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ABSTRACT The peliOtmance of a prototype digital high-rower he. " ng imlnornenl was e,,"II1::\\.o1 )l~'TJ1l Ie'" i>\' sreech understanding
in 'Iuiet and a '1"e,t im1naire. The ,ubje,:t. "'ere 26 . duh, ",ith moder ate-to-profound sensorineural "<a"n~ I"" , m", t of whum were
experienced hear,ng aid users. There was no significantditIcre""e bet",eet\ the group mea" sco...." Ott monosyllabic wordte'ts eondueled
inq uiet for thepro toty»l: d, v"'''' \ "",'lhc '''LhjL...1.· u'' n ~fing lli<h. l lu" ....CT. ...."ponses tothequeslionnaire, howedlha185% of lhe
suhj':d ' preferredlhe prnt"' )1'" d""Kl:(l) ttldr "" " hc.";n~ " idh), Ahh<.>u~h ttne wu, a positive correlutinn between lhe qU'>slionn"ire
resultsandthe spccch re<;"S",!I'", ..."re d I IT~rcllC1:>,"""\·r;l ll lhcJc",nl \ULlflgOI tendency for subjccts10preferthe prototypedevicethan
C<llIld becxplaincd hythcir'l"'cch tc't Tc,uhs alooc

1.INTROm.;CTIO:"J

Wilhin thel ast decade. a range of fully di£ital hearing aids ha,
beeome availableon thecommen:ial marke tplacel<x clinical
usc. Digual technology has the advamage over its analog
countcrp;1rt hyh einga hlel op erlilfmc"mpkx opc ration,w hile
consuming little power [4J, These instrument, are capable
of implementing a range of signal processing algorithms
designed 10 improve speec h intel ligibility, listen ing comfort,
and ooundq ual ity for peop1e witha hearing impainn ent

There arc a wide variety of dig ital hearing aid products for
thc cliniciantochoosc from.Th ereis some evidence to suggest
that despite inlplemcnting different processing leehni'lucs,
cligitalhearing a id,provide , irnilar performan"e outcornes, For
eMlmple. a study carried out by Hamaek Knebel and Bentler
[6] compart.-d rcal and perceivcd bcncfit for two commercial
digital hca ring-a id~ In thnt ~l"dy, no , igllificam d i ff""'n,",,~

were found bctween the hear ing aids with object ive test ing of
spv-c'Chrc eognition

In addit ion, clinicians should be aware of a general
tendency tor new devices to be preferred over ~x isting

technology li,r reasons omer than ohj~...,tivdy mea, urable
performance improvements. Bentler et at. [ I] compared
uscrs· prctcrc nees for idemical hcaring·aid,aficr they had
bcel1labelled 'alla log'or ' digital 'at random, anddescribcd
accordingly to lhes ubjects. Strc ng profcrcnccs wcrc obscrvcd

forrh c dcviccslabcllcd ' digna t.tc vcn when they were, in fact ,
analog hearing-aids

The aim oft he experiments repo rted belowwa~ to examine
the relationship between objective measures of speech
intclligib ility in quicllistcningeonditiol1s.andsuhjeet ivc
measures obtained by means of a 'luestionnaire when
evaluating a prototype digital hearing_aid that was clesigned
specifically lor usc by people with a moderately severe- to
profound hearing loss.

II . METHOI>S

A. T he Pr"t" typl.'RTE Dn ice

The les t instrument evalua ted in the trial was a prototype
bchind·the·ear (RTF.) digital power instrument Claimed tn
be suitable for people with hearing thresbold levels that
exceed SOdll t lL al all trequencie" II was onlnidirect ional
and specified to have a maximum output and a maximum
gain of approximately 140 dI3SPL and llOd l3, re, pectively
(measured in an ear simulator). The gain could be adjusted
separately in tive partially-overlapping frequency bancls
and covered a frequency range of l OO-41100 114:. Three
main signal processing schemes could bc selected during
programming tosuitthc heariogeharaetcri, ties of lhc uscr
These included a programma ble amplitude cc mpre .. ion
scheme and two alternati ve schemes that provided essentially
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linear amplifi cation but had slightly , li tl~~nt ouiputltmiting

Icchniques. The prot olypcaid did rlol have any uniquesil,'ll al

processing features when emllpured tu other digual aids . In

appearance the test hearing a id rese mbled the pa tients ' own

aids. Subjec ts we~ pmv i' lcd wirh some information abo ut lhe

p rototy pc:aid as well a s bci ng tuld it \\ a~ a k'Stinst rumcnl.

It was possibleto peogram ~.,'f;Il dilk n:n l 'idS of signal

processing parJ.TftelcT<; into lhe lelIl in, trume nf wh..'O it wasfitled

to each uscr.Tbese programs ctluldb.-t.eleclCd manua ll)i bli lhc

usesto su il thc ambicn l lis..,ningcondilions. In tr.e e~pcrimcnl5

describcd below, lheim J'i"-1on the u..m'penxprual pcrfunna n.:e

of using onlyone of'thcsc progJams ",a, evaluated. Program I was

>elected as il W:ll: inlcrllkd topm\'ide appropriale amplificalion

for most liSlcning sinwions ba'Cd on measurerreras of the

hearing characteri5lies of the aid user.

a . S ub jec"

Twenty -six adults , com pris ing 11 women and 15 men ,

volunteered 10 partici pate in the trial. Relevant informat ion

aoout lhcm is prllvided in Table l, Thei r llear in!!:thn:'h oldl evcl."

mcasured convcmionall y unde r head phon,'S, areli sled in Table

2. The majo rity o f subjects had moder ate to severe hearing
losses suitable for Jiding by the le, l instrumen t However.

some subj,..., swho had rclati.e1y goodlow-fn:queno:yhearinll

thrcslllJld'i"'ere ioc ludedin thestooy becau -.;othe ir k....ses were
severe (\T (>Tofoond fm m I kHT ~p"ard.

For all subje<;I<. hearing 10l~1 were "" Ufl'..:d 10 have
primar ily a scn scnncural origin. based 011tbe resuhscfheann g

!hrcshold smca.. uml by bone conducticn.fn o-roesu bjed(S9).

an earlie r aSSl's>men l had indicated a rctrococ hlcar lesion

Seve n uf lhc sobj,'Cls had one unaidable car where hear ing
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threshold s at all freq uencies where measured at '10 dB HL or

greater, or were weari ng on ly one bearing aid at tIK: lime of
assessment. In these cases the filling and c~ a l ual ion o f Ihe
hearing,aids was carried out on only the singk a id~-..I cat, One
sllhj~'<:I(SI7)hadaidabk thresholds in both cars. 1:>tJ t haJ bt.....n
wear ing a hearing aiJ in rhelett car on ly, Th is subj~t was
fined binaurally for this trial. All subjecb li en: expo.-rieneed
hearingaidusers, Subj~,\:tsweren(ltpaid forthe ir pan i dpat iotl

in the expe riments. alt hough expens es such as travel costs
were reimburse d

C. Sp\,«h ll"'t ma lcr ia ls

Consonant-vowel Nuele us-Cons,ma nt (CNC) word lists we re
prcscmcd from audio recordi ngs [7), There were 50 word" per
list.spokcn by a female with ana verage Au, tra lian aeeenl. Each
wordwa s a mono syllable such asrchurch". Each wordconsisted
of thn:e phonemes. maki ng a total nf 150 phonemes per list. No
lists of words (other than practice lists) were repeated fnra ny
subjec t during tile triai, T he orde r in which lisb wen: pn:~nled
to subjects across s.....skJns was random i7ed. The ave rage level
of the words . when me asured at the subjecr's listen ing pos ition
(abo ut 1 m from the loudspeaker), was 55 - (,()d BA, These
levels, whk h ~ .i milnr to the levels of spe:eeh io nonn al
C()llversalion. wel\: l;~-nC'11l lly rcreeived to beeomfortahly loud
when heard by the subj ects through therr hearing-aid s.

D,Procoopn'

Aid llt11 n~

The heari ng aid ul<lSe and medical hi' k ' ry " f eaeh subjeel
was docu mented du ring the 1i.,;1 Icsl """,inn. A pun;· lone
audio gram, inc luding both air and bone e" nducli"n. was
obta ined. and the e lectro-ocoustie eharac ler;, hcs ofeach

su bject's own hearing aid(s) were measun:d and re..•..rd~-d .

Most of the su bjeclll'own heari ng aidls) had be-cn lined using

NAL·RP fill ing guidelines 12 1, The NAL-RP formola aim s
to maximize speech intelligibility for the listener in bUIll
quiel and ooiM: using linear amplificeuon. Table I inclUlles
rd nanl details of each ~ubj~'C1's o....n aids. u ain and ou ipUI

mea sureme nts .....ilh signal leve ls of 60 and \lOdH SPL "ere
carried OUI using a standar d 2_em1 cou pler (Mad:c.enAurical)

with both hear ing instrumcn ls
The tesl instru me nts "ere lilled 10 eae h subjed using

approp riate fittin g soft ...an:. w ith ....hich user-selectable no rma l
ami noise -reduc tion programs wen; creat ed. The softwa re
programmed the test instrumen ts 10 pro, ide taige t gains at

eac h frequenc y a' well as other ~ ignal processing paramete.,;
In ge neral. Hncat ampbfkation was selec ted when the a. 'era/ole
hearillg loss at O,5, 1, 2, and J Ic:I11 ' '' ,s cq llallo or gn:<Jler
than 70 d li IlL , whereas all1pl itude~"()lll pression was scleered
in cases where the ave rage hearing thre~holds wen: lower
Ibcnc rt.Tablc 1 provid es rele vant detail s of the final programs
~ekek-d for each subjl-';l. The subjects' pure· lunc Ihresholds
were emcrc d into the finin g soft ware to derive all initial liu ioll:
sugge stion. These seltings were alte red at the finot follow-up
session based on sub ject feejback . Nocbanges were mad e to
the fltting if the subjec t was happy with the sound Qualit y of

the dev ice. lf required. the prog ramming of the test instruments
was adjusted to approximate the amp lificat ion character istics

Aeoo$t iesAostra lia

of lhe subjec t's own hearing aids, based on 2-c m.l euup ler
measurements. S uch anadjlls1llk:nl wa, performed for 14 of
the sllhjceIS(S I, S1. SJ . SS. S6, S1. S8, S<J, S II. S 14. S I6.S I1.
S20.and S12). alld res ultedin onl y sma ll diffe rences betwee n
the gain Ihe>c subjects r.....:t'in: d with the test insmanenrs and
,, 'ith their 0"'11aids

Wor d n ,<,u!:n iliullio qu irt

Fur ali eu lllaiions of spccch illtelligibilily. eaeh subjcc l
" as t~~I~'Il indivi<1l1ally in a mediu m sized SOllnd·all co lLilting
blK'lh. Initially. the \'o lumeeontl\l ls on each subjec t's OliO

• hea ring aids WeO: set for com fortable lislcning of spc:«h al
a elllwcnoatiunallevel ill quict eond iliuns , For most subjecto;..
this was tllCdcfa llh vo lume co ntrol seu ing. This scnieg "as
note d and fixed fur all follo\loing I~...t se...~ions im ol\ 'ing
those aids , A pracricc C~C \lon:Ili st \II' then prese nted to

familia rize subjects with thelnt i n ~ procedure and materia ls.
Sllbjocts we re instru cied ro repea t nch word immaliatd y after
hearing it, and to guns i( un.<IIn:.A tier lhe pract ice lisl. IIlO
lists were used to test subjec ts in each of two condhicns: ( I)
lIsi llg thciruwll lrC.lrin ga ids. and (2) usingthet cs t instlll men lS
wnh Prugr.lnl I enab led . Subjects' respon ses were analy zed to
delerllline the nom berofphunem t:Scorn:c1ly rocogniredoul o f
a lntal of 150 pho nemes per list. Respo nses from the pr actice
list were exclude d from the data analy sis

II coumcrbalanced sequence oftesting was applial in an
attempt 10 minimize the eontounding effects o f acclim atizatio n
ove r time (Gatehousc, 1992}. Initially. sohject s were tested
wjth one lisr using their OWn hearing-aid s. They were then

asked lu take ihetcst instill ments home. and lise them in place
of' their ow n hearing -aids as much as possi ble. Each subjec t
\l'ore the tes t in.' lruments fur a total period of lO - 14 ",eeh .
The CNC wurd test s were carried uut during Ihe fina l two
s.."S'o iOllS of this pc riod with the test instrumen t nn Program I.
Al tile end oft hc trial pcnod , subjects reverted to weari ng their
own bearing-aids. After a further two weeks , a finaltest ",a.';
carried cut to obeain a score for a sec ond CNC word list using
the SlIbj..-.;ls·owna ids.

At the conclusfon of Ihe trial. eac h su bjec t was asked
to co mplete a ques tionnaire wh ich was desi gned t\l elicit
respo nses co mparing the test instruments with their own
hearing-aids. The:qe esnounarre. which was adapted from Ihe
Sho rtened Hearing Ai<1Performance Inventory fur the Elder ly.
or SIIA PIE ( Oillon, 1994 I.eompriscd2J qu..-suo ns . Su bjects
com pjcred thc ques rionnaire in the laboratory. Respon se s were
indicat ed b) ' marking a horizonral line: printed immedi ately
afte r ..ach Quest ion. Half of the line was marked "0 11'0

hearing·aid.~ and Ihe o the r half " Expe rimen tal hearing-aid,"
The posi lilln of the label''Ovon heari ng.a i d~ on enbe r the ngh t
or leO.half of eac h line ~arioo ran<lumly. Each half of the line
carried marks labd kd \li lh the " Oms ~s l igh lly bcll~T.~ " better.~
and ~much beue:r,~ spac ed regu larly and s)'mme lrica lly abo ut
the mi dpoint. Th us. the mid poin t of the line eo~pondl'll 10
a response indic ating that the: subjCl..'1 judg ed lhe Iwo l) pcs
of bearing-aid to be indistinguishab le. S uhjects were able 10
respo nd ~Not applicable " 10 an y qccsuon In lhe analy sis o r
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IV. RESULTS

Tal>le2 . llear inKlh.", hnldl ... e1.(d UIl I,lf",r lhc suhJ,..::""h"
pa. tid l'al,'d In Ihe 'lud y

N""' : ....l ,..; . k. "' d teOio lo•• i. that \\.'. hmitO<! by th. m..imum po.. ibl.
ou'l".nnf th• • U<!" "" . I. '

",ach subjC'l:fs dala, queslions ans"""'rN with such a response
were omitted . Olllcrwise. each subject's response 10 each
question was as,i gn,'tJ an inlcg,'r ~'al ue ranging from --5 ( filr
Ihc respon';C''Own h",aring-aid much bcllCr") IO +5 [for the
responset'Expersmemal hearing-a id much bcncr'')

"-

(I '" -o.506. df -2~ . p . 0.62). Fun bef anal) sis ..._ curied
OUt (... subjC'C1S' indi~ i dual ~ ... in ~ I Chi-squal"l:dIL'SI
As sho....n, 6 of the subje'CU(S7 . S19. S21. S23. 524. 526)
obiainell.ipl ilicanl ly hight.'Tscoresfp <0.05l . ..nd 4 .ub jects
(56 . SI O. S I ~ . S22) obiai.......siguific,," lly 10""" scores (P <
0.05) with lhe ICSl instnuTlcnls than with U>eir o",n ailis on
this test. The remaining subjects · scores were nul significanl ly
difTerenlbel....een Ule1"'0 ICslcond itions

For ihe subjeclswhoparticipaiedinlhc study, lhel e'l insirumcnt
provided perceptual performance approximately equa l. on
avcragC, lo lhc pcrformanc",o rlhc sul:lj,'CI,'nwnhearinga idi'
when Iislcningl o words presenlcd al amut!erate lcve!i n qulel
conditiuns. This \luteome was nOI unexpect ed, pan icularly
because the test instruments were sp«ifically adjusled for

v,DISCUSSION

.Mllll]' IIt~i t 1111.............................. .........-

Toal\3l}·selhc l\... ul~ frornlho: conlparali\(;quC!ol ionna.irc.lhc

numbers ass;gned by eaclt subjl.-ct u rt'5ponSC!\ werc a' ·",raged
across Ihe 23 quesnce s . l he mcan response ,·alues are shown
fUfeach SUbjecl in Fig. 2. Pos ilivev-aII,lCl;,p1on ell on lho:righl of
the graph, itKIicale preference ft.>< thcl esl inw umems. \\ herca.
~ati vc va lucs,plotled onlhc lcllilld icaleprefercncc; for

the suhjecf s Oli n aid•. Allllough preference ratings "aried
cons iderably. all bul 4 of lh", subjIXh indicaled Ihal they
preferred the test instrumentto their n"'n hearing-aids. The
ex,,,,,plions. sUbj~'l:ls 56. 5 11. 515, and S16, indicalcd thai
they had only a relali"e ly ~Itla ll preference for their O"'n
hear ing-aide. II is notewo rthy thmthrccofthese subjects (56,
515 , and S16) owned hearing-a ids lhdl ('mpluycd relalively
sophisucarcd signal pruccS' ing schemes (SI.-.:Tal:llc l)

F;gurc l.'Ann pho._ ...-orn n:oonJcdr... 1~ 26hO'ari"i:·

impaircd ...t;«t .... hc-lieni•• Io ~)I Lobic ...,>rd< in
<luicLF illc11~ .,..... ~ohIainai """'ll ~te;t

m>tntmml . t PfnIl.ram I L . 00 unlillc11COIUlOm .m...
seoreooblail ,"""f. ..... .....,......· _ n hO'arinll·· iO< ..........
n~ j!l,;u lrcsJ>ooo,ntn l.... pair .,( . 'jfhlmooJ
rot"","$. "';111errorNn indral"'ll one SW>dIrdlk'\ioIlioot.
.-\sk-ri:sl< .~ mbulsindiale suti...ial .. l"'iflCaffOOl p < O ~L

e.. 0 2$0 5 075 1 15 2 3 45
t 55 10 80 85 ~5 so 110 110"
R 55 65 15 85 ss 105 105 110"
t 35 50 10 &5 85 85 95 120t ll1
L 90 95 \lS12O"1 2O" 12O' lIQ 12O"tl l1
R 80 95 10/l 115 120'120' 120" 1111
L eo 85 es as !l:l eo 85 9Q

R ..0 1!5 85 &5 95 10 10 95
L 45 55 10 15 65 7595
R 3S 45 65 65 15 80 85
L 55 10 80 90 85 15 90 lItr
L 50 85 80 IJ!i 120" 120' 120" 120"1 10-
II l$ 85 80 90 115 120 115 115 110-
L 65 65 10 90 95 100 120 105 110-
L 45 65 80 'JQ iIO 100 120110-
R l() eo 80 95 lC Il5 100 no-
L 50 eo 80 90 90 110 95 !iO 15
II 50 55 10 75 110 10/l 95 110-
II 10 65 55 10 &5 95 95 110-
l 5O:IS eo 110 110 !Ill 100 90
R J:I:IS eo 65 7ll 85 !iO 75
L l() ~ 15 35 50 105 100 110-
L 50 15 75 IS 95 85 110 no 110-
R «1 50 60 75 75 10 65 15 75
t III 15 90 HlS 1!5 120 120" 120" 110-
II 10 95 95 illS 115 120 120"120" 1111
L 55 50 55 65 10 III &5 1111
II 55 50 60 10 75 85 110 1111
L .0 55 65 110 IJCI 10 ea 70
II 30 45 55 85 90 85 tJ 70
II 55 60 85 10 80 80 55 1111
L 80 60 10 110 90 100 95 110 1111
II 50 50 50 eo 10 110 110 1111
L iIO 85 as as 80 80 lIS 100
R 3S l$ 60 10 100 l W 95 95 1W
L 40 50 55 60 10 IJ!i H1511o-
R 3S 45 55 55 65 80 100 110-
L 20 35 45 80 80 55 80 15 100
R Jll l$ 50 80 15 110 105 55 100
L 55 eo 10 15 !lCl 120 120 110-
R 55 eo 66 75 10 80 95 110-
t 55 7D 65 66 75 75 100 120 110-
II 55 10 70 10 10 75 !lCl 110 n o-
t 10 50 eo 10 115 m 120 115 110-
R 10 3560 10 115 l IS 115 115 110-

se
st

"

so,
su

so.

'"'"sa

"sz
sa

A. Wurdn.,,::ol:nitloni u lllIlt'l

For the CNC word Icsl in quiet. mean phoneme scores for
eac h slll:ljcci wilh lheir \lwn hearing·aids and wilh Ihe lest
in'lrum~nts on Pf\lgr1lm 1 are shown in Fig. 1. Although there
was some variabililyamnng sul:lj,-cls, the group mean scores
(rightmost colunlns) showed llhnosl no difference in I'ho rJC nlc
scores between Iksc: two cond it ions . A pai red t-t<.'St on lh~'SC

data eonfirmed thai me scores were not significamly different
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t' i",,~ 2. M,..., ro.>rn from 1M .._l<lIlrYin prowKkdIn
tk . "b;j__ F...,h h...riJtltll~ 1 b;ar .00"" ... f", c*-"'II whjc,:l. lhc
.'"CllIgeloCl.....II"'c.l i<>noof num<"li<:. 1v. I..... . ...i.,..-.I I"
t1uu ... h;c<1·.,copoo5C'S.A......"' nootkh<.>ri"',,1Il1 •• i• . lhc
I"'>"ihlc u l"c. nonge fmm _~ ("" n IK-.ri nll-. ili rn(cm,/j~,

+S(IC5Iilt'>lrummlllo:.rin~-aidpn:fc rm.l 1

aboul ha lf lhe ~llbja:lsatlht' fim fol1o\\" up 'l('SSion ant'finilial

flUinl m Jlf\w itk a lPin andfrequ.ency re~p..n'>t'sim"a rtolhat
of their II"" bo;arinlt aids . Inlm:Mlnllly. Ihc' la~ majorit)'
of 'IlJbjo.'rtS \\110~t'd 00 signifu:ml dilTcmw:n in scorn
between IlIt' two "'"~ !lad Ihi>; adju~lmcnt made 10 UlI""-'"
lk\1«. For m.3n)' o f1he remainin llMlhj«u.il is I"t'ohabk WI
Ihc' initial rrogramm inl of th: It'SI ift.<t1Um('ftlS . Iw PJO""idcd
dCClro-~ic~ simllark>w-ofth:'f""na"

~~ ....TttJ'li.-.nm.ultsal't'o;omi'>l.",I""~lh tllt'firl<:hnFS

"'J"->nOO b)' H.moc k Kno:hcland fkn11t'f16]

IJoooC'oC'l". th: fC'>,IItt~ oflho: q~""it(' adm;ni~ in

u.:prDCn lstud y,"""",t'dlhat21ofIhc5llb;a:uprdmcd",illl
u.: Inlln>ll'\Un(nl r-~tha du n lho:UlJ"\oll l im in !han) C"\""f)da)'

sih.lllkl!l5. ()urinlld'lCwl.cao;b 'IlJb.i«' 'IU Inn: of .. hid I
lid they .. cw us;n~ .nd Iho.-ncfun:il is I"'"ibk Ihol!he pooiliwt'
rcslllt~ fmln the q~iooflllirn rdlcrt I 8'_'IlIII~ fOf
tllt'l'I('\\ ·dc:'\'mtobt' l"T\'fo:ncdo\-erlllt'i rCl i'i1inl!ihurintt 1id5.
COllld lhi~bi;u ha\l:alTe.,:ledIMrnllllS (!-h<""l1inrlg.2 ) fl'f\Rl

lllt' QlIt'~ iultfllll fl: usc'1l In tht' prncnl sludy1

To invnt;gatc I h i~ is,uc:. I"" Qur.t;'mfUlin: I't"IUII\ ...om:
pl'>1kd.., a fun<:liull of lht' dilfCl1:nIX in phoneme ....'I... '!>'llilkln
~<m:" ( in'luiL't) lill t';M;h.u"jCX1 ", ocn u.in8 Ihc te.tin'lTuIl1C'l'1'

.'l1111parctl wil h thc;r ow n hcarmg-aids, ThL_ dat.a, ~nd a lil1ro
sl ra;j:hl 1i ~. are .ho.. n in Fig. 3. A :>faliSlicat al\llI)'. i' fl:vCal,.,j
that the questionnaire scores ...ere mcdermely correlated .. ith
lhedilf.-renc c in phm,,:m~ ,;com;(r -O,~). Tho.·tincd Iino:hlt.
aJl' ...itivc,1l"",· thal"a.~L-onti mlCdtuhc 'i8nitkan11y <l;ff,-n:nl

from W\' lp - O.OO9). Tht'Mra ighl 1ino:..ho.'.. n fittedmlhellata
indicate>.lhal about 2~% of thc vana.f1oI: t';n 1M qUl:'\liunnaift'
Sol.'Omo is ..............nll,.'tl for by tho:.'arianL:cin !he phufII:me!oCOft'
d ilT.:rcllL'C5.Thc rc"I1IiljninS7~".oftho:uriarll..rrr-.)'beaccounted
furby I urM.'fyof f... lt>n, including Io.""--rrtnl "ariancc

..~
~.-----'. . .,. .

.
D,*-,,",,~~""""

l~"'**'.l.. _·()wn-..g;""'l

fiS= 3. Tbe ", lolioo>l" p Ml"""" IM """"''luc-cionnoire
w:<>rc f,,, each lIthic"l l.cft>\:lll u;.) ~nd , '''' di ff,'I'e'fI<~ in
p/k'n'''''l:f'CCOl/OilionllOOfC'lom.incdbyl/>e"n 'e< ubj«l.fot
1""1"0 t)l'L'>ofllo:. rin,- .,dev.lu. lCdin the ",u<ly(h"riltonlll'
• • i'I ,Thr ..-_diff""",e "' • • c.lcu l >l cdry.u hl rocl ing l~

ph........'" r....". " I1''''' .. ure fot themooo.ylla hic word<l e<ol
in quH:I ll., m, lhc Wlt1j ""f .""n ai,h fr"mthc com." Pondmll
...,on: rhai""d" ilht he l~'l in'lru menl« "n Pr"gram I ). Tho
'Iraiihl linc.llown fi llcd t" .~ dl<I' ;nJi"~tosthat""',ul 1 ~o/.

uf1hev~ril"",e in tk 'lUC'li""... i......,,,,<csi'''''CUl1111<d f'lfby
lhev.ri~lI«inIM phon."",..:_d,lT.WIO"-

As .hmoon in Filtl. 3, subjects ",,110 ebtam ed a la'll er

impro~''111L'''1 in speech undt'~nd ins .. hen tr; inll: tho: It:!>1

in"'nu n,:nb,vmptrro .. ith lneirOlll naitl...crcllMlrr1ikc1y
IOha\l:plOVidcd~iti\cl'C>oJ")(UIC<10!he".......lionl\l.ift'
Con.vqUCTIt l)'. itlCml\hkd)'th.ulhrpreletenccsfortoctC1>l
iMln.lmm h .. errrrlatcdtotllt'subJt'Cl-s·~l judgmc:nt.

of us. pcm;p<IaaI pcrlonnarw:e (n:blht' 10 WI of thc:;r 0\1111

bo:ariDll~i<h). rather than n:lkrtlOll un l)' • bias bSOCiakd
wilh lhc1r in\Ohcmmt in !hi: lnaI_HOIlo·n c:f. lhe ~Itiort
lhattheJ"hon--mc ......-cd,fT'"T\.TlCnar'rllJ'J"'Olimaklyt:> ·m ly
diuributed around n:ro...-hclus lhc meao~llOIlIUin: 'iCOI'I:5

<tn:lnO!Illypos'll''C.$U~Ihat.Oft,,'aagc.SIIbjKIshld a

~gt'I'tc:rldmc)' topn:fo:rthelesl in.lnl"""'tsO\t:nlldlan

canheCilptaino:dh)·dltf~ inlhc'irot;«l i,'cly- red

Ihoi1ityltl undcrotand~. lngc.onc:nl,lhisOlllo: m'C~

con.isto:nt,, 'illtt haln:p.W1<'db)'H..'fllIcrClal ·I I J .. hcn: subjm;s
sho...cdlpn:feret'll.'C rOf!k... ' I •...,hoolo8Y

Sp:::«h l'lL'TUT'tion inq""'1 isunlyon:;l'flC\1 in " ,ltidl a hC'aring
lid(,3Q ptu~itk bl......1itfOf1h'CIis1O'1>Cf. Then:areman)addllional
Ii....,.,inll ,"1\'ironm..,.,ts .. hkh wQUId afTC'l;l how a liS\l:llL-r " lIIIld
jlldGe sounod qual ily.n- llIht'r L"II,ironmcn lS illdoo.: l i~":II;ngill

no is'C,mu..ic, and l'lwirot lll11." LlISlIUnd<..h is po."" ible lhat thL" ICot

in'\IJUllII:11t may ha\ 't'provi dC'IJ po:rccprualbenefilSfor the Wbjo....1S
in " 'IY!ithat ,,~ r'ltl\ melKlU"C'd in the ctmmI srudy. This mly
a l>o acrount fnr the majonty of \Ul'lJCCI.~'pn:rcsrnct' for the Ie""

ins1rumLToI ralbL.TtlwIthcirl.....n ho:a.ring aids..

\' 1. CO /"liCI.U SIO :'\iS

The !nUl lS ..fthnc: rWl lUiitiOfl$ofl pmlotlypc dis:illll h;gh
plI'Iom!d Man ntt insITUmml can be:SIImmarind 1.5 follo\o.s.

I. R~tionof"Ofd.presc,.,It'd inqlliC'l"dJdl'lOl d,lTo:r
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sig nificantly, on average. between the test instrumen ts and
thc subjeets' own ltearing·a ids

2, Based on responses 10 the questionnaire, 22 ot thc 26
subjeel s prefcrred the test instrumenlJi to their own bearing
aids overall.

3. ACro!'.s , ubjec ls. a modera lepositiweorrd alion " as fou oo
bclwC('nlhequeslioflnaircresl"",'><'S andthcdifTel\.'f)cc
in objectively measured sp.:n: h intelligibility for IIx: lesl
instTUments in comparison wuh the sebj ec tst own hearing 
a ids

4. It is importan l toexamine sp<....·,:h intel ligi bility as wcl l as
subje(' tive meas ures when as'Cssing the perform ance of
hear inginstrument s
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