (as discussed in Chapter 6.4.1) ar
becauge the range of valuss is larger in comparison to random uncertainty
than is the case with CR-1 (Table 386).

The measure CHR-1 emerges ac significantly correlated (p ¢ 0.01) with
11-1 but not significantly with TI-2. This difference seems likely to be
due to the way TI-1 ip defined (involving as it does the 4 kHz absolute
threshold which is in turn correlated with CR-1). 1TI-2 is the simple
unmasking measure in decibels of interrupting the masker and its

* For eape of reference, entries are duplicated in the listing,
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Table 37: Corralation cosfficients ({ for left—-right ear means) between
the audiological immpairment measures (x 100}
Upper figuras = NI + YN group {h = 44)
lower figuras = NI group alone {n = 24)

Meas- Corre— a a, Qs G¢ Gy Gy @y G Qg G;4 Gy Qyp Gy Gy
ure land
Hizs aq -
. ao -
Hi ay 69 =~
84 98 -
; Fass 93 95 96 -
51 72 69 -
-1 a, 39 78 68 -
: 46 62 66 80 -
: Ti-2  ay 44 75 718 83 -~
51 72 71 9 94 ~
; Tt e 43 80 76 96 95 -
75 93 91 70 K2 70 -
: P&l 47 52 92 ss 79 7 sy -
8 66 91 87 71 63 71 91 -
; Fi=2  a 53 91 95 83 80 85 09 -
: s a 74 94 92 72 64 72 99 97 -~
¢ &0 94 9> 82 80 B85 99 96 -
52 61 56 37 13 28 72 60 69 -
4 CR-1 20 30 43 30 40 16 30 59 47 56 -
i -2 a 73 81 8L 58 52 S8 93 70 86 71 -
3 11 64 78 78 61 64 65 92 67 B5 59 -
doo a 68 B0 77 S5 4L 5L 92 72 86 87 95 -
L 12 56 76 71 63 56 63 92 &9 06 79 95 -~
i
oF-H a 45 29 37 21 38 30 18 13 16 9 22 16 -
i 1% 43 15 22 -2 26 11 9 7 9 -2 4 T -
oF-1 @ 43 67 67 51 46 52 65 67 67 44 50 54 23 -~
14 24 66 65 44 51 49 65 73 70 38 44 S1 13 -~
*
oF e S1 56 61 42 49 A8 A5 45 46 30 37 37 77 713
15 39 47 53 22 45 34 37 43 A0 1@ 25 27 75 68
H
)
g - B5 -
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caleulation 18 independent of the absolute threshold, Inasmuch as the
tamporal and critical band aspects of hearing are not related in any
obvious way (that i3, they are conceptually orthogonal) a zero correlation
would be expected, or at most a low value if there were (second-order)
level dependent effectsa. from these considerationa, TI-2 emerges ag
probably the truer measure of temporal impairment than TI-1 (2Zwicker's
measure) for the prement subject dgroup, By eXtension, the artificial
cambined measure TI, which derives from the same modulated-noise threshold
in two arithmetically different ways, i2 not to be preferred,

In the case of the frequency selectivity measures FS-1 and FS5-2, the
pattern of correlaticna with the other variables ie identical. The only
diptinction ims that the corralation coefficients against HTL and CR are
slightly larger in the case of F5-1, This again is probably due to the
fact that FS5~1 is derived from a single masked threshold and thus more
influenced by the subjects' absolute aensitivity (HPL) than i8 the case
with P5-2 which results from a difference (unmasking due to suppression of
part of the masker spectrum), This ouggeste a preference for the meagure
FS-2, a conclumion which already emerged from the discuseion in Chapter

5.4.,1.

In summary, the simple correlation analysis points to the elimination
of the meagures TI-1, F5-1 and CR-2, and to the probability that OF-H will
not fiqure at all prominently in correlations with the performance measures

(see Chapter 6,4.4),

6.4.3 Intercorrelations between the performance measures

Diffarenceg 1n the relative performance at speech audiometry in quiet
(SAQ)Y and noise (SAN} as between normals and persons with sensorineural
impairments have frequently been reported in the literature, and attributed
to the influence of speech distortion occasioned by deficits in frequency
selectivity, temporal resoluticns and spatial discraimination., This is not
to say, however, that the results of SAQ would not be highly correlated in
a population occupying a continuum from normal through varying degrees of
genaorineural hearing loss, Table 38 phows that this correlation was in
fact high, r = 0.84 for the combined group YN + NI, 0,86 for group NI

alone,

TuEning to the simulations, Table 39 phows that the intercorrelations
are all highly significant (p ¢ 0.01 or p ¢ 0.001), but the actual
maghitudes of the coefficients (0.54-0.71) are not particularly large which
indicates that different faculties wara to BPome extent being tested, in
accordancea with the intention of the tests, Differences between the tasks
in these simulations included the factors of 1listening condition,
audiovisual as opposed to purely audible presentation, a variety of
distracting sounds, high fidelity versup pre-diptorted speech, Adifferent
responee modes, and so on, Against this, they all shared a similarity to
SAN in that the target material was gpeech presented in acoustically
adverse conditions. In this respect they all differed from SAQ., However,
a striking feature of the results seen inh Table 38 is that the asimulations
as a whole correlated more clesely with SAQ than with SAN (being npon-
significant for group NI in each case against SAN, even for the combined
3-sinulation meaoute p,,). There 1ia no obviouas explanation for these
apparently anomaloua results,
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Table 38: Correlation coefficients between the performance measures

{(speech audiometry and simulations) (x 100)

Upper figures:
lowar figures:

NL 4+ YN group (n = 44)
NI qgroup alone (n = 24)

Measure Pao Pa: Pre Py Pia Pio
. oA Pzo -
SAN Pa: :s“ -

Sim, 1 Pia ‘3’2 :g -
sim. 2 Par :g :g ;i -
sim. 3 Pin :g :g :Z g?’ -
Al sims. Py, o0 » o3 2 :g - 5
;
]
ﬁ
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6.4.4 Correlations between the audiological and merformance measures

These results are given in Table 39, with the audiological measures
reduced in number as already described,

TIhe pattern that emerges for the combined group is as follows:

Highly correlated: SAQ ve Hy,4, Hign, TI-2, FS-2
SAN  vB Hyga: Hyes
85im,1 v8 Hyas, Hiyie. F5-2, CR-1, OF-L
9im.2 v& H .4 Hy.es F8-2, CR-1, OF-L
S5im.3 v8 Hy,4 Hige, F5~2, CR-1, OF-L

Less highly correlated: Sim. 3 vs TI-2

Nen-significant or
uncorralated; SAQ wvs CR-1, OFP-L
SAN ves PS-2, CR-1, OF-L
Sim,1 ve TI-2
5im,2 vs8 TI-2

The pattern of the corrslation coefficients is similar for the NI group
alone but the values are all osmaller and in Bevaral cases they are
non-pignificant where the value for the combined group was significant or

highly significant,

It ia interesting to note that SAQ correlates more highly with the HTL
valuea than doen SAN, a well-kKnown result, and that the correspondence in
both cases is clogor with #,,, than with #,,4; curiously exactly the
opposite appliea to the pimulations; the performance in each case
corralates more highly with f,,, than with 8, ,,.

The results in Table 39 embody some ©0f the principal data of this
study, They indicate that the principal determinants at the speech
performance taske are the pure—tone thresholds and the frequency
8selectivity parameters, with the temporal impairment indax more weakly,
although positively, related, The pattern is markedly different for both

modes of spesch audiometry.

6.4.5 Intercorrslations between the self-assessments

Thepse correlations are given in Table 40. It is apparent that there is
a highly significant asscciation between the two parts (D and H) of each
questionnaire section, as well ap between gections I and 11 as a whole.
This indicates a good measure of consistency but a want of distinction
between the recponses to questions intended to reflect dipabilities and

handicap respectively,

All valuea in the Table are very highly signifivant (p < 0.001),

- 88 -



Table 3%: Correlation coefficients between performance and selected
audioclogical measures (x l00)
Uppar figures: NI + ¥N group (n = 44)
lower fiqures: NI group alone {n = 24)

Performance Audiological measure
measure Hyas Hyee TI-2 Fs-2 CR-1 OF-L
F as ag Qg 0 s
83 6 kT 46 21 27
5hQ Pzo 93 59 34 a1 -4 iz
69 52 29 25 6 9
SAN Pay 73 51 20 14 -10 -2
- . 55 &6 24 53 50 s
Sim. 1 Pie a1 49 14 40 44 25
sim. 2 51 61 19 53 52 23
‘ Pa> 29 24 10 29 a4 6
49 60 32 55 a8 45
Sim, 2 pis 39 52 38 60 a5 42
) 60 72 28 60 58 48
i All Sims. pyq 43 53 22 50 43 19

For critical valuep of 100 r, see Chapter 6.4.2.

c Table 40: Correlation coefficients between the self-assessments by
e quastionnaires {x 100)

b3 Upper Figures: NI + YN group (n = 44)

¥ lower figures: NI group alone (n = 24)

Questionnaire Sectaon I Questionnaire Section II

SRS LTS

dy, Raa 924" das Nze 825%

i 4, -

1

g Questionnaire a7 .

) Section I Hay o2 -

it {hearing in

6 general ) a..* 296 97 -

: 24 94 96 -

[

§

¥ a 74 a0 79 -

¢ 24 - e _

¥ Questionnaire 69 7 ”
Section TI h 57 61 h2 71 -
{(hearihg in 2o 63 68 69 Bl -
particular & 76 78 80 95 11 "
pituations) Bas 76 8 91 97 87 _

* The measures g embrace both the disability (4) and handicap (M)
measures in each Section.
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6.4.6 cCorralations betweeh delf-asgegsnients ahd performance measurnes

These results are given in Table 41 for the combinad group ¥N + NI and
group NI alone. The pattern that emerges for the combined group is cone of
highly significant correlationa (p < 0,01 or p < 0.001) for all asbessments
from Section I of the questionnaire and for the total assessment from
Section 1I, against all of the performance measures, The D questions from
Section II (d,s) alsmo correlate highly with all performance measures except
SAN, and this cape is s8till significant at a lower lavel (p < 0,08),
Correlation coefficienta for the H duestions of Section I (hze) are,
however, coneistently lower than for the D qQuestions: ha.e va SAN is not
significant, whilst against the other performance measures it is
significant at p < 9.05 or bettar,

A fair measure of apsociation is +thus dJdemonatrated between the
salf-asacosments and the performance, The numerical values of the
correlation confficients are neverthelees not large (typically 0.5) so that
ahy relationship can only be asperted on a populatioh basis: large
individual discrepancies are evidant in the data,

Tablae 4l: Correlation coefficiants between performance and
palf~apaessments (x l00)
Upper figuren: NIO + YN group {(h = 44)
lowar figures: NI group alone {(n = 24)

Porformanco salf-apsesamants

measuraea Questionnaire Section I  Questionnaire Section IT

sz Mas Tae das Nae 829

55 48 53 a5 30 49

ShQ Pzo a1 23 38 33 20 30

44 a1 a4 38 25 38

SaN Pay a7 32 36 29 13 31

sim. 1 51 49 52 4z 33 44

. Fis 22 24 24 28 31 as

a8 a3 47 a4 31 a2

Sim. 2 Pa> -2 1 0 20 22 21

as 40 a4 49 19 51

Sim. 3 Pis 24 27 27 39 A2 46

. 56 51 55 51 39 52

All Sima.  pig 18 20 20 34 37 39
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The pattern of the correlation coefficienta for the NI group alone ia,
with one exception, similar to that for the combined group, but the
numerical values are smaller (though poritive) and only attain significance
in a few cases (r > 0,358}, The eXception is the correlation between
Simulation 2 (public announcements) and Questionnaire Section I (hearing in
general). Both for d,, and h,, (and consequently £for the a'ggregate
self-aspessment s,,), there is apparently a total absence of correlation
{r < 0.02}.

It might have been expected that the performance in three particular
situations (the simulations) would have been more closely correlated with
the self-aagessment under Section II of the questionnaire which likewise
related to particular situations than with Section I. No such picture
emerges from Table 41, however, More particularly, there might have been a
cloper relation between the Section II self—assessment on pituations B, C
and G and the performance at the three corresponding simulations, The
relevant data are presented in Table 42 for the combined group YN + NI.
The correlation coefficients for situatiops B-C~G alone are in all cases
gmaller than for the whole S-situation self-assessment, and markedly so for
the sub-section of H questions (h,, compared with h,,, adainst each
simulation and all simulations). The wvalues for d,, and 8,, all remain
highly significant (p < ©0,01) but are all non-signhificant for h,,. It is
clear that detailed examination of the gquestionnaire responses at thie
level of sub-division is unrewarding.

Table 42: Correlation coefficients from combined group YN + NI Dbetween
performance at the simulations and the self-assessment of
digability and handicap in three corresponding situations B-C-G

{x 100)

Values for the self-assesaments on all 9 situations, extracted
from Table 41, are shown for comparisoh in parentheses

D-questions A-questiona b+ "

dy, hsz Sy
sim.1 41 (51) 20 (48) 40 (52)
sim,2 44 (48) 13 (43) 40 (47)
Sim, 3 42 (46) 16 (40} 39 (44)
All Sims. 48 (56) 19 {51) 45 (55)
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6.4.7 Prediction of performance by multiple correlations

Mutliple correlations between the p and a variables and betwean the p
and s variables were carried out by means of the STEPREG computer program,
Thiga firat computes the linear regrespion between the dependent variable
{one or other of the p variables) and the most highly correlated of the
independent variables, It then computes the linear regressions, taking in
the Ffirgt already calculated, for each of the remaining independent
variableg and selects that for which the F-ratio (variance explained by
reqregaion/residual wvariance about the regreseion function) is greatest,
1t proceede pimilarly until all variables are included, The significance
of including any of the independent variables after the first can be tented
by the ratio of explained variances after and before ita inclusion,

6.4,.7.1 Pradiction from audiological measurea

The dependent variables were individually the indices p,o (S5AQ), Pay
(SAN), p;4 (simulation 1), p,, {simulation 2), p;, {®imulation 3} and p,,
{all pimulations), and the multiple independent variables chosen were a,
{Hi2a): a3 (Hasnd): ag (TI-2), as (FS-2}, @, {(CR-1) and a,, (OF-L), using
the mean ear valuas,

In the casae of SAQ and SAN, the first independent variable selected was
a, because that gave the greatest corralation (Table 29). In both cases
the next variable, aelacted by program, was a,, {(the critical ratio
measure) with highly significant F-ratios (p ¢ 0.0) for SAQ, p ¢ 0.001 for
SAN)., No further varlablepn were individually significant, although 7%
additional variance could be accounted for in SAN by running the program to

jte termination.

The regression equations showad, howevar, that the coefficients for a
were negativa, in both casee, This result paints to the existence of
non-linear relations between the dependent and independent variahles (since
both a, and a,, individually correlated positively and significantly with

SAR and SAN).

In the case of the simulationa, the first variable was a, (Hy,4). For
pimulations 1 and 2 (social gathering and public annouhcements,
reppsctively) and for all-simulations, the pecond variable selected by
STEPREG waB a, (TI-2)y no pignificant second wvariable was found for
aimulation 3 (telephone listening in noise), Again it was found that thoe
cosfficiant of the second variabla was negative in each case, presumably
for tha mame reapon as kefore,

An abbreviated aummary of these ptepwise multiple regressions ie given
in Table 43, together with the regression formulae re-expressed in terms of
the original measured quantities, ‘e increment in explained variance on
introducing the accond indepandent variable is appreciable in each case
(excluding Simulation 3), but npot ptatistically significant p = 0,05
requires a variance ratio exceeding 1.6 for DF 41, 40 and the greatest
oceurring value was 1,26 (in the case of SAN). Howaver, the peraistence of
the pattern of the pelected variables suggests an underlying common factor
in the aggragate.
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Table 43¢ Summary of multiple correlation and regression analysis
betwesn performanhce scores and audiological measures,
for the combined group YN + NI (n = 44)

Depen- Mea~  Independent Explained Regression formula for
dent sure variables variance % error acore
vari- (%)
able
Pso SAQ az 69.1 6.45 + 0.833 Hy,4
ap, Gyq 76.0 31.74 + 0.991 H,,5 — 0,985(CR-1)
All a 76,4 -
P21 SAN a, 47.2 18,92 + 0.742 Hy,,
a, 4azq 59.6 55.54 + 0.975 H,,, = 1.427(CR-1)
All a 66.8 -
Pin Sim.1 ds 44.0 14,36 + 0.395 Hy,p
Q3¢ g 50,5 22.66 + D.527 Hy,.q — 1.023(TI-2)
All a 53.8 -
Py Sim,2 a, 37.5 29,87 + 0,634 Hy,,
a,, ag 45,5 6.06 + 0.888 Hy,, ~ 1.964(TI-2)
All a 47.8 -
Pia Sim.3 ay 35,7 16,92 + 0,386 Hy o
All a 39,2 -
Pia All [- 51.7 *
aims, Gy, ag 58,2 w
All a 60,9 -

* B total score for all simulations in un-normalized units cannot
usafully be defined; p,, is a composite of normalized scores
(ose Table 19),

Note: The regression formulae in one variable give only broad-brush
indications of the trends. The variables are hot linearly
related {see Chapter 7,3), The regression formulae in two
variables represent a closer fit to the experimental data but
lack meaningful interpretation, the negative coefficienta
beaing artefactual.
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The Key findings that emerge from this analysis are as follows:

1. Both modes of apeech audiometry are better represented by H,,,
than by H,,q) the converse applies to the simulated situations.

2, Prequancy selectivity does not appear explicitly in any of the
regreasion formulae,

3. SAN is a slightly weaker function of hearing threshold lavel than
SAQ, ‘The mean rate of deterioration is of the order 0.8% of

phonemes per decibel,

4. Errora at Simulations 1 and 2 (both pame-and-address taska) are
almoat identical functions of hearing threshold level (high
frequencies). fThe mean overall rate of detarioration (about O.4%
per decibel) is only half that for the CVC material of the speech
audiometry, but this reflects the influence of the ‘easy’ (limited
vocabulary) elemente; for the difficult parte the rate would be
much higher {see Tables 23 and 25).

5, Errorp at Simulation 2 (public announcements) have a stronger
dependence on hearing threshold leval, comparable with the apeech

audiometry,

6, Ahout 3/4 of the wvariance in SAQ and 2/3 of that in SAN can be
accouhted for by the audiological measures; for the aggregate of
the simulations the fraction is about 3/5.

7.4 The correlation coefficientas are sufficiently large to permit
reaponably confident group predictions,

6.4.7.2 Pradiction from self-anssasmonts

Calculations aimilar to those above were carried out with the
palf-aspepsments as the ipdependent variables, in the first case with the
four variables dp,, hpy, dp5 and h,,, and in the second case with the two
composite variablos s,, and s,,. AB may be seen from Table 41, d,, and a3,
ara tho leading corralands in each parformance test except Simulation 3,
Inclunion ©f a pagond variable in no case increasad the explained variance
appraciably, indicating that the various parts of the self-anpepsment ware
measuring essentially the same thing, In the resulting regression
formulaa the coefficienta of the macond variabla ware all positive, if
included, but the P-ratio testa in the STEPREG program wara far below the
pignificant leval at step 2.

Since they shed no additional light on the interpretation of the Aata,
the four-factor results are omitted hera. Table 44 pummarizes the results
of the two—-composite-measure regresasions, It shows that the “particular
pituatiena" questionnaire was rather lesn successful than +the *“general
hanring” queationnaire in predicting performance (with the exception of
Simulation 3), This was not the expected rasult and is rather disap-
pointing in view of the thought and labour lavished on ite creation. The
axplained variance ranges €rom 20 to 232% only, which can be regarded as a
devastating commentary on the value of the questionnaires if the object
wara to amploy them to ansess people‘'s hearing capability without actually

testing it,
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Table 44: Sumnary of the l-factor and 2-factor regression analysis

between performance scores and self-assessmentg, for the
conbined group YN + NI (0 = 44}
Dapendant Measure Independent Explained
variable variable variance (%)
Pan SAQ Tra 28.2
a2y 23.8
Both 29.4
Pay SAN a4 19.8
. 934 14,3
Both 19.9
o Pin Sim. 1 P 26.8
i 927 19,3
Both 27.0
. Pys Sim, 2 a4 22,2
: 92, 17,7
3
i Pin Sam, 3 8,4 19.7
: Sz 26.0
¢ RBoth 26,4
f Pin All sims. 8, 30.4
i T2z 26 9
al;* Both 32,1
i
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6.5 Results for the older group with normal hearting (ON)

The subject group ON congisted of 6 females and 4 males with ‘'clean’
otological and environmental histories, save for war-time (small-arms)
exposura on the part of three of the males., The mean age was 58 years

(range 51-6%).

They were tested in an identical manner to the subjects of the ¥YN and
NI groups,

6,5,1 Pure-tons audiometry

The results of the pure~tone audiometry are summarized in Table 45
{values given are corrected for audiometsr calibration).

Table 45; Summary of results of pura-tone audiometry for group ON
{(n = 10)

Hearing threshold level re IS0 389 (d4B)

0.5 1 2 3 4 3] 8 kHz
Mean left ears a.4 8.5 16,2 16.7 19.6 26.8 31.0
right ears 9.5 9.1 11.4 14.9 18.3 25.4 232.1
50 left eara 9.8 6.6 12,3 12.6 14.2 15.4 20.1
4.6 6,3 8.5 7.9 J0.1 15,6 22,0

right ears

The typiecality of this group, and the relation of their mean hearing
threshold levala to those of the YN and NI groups, are illustrated in
Table 46. Here the results are axprassed relative to the YN group, and in
the last row of the Table they are compared with the standardized values
{150, 1982b) for the median of an otologically normal population aged 58
years, waighted 6F/4M, ‘'[he corraspondence is remarkably close, congidering

the size of the group.

Table 45: comparison of hearing thrashold levels of the three tesat groups
and gtandardized presbyacusis data for an otologically hormal
population with the same mean age as group ON

Group Ralative mean hearing threshold leval (L/R av)
0,5 1 2 3 9 & 8 kHz

YN (datum) 0 o 0 0 o 0 0

NI 10,2 l1.% 18,8 23.2 27.6 32,3 30,9

ON 9,9 7.4 13,9 16.2 19,4 24,3 26.0

standard population o o o 4 155 14.6 18,9 23.0 28,5

aged 58 years
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Although only a wvestigial notch appears in the mean audiogram of the
noise-impaired qroup, it is entirely absent from the ON dgroup, tor which
the hearing threshold levels incrsase progressively at the high frequency
end, oOtherwise the threshold levels of the two groups are of the same
order of magnitude., 'The hearing threshold levels of the NI group, however,
are up to four times greater than would be accounted for on the basis of
presbyacusis alone (using the median of the standardized data for age
45 years, weighted 23 M/1 F, as the critericon), At 3 kHz, for example, the
obaerved threshold elevation of 23,2 A8 compares with a ptandardized
presbyacusis wvalue of 8.3 a8, These f£indinge gserve to confirm the
validity of the group descriptions as "noise~impaired" and "older normals”
regpectively.

6.5.2 Main test results

‘e resultes of all tests on the ON group are presented in summary form
in Table 47, whare they are comparasd directly with those of the ¥YN and NI
groups. T™he teats of temporal resclution, frequency gelectivity and
critical ratio are represented by the preferred measures already discusaaed,

The Table raveals a number of features (smee below), the most striking
of which is that, despite actual impairment and loss of performance, the ON
subjects considered their own hearing to be normal, The distinction
batwean the ON and NI qgroups on temporal impairment is also noteworthy:
thig faculty does not appear to be influenced by age alons.

O repembles NI in: HTL, FS, SAQ, SAN and all three
simulaticona;
ON repembles YN in; PI, OF-# and all pelf-asaesoments;

ON is intermediate in: CR;

ON is worse than NT in: OP-L.
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Table 47: Comparison of summarized test results for
groups YN, NI and ON
{Standard deviations for the measuras markKed ~
are for laft-right ear averages)

Measure Unit of Means standard deviations

measurement YN NI ON N NI oN
Audiological dB
impairment:
Hyzs* 0,1 18.0 12.6 4,1 16,2 7.1 :
- -0.4 27.2 19.0 5.1 la.2 1l.4
Hyia® 0.3 28,0 20,3 3.9 17.1 10,2
TI-2* -10.0 -6,0 -11.3 2.8 4.2 2.4
F5-2% -24,0 -~14.5 -14.5 3.6 7.6 6.1
CR-1%* 24.4 29.6 27.6 3.5 4.4 2.2
OPF-L¥* -5.8 ~3.4 -1l.8 1.6 3.0 1.9
OF-U* ' -9,1 -7.1 -10.,6 2.7 4.0 5.5
Speech % phonemoe
audionetry: arrors
SAR 7.7 20,0 20.1 3.6 18,8 6.2
SAN 20.8 30,3 34,3 7.8 20.0 12,2
Simulationa: % max.

poas, acore
Sim, 1 13.3 26,2 27,4 &.6 11.0 16.7
Sim, 2 26.6 52.5 50,4 11.5 16.8 21,1
Sim, 3 16.9 29,0 20,9 9.5 1.6 9,2
Quegtionnaires: % max.

poss, score
Section [ - D 14.3 39.1 14,5 5.5 16.7 10.5

- H 7.9 31,5 9,7 5,6 21.4 6.9
Saction Ir - D 19.9 31,3 21,5 5.9 12,7 3,5
~- H 28,2 4.8 26,2 8.8 9.1 5.8
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6.6 SubjJects' amendments to ssalf-asmsssments

Section IIT of the questionnaire, administered in parts immediately
following each of the three simulations, afforded subjecta the opportunity
to reviee their assessments (made prior to the saimulation tasks) of the
three corresponding situationa (B, C, G) presented in Section I! of the
questionnaire, The latter contained a total of 13 questions, and on
average (over all aubjecte) there were response amendments to 2 of these,
the proporticn being highest among the ON group.

Table 48 shows how the changes were distributed between groups,
questions and situations, Changes had not been expected in response to
gn.l (since that depended on past experience) and few changes wers
volunteared,

Question 2: For gituation B, all the changes were in the direction of a
higher ascore (with the exception of one subject in group NI);
that is, they had previously overestimated their ability to
"clearly hear the person opposite", The game applied (again
with one exception) to Situation C, and to Situation G (with
no exceptiona).

Queation 3: Scores were in all cases increased by the addition of one or
more categories of particular difficulty. In Situation B,
all the ON group changes involved at least the addition of
“having to concentrate hard”, and in Situation € the most
popular additions throughout the three subject groups were
“background noise" and “catching the jimportant words",

Question 4: Changes were few in Situations B and C. One subject each in
the NI and ¥N groupse changed the response to "get anxious" in
Situation ¢. There was no aystematic pattern to the changed
rasponges in Situation G.

Quention 5: All the changes here indicated that hearing difficulties in
this Bituation (B) mattered more than the subjects had
previously stated.

These results show rather clearly that self-assepsment, in the absence
of demonstration, tends to be optimistic and appreciably more po for the
older otologically normal subjects than for those with a history of noise
exposure, This diatinction is confirmed by the disparity between the ON
and NI self-amsesament ratings in the last block of Table 47,
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Table 48: Questionnaire Sectionh III: a posteriorl amendments
to responses on Section II.

% of subject group making changes

gn, 1 on, 2 on. 3 gn. 4 Qn. S5
Situation B
(social gathering)
N 0 o 30 10 10
NT .2 20.9 7.5 4,2 12,5
ON 0 10 50 10 o
Situation ¢
{announhcemants in
a concourse )
N 4] 10 40 5 -
NI o] 20.8 29.2 4,2 -
ON 10 30 50 0 -
Situation G
{ telephone listening
in noise)
YN 4] 5 an 25 -
NI 43,2 20.8 33.3 25 -
ON 4] 20 40 40 -
Key: Qn, ~  familiarity with situation
Qn, 2 -~ audibility
Qn, 3 -~ particular difficulties
on. 4 ~  resction to difficulty
Qn, 5 - "how much does it matter?” (not asked for

aituations € and G)

{(For detailn of questions, see Appendix E)
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7. INTERPRETATION OF RESULTS
7.1 Ciartfication of concepts

pistinctions between impairment, disability and handicap were drawn at
the outset of +this report, and maintained in categorizing the tasts
porformed. ‘The purposse has been to attempt a determination of the boundary
batween normal and non-normal in respect of these categories and to relate
one to the other. In this context, terms such as ‘low fence', ‘threshold
of diegability', ‘onpet of handicap', etc. can be convenient shorthand but
they must be given some precise meaning in relation to the tests performed,
In the following sub-chapters each basic concept is diecussed and applied
to the experimental results.

7.2 Threshold of tmpatrment

Hete one is faced with alternative intepretations, on at least two
counts. Using the concise definition of impairment (to hearing) as 'loss
or abnormality of the functioning of the ear' we must immediately abandon
the first in the present context. A loss c¢an only be agserted if one
knows both the initial and final stataes, the differance being that which is
lost, and this cannot be determined from examination of the final state
alona., Turning to ‘'abnormal', it is obvious that this condition can only
be apsserted if one knows what is normal, and this in turn implien the
axistonce of a Nhomogeneous population-based norm, with unavoidable
ptatigtical overtones. However, this is insufficient. Common sanse tells
us that what is clearly abnormal at the age of 18 (for example, a pure-tone
hearing threshold leval of 40 dB) may he quite commonplace at the age of
70. Abnormality, therefore, might be taken to depend on certain variables,
of which age is the obvious exampla, and acgcordingly the threshold of
impairment would also depend on these, It is important to note that there
is a certain contradiction between the definition (in pecticn 1) and its
alaboration in the text (section 4) of the WHO (1980) publication. In the
latter place degrees of impairment are asserted as fixed ranges of hearing
threshold level, implying that aged persons have impaired hearing, This
may accord with everyday notions but it does not accord with the notion
that puch persons ara abpormal, A conpequaence of accepting the £ixed
criterion {(in effect, the young otologically normal as bageline) is that
timpairment' in the general population — on this definition - tends to be
80 prevalent as to debase the term. However, we do not preaums to rasclva
this gquostion here but will sidestep it by introducing the sub-categories
of imperfection and abnormality. The thresholda of these are respectively
fixed and age-dependent, and in either case are to be defined in terms of a
specified fractile of the relevant baseline population. Herein lies the
sacond aspect of alternative intarpretation: which fractile ahould be
pelected to represent the boundary of ‘perfection' or ‘normality'? In
principle these thresholds could be given along each ‘dimapsion' of the
audiological tests but the interpretation of the present raesults and
comparison with exiseting data is best served by referance to the average
hearing threshold levels, specifically H,,,UR and H,, IR,

Figure B8 illustrates the relevant information. The relation between
HI'L, age and fractile of population has been derived from the standardized
presbyacuais data (IS0, 1982b) as tabulated by SHIPTON (1979). The values
illuatrated are for a male population which excludes overt aural pathology
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and significant noise expopure (for details of the original data and
procedure used in arriving at the standardized values, see ROBINSON and
SUTTON, 1978 and 1979}, In the references cited, dispersion data are only
given for left/right ear averages at individual frequencies. Examination
of a mass of comparable data has shown that the dispersion of 3-frequency
average values is markedly smaller and can be summariZzed as approximately
2/3 of the mean value for the constituent frequencies. This factor has
been applied to produce Figure 8, It turns out that by using a non-linear
scale of age the whole diagram reduces to straight lines.

Thrashold of cbnarmality

-------- Threshold of Imperfection

40

LR

LR
23

40

0

HTL (48)
3
=4
1

} l Lt 1 | | | l 1 !
20 40 50 55 40 45 20 40 50 53 &0 45
Aga [yr}

Pigura B8: Dimtributions of hearing threshold levels as function of age,
illustrating thresholds of imperfection and abnormality.
Experimental data for groups YN and ON are shown to laeft and
right of each diagram (data are true hearing thrashold lavols).
Extrems percentileas for group ON are extrapolated,
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The thresholds of 4imperfection and abnormality may be defined
respectively as the dotted lines and the 2nd percentile lines, The
existence of hearing threshold levels exceeding these thresholds implies a
{highly probable) real deviation from the reapective bageline, hut whether
this ie of any consequence depends on whether it is above or below the
level of the disability threshold (see balow).

The experimantal data for groups YN and ON are included on Fiqure 8 and
are sean to conform well to the model for the respective mean ages (24 and
58 yr). whereas YN and ON were both homogeneous groups, this did not
apply to NI, fThe distribution of hearing threshold levels in this group,
being adventitious, is of no particular interest here and it is not shown

in this Pigure.

7.3 Threshoid of disability

Hare again onhe receives a mixture of enlightenment and ambiguity from
the WHO classjification, Disability is given as “"any restriction or lack
(resulting from an impairment) of ability to perform an activity in the
manner or within the range considered normal for e human beilng" (our
italics). As above, what might be considered normal for one humah being
might be considered exceptional for another, for example where the activity
is developmentally related as in the understanding of sapeach. In the
specific classification of disabilities (paction 3,2), the itema relating
to communication by hearing are given as "loss or reduction of the ability
to raceive wverbal messages" or *"other audible messages®. Por reasons
axactly parallel to those above, it is useful to introduce sub-categories,
in thio case, inability and abnormality. The former implies an absolute
deviation from youhg otologically hnormal poerformance, the latter a
deviaticnh from that of a baseline population matched to the individual in
question (e.g., by age). The corresponding thresholds are to be sat by
raeferanca +o the upper (poorest) performance limit within these
populations. In principle such thresholds can be found for any number of
differant activities which, in the present context, consisted of listaning
to and reproducing an assortment of spoken messages, The °‘reproducing' was
requirad to be exact in the case of the speach audiometry (SRR and SAN) and
of Simulations 1 and 3; in Simulation 2 redundancy facilitated receiving
the 'carrier' part of the message without necessarily hearing every word
but the scorable target item had to be perceived exactly,

It i8 also pertinent to quastion what is meant by "an activity" in the
WHO definition. The corollary of this is that a person may be *"disabled" -
on this definition - if his capability is out of normal limits for a
cartain activity though he may be pefectly competant at all other
activities of a human being. This is surely contrary to the ordinary
underatanding of the word, The definition, thus, might better read:
“Digability, for a given activity, is ... any restriction ... atc", but the
corollary then is that there are as many potential ‘dipabilities’ {(but we
prefer to pay ‘inabilities' or ‘'abnormalities')} as there are activities,
The term disability might be Dbetter reserved for the notion of a
conptallation of inabilities affecting performahce in a cognate range of
activities, for example, the class of ‘understanding spoken speech'. The
difficulty of determining the threshold of disability, defined in thie more
genoral way, is how to weight the 'inabilities' in all the possgible
circumgtances, given that they are necesparily unequal (dependent, for
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example, on speaker, acoustice, semantic content and npumerous other
variables). This inequality is exemplified in the present tests.

figure 9 illustrates the regults obtained, The distributions of error
rates at the fivae tasks were considerably skewed in some cases and
estimation of the percentile points was accomplished by free-hand curve
fitting, with the cumulative distribution traneformed to the ‘arithmetical

probability' scale.

Threshald of abnormality

80
Threshold of inability
- %
4 % - il
- rig
- 50 SAQ SAN
&0 -
= 25
E sof [ g ~ 100  Slm. 1 Sim, 2 Sim. 3
4 L1s &
~  aof _- PR - 80
& g "
8 F10 E
® a0 7.5 : “Leo
L5 »
20 |4 el
-3 / B et -
-2 - w
10 / - 20
1 .
o [s] 0
YN  ONYN ON YN ON YN ON YN ON

Figure 9: Distribution of error ecoree at the five listening performance
tests, for groups ¥N and ON, illustrating thresheolda of inability
and abnormality. Scores for SAR and SAN may be raad on either of
tho left-hand scales (sea Figure 10),
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In all five cases, there is a large overlap bhetween the YN and ON group
distributions, more mo than in the case of the hearing threshold levels,
Although they are not much different at the low error-rate end, they
diverge congiderably at the upper end, that ig, the threshold of
abnormality rises sharply with age. In the case of Simulatjon 2 (public
annhouncerents) it would appear that the threshold could reach the level of
total inability to receive the messages correctly a little beyond the age
of 60 years. This, though realistic, proved to be indeed a vary difficult
test for pome subjects, and even for the young normals the inability
threshold was around 50% (az defined by the 2nd percentile).

In the cage of the pimulations, the error-rate Aistributions, and hehce
the inability thresholds, apply only to the specific eituations and tasks
involvad and cannot be directly compared with other data. The results can,
however, be indirectly related to one another, as discussed in the next
sub~chapter, The SAQ and 5AN results are susceptible of more immediate
interpratation, by transformation of the results into terma of
conversaticnal speech. To do this the responses, originally scored as
phoneme errorg, were re—-scored as word errors, and thence converted to
santence intelligibility for conversational speech using established data
{Madical Research Council, 1947), The steps in conversion are illustrated
in Pigure 10, and the results can be seen in PFigure 9 where alternative
ordinate gcales are shown for the S5a0 and SAN digtributions, A usaful
gauge point, guoted by HOOD and POOLE (1%77), is the equivalence of 90%
pantance intelligibility and 40%-correct word score on speech audiometry,
or 36% phoneme error score on the pregent data. This error rate was not
surpavged by any subject in groups ¥N or ON for the spesch-in-quiet testse
at 45 dB or 70 4B but it sharply distinguished ¥N from ON at 30 A8 wherae

100 T T T *'0’0,
MRC 26!
\
80 4
. 24 -
P oof / 114
§ / 4
. [ 7 N
P/
§ 40k [ 41 8
®
# }i/ O YN
! & NI
we 1/ + ON -
1/
/
&
1 1 | 1
0 20 40 80 B0 100

% correet - words

Figure 10: Relations Dbetween phonheme, word and sentence intelliqgibility
gcores in speech audiometry,
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only 10% of the YN group failed against 70% of ON, In the
speech-plus—noise test (5/N ratio, +2 4B), ohly ohe subject in YN against
50% of thone in ON failed by this criterion.

It is obvious that the error ratesa in simulations of the kind employed
here depend on the intimate details of the teat situations, and that the
abpolute walues are not of primary interest, but rather the relative
performance of the young normal group and that of the others. In order to
makxe these comparisons the data require to be transformed to a unified
scale in the manner described in the following sub-chapter,

7.4 The low fence

the low fance may be regarded as a device for expressing the thresheld
of dieability as an equivalent wvalue din a wscale of impairment
{specifically, the scale of hearing threshold level), the asaumption
underlying this being a high correlation. It is well known that this
dnsumption fatle in general for severa hearing losses, since such a
relation established for conductive hearing leoss (on the basis of speech
intelligibility) does not fit in cases of aensorineural hearing loss,
Howevey, it has been shown rather convinecingly (HOOD and POOLE, 1971) that
this shortcoming scarcely applies in hearing loss amounting to less than
31 dB (average 0.5, 1, 2 kHz), Up to this level of sensorineural hearing
losa, it appears that the gpeech audiogram is virtually indistinguishable
from that in conductive hearing loss of the same amount, and unchanged in
form from that of normal hearing,

Previous studias have postulated low fence values ranging from 40 48
(fyz4) downwarda (eese Table 1) and recent research data have suggested
values of 15 AR (SMDORENBURG et al, 1981) or 17-19 dB (SUTER, 1978), We
have demonstrated a fairly high correlation between hearing threshold
levelns and the performance tests (Table 39), The hecessary conditions for
translating the threshold of disability to an equivalent audiometric low
fence are therefore broadly satigfied,

Tha relevant data are illustrated in the series of Figures 11-20, Each
pair of figures displays the test scores for individual pubjects in the YN
and NI groups plotted against H,,,PR ana #,,,IR (true values)., The oON
group reoult is represented by the median coordinates.

At Ffirst glance, the large scatter appears rather unpromising but by a
smoothing process it was posaible to extract the underlying relationship
between tept score and hearing threshold level. Moving medians of scores
were first determined in banda of 15 dB (256 AB at the high end where the
data are sparse), overlapping at 5 dB intervals), These values are shown
connected by the full line. The relationship was then approximated in the
forin of two atraight lipes (shown DbroKen) fitted to these values, a
horizontal portion at the level of the median score of the ¥N group, and a
aloping portion fitted to the upper range of hearing threshold lavel.
Their intergection forms a knee point to which further reference is made
below. In several cases the knee point could be pinpointed with some
precision becaupe the slope and intercept of the sloping portion were
inpengitive to the inclusion or exclusion of data points (that is, medians)
near the knee. The roughness of the data makes for some uncertainty in the
case of Simulation 2, so that alterpative lines are shown; there is no
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¢lear evidence of a horizontal portion in these cases, which is consistent
with error rate increasing continuously from the already high starting
point given by the YN group. The length of the horizontal portion, where
this exists, can be interpreted as the reserve of hearing for young normals
in the situation in question and it is avidently conaiderable for the
speech audiometry in quiet. The erosion of the reserve for those with
hearing thresholds between that of young nhormals and the knee point is no
doubt accompanied by a psychic cost but doed incur an actual performanca

penalty.

The level marked by the arrow coh the right hand margin of each diagram
ies that of the 2pd percentile of the YN distribuytion, which is the
threshold of inability as we have defiped it. BY reading off the graph
one arrives at an estimate of the correesponding hearing threshold level,
In the case of SAQ va H,,er there might appear to be ambiguity due to tha
pecondary plateau in the data; howevar, the evidence points to the higher
value (read from the steeper curve) because in the critical case one would
expect the hearing threshold level at 3, 4, 6 KHz to exceed that for the
lower frequency combination, 1, 2, 3 kHz. It will be recalled that the
correlation coefficient for SAN and SAQ was higher for H,,,, which also
predisposes to preferring Pigure 11, ‘The resulting estimates are given in
Table 49, Values underlined are for the fregquency combination with the
higher correlation coefficient against test score,

Table 49: Estimates of hearing threshold level at the inability
threshold defined by the 2nd percentile of young
normal performance

Tast Hearing threshold lavel
g, A5%e
SAQ 29 40
SAN 34 »50
Sim. 1 29 an
sim. 2 27/30 29730
Sim, 3 30 36

Before drawing conclugions from the numerical values in Table 49, sone
remarks should be made about the data. In the first place, there ie a
striking difference of slope of the relation above the knee point as
between SAQ or SAN (vs H,,,) and the remainder. Sccondly, the median
geora for the ON group is anomalougly high relative to the ¥N/NI data both
for SAQ and SAN whereas it fits the curve reasonably well for the thres
simulations, Beyond encapsulating this in the statement that perception of
phonemeg appears tu be somewhat more arcded by age than by a combination of
noise and lesser age producing eguivalent hearing threshold levels, we can
£ind no explanation. Thirdly, it is important to note that the ¥N 2nd
parcentile performance in SAQ (14% phoneme errors) is well inside the gauge
point previously mentioned — in fact it implies only about 2% loss of
sentance intelligibility (Figqura 9). In the case of S5AN, this percentile
ie only just above the gauge point (12%). Consequently it could be argued
that the wvalue inferred from the SAD tests (29 4B H,,,) should be
discounted in favour of that From SAN (34 dB) (see Table 49).
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Pigure 1L:
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Percent. phoneme error scores at SAQ {speech audiometry
in quiet, average of tiiree levels) against hearing
threshold lavels H,,,IR (average of 1, 2, 3 kHz, both ears),

Key: o Group ¥N; x Group NI (individual values)
Group ON (median valuws)

Ling connecting moving medians
Two-ptraight line approximation

The arrow at right indicates the 2nd puccentile
acore for group ¥N.
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Figure 12: Percent phoneme error scores at SAQ (spesch audiometry

in quiet, avarage of three levels) against hearing
threshold levels H,,,[R (average of 3, 4, & kHz, both ears),

Key: see Figure 11,
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Figure 13:; Percent phoneme errer scoras at SAN { speech audiometry

at speach-to-noise ratio 42 dB) against hearing threshold
levels 4,,,LR (avarage of 1, 2, 3 kHz, both ears).

Koey: oee Figure )1.
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Key: 8sce Pigure 11,
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Figure 17: Porcent monsago error scores at Simulation 2 (public address

anncuncemant.s in a concourse) against hearing threshold
leval #,,3"R (average of 1, 2, 3 kHz, both ears).

Key: peo Figura )11,

The straight line approximation in this case lacks,

Nota:
or shows only vestigially, a horizontal seygment,
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Figure 18: Parcent mepssage e¢rror scores at Slmulation 2 (public address
announcament? in a concourse) against hearing threshold
lovel Hy,.IR (average of 3, 4, 6 XNz, both vars).
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See also Note to Pigure 17.
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Pigure 19: Parcent item error scores at Simulation 3 (telephone
listening in a noisy place) against hearing threshold
levels #,,,IR (average of 1, 2, 3 XHz, both ears),

Key: see iPigure 11,

~ 116 -

T e e e it 2



CER RS L T R

AES T

TS 2t

T T R Y e

e

BT o ivampm

R

-
frads e

] 00 T i T | [ T I
Sim. 3
80 -
60 1
. e X
x x
b3
40 ]
20
to- ®
0 | | ] ] ] ] l
=10 o] 10 20 30 40 50 60
Haag
Pigure 20: Percent item error scores at Simulation 3 (telephone
listening in a noisy place) against hearing threshold
levels d,,,LR (average of 3, 4, 6 kHz, both ears)
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Fourthly, the slope of a relation derived from group data does not
necassarily coincide with that for individuals as their hearing declines:
individual slopes might well be steeper but originate from different knee
points, The reduced slopes for the simulations compared to the speech
audiometry is partly explained by the smaller correlation oefficents, but
there is probably another contributory factor., This is described by HOOD
and POOLE (1971) to explain why deaf subjects show lesas disability in
understanding speech than would be expected from the audiogram;

... it can be presumed that in normal circumstances
the redundant information in speech adds little to its
intelligibility. To the deaf subject, however, matters
are very different and as his deafness increases he is
obliged to capitalize on whatever speech information
comas his way. Consequently in the course of time he
will learn to make use of minimal clues ..."

and hence makKe less errors than would a normal-hearinhg person suddenly
arrived at this condition, or one for whom a reduction of the acoustic

aignal were substituted for the hearing losa.

The fifth point to note is that the threshold estimates of inability in
terms of 1, 2, 3 kHz are fairly consistent. Bearing in mind the
uncertainty of the wvalue derivable from Simulation 2, the result might be
gtated as 31 % 3 AB. The picture is less clear in terms of 3, 4, 6 KkHz,
but where the estimation is fairly well defined (SAQ, Sim, 1, Sim, 3) the
value could be summarized as 38 t+ 2 dB, This is quite consistent with the
value of 31 dB at the lower frequencies. In fact a linear regression of
Hy.a'R On H.,,"R for the combined groups YN and NI {n = 44) yielded the

relations

aR, = 1.05 AYR, 4 7.1 a8

If the values were wholly consistent and independent of test situation
it would happily dispose of the problem of weighting various ipabilities,
since the common value would unigquely identify the onset of disability, As
it je, they are reasonably but not wholly congistent and independent*, and
it in dinponnible on the present data to determine whether this is a
consequence of measuremsnt uncertainty or a reflection of intrinsic
differences of inability threshold in the various situations. Cartainly
the lattar are involved to some extent, as can be seen from the fact that
the estimates would differ to a different extent if a percentile other than
the znd had been selected (because the slopes are unequal).

*Last the apparently more ‘permissible’ value of 34 4B for SAN than the
29 dB for SAQ (H,,,"R) should appear paradoxical in face of the wall-known
fact that speech hearing in noise is more liable to erosion by aehsori-
el hering loss than speech hearing in quiet, the actual values in
Table 26 Bhould be recalled, More errors were in fact committed in noise
than in either of the quiet tests at speech levels of 45 and 70 4B, and
almost the same number as at speech level 30 dB., The paradox resulta from
the fact that the dispersion in SAN was considerably greater among the ¥N
group than in SAQ. The SAQ results have beer handled as an amalgam of the
three speech-in~quiet conditions.

’
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specifically, the consistaency would be diminished if one descended to
the 10th percentile, and at the knee points (50th percentile) it would
virtually evaporate, ‘This, however, brings us to a very important point
which regquires a little digrassion,

If a task ies fairly easy, both normal and mildly impaired perscns may
perform it without loee of performance - in which case thers ie no
inability ~ or normals may perform without loss and the impaired persons
with pone loss of ability, If the task ie sufficiently difficult, neither
will perform it without lose of performance and both will exhibit inability
but in AQifferent degrees, So will persons with higher Jlevels of
impairment., Hence dipability cannot be inferred eimply from inability, but
only from the differential performance of the normal and the impaired.
That is why we have defined a threshold by reference to normal limits, If
instead we had identified it as the knee point (in effact, the point at
which the slightest deviation from median normal performance in discernible
-~ the conventional ‘low fence') we would arrive at the awkward conclupion
that the low fence for the simulated (difficult) listening situations is
equal to (if not below!) the hearing thrashold level of the young normal,

In the case of SAQ and SAN under our test conditiohs {and those of much
previouns work) this ancmaly doan not arise becausg the knee point happens
to bo well above zero hearing thrashold level (that ip, thare is a reserve
of hearing for these situations), Howover, it would arioe for low speaech
leveln in quiet or for sufficiently adverse ppeech-to-noise ratios, Shades
of this are present, for example, in XRYTER's (1973} analyeip, in which he
differentiates botween a low fance for "start of hearing impairment for
speach at an ‘evoeryday' leval" and another, 10 dB lower, for
"conversational apeech in the quiet®, The Xnes points, in our view, do not
provide 2 logical foundation for & threshold of disability, sinca thay
occur at different lovels dopending on tha listening circumstances. The
function of a ‘'low fance' should be, not to distinguish Detwean
circumatances, but Dbatween paople, That purpoees appoara to be better
gorved on the principle of reference to the limits of normal performance.
It would nol ba necensary to labour this distinction if the approach to
finding the starting point of disability had not hitherto Bbesn equated to
locating the 'foot of the curve',

Since our definition of the atarting point ip at wvariance with
agtabliched practice, it seems prudent to modify the terminology, and,
instead of ‘'low fance' we shall refer to 'hearing disability thrashold
levalt {HUTL) as a suitably explicit term., The HDTL, than, in a value or
values distilled from those in Table 49 to rapresont tha totality of the
Bituations, and the numerical valuss to be aseigned to it are proviaionally
30 dB for H,,,"R, 38 4B for Hy,,“R. A question remaining is whether one
ahould insart an ‘and’ or an ‘or’' betwoan these two datum statomantn
{recalling that, although highly correlated at r = 0.84, these two
quantities ars not abpolutely prodictive of one anothar).

What are the consoguences of this proposed re-dafinition of the
disability onmet point? In terms of the facts of hearing, nothing is
c¢hangod: a comparison of our ppeach test results with those in the
literature shows them to be quite concordant. The main consequance is to
remove gone of the arbitrariness that attaches to traditional *low fences',
and thereby to reconclile conflicting opinions about numerical valuss which
are found in the nunerous writings on this topic, for example DAVIS {1973)
commenting on Krytar'a paper cited above,

- 119 -

= A e a T4 edn T LT SR o



A comprehensive account of the history of the low fence and the
vicigeitudes of its evolution is to be found in SUTER (1978). Some, at
least, of the variety of formulae and values proposed has arisen from
confusion of aims between clipical hearing assessment (in the individual
compensation context) and the setting of noise limits via statistical
predictions of hearing losa. This point has been caustically commented
upon by WARD (1983), but such divergences can be resolved (see Chapter
7.5). Suter, however, also congiders the more fundamental question of how
to define the starting point of disability (she uses the term ‘handicap’
but clearly with the same meaning since her argument centres on performance
at speech testa), After presenting a detailed analysis of the
experimental rasults of her own study (see Chapter 3.6), she is driven to
write: "The results of the (present) investigation have not resolved the
queation of the location of the point of beginning handicap, or the 'low
fence', the easence of the difficulty being that there is no clearly
definable cut-off ~ "the fence cannot be viewed as a magical turning
point", In the peroration she writes:

"Basically, the selection of a fence is a social issue.
It rests on the question of how much speech communicaticn
ability is needed in order to conduct the activities of daily
living in a satisfactory manner. The answer will undoubtedly
be influenced by such variables am an individual’s age,
occupation, lifestyle and perscnal preference, Field rather
than laboratory research will probably be needed in order to
solve the problem, but research in this area has been
inconelusive to date., Until more information is forthcoming,
the decipion on an appropriate fence will necegsarily be
gomgwhat arbitrary."

The aame word ‘arbitrary' is used by Ward {loc, e¢it.) in his summing up.
A hint of the way forward was, howevar, adumbrated by Suter;

"One way to approach the problem of an appropriate
fence would be to find the hearing lavel at which hearing-
impaired subjects begin to perform differently from their
normal-hearing controls.”

and it was from this standpoint, albeit in a rather tentative way, that the
figure of 19 dB H,,, emerged from har study. This approach accords with
ours but the difficulty is not finally dispelled until ‘begin to perform
differently' 4is translated into spacific terma. This is what we have
attempted in the present study.

Throughout this chapter the assumption is made that hearing ability can
be more or leas faithfully related to hearing threshold levels, There is
no raasoh ih principle, however, why a low fence should not be stated in
other ot supplementary ways. At the outset of this investigation it was
envisaged that a measurs related to frequency or temporal resolution might
play such a part, If adedquately menmitive and ralevant tests of these
functions were administered this might be feasible but it has to be
admitted that this has not proved to be the case in the present astudy,
Although suparficially a higher correlation could be found using a
conbination of impairment measures (Table 43) than with hearing threshold
level alone, this finding turned out to be a apurious aide-effect of
interdepandonce batween the variablea, confounded by non-linearity of the
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relations betwean them: interpreted literally these results implied that
the woree the audiolegical impairment on the supplementary measurs (CR-1 or
TI-2) the better the performance (at constant HTL - but this is not a
realiptic condition). We contamplated undertaking a principal-componente
analyais to explore the poppibility of identifying orthogonal dimensions to
explain the data, We decided, however, that this sendeavour would be
unrewarding so far as a practical ocutcome is concerned.

7.5 Relation to notse limits

Although, as mentioned above, this question has often arigan in
dipscuspion of the low fence, the two matters should be clearly separated.
Determination of a low fence 18 a necesgary step, hut in itself it cannot
provide a unique answer to setting occupaticnal noime limite, even if it
were granted that the relation betwnnn noise exposure and hearing threshold
lovel were precisely known. The misping *ingredisnt' ie the percent of
population at risk, that is, liabls to exceed the low fenhce, Determination
of this percentage has nothing to do with the percentages uged in
connection with defining the HDTL: it ia purely a political decision, and
parcentage is in effect an independent variable to be insarted into the

aquations.

It follows that subatitution of a conventional low fence hy an
alternative measura, such aps the HDTL advocated here, with a largar number
of dacibelp attached to it, dons not automatically imply any correspohding
ralaxation of noise limits - it simply changee (downwards) the percentagoe
of oxposed population that would be protected from exceeding the level in
question, <Clearly, there will be more people above the °*foot of the curve*
{for whichover ‘activity' one sglacte) than above the corresponding
inability threshold which is pome way up the curve — but tha amount of
disability in a given exposed population ip in no way changed by redefining
tho threshold,

In reallty the situation is not quite as simple am just describad,
however, becauss low fenca, a3 wa have seen, depends on a asomewhat
arbitrary, but hotly debated, criterien of disability. We suggest the
following advantages of introducing the fence defined by HDVL:

1, It providee a concrete dafinition for etart of disability.

2. The samg numerical wvalue appears to be applicable, within
roasonably narrow limita, to represent the start of disability in
different situations, hackground noises, ete,

3. It i8 pimpler to dafine persons whooe hearing deterioratep outside
the limite of normal than persons who have ‘slight’, ‘'mild’,
'minimal* or other adjectival degrees of difficulty with ‘faint’,
‘conversational', ‘everyday' or other adjectival categories of
ppeech hearing.

We ahall not aenter inte tha gquestion hare of what conatitutes a
tolerable exceedence rate for hearing conservation purposess, save to
comment on one aspect of thie, fThe HDYL valuee of 230/38 dB adduced in
Chapter 7.4 reprosent our best estimate of the joint inability thrashold
for geveral situations, and hence the dipability threshold, reforred to a
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young normal banaline. If wo wore to take thoe further step of defining an
ago- related abhnormality throohold (Figure 9) progressively higher HDTL
values would be oot for older populationn, In the context of hearing
congervation wo have not takon thio otop, nor do we advocate it., In the
firet place we have far from pufficient data to deduce ouch a relatioaship
(but a glance at the distributions of orror scores in our otologically
normal 58 year old group ON suggepts that age would be a strong factor).

There is a moro cogent reason, however, This is the fact that tho
threshold phift duc to noloe expooure rises much faster in the early years
of oxposurac than osubsequontly. Brotoction by noige limitation must

thorefore be primarily targotted on tho young oxposed population to ensurc
that the HDTL 1is not ourpassed (by more than the politically -dcteormined
porcontago) during the yearn bofore the preobyacusic crosion of hearing
catchen up and overtakeso in importance that of further noise cxposure,

7.6 Roelation to other criteria

on the hoaring consorvation side the portinent base documont in UK is
British Standard 5330. This document makes no political judgemont but
rogto on two value judgemento plup a body of oscientific knowledgo about
noise expooure uvs throchold chift. The valuo judgoments arc theose:

1, The risk of given noise coxposure cautsing apecified amounts of
throohold ohift io worked out in tormn of a population apoumed to
be froe from hearing deficita other than those related to age and

noioe axpooure,

2, The low fenee above which ‘handicap' is deemed to oxiot io given
ap 30 4B Hy,,.

The firot of these ia under curront conoideoration with a view to poosible
ro- formulation. This would have an impact oh the ‘rigk' wvalues, bhut is
not diroctly rolated to the oubjoct of the presont report and need not be
dipcusped further here. Tho accond, howover, merito appraisal in the light
of the preoont f£indingo: it, too, determines the numerical wvalues of
‘rigk' tabulated in the document,

It io rolevant to rocall tho origin of the value 30 d8, It was srrived
at from a ptarting point of the ARDO low fonce of 25 dB fg, 4., BDBURNS et
al (1977) preocnted data from a homegencoun population of noioe -expooed
ptoclworkers showing that, audiometrically, this was cguivalent to
34 dB H,,, (a convernion factor which could equally have been taken from
the rooulto of an carlier otudy, BURNS and ROBINSON, 1970). Thc chango of
froquencies was agreed upon in the light of mounting ovidence (circa 1975)
of thoe greator relevance of 3 kHzZ ap comparcd with 0.5 kHz in the
porception of apecch Jin sencorinoural hearing loss. Deliberations in
committeo cauced tho figuro to be rounded down to 30 AB, The arguments for
thin adjuotmont arce not documentoed but it can be attributed moot aptly to
tho ‘'ppirit of tho timeo' and general advancement in the field of
occupational hygione. (Thio, in rotroopect, was not a logical step: the
ecistonco or othorwise of a handicap ig not rolated -+ or only vory
indiractly ralatod -- to otandardo of induotrial wolfara: an adjustment on
thouo groundo bolongs to the political arena),
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It is little short of remarkable coincidence that the value of 30 dB is
the pame a® the HDTL arrived at in this report, but one could say that
NS %330 would be conpsistent with the pregent findings 1if the words
“handicap is deemed to exist” were simply replaced by "capability for
speech reception is inferior to the limits of normal hearing”,

The corollary of this is that our HDTL lies some 4 4B Dbelow the
original AROD low fence, alternatively that the latter is some 4 dB above
tha 1limit of young normal hearing, This relativity appears quite
reasohable in the light of DAVIS's (1971) retrospective verbalization of
the AAROO criterion:

"Mhe criterion ..... was the ability to understand everyday

apeech adequately (our emphasis)., This doss not mean monosyllables
inh the audiometric discrimination test, nor does it mean nonsense
pylliables in the psychoacoustic laboratory:; the concept is every-
day speech 'as she is spoke’, and this implies the value of
contextual cues and aleo the careless way that people speak.

Thare is a great deal of redundancy if we are talking about
everyday speech and not about the unexpected message, the
unfamiliar proper name or the important talephone number,®

“Adeaquate” clearly does not mean "excellent" or “perfectly normal”, In
fact, in another place DAVIS (1973) statea that the AROO rule

“waa anchored to the average hearing thresheld level at which
patients first complain of their handicap to a doctor rather

than to the threshold level at which they firat notice difficulty
with faint gpeech, in church, and so on".

It is reasonable to suppome that people notice the difference when they
reach a point beyond any of their hormal-hearing peers (effactively our
HDTL)Y, but it is a matter for conjecture whether another 4 dB is anough to

trigger complaints at the doctor's,

These comparisons should not be read to imply that we take any
particular position on tha rights or wrongs of such criteria for the
furtherance of hearing conservation, We put forward the HDTL only as a
banchmark bacause of ite definitional properties, not necessarily as an
action lavel,

on the hearing aseessment aide, the relevant documents in UK are those
isBued by the Departmont of Health and Social Security on statutory
compengation for occupational hearing loss, and the publication issued by
the British Association of Otolaryngologists (Anon., 1983) with a view to
guidance in legal actions,

The DHSS achems is based oh the value of H;,, with a notional low fence
of 40 dB (although monetary compensation is not attracted below 50 dB, this
point being considered as 20% dipablement), Tha scientific provenance of
the 40 dB baseline is obscure and the following are quotations from the
wWhite Paper cmnd 5461 (Department of Health and Social Security, 1973)
which preceded the introduction of the scheme:
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e [basaline) is the leval at which a loss of faculty can be
congidered to occur, that is the point in the gradual development
of deafness at which the loss of hearing results in disablement
of at least one per cent.” (It is not clear what 1% disablement

means, )

*,,, [the baseline] represents a pomewhat higher level of hearing
loss than the level adupted in some ovarseas schemes and for other
purposes, for example by the AAOC.... . In our [Industrial
Injuries Advisory Council's] view a higher level is Jjustified
because it reduces the importance of the problem of temporary
thrashold shift.”

we do not find in this .much enlightenment on tha true nature and level of
the onset of disability,

The guidance document of the British Association of oOtolaryngologistas,
apparently under the influence of Suter‘'s findinge, bases iteself on H,,,
and identifies 20 dB as the starting point of disability, which equates to
about 17 dR H,,, for Suter's subjects or to 1%5.2 dB H,,, for our group NI.
If our SAN results are taken as the nearest eguivalent to Suter's
ppeech-in-noise data, there is no serivus discrepancy with the 20 dB knee
point read off Figure 13, However, such comparigons bring us back into the
territory of ill-defined and condition dependent 'cut-offs’.

7.7 Onsat of handicap

Criticism has been levellad at some investigators' questionnaires, for
example the Hoaring Handicap Scale of HIGH et al (1964), on the grounds
that they are heavily weighted towards ‘'sensitivity’ questions, the result
Dbeing a high correlation between pcale score and hearing threshold level.
The expectation of high correlation, in these circumetances, 1is a
palf-£fulfilling prophecy, and there is a valid cbjection that 'handicap' ae

such is not teated,

However, similar highly significant correlation with hearing threshold
leval peems to be a common thread running through other sslf-report
quastionhadrea, aven in the case of the Hearing Measurement Scale developed

by NCBIE (1978), ‘Thia wan daliberatel_y structured to include several
aspecte of hearing handicap ocemingly remote from simple auditory
pangitivity, Noble found, not unaxpectedly, a high correlation on

Saction I of his questionnaire, but more remarkable is the £inding that the
correlation was vary little dilutaed (significance levela being unchanged)
by including all seven Sactions, Evan thooe interrogating "FRmotional
response” and "Personal opinion" exhibited significant correlations with
hearing threshold laevel at the higher fregquencies,

Another common thread is that the correlation coefficients (valumss in
the literatura are typically in the range 0,35 to 0.65) are very similar
betwean questionhaire score and either hearing throshold lsvel or measuras
of spench hearing performance, in some cases being larger in the former
casa, This is not the situation that one would expect on the conceptual
modal that impairment generates loss of speech hearing which in turn
angendurs the stato of handicap, Nevertheless our own resulte are also in

tha same genre as others,
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Refarence to Table 4l shows only modest correlation coefficients
betwsan test performance (p) and total questionnaire score (g) in the range
0,238-0,53 for the combined YN and NI groups, with similar wvalues
{D.35-0.55) for the sub-section of ‘disability’ questions (d) and
substantially less (0.25-0.48) for the sub~section of 'handicap' queations
(h). Againat this, the correlation coefficients between questionnaire
goores and hearing thresheld leval are larger in evary case but one (soe
Table 50), Whatever the explanation of this may be, it permite treating at
leant a portion of the questicnnaire results in the same mannher as
dascribed in Chapter 7.4 with a view to determining an onset level of
handicap in equivalent audiometric terms,

Table 501 Correlation coefficients for conbined group YN + NI {(n = 44)
between self-aspessments and hearing threshold level (left/
right ear average) (x100)

Bast of the 5

Hyias ) FPPY p-correlations
{Table 41)
Quastionnaire Section I
(Hearing in general)
das 81 67 55
hyy 52 59 4B
85, 64 65 §3
Quesdtionnaire Section [T
(Hearing in particular situations)
das 52 59 49
Naa 34 34 a9
8,5 61 58 51

Since our concern in this chapter ip with handicap, the relavant
measures from the questionnaires are h,, &and h,, and, &8 has alreoady
bean seen, the latter proved to be insensitive for distinguishing normal
from noise-impaired subjects. The handicap scores from Section I of the
questionnaire are plotted against H,,y in Pigure 21, the Ffrequency
combination yielding the larger correlation coefficient (0.62), and against
Hy,q in Pigure 22, The data treatment and annotation of the diagrams are
the same as for Figures 11-20,

The figures clearly show the anomalously low self- ansemsed handicap of
the older normal group ON, whilst for the other groups there is apparently
a upiform progression starting £from the luvel of normal hearing, Tha
intersection of the trand linea (broken) with the 2nd percentile acore of
the YN group occura at the value 9 dB #,,, (which is iteelf approximately
the 2nd percentile hearing threshold level for this group), and 19 df Hy..
ragpectively.
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Pigure 21: Scale scores (as parcent of maximum possible) on Questionnaire
Section I, ‘handicap' questions, against hearing threshold
levals d,,,fR (average of 1, 2, 3 kHz, both eara),

Key: o Group ¥YN; x Group NI {individual valucs)
Group ON (median valupa}

Line connecting moving medians
Straight-line approximation

The arrow at right indicates the 2nd percentile
scale score for Group YN,
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Pigure 22: Scale scores (as percent of maximum possible) on Questionnaire

Section I, ‘handicap* questions, against hearing

threshold levals f,,,"R {(averade of 3, 4, 6 kiHz, both ears),

Kay: &ae Figure 21,
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whilst it may De imprudent to read too much into the particular
numerical values emerging from the diagrams in view of thair being based on
only one set of responses, there is a clear difference from the cases of
test performance vs hearing threshold level shown in Figures 1.1-20 which
all equate the limits of normal performance to considerably higher values
of hearing threshold level, The four subjects in group NI with wvalues of
H,2, within normal 1limits (< 10 4B) but rather large handicap scores
( 33-61%) were all within npormal limits (some bettar than normal) on the
measures CR-1, TI-2 and F5-2, ®s0 that explanations on the grounds of
audiological impairment appear to be irrelevant. All but one of these four
also gave better than average performance scores on the five listening
tasts; the other (subject 114) gave average or 2bove—average scores (see

Tablea 23-26),

on the basis of Figure 21 we should conclude that there is no threshold
for handicap - any deviation from normal thresheld of hearing, no matter
how little, evokes a responpe under self-assassment. This observation is
reminiscent of the statement by MERLUZZI and HINCHCLIFFE (1972), made in

reference to the effect of age:

“although a 'low fence' of 26 dB HL {ISO) would be applicable
to a 70-year-old man, this value would be too high for younger
people, For a &0~year-old person, a value of 18 4B HL (IS0)
would be more appropriate, and for a 45-ysar—old person it would
e less than 10 dB HL (IS0). Extrapolation of the curve to
zero age givem a value of 1,4 dB HL (IS0) for the 'low fence',,,
It can be argued that oven a man with a 3 dB hearing loss is
receiving sound at an intensity half of what would normally be
the case 8o that he 13 already handicapped." (our emphasis),

7.8 Conciuding remarks

The data obtained from the investigation can be conpidered in two
different lights, either as revealing something about the responses of
individuals or as yielding information of potential value in the area of
hearing conservation where idiosyhcratic responsss must necessarily be
aubmarged in pursuit of broader trends,

At the individual level the results. are only useful in proportion to
their absolute reliahility, since random srrors exert their full effect.
In this respect the investigation proved to be reasonably succesaful., In
an ideal expaerimental protocnl, replication or replications would permit
formal uncertalnty auditing; in the given conditions the assertion is
¢ircumstantial, As regards the audinlogical measurements, the comparison
of left and right aar measures (Table 35) is relevant {as wrll am the
‘huried' replication of threshold measurements at 4 kHz); also the close
correspondence of the YN and ON groups to established distribution patterns
and magnitudes of hearing threshold level (Figure 8). The 1l1eft/right
pinmilarity test fails, however, in respect of the TI and OF measures but
any want of reliability here may be due in part to the rather abbreviated
forme in which they were tested ag much as to the performance of the tast
subjecta, The high correlations between SAQ and hearing threshold level
{givan that only two arbitrary combinations of frequency, not necessarily
the optimum, were used to charactarize the latter), and betweah SAQ and SAN
gcorans, suggest satisfactory reliability at the speech tests (Tables 38,
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39y, Similarly, high inter-pection correlationa between the parts of the
questionnaires (especially Section I, Table 40) lend credibility to the
consistency of the subjects' attempts at self-assessment.

when, therefore, one turns to the comparison of individuals' responses
to the three component elements (D, [ and A) of the investigation, as in
Figures 11-22, and finds a very wide range of relative responses on these
components, there can be no doubt that these are real. These diagrams
show widely scattered results on performance (on all but the simplest
listehing test, SAQ), as well as on self-assessment. What is more, within
the three simulations, some listeners seemed to be able to 'tune in' to one
{or two) and fail at the other two (or one) (compare Tables 24, 25 and 26);
also there were those who could perform well against a self-aspassment of
hearing difficulty, and vice wversa. Two conclusions may be drawn:

(1) An individual assessment of hearing disability is to be viewed as
pomething quite distinct from an asseasment of perceived handicap.
This can alse be phrased the other way round; self-ageessment is no
guide to the actual hearing ability of an ipdividual. There is no
reason to doubt the pelf-assesament results on the grounds of internal
inconeistency and no obvioue reasocn £rom the point of view of
motivation in the neutral cohditions of these tests. These results do
appear to warrant reservations about the value of self-assesement.,
Howaver, these reservations are not about the procedure as auch, for
which a case can certainly be maintained in applications such asm the
medical managemant of individual cases, Lut only where it is offered as
a surrogate for the actual teesting of performance, There also appear
to be important legal dimplications in the want of correspondence
betwean self-report and test performance, but to pursue thias aspect is
aut of place hare.

{2) Where the object is to test individual disability, it is misleading to
do this on the basis of speech audiometry alone (whather in quiet or
otherwise), Nothing is clearsr from our results than tha fact that
performance at either or both of these tests is no guide to reception
of mespages in more realistic situations, Moreovar, performance in one
such situation is no guide to performance in ahother. We have founhd
this to be the case even within 2 very limited repertory of situations
with the common elements of passive listening and speech material, It
is hardly likely to be less true in the wider field of communication
ganarally. where this leads us as regards practical recomrendations it
is hard to say. The implementation of a quasi-realistic esituation in
controlled conditions, and any attempt at the standardization of such
conditions, presents great difficulties, and a plurality of such
gituations im necessary to further complicate the matter. In this
contaxt, the role of extra-auditory input 1ie also relevant. our
attompt to compare purely auditory and audio-visual performance, in
simulations 3 and 1 respectively, failed to show much difference on the
average {though not individually, some being better at one task than
tha other and vice wversa). Acquired lip-reading skill will almoat
certainly not have besn present in our sudjects due to the small or
moderate hearing loases involved, but some innate ability at
lip-reading might have been expected to reduce the average error rate
‘at ginmulation 1, This faculty may have been insufficiently exercised
in the conditions of experiment due to pre-occupation with writing down
the anawers rather than watching the television acreen as instructed,
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Turnimg to the interpretation of the results on a ‘'population' basis,

rather different considerations are invelved, Firstly, <there is the
question of sampling, Our test groupe were rather small in humbers and of
differing sex ratios, Further, it was not practicable to consider

demographic or socio-economic variables., In this respect the groups ¥N and
ON were probably more nearly matched than NI, and in any case it is not
clear how one could find control subjects matched to NI in all relevant
respects except for noise exposure, The data must be understood with these

regexrvations, However, thera are some poaitive aspects. Firstly, the
normal group YN appears +to have been large enough to declare it
audjologically typical, The same is true of group ON, small though the

numbere are, All three groups expressed closely comparable experience of
the situations interrogated in Sectionh II of the questionnaire. No subject
in any group failad at any of the +tests and no Aifficulties were
encounterad in adminietering them or in deciphering the reasponses, ail
subjects were literate, There are no anomalies of the kind that group NI
scored better than ¥YN on any test (although there are large overlaps at the
individual level), There was, however, likely to have been some difference
in self-perception between groups ON and YN, The former was composed of
petrsons who had no reason, excapt their age, to suppose that their hearing
might be on the way to becoming impaired; NI subjects, on the other hand,
wore ho doubt aware of this poasibility in view of their noise history and
because this was our roason for inviting them to hearing tests, A possible
slement of pelf~salection canhot ba diacounted in the latter came, and if
this operated it would more likaely have affected self-assessment than the
other tests, 4n the direction of larger acorns. It would saem unlikely to
affect the deduced relations betwoen performance and luiring threshold
lavala, En passant it ia worth mentioning that the quality of audiometric
performance as Jjudged by excursion width and steadiness of the
pelf-rocorded +tracas was, though variable from person to peraon, not

notjiceably dissimilar between groups.

To sum up, we are reasonably confident of the estimates of HDTL
(Table 49), but less sure about the audiometric equivalent of the handicap
thrashold (FPigures 21, 22), The self-aspesement of the ON group compared
tu that of the NI group ia perhaps the least esecure of the findings as
regards magnitude, but it accords with the £indings of othera
qualitatively. e highly wvariable and unpredictable performance of
individuals, as woll as theair self-assesgmants, is such aB to suggeat that
increasing the pumbera would have made )ittle difference to the results:
corralation coefficionts would become more significant but would probably
remain numrically about whera they are.

The analysis has focuesed on the limit of normal response as the 2nd
purcentile {just over 2 ptandard deviations for a Gaussian distribution),
The numerical raeeults are determined by these criteria, and comparisone
with other investigations are correspondingly sensitive to tham. More
extremy fractiles (apart from being impospible to determine without violent
axtrapolation) may be stretching the term ‘normal limits*' beyond reasohable
bounds, On the other hand, a criterion such as the 10th purcentile sesma
to err too far in the other direction, £or an occurrence rate of 1 in 10
can hardly be said to be rare ensugh to neglect, We are therefore
patisfied with the 2nd percentila as a reasonable limit, and its eatimation
for the various measures entailed only slight extrapolation of the data.
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APPENDIX A

TEST MATERIAL FOR SIMULATION OF A SOCIAL GATHERING

A.1 Text of tntroduction to the vidso tape

"The idea of this test is to sea how well you can hear and write down
somebedy's name, address and telephone number under difficult listening

conditions,

Each of the numbered entries will be presented as four separate itemg:
the person’'s name, their address, tha town and their telephone nurber,
After sach item has been spoken there will be a pause to allow you to write
down on the form provided what you think was said, If you are unsure of
the spelling of any of the names, spell the word the way it sounded to you.
Always make some attempt to write down what you think wasz said, even if you
are not confident or could not understand the whole word.

The nunbers [superimposed] oh the screen correspond to the item numbars
on the form, so you can always find where to write your answer.

Each time an item is being spoken make oure that you look at the
speaker's face, ag this will help you to understand what is being said., To
let you know when to look up at the TV screen, as shown on the form each of
the items is preceded by an appropriate introductory phrase:

The next name is/and the address/The town is/and the ‘phone number. So
each entry will look and sound something like thie:

The name is J. Citizen
and the ajdress : 26 Chapel Road
The town ia Eastland

and the ‘phohs numbar 903 8711

In fact it will be more difficult for you to hear what is being said
because we ate going to introduce various noises into the room., To give
vou sgons practice under these conditions in a2 moment I will raad two
axamples during which you should write down whatever you think was said,
But first, do you have any questions? If mo, please ask them now,

fDamonstration of 2 examples in noise.]

You probably didn't catch everything that was said, Don't worry about
that - it is the purpose of the test to make it fairly hard for vou, Here
are two examples again, this time with sub-titles to indicate the correct

words,

[Demonstration of the game 2 examples with sub-titles superimposed
oh picture,]

That is the end of the practice wmession., If you have any questiona,
please ask them now,

The taest will start in a few seconds and you will see different

speakers on the screen. Please gqet ready to start writing and remember to
watch the screen each time the person is speaking. O©OK then, here goes."
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A.2 Spesch material

Practice itens:

A €. Hilton 15 Briarmere Walk Chadderton 652
B A. Radford 35 Princess Road 0ldabury 429
Test items:
Speaker JB
1 5. Mowss 5 Humphrey park Urmston
2 G, Day 53 Sansoma Road Shirley
3 0. Rhodes 36 Leam Creacent Solihull
4 S. Godley 24 Ennerdale Avenue Stanmore
5] K. Bams 40 Haddon Grove Sidcup
Speaker MS
& A, Richards 91 Ashtrce Road Tividale
7 R. Tompkins 106 Overbury Avehua Beckeanham
[:] P. Barton 28 The Drive £ghaer
9 £, Waple 150 Wanstead Lane Cranbrook
10 J. Garrish 16 Hamier Road Wastvale
Speaker KH
11 A. Stevans 70 Hall Lane ockerhill
12 F. Murnane 69 Beacon Road Sutton coldfield
13 T. Huspey 59 High park Sail frskine
14 R, Tough 123 Pirsat Avenue East Molesey
15 B, Cocking 48 Orchard Avanuo Bedfont
Speaker DR
16 W, Wynn 30 Poulson Drive Bootle
17 A. Bickford 25 Hay Lane Monkspath
ia E. Willett 9 Redwood Estate Cranford
19 L. Nathan 39 Boreham Holt Elatreo
20 R. Butterworth 12 Belmont Avenuo Springhead
Prohunciation of telephone numboers:
556 30659 five fivo-six threa-oh aix-nihe
544 5969 five double-four five—eight siX-nine
300 9920 three doubla-ch  double-nine twe-oh
658 1445 six five-eight ohe-four four-five

ate,

A.3 'Reapocnao form

6597
8144

855
744
743
907
elele}

552
658
398
544

556
54
BL2
941
751

928
745
497
953
652

59486
8434
0313
9929
9920

6887
1445
1760
50869
9787

3069
6890
6050
1567
l04e

5134
5B63
1463
4232
1837

The form a8 prasented to subjects is raproduced on the next page,
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UNIVERSITY OF SOUTHAMPTON -

INVESTIGATION OF HEARTNG HANDICAP

LISTENING TN SOCTAL SITUATTONS

NAME: DATE:
THE NAME IS THE TOWN IS AND THE 'PHONE
AND THE ADDRESS NUMBER
EXAMPLE: | &7 ¢~/ 2o 26 Cindtz A A S7LARD 703 &R
PRACTICE (PLEASE WRITE YOUR ANSWERS IN BLOCK CAPITALS)
‘ A
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B
i
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] ------- - - -
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i That is the end of this test, thank you.
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APPENDIX B

TEST MATERIAL FOR SIMUTATION OF
PUBLIC ADDRESS ANNOUNCEMENTS IN A CONCOURSE

B.! Text of introduction to tha audic tape

"In a moment you will hear a typical announcement recorded at Waterloo
railway Btation. Listen +to it carefully and try to get used to
undaratanding the important information.

[Demenstration]

Next we will play you a series of announcements. For each one there is
a particular gquestion [on the response sheet]. I wil) read the relavant
question to you before each announcement s0 that you know what to listen
for in particular. If you have any questions, please aak them now."

B.2 Tranacript of announcements

Item 1: “The 17.52 to Guildford wvia Cobham will 1lesave from
Platform 10, calling at Surbiton, Hinchley Wood, Claygate,
Ooxshott, <Cobham and Stoke d4&'Aberncen, Effingham Junction,
Horsley, cClandon, London Road and Guildford. ‘The 17.52 to
Guildford wvia Cobham is now standing at Platform 10."

Ttem 2: “The 17.50 to Portsmouth Harbour will leave from pPlatform 11,
calling at Woking, Worplesdon, Guildford, Godalming,
Haslemsre, Peterefield, Rowlands Castle, Havant, FPratton,
Portsmouth and Southeea, and Portsmouth Harbour. The 17.50
to Portsmouth Harbour is now standing at Platform 11."

Ltem 3 “The 16.02 to Dorking will leave from Platform 1, calling at
Clapham Junction, Wimbledonh, Worcester Park, Stoneleigh,
Ewell West, Epsom, Ashtead, Leatherhead, Boxhill and Weat
Humble, and Porking., The 18.02 to Dorking i8 now standing at

Platform 1.,"
Iten 4; "Wa apologize to passengers travelling by the 18.10 to
Salisbury and Bournemouth, The stock on the Bourhemouth

sarvice is formed of 8 coaches only, Thisg is due to the lack
of suitable rolling stock,*

Item 51 "The 17.54 to Eastleigh will leave from Platform 8, calling

at wWoking, PFarnborough, Fleet, Winchfield, Hook, Bamingstoke,
Micheldever, Winchester, Shawford, and Eastleigh.®

- 142 -



T P AT A D AR D e g T e T

T T R T P R S e T,

Item &1 “The 16.35 Intercity service to Bourhemouth and Weymouth will
leave from Platform 13, calling at Southampton and
Bournemouth, f‘The front 8 coaches furtheat from the ticket
barrier are for Branksome, Parkstone, Poole, Hamworthy,
Holton Heath, Wareham, Dorchestar South, and Weymouth,
Change at Southampton for all stations to Pokesdown., Change
at Wareham for bus connections to Swanage. The 16.35
Intercity service to Bournemouth and Weymouth is now standing
at Platform 13."

Item 73 “The 16,12 to Pasingstoke and Alton is a platform alteration

and will now leave from Platform 11, We apologize to

" passengers travelling by this service for the inconvanience
cauysed” .

Item B: "Thisa is a special announcement for Jackie Cortez, Misga
Jackie cortez please call at the Police Station which is
situated alongside Platform 15, This is a special
announcement for Miss Jackie Cortez."

Item 9: "The 18,00 hra +to Portsmouth Harbour will leave <£rom
Platform 13, calling at Wesat Byfleet, Woking, Worplesdon,
Guildford, Parncombe, Godalming, Milford, wWitley, Haslemere,
Liphook, Liepa, Potersfielq, Rowlands Castle, Havant,
Bedhampton, Pratton, Portemouth and Southsea, and Portsmouth
fiarbour. The 18.00 hrs to Portsmouth Harbour is now gtanding
at Platform 13."

Item 20; “The 17.58 to Alton will leave from Platform &6, calling at
wWoking, Brookwood, Aph Valae, Aldershot, Parnham, Bentley, and
Alton. Passongers travelling to Ash Vale are ragquested to
join the first 5 coaches further from the ticket bharrier.
- Tha 17.58 to Alton is now standing at Platform 6.”

B.3 Quostion shaot

Tho question sheet and model answers are reproduced on the hext page.
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UNTVERSITY OF SOUTHAMEYION - LWVESTIGATION OF HIAKING HAKDICAP

UREXPECTED ARNOQUNCEMERTS IN A PUBLIC CONCCURSE

In & moment you will hear a typical announcement recorded at Weterloo

railwey station.

understanding the important information.

Next we will play you a series of announcements.
is a particular guestion below.

Listen to it carefully and try to get used to

For each one there

T will read the relevent gquestion to

you before each announcement so that you know whet to listen for in

particular.

Item 1

Item 2

Jtem 3

Item 4

Item 5

Ttem 6

Ttem 7

Ttem 8

Jtem 9

Item 10

From which platform will
this train depart? ...........

Where should you change trains
for Wanborough and Ash? ..

Does this trein stop
at Bookham? +v..veveveninerans

Why do British Rail apologize
to passengers on this train? ..
And why has the problem
oceurred? .....

DR I I A A}

Does this train stop
at Winchfield? ......

$ssteas e

For which destinations should
you change at Southampton? ...

What is the alteration
to this service? ......

What is the special announcement

for Miss Jackie Cortez? ,.....
{Please give all the
relevant information)

Whet is the departure time and
destination of this train? ...

What are the special instructions

Tor passengers to Ash Vale? ...
{Please give all the
relevant information)

That is the end of this test, thank Yyou.
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If you have any questions, please ask them naw.
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ARPPENDIX C

TEST MATERIAL FOR TELEPHONE LISTENING IN NOISE

C.1 Text of introduction to the audio tape

"In thies test you will listen to peopla's pames, addresses and
talaphone numbers in the same format as you heard in the earlier test. To
give you some practice under these conditions in a moment I will read two
examples during which you should write down whatever you think was eaid,

[Demonstrations of 2 examples in hoige.]

You probabhly didn't catch everything that was said. Don't worry about
that - it is the purpose of the test to make it fairly hard for you.

Remember, if you are unsure of the spelling of any of the names, spell
thoe word the way it sounded to you, Always make some attempt to write down

what you think was Baid, even if vYou are not confident or could not
underetand the whole word.

That is the 2nd of the practice session. If you have any questions,
Pleapa ask them now,

The test will start in a few seconds, 850 please get raaldy to start
writing. OK then, here goea."
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Cc.2 Spesch material

Practice items+:

A C. Hilton

B A, Radford

15
as

Briarmere walk
Princess Road

Chaddarton
oldbury

652 6597
429 0148

*Tha same examples ware used as in the first simulation (Appendix A).

Test itemsa:
Speaker JB

1 L, Flood

2 D. Bedford
3 A, Bowie

4 E. Parison
5 D. Newcombe
Speaker M3

& D, Panfold
7 H, Varlay

;] M. Pandlebury
9 A. AMnett
10 L. Griffiths
Speakor KH

11 A, Kendrick
12 D, Robinson
13 L. Rudd

14 R. Bray

15 T, finlayson
Speaker DR

16 E, Dibadale
17 M., Quinn

18 G, Penson
19 p. Cabey

20 W, Ackland

€.3 Rooponpso form

74
107

25
10

39
32

93

21

99
31
57

119
(3
33
59

106

Brook Lane
Sydnay Road
pelhi Avenus

Hollington Crescent

Camdan Avenus

Norman Road
Plymouth Street
Parsonage wWay
Peakdale Road
Kingawood Drive

wWyburh Avenus
Clayton Closa
Reddish Lane
Alexandra Road
Kyle Court

Ashridge Drive
Shawcrops Straet
Heathcota Gardens
King Street
Lockaet Road

Walling
Sutton
Dalmuir West
New Malden
Hayes

Cheam
Oldham
Cheadle
Draysdan
Streetly

Barnet
Bury
Danton
Wall End
cambuslang

watford
Stockport
Romiley
Burbank
Wealdstone

304
643
952
949
573

643
624
491
370
363

440
761
232
953
641

428
417
427
336
427

The form as presented to subjecto is reproduced on the next
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EXAMPLE:

UNIVERSITY OF SOUTHAMPTON -

TRYESTICATION OF HEARTNG HANDICAP

NAME :

LISTRNVIKG ON THE TELEPHOME

DATE:

THE HAME IS

AND THE ADDRESS

THE TOWN IS5

AND THE 'PHONE
NUMBER

T crm2ew

26 CHREZ A2

EXE 72 At

o3 &

FRACTICE

(PLEASE WRITE YOUR ANSWERS IN

BLOCK CAPITALS)

- - R e —
!
TEST 3
] ——————— . et W e S W e P e Py S A S S P T - —— e e o By —— e s e B W e T 8

2
— e g 8 e e s e e o s o e, e ——.1

3

4 . R S

5

Brrmm R VOV S IR—

. D

)

g e e e

4

15

by

-

J2em e

13—

L ———— —————— ——— ——

15

T B L TR E R e {-——m -

17 - i e N I -

18 - - g o o e g b e e e e e e - - o o e e g ]
19 B IO —— i IO s ]

20

That

b L
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Key:

SAQ 30/45/70:; aspeech level 30/45/70 AB(A), in quiet
t ppoech level 70 AB(A), in 24 voice babble also

SAN

List 1
SAQ 45
Ship
Rug
Fan
Chack
Haze
Dice
Both
Well
Jot
Move

APPENDIX D

WORD LISTS POR THE SPEECH AUDIOMETRY

Lipt 3
3aQ 70
Thud
Witch
vrap
Jail
Keys
Vice
Get
Shown
Hoof
Bomb

Shapa
Wreath
Hido
Gueng
Conb
Choooe
Job

at 70 4B(A)

Lipt 5
SAQ 45
Fib
Thatch
Sum
Heel
Wide
Rake
Goes
Shop
vet
June

- 148 -

Ligt 7
SAQ 70

Badge
Rutch
Kill
Thighs
Wave
Reap
Foam
Googe
Not
Shed

List 8

SAN

Bath
Hum
Dip
Piva
vays
Roach
Joke

Noooo

Shell

e W ey e oY



APPENDIX E

QUESTIONNAIRES

X.,1 Notes on tho questiionnaires

Each Section was in pencil-and-paper form, unpaced. Secticns I and II
ware given consecutively., verbal instructions for each Dbeing repeated in
. printed form on the first sheet of these Sectiocns,

gach of the nine question sheets of Section II was accompanied by a
ralevant photegraph (not reproduced here), arranged in a loose~leaf folder,
with question sheet and photograph on facing pages.

Section II! consisted of three sgeparate question sheets, presented to
subjects one at a time after the completion of the corresponding simulation
test (Appendices A, B, C), with verbal instructions in case the task was

not self-~explanatory.
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£.2 Section I - Hearing in General

Please work through the gueations below at your own gpeed and put ticks

in the anawer boxes that f£it beat.

Even if your hearing is excellent {(and

you may anawer that way to Question 1) remember that there are asome

occasions when almost anyone finds it a bit difficult to hear,

80 please

try to answer every question, If some of them do not apply at all to vou,

or if you are quite unable to make a choice,

applicable” box,

then you may tick the "Not

1. Generally speaking, how would
you describe your hearing? ......veviaeeoneesres Excellent [
Good but not perfect D
Moderately good D
Not very good [
Bad ]
2. Is your state of hearing much
the same as it always was or
i1s it getting WOrSe” sivieirseararsarenssarenss The same []
Slightly less good D
Noticeably worse D
Much worse D
3. Do you have to moke a special
effort to hear things? .......... tever [1]
Scometimes []
Often D
Alvays D
b, Do you think other people notice that
you have any problems with your hearing? .......... wo J
Possibly [

If this gquestion is not

Yes D

arplicable, please tick here .D
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5. Is your enjoyment of life affected

by the state of your heering? ovviisvisaseeas, Hot at all []
Sligntly []

Quite & lot E]

Severely [j

If this question is not
applicable, please tick here ,... I:]

6. Do you feel that your hearing puts you

at 8 disadvantage compared to others? ......... Not at all E]

sligntly []
Quite a lot [] ‘\

Severely D !

If this question is not
applicable, plesse tick here ....[]

T. When you hear an unexpected sound, do you
instantly know the direction it comes from? ..... Always
Usually
Often not
Never

gaaao

The next two gquestions are about particular sounds and how well you hear them

8. When watching your favourite TV
programme or listening to the radio,
de you like the volume higher then
other members of the household? .,............. No

)

If you answered 'Yes' here,
what is the reasen? ............... I need it louder
Lo hear everything

Just a matter of taste

L]
[

Any other reasen? .viivieiieneas

Fe®easdadterarug

I I AT EPRPIE R R
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a, Bow do you et on with hearing

the rounds of daily 1ife? ooiioiieaes Perfeetly well [

Such thingo as: .

T T he doarbell Mostly quite well []
your pets Sometimes miss things [j

birds singing
water running
kettle boiling
phone bell in other rcom

Quite often
miss things []

If these or any other things
affect you particularly, please
write here whal they are ......c.icevuiren. re e e r e,

The next few questions are about how well you hear speech

10, Dc you nave any difficulty in quiet
surroundings with hearing what
people are saying? .viviiiaiiernaitinanans Hever [

Sometimes 1]

Often E]

Always []
1. In conversation with peeple that you
don't hear very well, do you ask
them to repeat what they said? ... ccvviiiinnon... Never ]

Sometimes D
often ]
Always [:

If this gquestion is not
applicable, please tick here .

12. Broadly speaking, when you have any
difficulty listening to what people
are saying, is it because: ........ svseeer they don't speak
loudly enough? Ej
even when loud
enough you cen't [:]
make out the words?

other resason

(please specify) ....

R R R

If this question is not
applicable, please tick here ....[j

(RN NEE

Te e
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The next Lwe questions coneern your work

13,

Does the state of your hearing

ever interfere with your work? ... ivvecnsavin, Hever []
sometimes []
orten [
Always []
If this question is not
applicable, please tick here ... l:]
14, Do you work in an area where hearing
protectors are made available or used? ......... No []
Yes EE
If you answered 'Yes' here, do you
yourself{ wear hearing protectors st work? ...... Never []
Sometimes [ |
Usually []
Always E]
Does wearing a hearing prolector canuse
you any additional problems with .
hearing Sounds? v vureeeeesenencersoreonsrntvanss No [__]
Yes
Don't know ]::] '
15, If you get noises in the head or ringing

in the ears after work, does this cause
diffieulties in your daily 1ife? ....v.vveneens Hot at all

A little
Quite a lot
Severely

If thiz question is not
applicable, please tick here ..., E]

Odgd
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E.3 Section II - Hearing in Particular Situations

We are going to describe some typical situations where vou may have
had esome problem in hearing well. Each one is introduced separately and
is desacribed in a few worde at the top of each page, There ie also a
picture for each situation to help you visualize the scene we are
degcribing.

Pleane answer the quegtions by putting ticks in the boxes that hast fit
your experience, Even if you answer that the eituation never happens to
you (which is the first question on seach page) we would prefer that wou
answar all the other questions rather than leave them blank, You can
probably do this by using your imagination to put yourself in the kind of
situation described,

You can go at your own speed and please remember when you start each
page to examine the photograph which depicts the situation, read the

description at the top of the question page carefully, and then carry on
with the answers,

Please turn over now and begin with Situation A,
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Situation A You ure listening to the sports results or
similar factual inTormatien on Lhe redio,
with the volume control adjusted to your

liking
Questions
1. This happens tome ...... never somet imes often

[ [J [

2, I hear all the
informstion well ......... &lways usually  sometimes never

’ ] ] il 1

3. I heve difficulty with .......... male voices...... [:[
female voices.... [_] f
foreign mecents.. [} i
dinlect voices... [:]

voices relayed
by telephone.....

5 other (please i
SPECITY) . et i ittt e

1f none of these apply, please tick here ... D

4, If there are distractions,
my ususl reaction is to ......... turn up the
volume. vy veseae- D

t\

& - P :

i} . stop listening... D

fj - other (please

4] Y Y-ToE 1 510 DA

el

2 If none of these apply, please tick here ... {:]

i‘é |
T

p 5, It may be difficult

to heer in this sit-

',i uation but this does

g not necessarily mean i
i that it metters to :
1 you. 3ut cen you say

i how much it matters? ... Hot st all A little Quite Very much

@: a lot

¥ ] c O O

i

Y

f!

1? :
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Situation B

You are at o noisy guthering in a pub or

at a puarty. People are tnlking all wround
you and loud music is pleying in the back-
ground. The person opposite you is trying
to tell you some factual information - it
might be the cricket score, how to get te a
certain place, what they heard on the news,
or something like that. You are trying to
hear what they are saying.

Questions

This happens to me ....... hever sometimes often

1.

L,

5.

you.

] [ O

1 can clearly hear
the person opposite me ... always usually  sometimes

What makes it

particularly diffieuvlt? ......... the music........

& [ [

never

(]
other conversations......... E]
[

the general noise.,..........

having to concentrate hard.. []

other (please

specify).v.ven... s st ara i

if none of these apply, please tick here ... [:

When this situation is
difficult, my usual

reaction is to

.............. ++ve. ask the person to

speak louder....vivvnrvrnass E]

aveid such getherings.......

pretend T heard......ovvvvees

other (please

specify ) e iieriirennans

If none of these apply, please tick here ... [:]

It may be difficult

to hear in this sit-

uation but this does

not necessarily mean

‘that it matters to

But can you say

how much it matters? .... HNot at all A little Quite

a lot

[l O il
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Situstion C You are in the concourse of a tusy
railway ststion or wirport, full of
people milling around you. Suddenly
an anncuncement is called cover the
public address system with information
which might or might not be importiamnt

for you
: Questions
1. This happens to me ....... never sometimes often

[ (] [

i

. 2. I hear the announcements

. clearly ..iveiveareiernsen always usually  semetimes never

( [] [ [ [T

LI.

i 3, What makes it

: particularly difficult? ......... anountements too loud...... I,

f announcements not

; loud enough....cviennnenann, [:] .
. distorted sound quality..... [:] j
% the background noise........l:] i
}

& the distractions.......oven {:]

B catching the important

& WOTAS ..vnviinnnuervennosnnnns E]

other (please
. ] s1T-5 B 2

LIRS0

* 1T none of these apply, please tick here ... []

- 4, Irf I miss the announcement,
my reaction i t0 ....vev..10...+ read the indicetor board,.., [:]

ask someone €1lSe..vvieeriess [:] :
get anxious.....evvniaenienn [

olher (please
L Y 5 T

T T B T N T R T R S g e e

If none of these apply, please tick here ... []
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Situation D

You ere concentrating on a quiet
task at home - rewding ihe paper,
doing a crossword, writing a letter
or something similar, The radio
and TV are not on, Cther menbers
of the family are also in the room

and everyone is quiet until, suddenly,

one of them makes a casuel remark

Questions
1. This happens tome ....... never somet imes
2. T miss such remarks .,..... never somet imes

] -

3. When I don't catch
the remark properly,

my usual reaction is te¢ ......... guess what was said.
esk for it to be repeated... [:]

-3

ignore it. . ioviviinn,

other (please
speeifyl.......

often

u

often

]

If none of these apply, please tick here ... []

L, It may be diffieult
to hear in this sit-
uation but this does
not necessarily mean
that it matters to
you. But can you say
how much it matters? .... Not at all A little

i £l
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Situation E

You are at & pudlic meeting in o
large hall, The principel speakers
are on the ploatform and they are
not using microphones,

Questicns

1, This happens to me

2. I would hear well
wherever I sat

3. I have difficulty if

If none of these apply, please tick here

4., If I rind this kind of
situstion diffieult, my
usual reaction is to

Pr e s

PRI I N

sa et e s s eaa

D R I A I A

never sometlimes ofilen

[] (] (]

alwpys usually sometimes never

[ ] 0 U

several people speak
B ONCE. . s rsneerrnnnsasnes

the speaker dees not
raise his volCC.cvivnsrsanss

I can't see who
is speaking,.vveeveniriiennn

the hall is large & bare....

O 0O O

other {plecse i
SPECITY) e tiv ittt ta it raras

-0

sit near the fronte..ivenv.. [:]

ask the person next to
me for help...vvvveaiaainss

avoid such mectingS.covirsve

other {please
SPECITY) ettty

10

IT none of these apply, please tick here ...[:]
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Situation F You are at a formal meeting
seuted round a large table.

Questions

1. This happens to me .,..... never sometimes often

3 n [

2. I hear everything
that is said ...evvviee... mlwWays usually  sometimes never -

] [ [ ]

3. I have difficulty with .......... noise outside......ecevuvias
speakers who mumble...... ...

people whispering
emong themselves....... vreas

speakers who have
their backs tome...........

O
O]
papers rustling.............[:]
[]
]

other (please
BPECATY ) it it e e,

If none of ithese apply, please tick here ... []

k., If I find difficulty with _
this kind of situation, my .
usual reaction is t0 ...¢..s44... 8it near the chairmen....... ‘

ask people to speak up......[:]
rind it tiring....cveveeeenn. [
avoid such meetings......... [}

other {please
SPECITY) e et iiinreranaeens ceenees

If none of these apply, please tick here ... []

e e ot s T E s e PRS- i B 4 b gk i Ao B
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Situatien G You are making a telephone call
from a peyphone in & noisy place
such as & pub, a busy street or
a railway station

Questions

1., This happens to me ....... never sometimes often

[ [ L]

2. I hear most of what
15 881d .siivivesrannnanaes alvways usually sometimes never

] | [ O

3. When I do not hear well, what _
are the main difficulties? ...... noise behind me......cvvvrus

an unfamiliar veoice
at the other end..vivivvenne

8 bad 1ine...ecvrrnsnnrianae

the other person
speaking too fast......vvhe

the other person
speaking indistinetly.......

0 oo o

other {please
SPeCITY) et s v iivrrnerarertensnnanses

If none of these apply, please tick here ... E]

4, If I have difficulty in
this situation, my ususl
reaction is to .......0 «vivssaess 85k the other person
to speak up or speak
moTe SloWLY..vvvrerenreians []

ask for & repeat of
vords not heard......vreiane

[
shield my other ear...,...i. |_]
]

try another line.......... e
abandon the call
altogether.....oooeuuuns e E]
other (please

specify)..... sireeaes berern s vaes

If none of these apply, please tick here ... []
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fituation H

You are at o cash counter such
as a Post Office, & bank, or n
ticket office, where the clerk
sits behind & transparent grille

or sereen
Questions
1. This happens tome ....... never sometimes aften
2, I hear the clerk clearly .. always usually sometimes never
3. What is the mein cause

b,

of Aifficulty? ..vivnsiinnrvnanan the grille...........

noise behind me......

the eclerk speeks

too quietl¥eivivrves

other (please

Specify )i e innaiinne

If none of these apply, please tick here ... [:

¥When I have difficulty
hearing the clerk in
this situation, my ususal

reection is to .........v.v.0.... @Sk him/her to speak up
or repeat what was said..... [:

try to menage without

hearing exactly what
he or she said.,.vivvurvnnve []

other (please

specify)oiiiiin..

If none of these apply, please tick here ..I:]

- 162 -
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Situation J
car,

Tou are in one of the front seats of &
It is night time, there is e lot

of traffic about, and you are travelling
in en unfemiliar area.

PN PR N,

Questions

1. This happens to me ....... never

[

2. In this situation,
I am vsually

LI IR

1

3. T can clearly hear
what another person
alongside me in the

front of the car says........ alweys

LJ

L., I have more difficulty
hearing remarks made by
other oceupants of the
car if

D N N I I AR A

IT none of these apply, please

the driver

sometimes often

[] D

B passenger

EI

usually  sometimes never

O - 1

the radio is on....vveuvensn []

any of the car
windows 15 OPEN. . v.crvsrrr o []

the person speaking
is in the rear seat,........ | |

other (please
E=] V=T ) A O

tieck here ,,. []

5. [(Answer only if you are usually the driver)

Are you ever aware of danger
or of being misdirected
because you feil to hear
your passenger giving you

warnings or directions? never

[

R

occasionally often

) O

6. {Answer only if you are usuglly a passenger)

Does it happen that the
driver asks you auickly
for directions but you

den't hear Tirst time? ... never

1

sometimes often

[ ]
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E.4 Queationnaire - Section [II: Reactions to Simulated Situations

Simulation 1 : Noisy gathering in the pub

How please answer these questions

1. In the test you have just done

which of these made it partic—

ularly difficult? ..ovvviviarses the music...... P aeaanaas []
the female voleeS.iuivvarare []
the background chatter...... []

baving to concentrate hard.. []

writing down the answers.... [ ]

other. ... coveieeves it et araaseseus

2, Did you find the test «veviineses BBEY s v v ur st anrtrrstnesannn
g bit difficult..oviuninran,
quite difficult,..vvuvenssss

[
(]
(]
almost ImposEible...v.sseson []
]
]
]

3., What were your reactions
during the test? ... ivvviiivenes none in particular..........

only listened to the names
and addresses - didn't

watch the screen........ PR
tried to lip read....... fees
it got easier as it went on. E]
found it interesting..... veo [
disliked it...... e v
vished it would stop....... . [:]

Now please turn back to the photograph and description
of Situation B and answer this question :

4. Did the test you have just
done resemble the situation
that you imagined when you
were answering the questions

about Situation B (the pub)?..... very closely.ccvuerencens ]
in some ways..... PN [j
only VBEUELY.  eussnrranns Vel []
not &t all............. enes []
Any other
COMMENET s s s av s errarsrarosornssavanas
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Simulation 2 ; Announcements ai Waterloo Station

Now please answer these guestions

1. In the test you have just done
vhich of these made it particu-
larly difficult? .....vveviveevv.. &NROUNncements too loud......

announcements not
loud enough...esiiereranaes

distorted sound quality.....
the beckground noise........

catching the important
parts of the messoge.......

Uil Don o

having to concentrate.......
writing down the answers.... [:j
. . other (please

g LT

2, Did you find the test .......ev... €85y throughoUb..eoiiiereaens
difficult in parts...v..oe..
difficult throughout,.......
almost impossible.,........

3, What were your reacticns
during the test? ........vs.vss... none in particular,......

OO Ooooo

it got easier as I got
used to the voice........

.

other (please i
- 33 sT<1 5 2 2 S A

Now please turn back to the photograph and description
of Situation C and answer this question :

4, Dpid the test you have just ‘
done resemble the situation ;
that you imagined when you
were answering the questions

9 gbout Situation C2,....uvvevernrre, VEry closely.oicvveiresaenss |_J

& in SOME WAYS...vereeveninens [

% only VAGUELY. .. everenersraas L]

I

% not at all.iseiissoinernnens [:3

i Any other

i COMmENty, e uy s iin e rearn e tesasanas

3 |
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Simulation 3

Now pleese answer these questiong

1. In the test you have just done
which of these made it particu-
larly difficult?

2. Did you find the test ...veverenren.

3. Duripng the test I held the
telephone in my

DN N NI N BN )

and wrotathe answers with my.... right hand

L. When I don't heve to write
at the same time, I usually

hold the telephone inmy .......,. left hand

5. What were your reactions
during the test? ..iivvieeniinenan,

L N N I R N ]

lef't hand

: Listening on the telephone

the noise around me.........
the male voices..... craereas
the female volceS......vuvs.
voices not loud enough......

having to concentrate.......

gogoonno

writing down the answers....

other..... cibarseans teeereer e s

CBEY eetsrnrrrosrsasnrsneanay
a bit difficult..c.vvcunvees

guite difficult.....

P N

pgoaa

almost impossible....eoveses

right hand

1 [

left hand

1 i

right hand

1 1

none in particular..........[_]

had to press the receiver
hard against my €ar.........

found it tiring......e0.... . [:]

30 + 1= o

Now please turn back to the photograph and description

of Situation G and ansver this gquestion

£. Did the test you have just
done resemble the situation
that you imagined when you
were answering the questions
about Situation G? .....oveveeeranns

- 166 -
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APPENDIX F

REGISTRATION AND CONSENT FORM

Pleage complete the following general questionnaire and the consent form:

NAME:

ADDRESS:

AGE LAST BIRTHDAY: DATE OF BIRTH :

OCCUPATION: SEX:
1 Have you ever received medical attention for your hearing? YES /NO
2 Do you or have you ever experienced noises in your ears or
head (tinnitus) which last longer than 5 minutes? YES/NO
1f yes, is this only after exposure to noise? YES /NO
3 Have you ever been exposed to high levels of noise at work? YES/NO

If yes, what kind of noise?

For how many hours per day? days per year!?

Years?

4 Have you ever been exposed to the noise of guns (including rifles
and shotguns}? YES/NO

1f yes, what weapons?

Indicate the total number of rounds you fired:
1 - 10; 10~100; 100-1000; More than 1000

5 Have you ever been exposed to any other loud noise (e.g. at home or
as part of your hobbies and recreation) or explusions? YES/NO

If ves, please specify

6 Indicate with a tick if you have ever had any of the following
treatments:

Quinine or other drugs for walaria?
Antibioties by injection other than penicillin?
Divretics (to make you pass more water)?
" Aspirin in large or regular doses?
Any drugs which produced dizziness or ringing in the ears?

- 167 -
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7 Have you in the past year had any problems with your ecars ur hearing,

e.g. pains, discharges, or infections of the ear? YES/NO
8 Are you suffering, or have you in the last week suffered from a
common cold or respiratory infection? YES/NO

CONSENT FORM

Consent form to be completed by a subject volunteering to underge an experiment

for research purposes before the experiment commences.

1, of .

. the hearin andicap experiment
congent tu take part in g b P exp

to be conducted by

during the period to 198

The purpose and nature of this experiment have been explained to me.

I understand that the investigation is to be carried out svlely for the purpose
of research and I am willing te act as a volunteer for the purpuse on the
understanding that I shall be entitled to withdraw this consent at any time,

without giving any reasons for withdrawal, I further certify that I have

seen the questions concerning medical fitness for this experiment (questions
7 and 8 above) and confirm that to the best of my knowledge I do not suffer

from any of the conditions listed,

Date: Signed:

EXPERIMENTER'S CONFIRMATION

I confirm that I have explained to the subject the purpose and nature of the
investigation which has been approved by the Human Experimentation Safety and

Ethics Committee,

Date ¢ Signed:

(Researcher in charge of experiment)
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APPENDIX G

INSTRUCTIONS FOR OPTIONAL AMENDMENT TO SELP- ASSESSMENTS

on completion of each sheet of the Questionnaire Section III, the
relevant answer sheet of Section IT (Appendix E,3, itema 8, C, G) was
returned to the aubject together with the following inetructions:

“Here is the answor shoot that you filled in carlier,

Remomber that when you were doing this we asked you to visualize
situations of the kind described at the top of the page in a general way,
not any particular situation,

But now that you have experienced something similar in the test you
just listened to, you may like to take the opportunity to confirm or change
your pravious anowers,

Pleanso looK through your own answer sheet now, and if you feel you need
to alter (or add to) any of your anawerns ugse the coloured pen ao that we
know what altorations (if any) you mako,"
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