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Abstract 

The major consequence of sensorineural hearing loss (SNHL) is commu- 
nicative difficulty, especially with the addition of noise and/or reverberation. 
The purpose of this investigation was to compare two types of technologies 
lhat have been shown lo improve the speech-perception performance of indi- 
viduals with SNHL: directional microphones and frequency modulation (FM) 
systems. Forly-six adult subjects with slight to severe SNHL served as sub- 
jects. Speech perception was assessed using the Hearing in Noise Test (HINT) 
with correlated dilfuse noise under five different listening conditions. Results 
revealed that speech perception was significantly better with the use of the 
FM system over that of any of the hearing aid conditions, even with the use 
of the directional microphone. Additionally, speech perception was sign~fi- 
cantly better with the use of two hearing aids used in conjunclion with Iwo FM 
receivers rather than with just one FM receiver. Directional microphone per- 
formance was significantly better than omnidirectional microphone performance. 
All aided listening conditions were significantly better than the unaided lis- 

' tening condition. 

Key Words: Directional microphones, frequency modulation (FM) systems. 
HINT sentences, speech perception 

Abbreviations: BTE = behind-the-ear: DAI = direct audio input; EM = envi- 
ronmental microphone; FM = frequency modulation; HINT = Hearing in Noise 
Test; MIL = Most Intelligible Level; PTA = average of the pure-tone air-con- 
duction thresholds at 500, 1000, and 2000 Hz; RTS = receplion threshold for 
sentences; SAV = select-a-vent; SD= standard devialion; SNHL = sensorineural 
hearing loss; SNR = signal-lo-noise ratio; WRS = word-recognition score 

Sumario 
La consecuencia mayor de una hipoacusia sensorineural (SNHL) es la 
dificullad comunicativa, especiatmente con la adicidn de ruido y/o reverberacidn. 
El proposito de esta investigacidn fue comparar directamente dos tipos de 
tecnologias que han mostrado mejorar el desempefio en la percepcion del 
lenguaje en individuos con SNHL: 10s microfonos direccionales y 10s sistemas 
de modulacion de lrecuencia (FM). Cuarenta y seis adultos con una SNHL 
leve a severa fueron ios sujetos del estudio. La percepcibn del lenguaje fue 
evaluada utilizando la Prueba de Audicidn en Ruido (HINT), usando un ruido 
d~fuso, en cinco condiciones auditivas diferentes. Los resultados revelaron que 
la percepcion dei lenguaje fue signilicativamente mejor con el uso del sistema 
FM que con cualquiera de las condiciones con un auxiliar auditivo, alin con 
el uso del microfono direccional. Ademas, la percepcion del lenguaje lue 
significativamente rnejor con el uso de dos auxiliares auditivos, utilizados en 
conjunto con dos receptores FFV1, mas que con so10 un receptor FM. El 
desempeno del microfono direccional fue significativamenle mejor que el 
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desempefio del micrbfono omni-directional. Todas las condicicnes de escucha 
con amplificaci6n lueron significativamenle mejores que aquellas sin 
amplificacibn. 

Palabras Clave: Microfonos direccionales, sisternas de modulaci6n de la 
frecuencia (FM), frases HINT, percepci6n del lenguaje 

Abreviaturas: BTE = rerroauricular; DAl = ingreso direct0 de audio: EM = 
mcrolono arnbiental; FM = rnodulac~on de frecuencia; HINT = prueba de 
audicion en ruido; MIL = nivel de mayor inteligibilidad; PTA = promedio de 
umbrales tonales puros por conduction aerea a 5 0 ,  1000 y 2COO Hz; RTS 
= umbra1 de recepcibn para frases: SAV = seleccione ~ ~ n a  apertura; S D  = 
desviacion esthndar; SNR = tasa seiialiruido; VJRS = puntaje de reconmimiento 
de palabras 

R cccml-. est imates suggcst  t ha t  over 29 
mill ion indi\r iduals in t h e  Un i t ed  
Sta tcs  exhibit sorile degree of hearing 

irnpairmcnt. (Nijtional Institutes ofDeafiiess 
a n d  Conlrnunication Uisordcrs (IXIDCD], 
2001). A ~najor. consequence of scnsol*ineur:~l 
h e a r i n g  loss  (SNHI. ,)  i s  c o m m u n i c a t i v e  
dilficulty, especially with t.he addition of noise 
and/or rcvcrbcr.ation (I)ubno e t  a l ,  1984: 
IHanikins a n d  YacuIlo, 1954; Su te r ,  1985; 
Helfcr and i5Till-)cr, 1990; Crandoll ,  199 I ;  
1-Iclfcr and I-lunt,leg: 1991; i \ 'c?cdlc~na~~ and  
CixndelI, 1995, ILillion, 199'7a; &loirr.e, 1997). 
Unfort,unatel~: convcnt.iona1 annplificntion 
technologies m a y  p r o v i d e  l i t t l e  o r  n o  
i ~ n p r o v c m c n t  to like signal-to-noise ra t io  
(SNR) in ad1rer.s~ l i s tcning c n v i r o n m e n t . ~  
il_)uqucsnoy ant1 Plomp, 1983; Plonlp, 1986; 
Cr;ll~dell and  S~n:zldino, 2000.2UOl). Irl fact.. 
:I lack of' pcrcc?ptual improvement irl noisy 
list.c!ning cnvironmenls is onc  of lbe  major 
reasons ivhy individuals wilh S N H L  report. 
dissatisfi~cl;ion with and  reject amplificat,ion 
(KochIun, 1993). At, prestmt, tlicl-e are v;lrious 
ti>c.hnologics tha t  have bccn slicnrm to in~provc 
s p r c c h  p e r c e p t i o n  i n  poor  l i s t e n i n g  
cr~vil-onmcnts. These  ~(:chnolugies include 
d i r c c t i o n a l  m i c r o p h o n e s  a n d  p e r s o n a l  
f r e q u e n c y  m o d u l a t i o n  (FYI)  s y s t e m s  
(Hiiwkins, 1984; Hnwltir~s and  l'acullo, 1934; 
Fa1x.y; 1.994; Valcnle cl. al. 199!5; Gravcl e t  nl, 
1!)99; Kuk e t  al. 1999: I ' ittman e t  3.1. 1999: 
I-'~:c:ves e t  al. 1999: Rickct,t.s and Dhar: 1999; 
Prlrnfbrd e l  al ,  2000: lticketts. 2000n, 2000b: 
Valente et. :-*I; 2000; Kicketts c>t  al, 2001). 

I)ircct.ional microphones a r e  lypically 
designed to provide less amplific a t '  .]on to 
signals o~.iginnt . i~ig h o ~ n  t,hc r e a r  and  the  
sides rcIative Lo signals al-riving from thc  
front, which is whcl-e thc speaker will ideally 
ho located. Nurnc?rous irivestigations havci 

demonstrated that. dircctional microphone 
technology c a n  significanlly improve thc  
speech-perception abilit,y of'indi\idunIs with 
S N H L ,  p a r l i c u l a r l y  i n  no i sy  l i s t e n i n g  
env i ron~uen l s  r c .1a t . i~~  to unaided or aidcd 
1ist.ening with t h e  use  of a n  omnidirect,ion;ll 
microphone (Wllcntc c l  al, 1'195; C;l.nvcl e t  a1, 
1999; Kuk e t  nl, 1999; P r e v e ~  e t  211, 1999; 
Kiclcetts and Uhar, 1999: Pumfbrd c t  al, 2000: 
Riclcetts, 2000h; Valcnte e t  al ,  2000; Kickclts 
c t  a l ,  2 0 0 1 ) .  l ' as t  i n v e s l i g a t i o n s  h i l v ~  
dcmonxtra ted  [.hat tlic use  of' dircct.iona1 
microphone technology can irnprove specch 
pcrcepptian in noise hy as  much a s  3 t.n 8 dL1 
ovcr omniclirectional microphone t t ~ c h ~ i ~ l o ~ y  
jn the  same he:u-ing in s t rumrn t  d(lpending 
on micr.ophone location, type of noisc, test 
material?, and 50 on (I-Iawlti~is a ~ l d  l'acullo, 
1984; Valente r?t, FII? 199.5; Gravel e t  a l ,  1999; 
Ricketts and  Dhal; 1999; Pumford c!t. al. 20l00: 
V:ilente c l  al ,  2000i. 

Per.sona1 IchI systems also been shown Lo 
hilve the  capabilily to i~nprove  t h c  speech- 
perception a b i l i b  of' jndi~~i t lua ls  wit.h SNIIL 
! I I a \vk ins ,  1 9 8 4 ;  l'abry. 199.3,). Pas t .  
investigations have clcrnonst.l.ated [:hat E'hl 
tc.clinology can  improve spccch pcvcept.ion 
in noise by as much a s  10 to  20 dB over tkc  
unaided l is tcning condition IC~*andcll  and  
Srnaldino. 2000, 200 1 ). \I;it,li :I gcl.sonal l:kI 
syst.en1, t.he speaker's voice i..: pickccl up  via 
:in F1.I wit-elcss n~jcrophone located near. t h r  
s p c a k c r * ' ~  n1ou.t.h: w h e r e  t h e  c f f r c t s  of' 
 everhe her at ion, d i s l a n c e .  a n d  noise  a r e  
rn in in la l .  The  F M  s y s t e m  convcl-ts  1.he 
:~coustic signal t.o a n  elect.ric;~l wa~d'm-nrn at, 
the  ~nicrophonc. and llic signal is Iransn~it tcd 
17in Fh1 sibmal, from t h e  tr.anemit,t.i:l- to the 
rcceivct-. Bo th  t h e  transrniLt~c!r a11.d t h e  
receiver a r e  t ~ i n c d  to t.he snrne Iranainitt ing 
a11d rt:r:c:iving f'r,c.quency. At  the  rt!ceiver'r 
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e n d ,  t.he e lectr ical  s igna l  is  amplif ied,  
converted back to an  acoustical wavefbrn~, 
and conveyed to the listener. A recent, and 
increasingly popular, method for coupling 
FRI syst ,ems to  l i s t e n e r s  with  h e a r i n g  
impairment is via a n  "audio boot" coupled to 
a behind-tile-ear (BTE) hearing aid. This 
type of technology, such a s  t h e  Phonak 
htlicrolink: allo~vs the user to convert h isher  
personal Ilearing aid into an  F'R'I s y s t e n ~  
simply by attaching t,he audio boot and using 
a n  FA'I transmitter. 'IhicalIy, such systems 
enable the user ~LI have three settings: (1) F&I 
only, for the purpose of focusing prirrlarily on 
the talker; (2) environment,al microphone 
(EM) only, for t h e  purpose of' listening to all 
individuals  in  t h e  immedia te  l i s t en ing  
elirironment as  well a s  monitoring h i sher  
own voice; and (3) Fh'I plus EhI Lbr listening 
t.o bo th  t h e  s p e a k e r  a s  well  a s  o t h e r  
individuals in tha t  listening environment. 

Despite the doculnent,ed enhanccment 
in  speech percept , ion n;it.h d i rec t iona l  
microphone and FhI technologies, to date, 
only one investigation has  a t tempted to 
compare these technologies. Hawkins (1984) 
evaluated the effect of vaiious hearing aid and 
FhI s y s t e m  c o n f i g u r a t i o n s  on s p e e c h  
percept,ion in noise. Nine children wit,h 
bilateral mild to moderate S h I L  served as  
study participants. These subjects used a 
Phonic Ear  805 CD BTE heai*iing instrument 
that  had the capability to  swit,ch between 
omnidirectional and directional microphone 
modes. The Phonic Ear  441T microphone 
transmitter and the Phonic Ear  445R FhI 
receiver served as  the FhI system. Speech 
perception nfav assessed using spondees and 
Phonetically B a I a ~ ~ c e d  Kindergayten (PB-K) 
n ~ o r d s  presented in a class~.oom with a 
reverbei*ation time of 0 .6  sec. Speech was 
delivered from a loudspealter locat.ed 2 In 
from Ihe child a t  0 azimuth. Speech noise 
was presented from a Ioudspeaker located 4 
m from the child a t  180' azimut,h. Speech 
perception was assessed in the fbllo~ving 
conditions: (1) monaural hearing aid in the 
oinnidirect ional  microphone  mode; (2)  
monaural  hear ing aid in the  di~.ectional 
microphone mode; (3) binaura1 hearing aids 
in the ormidirectional microphone mode; (43 
binaural  hear ing  a ids  in  the  directional 
microphone mode; (5) F&I only connected via 
a neck loop to a nionanral hearing aid with 
a d i r e c t i o n a l  m i c r o p h o n e  on t h e  FhI 
ti+ansrnjtter; ( 6 )  F&I only connectccl via a 

silhouette induct,or to il monaural hearing. 
aid with a directional microphone on the Fk1 
transmitter; (7) FAI only connected via direct, 
audio input (DAI) to a monau~.al hearing aid 
with a directional nlicrophone on the  FhlI 
transmi.tter; (8) FM only connected via DAI 
to a m o n a u r a l  h e a r i n g  a i d  w i t h  a n  
omnidirectional mjcroplione on t h e  FhiI 
t r a n s m i t t . e r ;  (9)  FA1 p l u s  E M  ~ r i t , h  110 

attenuation connectetl via D N  to a monaural 
h e a r i n g  a i d  i n  t h e  omnidirectional 
microphone mode; (10) FAfI plus EM with no 
attenuation connecteci via DAI to binaural 
h e a r i n g  a i d s  i n  t,he o m n i d i r e c t i o n a l  
microphone mode; and ( I  1) FM plus EM with 
no attenuation connected via Dt-11 to binaural 
healing aids in the directional microphone 
mode. Results of tlzis study suggested that F&I 
technology does significantly improve speech 
perception in noise when compared to any of 
the hearing aid alone a~.rangements (11.8 dB 
to 18.4 dB impl.ovement). Additionalls FM- 
only strat,egies were significantly better than 
any of the FhjI plus ERI arrangements (7.9 to 
16.9 dB). Finally, for most listening conditions, 
t.he FkI plus E M  arrangements were not. 
significant,ly better than any of the hearing 
aid alone conditions. 

Unfort.una tcly ~rrhile a n  important, and 
seminal investigat.ion, several esperimcntaI 
limitations existed in that study that preclude 
the generalization of these dat.a to current 
fi t t ing options for pat ients  with mild to 
moderate SNHL. Firs t ,  Hanrkins (1984) 
utilized only a single noise soul-ce Jocated at, 
180" from the subject. It is nlell recognized 
that  a single noise source is nol typical of 
everyday listening environnlents that contain 
multiple noise sourccs (VaIenLe e t  aI, 2000; 
Ricketts, 2000b). Thus, any reported FkI 
advantages may not be sirriilar in "real wol-Id" 
listening environments. Second, the study 
contained reIatively fen7 suhject.~ as I-Ia\vkins 
(1984) only evaIuated the speech perccption 
of nine children ntit,h SKHL. Additionally, 
the  hearing aids in this study utilized earlier 
directional microphone technology. In recent. 
years, directional niicr.ophone technolo~y has 
improved significantly with the ativent of 
improved directional micropho~le components, 
ciual-microphone t.echnology, the D-micrX', 
ana log  to digi ta l  converters ,  r ea l - t ime  
calibration of' dual microphones, wider and 
sinootker frequency responses,  adaptive 
microphones, and so forth (Valenle, 2000). 
Thus, i t  is not known whether t,he difference 



Directional bIicrophones versus FIM SystemsfLe\vis et  a1 

r e p o r t e d  by H a w k i n s  ( 1 9 8 4 )  b e t w e e n  
directional ~nicrophones and Fh'I systems 
would remain with advanced directional 
inicrophone technology and the int.roduct,ion 
of digital signal processing. Finally, due to the 
time of t.he investigation, relatively obsolete 
FA11 technology was used. As previously 
mentioned, Phonak Corporat.ion developed a 
new personal Fh'I sysisn~ receiver, the Phonak 
hlicl-oli~lk, which docs not utilize wires or a 
hody-worn box like i t s  predecessors. This 
lack of accessories is more cosmctically 
a p p e a l i n g  a n d  a s  s u c h  i s  g r o w i n g  i n  
popularity in t.he FhlI market. Although one 
would assume that this type of product would 
also enhance speech-perception performance 
in noise, a t  this point in time, no data  i.s 
available to demonstrate this. With t,hese 
consjderations in mind, the purpose of this 
study was to examine the speech-perceptiorl 
ability in noise of' adults with milcl t.o severe 
S N H L  u t i l i z i n g  c u r r e n t  d i r e c t i o n a l  
microphone and FhI technology, Since there 
i s  l i m i t e d  e m p i r i c a l  d a t a  c o m p a r i n g  
directional microphones and Fh.1 technoIogj.es, 
th i s  invest igat ion examined n u m e r o u s  
conf jgura t ions  of' bo th  t echnolog ics ,  
Specificallg: speech perception was assessed, 
using the Hearing in Noise Test (I-IZNT) 
(Nilsson e t  a1, 1994) with difTuse noise, i n  t,he 
following listening conditions: 

( I )  unaided; 

(2 )  binaural digital Phonak Claro 311 
dhZ BTE healing aids alone in the 
omnidirectional microphone modc; 

(33 binaural digital Phonak Claro 311 
cUZ BTE bearing aids alonc in the 
directional (adaptive) microphone 
mode; 

(41 monaural digit.al Phonak C ~ I - o  311 
dAZ BTE HA utilized with one 
Phonak I\~Iicrolink Fkl receiver wit.11 
the EhI attenuated (FM-only inode) 
and one Phonak Claro 3 11 n4i: H'l'E 
HA in the omnidirectional 
microphone mode \rrorn on the 
opposite car; and 

( 5 )  binaural digital Phonak Claro 3 I 1 
dAZ BTE healing aids utilized with 
binaural Phonak Microlink FBI 
receivers with the EM attenuat.ed 
(Fh.1-only mode). 

Subjects 

S u b j e c t s  w e r e  r e c s u i t e d  f rom t h e  
audiology clinics a t  two sites. Site I was the 
University of Florida in Gainesville, FIol-ida, 
and Site I1 was \Vashingbn Univel-sit,y School 
of Medicine in S1. Louis, h'lissouri. At Site 1: 
22 subjects were evaluated, of which 15 (68%) 

FREQUENCY IN HERTZ 

125 250 500 1000 2000 4000 8000 

Legend: 

I = >le:tu Tl~resliold for I l ~ e  Lrft Ear 

= Xlcali Threshold for l l ~ e  R i ~ h t  Ear 

Light Bar = +I I SD for the Lcrt Ear 

Dark Bar - +I-1 SD for the Right Ear 

P i y r e  I .  Mean pure-tone air-conduction thri.sbolds for the right and leFt ears (k 1 SL)) a t  Site I .  
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FREQUENCY IN HERTZ 

125 250 500 1000 2000 4000 8000 

Legend: 

: 1 A Jlcan 'Tlircsliold for the Left Ear. 

= &lean l'hrcs1ioId L'or l l ic Right Ear 

Light Bar - +/-I SD b r  i l ~ c  I.cft E a r  

Dark U;rr = +/-I SD Ibr the Right E a r  

Figure 2. hlean purc-tonc air-conduction thrcsholds for the r ~ g h t  and Icft ears (2 1 SD)  at  Site 11. 

\irere malc and 7 (32%,) were female. These 
subjects ranged in age from 24 to 84 years, 
with a median age of 73 ycars. At Site 11, 23 
subjects were evaluated, of which 13 (57%) 
were malc and 10 (43%) were fernale. These 
sul>jects ranged in age from 34 to 81  years, 
with a median agc  of 73  y e a r s .  An 
independent samples t-test. revealed that  
t hc re  was  no s t a t i s t i ca l l y  signif'icant, 
difference between the two sites in t.erms of 
age (p = 0.646). 

Pure-tone air-conduction and  bone- 
conduction th re sho lds  were  ohta ined  
bilaterallv. Test results revealed mean pure- 
t,one t,hsesi~olds consistent with a mild sloping 
to severe SNHL bilaterally and a m0derat.e 
sloping to severe SNHL bilaterally a t  Sites 
I and I1 respect.ive1y (see Figures 1 a11ri 2). 
Word-recognition scores (WRS) were also 
obtained a t  the Most Intelligible Lc.irel (hIIL) 
on each ear, using recorded NIJ-6 ivord list,s, 
for all s tudy  par+t.icipants. Test resul ts  
revealed mean wosd-recognition scores ((a 1 
SD) of 80.2% (k 13%) and 79.4% ((a :Ll"/c) for 
the I-ight and left ears respectively at. Sit.e T 
and 73.4% ((a 11%) and 77.04 (+ 7%) a t  Site 
11. These were no significant. differences 
bet.ween the t\vo ears in terms of pure-lone 
average ( R A )  a t  Site I (p = 0.789) and a t  Site 
I1 (p = 0.730) and WRS a t  Site I (p = 0.971) 
and  S i t e  I1 (11 = 0.15'7).  However,  an  

independent samples t-test revealed h a t  
there itrere statist.ically sig-rlificmt ddkrences 
between the two sites in tenns of PTAfor both 
ears (p = 0.000). There nrcre no statist.ically 
significant differences between the two sites 
in terms of kSTS for the right (p = 0.101: and 
the left (p = 0.460) ears. All subjects met. thc 
follo~ving inclusion/csclusiouccluio~ cril.eria: 

1. Ear inspect.ion via ot,oscopy nrit.hin 
normal limits. 

2. Normal ~niddle ear firnct.ion 
bilaterally (+I- 100 clekapascals 
LdaPa]) as indicated by 
tympanon~etry. 

3. No evidence of conductive or 
retrocochlear pathology as indicat,ed 
by pure-tone t.est.ing and imnlitlance 
measurements. 

4. No air-hone gap greater t.han 10 dB 
a t  ally test fiequency as indicated by 
pure-tone t.eut results. 

5. Slight. (20 to 40 dB HL)-t.0-sevc~.e (65 
to 85 dB HL) high-frequency or flat 
SNHL as indicated by pure-tone t.est, 
results (250 Hz to 8000 Hz, including 
3000 and 6000 Hz). 

6. S~rmrncLrical healing loss that docs 
not tlifkr hy more than 1: dB at. 
1nor.e than one audiomet.1,ic test 
hequency as indicat.ed by pm.c-tone 
test results. 
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7. ~ ~ ' o r d - r c ~ c o g x ~ i t i r ~ ~ ~  scores of 50%: or 
hcltcr  in quiet assessed by 
I-ecorded versions of NT7-6 
~nonosyllnbles a t  thc subject's AUL. 

3. AIIotivat,ed t,o t.1.y amplification a s  
rcpc~rtcd hy the  participant. 

9. Sa t ive  speaker of English a s  
rcq~orted by the participant. 

1.0. 1rlt.act mr:ntaI s ta tus  a s  measured 
by the  Sho1-t-Portable Mental S t a t i ~ s  
Quest.ionnairc: (SPMSQ; Erkinjutti 
cl; al ,  1987). 

11. No h i s t o ~ y  of chronic o r  terminal 
illness, psychiatric distur.bance, 01. 

scnilc c l c ~ n e ~ i l i : ~  a s  rc!pclrted by the  
pc~rticipant. 

12, No history ol'bcillg bedfastfchnir-fils1 
i l s  ~.cportcd Isy the  paiticipant. 

13. Not home or nurs ing bound. 
14. KO hist.01-y of' stroke or  cerebral 

v:~sculnr disor.der with a paresis or 
aphasia a s  rcport.ed hy the  
participant. 

15. Willing and  ahle to ~ i v c  wl-it.ten 
ir~formed consont to pnrticipntc in 
this investigation, as noted hy their 
s ig ta turc  on the  " I n t i ~ r ~ n c d  Consent 
to 1-'articjpate jn Rescm~ch" docutuent. 

hearing aids \ifere fi.t a s  recommended via the 
Desired Sensation Lcvel !DSI,) (Sce\vald, 
2000) prc?script.ive f i t t ing formula on t h e  
Phonak Fillring Guideline (PFC;) \rersion 7.3  
so f tware .  All fit,t.ings w e r e  camp;- red to  
prescriptive t.argets using probe-rnicropl~one 
measul.cs. Ad&t:ionally, all, subjects usc.(l tlteir 
amplification systerns fix a t  lcast  30 days 
prior to assessing speech perception in rloise. 

Speech percc:pt.ion was assessed using 
the Hearing In Xoise li-sL (HINT) sent.cn.ces 
[Nilsson ct, al, 1994). Tlic FITN?' consists of '25 
lists of t r n  sentences cach. Each sentcnce is 
six to srvcn syllaI,les in lengt.11 and is a t  a 
first-grade rcading Ievcl (Nilsson e t  al ,  1996). 
All sentence lists a r e  cquivalcnt in length, 
phonemic content,, a i d  rIiilicult,y level in both 
cli~ict and  iioise (Nilsson e t  al, 1994). These 
sentences have also bcen shown to cxliibit 
high tes t - re tes t  reliability (Nilsson c t  al ,  
1994). The  HINT sentences \rtcre presented 
via a colnmerciaIly available compact. disc 
~.ccording thaL uses a male spcaker with a 
normal American dialect.. 

Noise Competition 
hnpljfication Systems 

All subjects were fit ivitli digjtal I1hoxlak 
(:lnro 311 dAZ H'I'E hearing aids b i l~~tera l ly ,  
All carmolds had select-a-vent (SAV) vcnt.ing 
and  # 1 Y  or  3 mrn horn tubing. In additiou to 
t . h c 2  h e a r i n g  a ids ,  suk),iect,s wcre  f i t  n7it.h 
I1honnlc k l i c ro l ink  hJL8 FM rcct!ivers 
l)ilate~.ally These I'hl rc.ccivers a t tach to the  
1)ot.tom of a HTE hear ing aitl a n d  nlny hc 
utilized in ci t ,hc.~ the  "E'.l\,I only" ~nocic. \r:hich 
;~ t tnnua tcs  t.hc hearing aid microphone I I ~  
20 dB. or. in tlir I?,M plus hcncjng aid rnodc. 
\vhich ;1ll(1n7s for FA11 inpu t  a n d  i n p u t  of' 
e~iviron~nc~nt.aI  sounds via thc hearing a id  
~n ic~ .ophoncs  simuitanc:ously at ,  t he  same  
out.put level. The Phonak 'lX:> IIandy1,lic F3I 
t.ransmitter scrvcd a s  t.he FA1 transmitter .  
T h i s  tl-unsmiLt.or has t . h~-cc  n ~ i c r o p h o n c  
optiolts: (ii Wiclc Angle,  which picks up  
sounds nrliving frotn all direct.iuns aronrld the 
transmitter microphone cclually; (2) Zoom, 
which pl.ovides rcdnccd amplificat,iolt to 
s i ~ i ~ a I s  an-iving Vrom Ihe rear  (cardioid); anrl 
(3) Supc,~.%oorn, which pt-ovides rc:duced 
ainplific.ittiolt to signals originat.ing from thc  
l.cllir+ a n d  t.he s ides  (hyperca rd io id ) .  T h e  

Correlated (i.e., the sane noise sour-cc 
was presented from 4S0, 135", 225'. and 3 15" 
51zirnuth) speech sprct.rum shnpcil  noise 
served as thc  competing stimulus. This noise 
ilas becn filtered to ~ n a t c h  t.lic long-t.cl-III 
avcragt :  s p e e c h  s p c c t r u m  of Lhc IlIN'L' 
sentenccs !Xjlsson e l  sl, 1996). This type of 
noisc is typical of t-.hc acoustic spccl.ra of' 
e\rcryday listening situntions (l'lomp, 1986; 
C r a n d e l l  1991 ) .  .-\ddition;lIIy, s p c e c h  
c p c c t r u m  s h a p e d  n o i s e  h a s  t h e  ~ u o s t  
del(:ter.ious efftxt on speech pcrcept,ion for 
both young and old individuals wjth ncjrmal 
hearing a n d  hearing irnpnirmcnt, reliit.i\~c t.o 
o th r r  types of noise sour.c:es (Prossc-!I. PI. al, 
19I10; Nilsson c t  ii1, 199.1). 'l'he competing 
stimulus was  p~ 'escntcd through tbc  sc-conrl 
ch;~nnel of ' the I-IlNT cc~mpact disc recording. 

Procedures 

At both sites, reception threshold fbr 
5cnt.encc.s ( R T S )  i n  n o i s e  t .es t ing  was  
contlucted i n  a c-louble-walled sound-treated 
k>ooth L1.9 rn (height.) s 2.5 nl(\vitlt.h) s 2.7 m 
(length)] using a clinical uudiomctcr ((.;S1-61). 
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Listening Conditions 

Figure 3. Mean IiTS for each listening condition at Sit.e I and Site 11. 

The HINT sentences were presented f'r,om a 
loudspeaker positioned a t  OG azimuth located 
one rneter from the study participant. At Site 
I, this loudspeaker was a Tannoy model 600 
loudspeaker. while a t  Site 11 it was an RCA 
Pro-X44AV loudspeaker. The Phonak TX3 
Handyhlic FhfI transmitter \\.as placed on a 
rnic~*ophone stand located 7.5 cnl from this 
loudspeaker at. a height of 0 .5  meters to 
simulate an ideal r~ sc r  position (as might be 
utilized with a boom rnicrophonej (Crandell 
e t  al, 1995). Testing was conduct,ed with t,he 
FhfI transmitter in the SuperZoom position, 
which is t,hc Phonak recornmended setting for 
maximum speech percept ion in  noise.  
Correlated speech spectrum shaped noise 
was  presented frorn four loudspeakers  
positioned a t  45', 135", 225", and  315" 
azimuth. All loudspeakers were located one 
1nel;el- from the study participant,, which is 
wi th in  t h e  CJ-i t ical  d i s t ance .  These  
loudspeakers \17ere Definitive Technology BP 
2X loudspeakers a t  Site I and RCA Pro- 
X44AV l oudspeake r s  a t  S i t e  11. All 
l oudspeake r s  were  s ing le  e l e m e n t  
1oudspcakel.s. To ensure consistenc:y in the 
signals, daily calibration of t,he speech stimuli 
and noise competition were conducted a t  the 
center of the subject's head with t,he subject 
absent \ i a  a Quest 1500 sound level meter a t  
Site T and via a Quest 1900 Precision sound 
level meter at. Site IT. 

An adaplive procedure \l7as utilized to 
assess the RTS in noise. This procedure has 
been shown to have a highcr reliability and 
validity than  percent correct perception 
procedures (Crandell and Boney, Submitted 

for Publication), AdditionalIy, ceiling or floor 
effects are not: a limilalion in this procedure 
a s  they are in percent-correct procedures 
(Nilsson e t  a I ,  1994) .  I n  t h e  adapt ive  
procedul*e, the noise level was held constant 
a t  65 dBA, and the intensitjr levcl of the 
seute~lces was varied to determine a 50% 
accuracy level. 1-1 noise level of 65 dBA is 
typical of noise levels present in many 
everyday listening environlnents (Sarrders, 
19G5; Ross and Giolas, 1971; Blair, 1977). 
For each 1ist.ening condition, the subject \\,as 
presented \kith 20 sentences: consisting of two 
HINT sentence lists. The first sentence of 
the list was repeated rlntil an intensity level 
ivas chosen in which the subject could repeat 
the sentence with 100% accuracy. At that 
point, the intensity level was varied in 4 dB 
increments for the  f'irst five sentences, 
depending on the pa~ticipant's response, and 
then in 2 dB increments for t,he last 15 
sentences. To calculate the RTS in noise, the 
intensity leveI that wor~ld be ulilizeci for t,he 
21st sentence, if' there were t,o be one. was  
predicted hased on the participant's response 
on the 20th sentence. The RTS in noise was 
cietermined by calculating the average of the 
intensity levels of sentences 5 through 21. 

Reception thresholds for sentences in 
noise were determined for subjects under 
five different listening condjt,ions. Thcse 
listening condit,ions mere: ( 1 )  unaided; (2) 
binaural Phonak Claro 311 W RTE hearing 
aids  alone in ornnidirectiorlal mode: (3) 
binaural Pho~lak Claro 3 11 d-42 BTE healing 
aids alone in directional mode; 14) binaLwal 
but, fit wit.h one Phonak C1al.o 311 d x  BTE 
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h e a r i n g  a i d  u t i l i zed  w i t h  o n e  P h o n a k  
iliicroli~lk FivI receiver in the FA11 only mode 
and one Phonak Claro 3 11 &U BTE hearing 
aid in the omnidirectional microphone mode 
in the  opposite e a r  (half of t,he subjects 
utilized the FM on the right car and half on 
the lefi ear); and ( 5 )  binaural Phonak Claro 
31 1 d M  BTE hearing aids utilized wit,h two 
Phonalc Microlink FBI receivers in the FhI 
only  node. All conditions and sentence lists 
were randomized tfi avoid order effects. I11 

addition, no list was repeated to reducc 
potential learning  effect,^. 

RESULTS 

M ean RTS for each listening condit.ion 
a t  each s i k  are presented in Figure 3. 

A repeated-measures analysis of variance 
(t-bKClVt-1) was conducted to deteimine if t,here 
w a s  a n y  ovei.all s ta t is t ical  significance 
betlvcen t h e  m e a n  RTS across  t h e  five 
listening conditions a t  the two sites. The 
ANOVA revealed a stat,ist.ically significant 
difference between listening conditions a t  
Site I (Fg icl = 299.01, p < 0.0013 and a t  Site 
I1 (F4,8Y = 293.13, p < 0.001). Since there 
proved to be a statistical significance between 
the list.ening condii;ions, Least Significant 
Difrerence mult.iple comparison procedures (a t  
an alpha level of 11 = 0.05) were performed to 
det,ermine where significant differences 
esistcd. These post-hoc procedures revealed 
that: 

( I )  Subjects a t  both sites obtained the 
poorest speech-perception scores in 
thc unaided listening condition (p  < 
0.001). The mean RTS (el SD) forthis 
condition n7as 4.9 dB (r._ 4 dB) for Site 
I and 7.4 dB (2 5.9  dB) fbr Site 11. 

(2) These mean RTS when utilizing the 
hearing aids in the omnidirectional 
~nicrophone mode (x,, = 0.07 tlB 143.5 
dB]; x2 = 2.9 dB 12 2.3 dB]) were 
significant.1~ better than  the unaided 
listening condition (p < 0.001). In other 
words, the mean RTS improved by 
appi-osirnateljr 5 dB with the use of 
b i n a u r a l  h e a r i n g  a i d s  i n  t h e  
oinnidirect.ional n~icrophone mode over 
the unaided listening condition. 

(3) The directional nljcl-ophone mode on 
the healing aid (sl = -1.1 143 [k 3.5 dB], 
xz  = -0.5 d B  [ +  1.8 dB11 yielded 
significantly better pelformance than 
the condition with t.he hearing aids 

in the  omnidirectional microphone 
mode Ipl = 0.011, p2 < 0.001) and the 
unaided liskningcondit,ion Ip < 0.0011. 
Stated otherwise; the utilizat,ioll of' 
h e a r i n g  a i d s  i n  t h e  d i rec t iona l  
~nicrophone mode improved spccdl 
perception in noise by 1.2 dB a t  Sjte 
I and by 3.4 dR at. Site I1 over the 
omnidirectional ~nicrophone condition. 

(4) T h e  condition with  t h e  b inaura l  
h e a r i n g  a i d s  u s e d  wi th  one  FM 
receiver in the FM-only mode (xl  = 
-15.3 dB [k 6.1 dB], ~2 = -17.2 dB [r 4.9 
dB:l) resulted in significantly better 
speech-perception performance than 
e i t ,he r  of' t h e  h e a r i n g  a i d  a l o n e  
conditions (p  < 0.001). On average, 
subjects improved by 14.2 dB a t  Sit.c 
I and by 16.7 dB a t  Site I1 with !;he use 
of' one F&I receiver over the use of two 
hearing aids alone in the directional 
microphone mode. Ho~vever, it should 
be noted t h a t  performance in this 
c:on&t,ion nras significantly poorer than 
the conclition with. t.~vo F.hI receivcrs 
(pl  < 0.001, pz < 0.001). 

(5) Tbe hest speech-perception scores were 
obtained when  t b e  subjects used 
binaural hearing aids with two FivI 
r e c e i v e r s  i n  t h e  FhI-only mode 
(p  < 0. 001). The mean RTS for this 
condition was -18.0 dB (k 4.3 dB) fbr 
Site I and -19.8 dB (r 4.7 dB) for Site 
If. This performance was on average 
2.7 dB and 2.5 dB better a t  Site I and 
I1 respectively than performance in 
the condition with one F'hI t.eceivcl: 

I n d e p e n d e n t - s a m p l e  t - t e s t s  w e r e  
conducted for each condition across the two 
s iks .  Test resuIts revealed that there were no 
statist.ically significant dilkrences between 
the two sites in terms of mean RTS for all 
Iistcning conditions except for the condition 
with  t h e  two hear ing  a ids  a lone in  t h e  
omnidirectional microphone mode (p = 0.002). 
For t,his listening condit,ion, the sub-jects at. 
Site I (X = 0.07 dB) obtained a significant,ly 
better RTS than the subjcct.~ a t  Sit,e 11 (X = 
2.9 dB), which results in a diffel-ence of 2.8 
dB between t.he two sites. 

DISCUSSION 

P lior studies suggest that individuals with 
SNHI,  h a v e  s ign i f i can t  di f f icul t ics  

underst~anding speech, especially in noisy 01. 
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reverberant listening em~ironrnents (Dubno 
et al, 1984; Hawkins and 1-acullo, 1984; Sutei; 
3.985; Heifer and Wilber, 1990; CrandelI, 
1991; l-Ielfer and Huntale): 1991; Needleman 
and Crandcll, 1995; Killion, 1997a; Moore, 
1997). In general, individuals with hearing 
impairment require the speech signal to be 
4 to  1 8  dl3 h i g h e r  t h a n  e x t r a n e o u s  
background noise in order to obtain speech 
recognition scores similar to individuals with 
nommal healing (Killion, 1997a; Moore, 1997). 
'I'hc individuals in this study required an  
SNR of'approxiinately 5 dB in the unaided 
listening condition a t  Site I and 7 dB a t  Site 
11. This finding correlates \veil with past 
investigations. Killion (1997b), for example, 
suggests t h a t  indi\7iduals with pure-tone 
averages of 40 dB HL (which is the average 
PTi4loss of the  subject;^ in Site I in this st.udyi 
typically require an SNR of approsimat.ely 5 
d,R in order to obt,ain 50% c ~ r ~ + e c t  011 the  
Spcccll-In-Noise (SIN) tesl when the signal 
is prevented a t  70 dB or a t  a level of"'1oud but. 
OK" (Killion, 1997a). For individuals with 
T'Tilconsistent with Site 11, an  SNK between 
6-7 dB nrould be necessary to reach the 50% 
cr-iterion. 

Mean speech-perception scores were 
s ignif icant l j~  bet.ter at. both s i t es  in the  
condition wi th  t h e  h e a r i n g  a ids  in t.he 
omnidirectional microphone mode than in  
the unaided listeningcondition. Few studies 
have reported these two conditions with 
current hearing. aid technologies (Nabelek 
and Mason, 1981; Duquesnoy and Plomp! 
1983; Welzl-Nuller a n d  S a t t l e r ,  1984) .  
Ilowever, this fincling is reasonable given 
the enhancement of' the  auditory signal,  
particularly that  of the higher fi-equencies: 
provided via amplif icat . ion.  1Vit.h t h e  
arilplification of sound provided through the 
use of hearing aids, the prima17 signal was 
made more audible allowing for improved 
comprehension of' the  speech signal than 
without the use of the hearing aids. In fact, 
NabeIek and hlason (19811 demonstrated 
that  sorne inclividuals do obtain improved 
speech perception with the use of hcaring 
aids over the unaided listening condition in 
noisy environments. Overall individuals with 
hearing impairment required a +3 dB SNK 
in o rder  to reach 50% cr i ter ion on t h e  
&locLified Rhyme Test (Bell et  al: 1972) in the 
unaided listening condition. Wjth t.he use of' 
b i n a u r a l  amplif ' icat ion,  t h e s e  s a m e  
individuals only required a -1 dB SNR to 
reach the same level of performance (i.e., a 

4 dB irnpro\rement). Addit,ionall~; Shanks e t  
a1 (2002) recently examined speech perception 
in noise in the unaided listening condition ancl 
wi th  a s ingle-channel  ITE hear ing  a id  
equipped with a11 oinnidil*ectional microphone 
p r o g r a m m e d  a s  p e a k - c l i p p i n g  (PC);  
compression limiting (CL,), and wide dynamic 
range compressing (\VT)RC). Results revealed 
all three  hear ing aid circuits provided a 
significant improvement. in speech percept.ion 
over the unaided listening condition. This 
improvement in speech perception over the 
unaided listening condition \\:as grcat.est a t  
the lo\rrest presentation lcvel (52 dB SPZ,). 
Recall tha t  i n  the current study an adapt.ive 
procedure was utilized suggesting that speech 
was presented near the patient's threshold of 
audibility. 

Thc mean RTS obtained at. Site I was 
significantly different than t.he mean RTS 
obtained a t  Site I1 for the condition with 
binaural hearing aids in the o~nnidil,cctional 
microphone mode. In this listening condition, 
the subjects at  Site I (x = 0.071 dB) obtained 
significant,ly better KTS than t,he subjects 
a t  Site 1 (X = 2.9 dB). 0-11 average, the subjects 
a t  Site I had better pure-tone averages than 
t.he suh.jects a t  S i t e  11. Recall t h a t  th i s  
difference in PTA between the t.wo sites was 
.stnt.ist,ically significant in hoth ears (p  = 
0.000). Hence, this is the Iikely cause of' the 
discrepancy in KTS scores between the two 
sites for t.his listening condit,ion. 

Speech-perception performance with Ihe 
u s e  of t h e  direct, ional n ~ i c r o p h o n e  was  
s ignif icant , ly  b e t t e r  t h a n  wi th  t h e  
omnidirectional microphone a t  both sites (2.8 
dB a t  Site I and 3.4 dR a t  Site 11). This finding 
is consistent with prior studies (Haarkins 
and Yacullo? 1984; Vdente cl; al, 1995; Gravel 
e t  al, 1999; Ricketts ancl Dhar, 1999; Pumford 
e t  al! 2000; 1Jalcnte et  al,2000; ~ I n ~ l a n i !  2001). 
Ricketts et  a1 (2001) evaluated t.he speech 
perception in noise ability of 47 adults with 
mild t,o moderate SNI-IL using five different 
hearing aids. Speech perception was assessed 
via the HINT test sentences, where speech 
w a s  p resen t . ed  f rom 0" a z i n ~ u t A ,  a n d  
uncomelated cafktelia noise was presented a t  
65 dBA SPL loudspeakers located a t  30": 
105", lSOO, 225", and 330" azimuth. In the 
condition using single-channel analog BTE 
hearing aids, the mean RTS for the dii*ec.tiond 
m i c ~ . o p h o n e  mode  of t h e  h e a r i n g  w a s  
approximately -1..2 dB. This study yielded a 
mean  directional advantage (RTS of the  
omnidirectional microphone mode minus the 



RTS of the di~ectional microphone mode) of 
2.2 dB. Addit,ionally, h l a n i  (2001) conduct,ed 
a mela-analysis of 74 studies evaluating the 
speech perception performance of hearing 
aicls equipped with direct,ional microphones. 
In this nleta-analysis, a weighted average 
ShX of-2.6 dB (C19;, = 21.1 dB) was obtained. 
This \veighted average corresponds nlell with 
the mean RTS obtained in t,he direct,ional 
microphone listening condition in this study. 
Anl lani  ( 2 0 0 1 )  c a l c u l a t e d  a \veight.ed 
clirectional advantage of 4 dB (CIg, = 0.8). 

Although prior studies have obtailled 
 improvement,^ w i t h  t h e  d i r e c t i o n a l  
microphone relativc to the olnnidireclional 
nlicrophone in terms of speech perception in 
noise  hy a s  m u c h  to  6 to 8 d B ,  t h e  
improvement \vith the directional microphone 
in lhis experiment \vas no1 a s  g ~ e a t  (Valente 
et al, 1995; Gravel e t  al, 1999; Kuk et. al, 
1999). There are a few possible reasons for 
t,his finding. As mentioned pre\;iouslj: the 
location and number of noise sources in a 
1ist.ening environmenl  can significantly 
impact the  effect,iveness of a directional 
microphone (Rickctts, 2000b; Valcnte, 2000; 
Gne\\rikow, 2002). Valente (2000) directly 
compared the speech perccption in noise 
u t i l i z i n g  I T E  h e a r i n g  a i d s  in t h e  
omnidirectional microphone mode and in the  
direct.iona1 microphone mode in  two dif'ferent 
listening conditions: (1) ideal, in \vhich the 
primary speech signal is present,ed a t  On 
azirnut,h and the noise originates from 180" 
azimuth, and (2) diffuse, in which the primary 
speech s i p a l  is presented a t  0' azimuth and 
the noise originates fi+orn 45", 13s0, 225", and 
315" azimuth (urhich is  the  noise source 
confi~mration used i n  t.his study).  Results 
revealed a sigmifirant improvement. in spcech 
pet*ccpt,ion in noise with the dual-microphone 
direct.ional microphone compared to t,he 
on ln id i rec t iona l  m i c r o p h o n e  ( 3 . 3  dB) .  
Ho\\~ever, this irnpro\retnent was significantly 
g rea te r  in t h e  ideal l i s tening condit;ion 
compared to the diffuse listening condition 
(0.5 ciB). Additiol~allj; Ricketts (2000a) noted 
a loss in direct ivi ty  with  h e a r i n g  a i d s  
operat.ing in the directional microphone mode 
\vith larger vent, sizes. In this study, vent. 
s ize  was  chose11 based on a u d i o n ~ e t r i c  
configuration and patient comfot-t. Many of 
these subjects used relatively Iarge vent sizes 
because of' slightfrnild hearing losses in t.he 
low fkecluencies. Theresore, a loss of directi13t3, 
of the devices may have o c c u r * ~ ~ d  as  a result 

of' these larger vcnt sizes. Cert.ainl,y, this 
issue requires further study. 

Speech  p e r c e p t i o n  in  no i se  w a s  
significanlly bet,tet- in the FAT-only condit.ion 
(monaural and binaural) than any hearing aid 
condi t ion  ( o ~ n n i d i r e c t . i o n a l  a n d  d u a l -  
microphone! a t  both sites. That  is, the mean 
difference between the monaural FhI and 
the  hear ing  aids  in  t.he omnidirectional 
~nicrophone mode uras 15.4 dB and  20.3 dB 
a t  Site 1 and Sit.e 11 respectively and 14.2 dl3 
and 16.9 dB fbr the direct.iona1 n~ic~*ophone 
comparison. For the  binaural FA11 setting, 
t,he mean difference between FBI and the 
h e a r i n g  a i d s  in  t b e  o m n i d i r e c t i o n a l  
microphone mode was 18.1 dB and 22.7 dB 
for Site 1 and Site 11 respect.i\rely and 1.6.9 dB 
and 19.3 dB for the directional microphone 
comparison. These findings agrce \\lell \\rith 
the few previous studies that have examined 
t,his issue. In the Hawkins (1984) sludj; t,he 
FbI-only conditions provided a significant 
ilnprovement over all the hearing aid alone 
conditions (15.3 dB). 'I'he parallel hetnreen 
these two studies is  not s u ~ p ~ i s i n g  given tbat. 
proximitjr of t,he Fhll t r a n s m i t t e r  to t.he 
desired signal reduces L.he effects of noise, 
distance, and reverberation in such a way 
that  hearing aids are  unable to do. rloo\e\7er, 
unlike the Ha\vkins (1984) study, a binaural 
advantage was demonstrated 154th the use of 
t h e  FM s y s t e m  i n  t.his e x p e r i m e n t  by 
approxilnately 3 dB. This binaural aclvantage 
is most likeIy a result of'the use of two Fh'i 
1-eceivers ( t rue binaural). In the Haurkins 
(1984) studjr binaural FM input \xras delivered 
through the use of one FM receiver creat,ing 
a diotic signal. Additionally, this binaural 
advant.age is consist,cnt with prior studies 
regarding the henefits of' binaural healing and 
binaural amplification (hIar-kides, 1977; 
Nabelek and Mason, 1981; I-Ialvkins and 
Yacullo, 1984; Feuerstein, 1992; h11cCulloug.h 
and Ahbas? 1992). Past. st,udies have reported 
a binaural advant.age of 2 to 3 dB  when 
individuals with hearing ilnpairrnent listpn 
in noise (Mwkides, 1977; Nabelek and Mason, 
1981; Feuerstein,  1992; AlIcCullough and 
Abbas: 1992). To il lustrate,  Xahelek and 
Mason (1981) evaluated the speech percept.ion 
in noise ability of 21 sub.jects with bilateral 
mild sloping t,o moderate SNI-IL. Resu1t.s 
revealed that these sub.jects performed 5.9 Lo 
7.2% better in the binaural listening condition 
than in t.hc monaural listening condition. 
Given that  the PB-PI function of PB tifol-cls 



is about 39, ~ C I I .  dB? this  finding suggests  a n  
improvc?mcnl. of 2 Lo :I dl3 when a n  individual 
wit.11 hearing irnpai~,nicnt listens wi th  two 
ears vct.strs one ear. This binaur:il advantagc 
r e m u i n s  n:it.h t.he u s c  of a~np l i f ' i c a t ion .  
I-Ia\vltiris ancl Yacullo (1984) evaluated the 
specch pcrccpt ion  in  noise  abi l i ty  of 11 
subjccts ~ r ~ i t l l  bilat.c~.nl syrnnictrical mild to 
modcl.;ite S N H L  uti l izing 111onaui.al a n d  
1)inaural hearing aids. In tlGs s t u d ~  su1)ject.s 
o b t a i n e d  si:;nif'icantly bc:lter s p e e c h  
pcrcephon sci)~'cs \vhc11 utilizing b i n a ~ r r n l  
amplification t)y 2 to :3 dB o\.cr. Lhc use of 
1non;lural c~rnplificat.ion. Hcnce .  i t  is not. 
s u ~ ' p r i s i ~ i g  tha t  our  subjects also peribrrned 
siniiIat.ly with t ~ v n  F3.I receivers versuh thc  
use  of one E'hl ~.ccc-iver. 

Clinical Rclevwnce 

'I'his study has  important.jrnplir.ations for 
t he  clinical ~ n n i i a ~ e r n e n t  of' pat ients  with 
SNtIL,. 11s prcvious s tud ie s  suggc!st, t h e  
rnajol , i ty of' i n d i v i r l u a l s  w i t h  heal-ing 
11nl1;lirnlent. o b t a i n  impl.ovcd s p e e c h  
perception in noisc wiLh thc use of l~erir ing 
aids with direct.ional n~icrophones. IHo\vcvcr. 
t,here is high inhvidual  variability in th is  
f inding (Killiorl e t  a l ,  1998; Ii icketls  a n d  
fi'Iucll(!r: 20003. Unfort.unatcly, a t  this  time, 
no c lear  pr.c.dictor exists  regarding which 
individuals will obtain this ilnproverrlent ill 
specch perceplion arltl which will not. In fact, 
H.ickett,s and h~lucllcr. (2000) esamint!d the 
impact of nudiometric slop(:, magnitude of 
high-frequency hea r ing  loss. anti spccch- 
percept . ion performance in  no i sc  u s i n g  
o n i n i d i r t - c t i o ~ ~ a l  a n d  d i r c c t i o n a l  t e s t  
contlilions on SO subjects. Knne of these  
frrctors provccl t:o be significant, predict.c~rs of' 
1)enefits with a dir.cctiollal mic~,ophonc!. 

All nf thct st,udy partjciprtnts at. t.hc two 
si tes o1)tainctl significantly hotter  spcoch- 
perception pcrfnr~nance in noist! with the  use 
of a n  ,Fh1 systcln in ei ther the rnonnurr11 o r  
b i n a u r a l  mode .  D e s p i t e   his impi 'oved 
pel-forrnance in noise, rc:lativcly feu; patients 
;*re 1)eing fit with Fhl tcchno1og-y. In fact. 
recent. cst imates suggest  l h a t  lcss t i ~ a r i  571 
of' a d u l t s  wi th  hea r ing  a ids  a lso  uso F3I 
technology (C~.andell and  Smaldino,  20OOj. 
iYil11 these  documrnlcd  inip~,civements in 
speech-perception abi l i ly  i n  noisc ,  it. is 
imperative t.hut cl i~lical  andiolngists ofrcr 
I"&l t .cchnology a s  a v i a b l e  o p t i o n  f o r  
r o m r n u n i c a t i o n  t,o t h e i r  p n t i c n t s  w b e n  

d i scuss ing  t . i . e a l~nc~ l t  op t ions  regarding 
hem.ing i m p n i ~ m c n t .  The  nutliologist. shoul(l 
describe FM technolo~y,  i ts  usage, a n d  i l s  
docurneuted bcnefits with bhcil- patients. This 
Lypc! of technology should bc fur-Lher' rc\-iex:ecl 
and clcmonstrated in hearing aid oricnlatior~ 
progl-lilns. 

i l d d i t i o n a l l y ,  t h i s  s t . u d y  p r o v i d e s  
document,r t t ion rcgnt-ding tthc dogrec  of 
speech-percept ion  performance  obta incd 
undcl. various Fh,I teclu1ology ar-r~ingcrnents.L; 
'I'llis jnforlnntion is critical for audiologists 
when c o u n s c l i ~ ~ g  the i r  pat.icnts tcgart l ing 
F M  syst.em a p p l i c i ~ t i o n s  i n  "c!vclryday" 
coni~rnurl icatio~ situ;itions. For ins t~lnce ,  thc 
vast ~naior i iy  of'sturly part.icjpants realized 
bet.kr speech-perci?ptior~ pi![-fhtlnance in noisc 
with the use of the  healing aids equipped with 
two I'honnk kIicrolink FM receivers ralhcb1. 
thal-I wit,h J u s l  on r  b'h.1 rcct.iver. Thc  Incan 
dif'Fcr.encc in RTS betn.cacn t h e s e  t.wo 
co~~di t . ions  in  lh is  study was 2.7 dl-! a t  Sitc I 
anti 2.4 dl3 a t  S i la  11. FIrnc:e, just. a s  tlic 
1n;ljority of' patients bencfit. f'r.on1 bhc use o[' 
binaural  hcaring aids,  audiologists ci3n now 
counsel their pat.icnls that. the mii,jo~.ity of 
indiv id t~als  n~i t .h  hear ing  i r n p a i r n ~ e ~ l t  will 
perf'orn~ bc1t.c~ in hackground noisc. if thc  
s ignal  of irrlcl-est (e.g., specch)  is a t  t,hc 
rnic:rc~phonc of' the FM transmitt,el- lind the 
Fhl ~.cceivers are  fit. 1)ilaterally in the FhI-o~lly 
~ n o d c  rat l icl  than  on r  L4'h;I rcwiver on one ear 
and a hearing aid alone on t.he ot.hc.1 oar'. 

Limitations of the Study 

Despite t he  signiiicant. l i ~ ~ d i n g t ;  in lh is  
invcxtigatiot~, t.lierc a r e  severill lin~ii~ltion..;. 
First., the majority of'study pnrticipi~nts w(:r(\ 
older udulbs. I<ecall [.hat. t,hc niedian age of 
this study sample was 73 years. Hence, thcsc> 
results  cannot  be gc:~lcl.alizcd to othel* agc. 
groups, especially I.o childi,cn. Gravel e t  a1 
(19993 evnlu~i ted  the  speech-percpp~ion in 
noise abi1it.y orchilrll.cn, ranging in age fi.or~l 
4 to 1 I years. \r:itli hilntei.al, mild l.o sever.(? 
SNIII ,  using oni r~i t l i~ .ec t ion:~J  a r ~ t l  d u a l -  
r n i c ~ . o p h o r ~ e  t e c h ~ l o l o g y .  S t u d y  r e s u l t s  
revcalcd t h a t  t.he dud-microphone conrlilion 
provirtcd a significant improvcrnent in specrh 
perception for hoth words oncl sentences over 
tho  ornnidircctional cnndil.ion 11. 4 . 7  dH,  
which is appr~oxilniitcly 3 dB po[jl.rtr t han  
t h a t .  o b t a i n e d  by a d u l t s  ~11dc i .  s i m i l a r  
condit,ions. Additionally, these  investigators 
lepol.ted tha t  older children and  children 
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with greater receptive vocabularies coulcl 
tolerate more noise (4 dB) in both microphone 
conclitions than  younger children could. 
Hence, orle should 11ot assume that  children 
would obtain the same speech-perception 
performance in noise that was obtained in tlus 
st.udy since only adults served as  subjects. 

A second limitation of this st,udy is t,hat 
one cannot assume that the findings in this 
investigation are  comparable to "real-\vorld 
performance with these devices. Although 
at.tempts were made to simulate a "real- 
world" environment. by utilizing semidiff~ise 
noise, the conditions utilized in this study arc 
still not t,ypical of "real-\vosldn listening 
environments. Recall that, speech-percept.ion 
testing was conducted in a sound-t.reated 
environment, which results in reduced effects 
from rcverberation. Ifawkins and Yacullo 
(1984) evaluated the speech perception in 
noise abi l i ty  of' indivicluals us ing  both 
omnidirectional and directional microphone 
technology u n d e r  t h r e e  d i f f e r e n t  
reverberation times (0.3 sec, 0.6 sec, 1.2 sec). 
As reverberat.ion t.ime increased, pel-folmance 
c l e ~ ~ a d e d .  I t  is logical to assume tha t  the 
performance obtained in this st.ucty nit11 the 
h e a r i n g  a i d s  nrould a l so  d e g r a d e  with  
increased reverberation. In  "real-world" 
listening en\ironrnents, speech is not always 
p r e s e n t e d  a t  0" a z i m u t h  n o r  i s  no i se  
presented from a static location or from t,he 
rear'lsitfe~ of the listener; therefore, various 
modif icat ions  of t h e  speech a n d  noise 
presentations may alter speech perception 
resu l t s  wi th  t h e  exper imenta1  devices 
(Hicl<et;ts, 2000b). Additionally, recall that  
t.he FM transmitter nras located 7.5 cm from 
t h e  primary loudspeaker. This  distance 
repr.esents a n  ideal placement for the Fh4 
transmitt,er, thereby minimizing the effects 
of' noise, reverberation, and dist.ance on t.he 
speech signaI. Unfbrtunatelj; this placement 
may not occur a t  all times in a "real-wo~*lcl" 
envit-onmcnt. At this t,ime, we do not know 
what t.he erects of microphone distcvlce would 
have on speech perception performance in 
noise .  Also, t h i s  e x p e r i m e n t  w a s  only 
conttuctett with the use of correlated speech 
s p e c t r u m  s h a p e d  no ise  a s  t.he no i se  
compet i t ion.  Hence ,  no  informat ion i s  
available regarding the effects of speech 
perception had Lhe signals been presented in 
a n  uncorrelated fashion (which is probably 
more typical of their  everyday listening 
environn~ents)~ and these is no information 

regarding other types of noise tha t  may be 
encountered hy the individual u i t h  hearing 
impai rment  in  the i r  everyday l is tening 
environments. AdditionaIly, FA11 listening 
conditions we1.e only evaluated with the FM 
transmitter in the Super-Zoom setting. The 
speech perception benefit ohtained in Ihe 
sludy is likely not to he similar when ot.her 
FM txansmitter ~nicrophone sett ings a re  
ut.ilized. 

Finally, this invest,igation was conducted 
with just one particular model of' hearing aid 
a n d  one model Fh3 syst.ern. Currently,  a 
uurnber of ot.her companies manufacture FM 
eyst.em tech~lology tt.hat, is compat,ible with 
hearing aid technology, including Phonic Ear  
and AVR Comm~inications Ltd. Additionally: 
the  Phonak Microlink is compatible with 
hear ing  a ids  manufactul-ed by 16 other  
companies .  S ince  severa l  s t u d i e s  have  
reported a wide degree of e1ect.roacoust.i~ 
var iab i l i ty  with  t h e  use  of var ious  Fh4 
components, it should not be assumed that d l  
brands and rnodels of t.llese devices would 
produce the same speech perception results 
obtained jn this study (Freeman e t  al, 1980; 
Bess e t  al, 1984; Thibodeau and Saucedo, 
1991). 

0 verai l ,  r e s u l t s  of t h i s  investigation 
r e p o r t e d  t h a t  FiLI t e c h ~ ~ o l o g y  

significant.ly improved speech intelligibility 
over t h c  hear ing  aid conditions, both in 
onlnidirectional and directional listening 
conditions. Additionally, speech perception 
performance is further enhanced by almost. 
3 dB using two Fhl receivers in the FM-only 
mode ra ther  than one FM receiver in the 
FM-only mode on one e a r  and a hcaring aid 
alone on t.he other ear. These data  suggest, 
that. FhI technology will offer significantly 
better cornmur~icative performance in adverse 
listei-ling situations than any type of hearing 
a i d  microphone  configurat , inn.  S t a t e d  
ot.he17vise, for maximurn speech int.clligi6ibiIity 
in noise to occur ibr listeners with SNI-IL, t.he 
hear ing  hea1t.h-care professional should 
consider the utilization of FM technology 
and counsel t,heir pat.ients ho\v to nlasimize 
their usc in everyday listening situations. 
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