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A b s tra c t

E F F E C T S  O F TALKER D IFFER EN C ES ON SPEECH 

IN TELLIG IBILITY  IN TH E HEARING IM PAIRED

by

M a ris  K abat M argu lies  

A d v ise r: H a r ry  L ev itt

F iv e  g roups of te n  l is te n e r s  each  (n o rm al h earin g , conduc- 

tiv e ly  im p a ire d , f la t - ,  m o d e ra te ly  slo p in g -, and se v e re ly  sloping 

s e n s o r i-n e u ra lly  im p a ire d ) w ere  p re se n te d  w ith re c o rd in g s  of the 

CID se n te n c e s  of ev ery d ay  sp eech  (CHABA) spoken by te n  d iffe ren t 

ta lk e r s  (five m a le  and five fem a le ). In addition , re c o rd in g s  of 

nonsense  sy lla b le s  fo r  two ta lk e r s  (one m ale  and one fem a le  fro m  

the  above group) w e re  a lso  u se d . F iv e  types of background no ise  

w ere  added to  the  sen ten ce  m a te r ia ls :  h ig h -p a s s , lo w -p a s s , w hite, 

m a le -s p e c tru m  and fe m a le -sp e c tru m  shaped  n o ise . The ra t io  of 

sp eech  p eak s to  r m s  n o ise  lev e l w as s e t  a t 0 dB fo r  th e  sen tence  

m a te r ia ls .  F o u r  e x p e rim e n ta l cond itions w ere  u se d  fo r  th e  n o n sen se  

sy llab le  m a te r ia ls :  freq u en cy  f ilte r in g  w ith a  slope  of 0 d B /o c tav e , 

+6 d B /o c tav e  and -6  d B /o c tav e  (a ll in  quiet) and 0 d B /o c tav e  slope 

cond ition  in  n o ise  at a  S /N  ra t io  of 0 dB. In add ition  to  obtaining



in te llig ib ility  s c o re s ,  su b je c ts  w e re  re q u ire d  to  r a te  the  in te l­

lig ib ility  of each  ta lk e r  on a sc a le  of 1 -7 .

S ign ifican t d iffe ren c e s  in in te llig ib ility  w e re  ob tained  b e ­

tw een  ta lk e r  gen d er, e x p e rim e n ta l g roups, e x p e rim e n ta l conditions 

(added background  no ise  a n d /o r  frequency  f ilte r in g ), and l is te n e r  

ag e . On th e  sen tence  m a te r ia ls  th e  fem ale  ta lk e r s ,  on the  a v e ra g e , 

w e re  m o re  in te llig ib le  th an  the  m a le  (fo r a com m on sp e e c h -to -n o ise  

ra tio ) . T h e re  w a s , how ever, a  su b s ta n tia l o v e rla p  betw een the  

in te llig ib ility  s c o re s  of ind iv idual m ale  and fem ale  ta lk e r s .  F o r  the  

n o n sen se  sy llab le  m a te r ia ls ,  w here  only one ta lk e r  of each  gender 

w as u se d , th e  m ale  ta lk e r  y ie lded  h ig h er d isc r im in a tio n  s c o re s  

th an  th e  fe m a le . T h is  m ale  ta lk e r  happened to be the  m ost in te l­

lig ib le  o f th e  m a le  ta lk e r s  u se d  in  the  study, w h e rea s  the  fem ale  

ta lk e r  w as of a v e rag e  in te llig ib ility . No sign ifican t d iffe ren c e s  

w e re  o b se rv ed  betw een  m ale  and fem ale  l is te n e r s .

A s expec ted , in te llig ib ility  s c o re s  d e c re a se d  w ith in c re a s e  

in  d e g re e  of h e a r in g  im p a irm en t but the re la tiv e  m ask in g  and f i l t e r ­

ing  e ffe c ts  v a r ie d  betw een l is te n e r  g roups and ta lk e r  gen d er. 

Y ounger l is te n e r s  s c o re d  h ig h e r than  o ld e r  l is te n e r s  except in  the  

conductive  h e a r in g  lo s s  group . T h is ap p a ren t excep tion  is  be liev ed  

to  be th e  r e s u l t  o f a v e ry  high sc o re  shown by one l is te n e r .

T he in te llig ib ility  ran k in g s show ed a h ig h e r d eg ree  of con ­

s is te n c y  w ith  the  ob jec tive  m e a su re  of in te llig ib ility  fo r the n o rm a l



h e a rin g  l is te n e r s .  The co n sis ten c y  betw een th e  ran k in g s  and 

m e a su re d  in te llig ib ility  d e c re a se d  a s  th e  d eg ree  of h e a r in g  im p a ir ­

m en t, e sp ec ia lly  in  th e  h ig h e r f re q u e n c ie s , in c re a s e d . T h e re  w as 

no s ig n ifican t m a le -fe m a le  ta lk e r  d ifference  in  the  c o n s is ten c y  of 

the  ra t in g s .
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CHAPTER I

INTRODUCTION

It has freq u en tly  been  re p o r te d  th a t fo r  h e a r in g - im p a ire d  

p e rs o n s , fem ale  sp eech  i s  not as  in te llig ib le  a s  m a le  sp eech  

(G rubb, 1963). T h is notion th a t h a rd  of h e a r in g  in d iv id u a ls  h e a r  th e  

v o ice s  of m en  " b e tte r"  o r  " e a s ie r "  than  the  v o ice s  of w om en is  a 

com m on in fo rm a l o b se rv a tio n  in  m any c lin ic a l s itu a tio n s  (P a lm e r, 

1955). D ata  suppo rting  th is  o b se rv a tio n  m ay  be found in  the 

M edResCo R ep o rt (M edical R e se a rc h  C ouncil, 1947) in  w hich sp eech  

rec ep tio n  s c o re s  fo r  fem ale  ta lk e r s  w e re  c o n s is te n tly  p o o re r  than  

th o se  fo r  m a le  ta lk e r s .  A s im ila r  r e s u l t  w as ob tained  by B lack  and 

L ev itt (1969) w ho, in  a.n in v es tig a tio n  of th e  e ffe c ts  of frequency  

re sp o n se  on sp eech  in te llig ib ility  fo r h e a r in g - im p a ire d  l is te n e r s ,  

found h ig h e r  in te llig ib ility  s c o re s  fo r the  m a le  t a lk e r  th an  fo r  the  

fem ale .

It is  im p o rtan t to  d e te rm in e  if indeed  fem a le  ta lk e r s  a re  

le s s  in te llig ib le  th an  m ale  ta lk e r s ,  and if  so , p o ss ib le  re a s o n s  why. 

T h is i s  e sp e c ia lly  im p o rtan t s in ce  th e re  a re  m o re  fem ale  

au d io lo g is ts  th an  m ale  aud io log ists  p ra c tic in g  (p e rso n a l co m m u n ica ­
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tion , ASHA, 1975)* and su rv e y s  have shown th a t liv e -v o ic e  te s t  p ro ­

c e d u re s  a re  u sed  64.4%  of th e  tim e  (M artin  and P enn ing ton , 1971).

Since the  e a r ly  developm ent of sp eech  au d io m e tric  m a te r i ­

a ls  at the  H a rv a rd  P sy ch o -A co u stic  L a b o ra to r ie s  (Egan, 1948; 

H udgins, H aw kins, K a rlin  & S tevens, 1947) and th e i r  l a t e r  re f in e ­

m en t at the C e n tra l In s titu te  fo r  the  D eaf (H irsh , D av is , S ilverm an , 

R eynolds, E ld e r t  & B enson , 1952), speech  au d io m etry  h a s  becom e 

a  w ell e s ta b lish e d  d iagnostic  too l fo r  a s s e s s in g  the  speech  function. 

In  the u sua l evaluation  th e se  te s ts  a re  p r im a r ily  o f two ty p es : 

sp eech  re c e p tio n  th re sh o ld  (SRT) t e s t s  and t e s t s  of speech  d is ­

c rim in a tio n . The f i r s t  of th e se  i s  a m e a su re  of th e  p e rs o n ’s s e n s i­

tiv ity  fo r  speech . The o th e r  is  a su p ra th re sh o ld  ta s k  w hich is  

u se d  to  p rov ide  an e s tim a te  of the  in d iv id u a l's  d eg ree  of d ifficulty  

in  understand ing  speech . T he s tim u li m ay v a ry  and m ay  be 

d e liv e re d  fro m  tape  o r  phonograph re c o rd in g s  o r be m o n ito red - 

liv e -v o ic e  (MLV).

W hile th e  m o s t com m only u sed  t e s t s  fo r m e a su rin g  the 

sp eech  function  a re  th e  CID W -l and W -22 l i s t s  (M artin  and P e n ­

nington, 1971), and s in ce  th ese  a re  p e rfo rm e d  p red o m in an tly  by 

liv e -v o ic e  p ro c e d u re , i t  is  n e c e s s a ry  to c o n s id e r  th e  e ffe c ts  of 

b e tw ee n -ta lk e r  d iffe re n c e s  on the  te s t  m a te r ia ls .  It h as  been  shown

*T hese d a ta  w e re  ob tained  at the  beginning  of the  study.



th a t the  e ffec ts  of ta lk e r  change a re  su b s ta n tia l, although they  v a ry  

acco rd ing  to  the  m a te r ia l  u se d  (H irsh  e t a l . , 1954; P a lm e r , 1955; 

H a r r is  e t a l . , 1960; W eiss , 1968; K ru e l, 1968, 1969; P a sc o e , 1974, 

1975).

The p re s e n t study i s  an  a ttem p t to  in v es tig a te  the  d iffe re n c ­

e s  in the  in te llig ib ility  of m ale  and fem ale  v o ice s  a s  h e a rd  by h e a r in g  

im p a ire d  l is te n e r s .  I t is  co n ce rn ed  sp ec ifica lly  w ith an  exam ination  

of speech  d isc r im in a tio n  ab ility  of h e a rin g  im p a ire d  l is te n e r s  fo r  

m ale  and fem ale  ta lk e r s  fo r  v a rio u s  t e s t  conditions and te s t  

m a te r ia ls .



CHA PTER II

REVIEW  OF THE LITERA TU RE

M ethods of M easu rin g  Speech P e rc e p tio n

H is to r ic a l  p e rsp e c tiv e

T e s ts  of a h e a r in g - im p a ire d  in d iv id u a l's  a b ility  to  u n d e r­

stand  sp e ec h  have e x is te d  fo r  as long as th e re  h a s  been  an in te re s t  

in  the  e ffe c ts  of h e a rin g  im p a irm e n t on sp eech  u n d e rs tan d in g . 

O rig in a lly , a s s e s s m e n ts  of u n d e rs tan d in g  w e re  acco m p lish ed  by 

sim p ly  speak ing  to  the  p e rso n  su sp ec ted  of having a h e a rin g  im p a ir ­

m en t and m aking  a judgm ent about h is  ab ility  to  u n d e rs ta n d . The 

l i s te n e r 's  p e rfo rm an c e  w as c o m p ared  to  th a t of p e rs o n s  unaffected  

by a u d ito ry  im p a irm e n ts  (H irsh , 1947). Such a  c ru d e  m ethod did  no t 

allow  fo r  c a lib ra tio n  o r  c o n tro l of the  sig n a l w ith  r e s p e c t  to  in te n s ity  

o r  m e ssa g e  con ten t.

B ry an t (1904) a ttem p ted  to  o v e rco m e  th is  d ifficu lty  th rough  

a sy s te m  he designed  w hich co n tro lle d  th e  lev e l of th e  speech  s ig n a l 

by m ea n s  of a phonograph and valve  a ttach m en t. C am pbell (1910) 

developed  the  f i r s t  ana ly tic  app roach  to  the  m e a su re m e n t of speech  

in te llig ib ility  by ask ing  th e  l is te n e r  to  re p e a t a l i s t  o f nonsense
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sy lla b le s  w hich had been re a d  ov e r a te lephone channe l. The p e r ­

cen tage  of c o r r e c t  id en tifica tio n  w as the m e a su re  of re la tiv e  in te l l i ­

g ib ility .

It w as m o re  th an  20 y e a r s  a f te r  B ry a n t (1904) advocated  a  

re c o rd e d  p re se n ta tio n  of m a te r ia l  th a t the  u se  of a  re c o rd e d  a u d ito ry  

te s t  becam e av a ilab le . T h is  w as not a te s t  fo r  a s s e s s in g  speech  

u n d e rs tan d in g  a b ility , but fo r  d e te rm in in g  an in d iv id u a l's  h e a rin g  

lo s s  fo r  speech , and u se d  num bers a s  te s t  s t im u li  (F le tc h e r , 1929). 

C ontinued e ffo r ts  w ere  m ade to  re fin e  th e se  p ro c e d u re s , notably 

e ffo r ts  by F re n c h  & S te inberg  (1929) who a lso  developed  w ord  and 

sen ten ce  l i s t s  of in te rro g a tiv e  and im p e ra tiv e  se n te n c e s  fo r  in te l l i ­

g ib ility  te s tin g  a s  p a r t  of th e i r  r e s e a r c h  at B e llrT elephone L a b o ra ­

to r ie s .

D evelopm ent of m a te r ia ls

T he e a r l ie s t  te s ts  of speech  u n d e rs tan d in g  w ere  u sed  to  

r a te  sp eech  tra n s m is s io n  sy s te m s  and w ere  r e f e r r e d  to  a s  a r t ic u ­

la tio n  t e s t s .  The re su ltin g  sc o re  w as an a r t ic u la tio n  sc o re . By 

p lo tting  a  g rap h  w ith p e rcen tag e  of i te m s  c o r r e c t  on the  o rd in a te  

and in te n s ity  on the  a b sc is sa , one can  g e n e ra te  a n  a rtic u la tio n -g a in  

function . Such a g raph  d ep ic ts  the re la tio n sh ip  of u n d e rs tan d in g  to  

changes in  in te n s ity  fo r  the  p a r t ic u la r  s tim u lu s  m a te r ia l .  The 

a r tic u la tio n -g a in  function h as  been shown to  v a ry  depending upon th e  

type of m a te r ia l  u sed  (F le tc h e r  & S te inberg , 1929; H irsh , e t a l . ,
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1952; H udgins, et a l . , 1947; M ille r , H e ise , & L ich ten , 1951; T ra u l 

& B lack , 1965). In  g e n e ra l, the  m o re  in fo rm atio n  th e re  is  in  an 

u tte ra n c e , the  s te e p e r  i s  i ts  a r tic u la tio n -g a in  function . T h re e - 

sy llab le  w o rd s  ty p ica lly  con ta in  m o re  in fo rm a tio n  th a n  tw o -sy llab le  

w o rd s w hich ty p ica lly  con ta in  m o re  in fo rm a tio n  th a n  m onosy llab ic  

w o rd s , w hich in  tu rn  con ta in  m o re  in fo rm atio n  th an  nonsense  sy l­

la b le s . C o rresp o n d in g ly , th e  a r tic u la tio n -g a in  functions fo r  tw o- 

sy llab le  w o rd s a r e  s te e p e r  th an  th o se  fo r m o n o sy llab les  w hich in  tu rn  

a re  s te e p e r  th an  nonsense  sy lla b le s  (H irsh , 1952). S im ila r ly , the 

a r t ic u la tio n -g a in  functions fo r  se n ten c es  a re  v e ry  s te e p .

In add ition  to  the  sy llab le  a r tic u la tio n  l i s t s ,  F le tc h e r  & 

S te in b e rg  (1929) a lso  d ev ised  the sen tence  l i s t s  m en tioned  e a r l ie r .  

S ince the  pu rpose  of th e se  t e s t s  w as to  te s t  the  a c c u ra c y  of p e rc e p ­

tio n , e ach  sen ten ce  w as designed  to  convey a s im p le  idea . A 

re sp o n se  w as c o n s id e re d  c o r r e c t  if  th e  l is te n e r  could  e ith e r  re c o rd  

th e  sen ten ce  o r  an sw e r i t  c o r re c t ly .

T h e re  w e re  two m a jo r  c r i t ic is m s  of the B e ll T elephone 

L a b o ra to r ie s  sen ten ce  in te llig ib ility  l i s t s  (Egan, 1948; H irsh , 1952). 

It w as po in ted  out th a t th e  questions often  re q u ire d  sp e c if ic  know ledge 

o f New Y ork , and add itionally , the  questions often  w e re  beyond the 

a b ility  of m any people to  a n sw e r c o r re c t ly .

A m a jo r  co n trib u tio n  to  th e  developm ent of sp eech  te s tin g  

p ro c e d u re s  w as the  ex tensive  b a tte ry  of t e s t s  developed  by th e
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H a rv a rd  P sy ch o a co u s tic s  L ab o ra to ry  (PAL) du ring  W orld  W ar II. 

T h ese  t e s ts  w e re  developed in itia lly  fo r  th e  ev a lu a tio n  of m il i ta ry  

sp eech  com m unica tion  sy s te m s , but the b ro a d e r  m o re  u se fu l a p p lic a ­

tio n s  of the  t e s t s  w e re  soon reco g n ized . W hile the  b a tte ry  in it ia lly  

included nonsense  sy llab le  l i s t s ,  phonetica lly  ba lanced  m onosy llab ic  

w ord  l i s t s ,  spondaic w ord  l i s t s ,  ar.d phonetica lly  ba lanced  sen ten ce  

l is ts ,  it  w as the  m o n sy llab ic  and spondaic w ord  l i s t s  w hich found 

w id e sp rea d  c lin ic a l app lica tion .

P h o n e tica lly  balanced  w ord  l is ts  (in a b b rev ia ted  fo rm  

r e f e r r e d  to  a s  PB  w ord  l is ts )  w e re  dev ised  to  m ee t the  follow ing 

c r i te r ia :  (1) m onosy llab ic  s t ru c tu re ,  (2) equal av e rag e  d ifficu lty ,

(3) equal ran g e  of d ifficu lty , (4) equal phonetic  com position ,

(5) a co m p o sitio n  re p re se n ta tiv e  of E n g lish  speech , and (6) w o rd s  in  

com m on u sag e  (Egan, 1948).

T he e a r ly  c lin ic a l ap p lica tio n  of the  PA L m a te r ia ls  m et 

w ith  a  n u m b er of p ra c t ic a l  p ro b le m s . M any p a tien ts  had d ifficu lty  

w ith  th e  v o cab u la ry  w hich con ta ined  a n u m b er of u n fa m ilia r  w o rd s . 

A lso , the  sp e a k e r  on th e  re c o rd in g s  w as R ush H ughes, a  p ro fe s s io n a l 

ra d io  an n o u n cer, who re c o rd e d  th e  l i s t s  w ithout a c a r r i e r  p h ra s e . 

E ld e r t  & D avis (1951) re p o r te d  on th e  c lin ic a l u se  of th e se  re c o rd in g s  

and in d ica ted  th a t ch ie f am ong th e  p ro b le m s w e re  low re l ia b il i ty , a 

w ide ran g e  of d ifficu lty  am ong th e  ind iv idual t e s t  i te m s , and an 

uneven  d is tr ib u tio n  of d ifficu lty  am ong the  e igh t l i s t s .



8

H ir s h  e t a l. (1952) re p o r te d  tl at c lin ica l u se  of PA L  

A udito ry  T e s ts  No. 9 and 12 and of th e  PB w ord  l i s t s  (both re c o rd e d  

and liv e -v o ic e  v e rs io n s )  re v e a le d  d e fic ien c ie s  w hich needed  to  be 

c o rre c te d :  d iffe ren t th re sh o ld s  w e re  ob tained  fro m  d iffe re n t r e c o r d ­

in g s of th e  spondee l i s t s  and the  v o cab u la ry  of the  PB  w ord  l i s t s  w as 

too  u n fa m ilia r  fo r  m any p a tie n ts .

In  an a ttem p t to  rem ed y  th is  s itu a tio n , the  H a rv a rd  m ono­

sy llab ic  and spondaic  w ord  l i s t s  w e re  re v is e d  sy s te m a tic a lly  fo r  

sp eech  a u d io m e try . The phonetic ba lance  of th e  m o n o -sy lla b ic  w ord  

l i s t s  w as m a in ta in ed , but only fa m ilia r  w ords w e re  u se d  and s ta n d ­

a rd iz e d  re c o rd in g s  of s e v e ra l  d iffe ren t ran d o m iza tio n s  w e re  p r e ­

p a re d  (H irsh , e t a l . , 1952). A ccord ing  to  M artin  & Penn ing ton

(1971), th e s e  t e s t s ,  known a s  th e  CID A udito ry  T e s ts  W - l ,  W -2 (to 

m e a su re  S peech  R ecep tion  T h resh o ld ), and W -22 (to m e a su re  

sp eech  d is c r im in a tio n  u s in g  m onosy llab ic  w ords) a r e  the  m o st c o m ­

m only  u se d  t e s t s  in  sp eech  au d io m etry .

M a te r ia ls  a v a ila b le  fo r  
d isc r im in a tio n  te s tin g

S e v e ra l m ethods have been  advanced fo r  th e  m e a su re m e n t of 

sp eech  in te llig ib ility . G e n e ra lly , th e s e  include te s tin g  w ith  s ing le  

sy lla b le s , m ean ing fu l iso la te d  w o rd s , o r  m ean ingfu l p h ra s e s  and 

se n te n c e s  w ith  th e i r  con tex tua l in fo rm a tio n . T he m o s t com m on 

w o rd  m a te r ia ls  have a lre a d y  been  d isc u sse d . T he H a rv a rd  sen tence



l i s t s  w e re  a lso  c o n s id e re d  in a p p ro p ria te  fo r  c lin ic a l u se  because  

th e i r  sy n tac tic  s t ru c tu re  w as a ty p ica l and th ey  con ta ined  m any  un ­

com m on w o rd s . The se n ten c es  w ere  a ll a p p ro x im ate ly  the  sam e 

leng th  and th e re  w as l i t t le  v a r ia tio n  in  fo rm  betw een th e  se n ten c es . 

Follow ing c r i t e r i a  fo rm u la ted  by CHABA, r e s e a r c h e r s  a t CID d ev e l­

oped sen ten ce  l i s t s  th a t would be ty p ica l of ev ery d ay  co n v ersa tio n a l 

speech  in  te r m s  of v o cab u la ry , sen tence  s tru c tu re ,  and  sen tence  

leng th  (S ilverm an  & H irsh , 1955). T hese  sen ten ces  a r e  g en e ra lly  

known as the CHABA se n te n c e s , o r  CID se n ten c es  of e v ery d ay  speech .

T e s ts  of sp eech  in te llig ib ility  u sin g  a c lo s e d - re s p o n s e - s e t  

fo rm a t a r e  am ong the  new est m a te r ia ls  av a ilab le  fo r  c lin ic a l u se .

In th is  .type of t e s t  the  su b jec t is  r e s t r ic te d  to  a sp e c if ied  se t  of 

re sp o n se  a lte rn a tiv e s . Since th e  su b jec t can  be t r a in e d  w ith  each  se t 

of re sp o n se  fo ils  b e fo re  te s tin g , le a rn in g  and p ra c t ic e  e ffe c ts  a re  

red u ced  co n s id e ra b ly  and th e  t e s ts  can be u sed  re p e a te d ly . T here  

a r e  two im p o rtan t advan tages to  th e  u se  of th is  type  of m a te r ia l:

(1) the  e r r o r  p a tte rn s  can  be s tud ied  to  p rov ide  d iag n o s tic  in fo rm a ­

tio n , and (2) the  r e s e a r c h e r  can  ta i lo r  the  choice  o f re s p o n se  fo ils  

to  m ee t sp ec ific  te s t  n eed s .

T he c lo s e d -s e t  p a rad ig m  fo r  w ord d is c r im in a tio n  follow ed 

th e  developm ent of a rhym e te s t  developed by F a irb a n k s  (1958).

H ouse, e t a l. (1965), developed the M odified R hym e T e s t  in  which 

th e  su b jec t i s  supp lied  w ith  a  re sp o n se  se t of s ix  w o rd s , each  d iffe r­
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ent from  the ta rg e t  w ord  by a sing le  phonetic fe a tu re . F ifty  se ts  

of i te m s  a re  p re sen te d . V a ria tio n s  on the  rhym e t e s t  p ro ced u re  

have been p roposed  by K reu l, et a l. (1968). As y e t ,  how ever, con ­

ven tional c lin ica l evaluations do not m ake u se  of th e  c lo s e d -re s p o n se -  

se t fo rm at except in  the  c a se  of p ic tu re  te s ts  u sed  w ith ch ild ren .

An a ttem p t to  m ake u se  of a  c lo s e d - re s p o n s e -s e t  fo rm at 

u sin g  sen tence  m a te r ia ls  is  the  Synthetic Sentence Iden tifica tion  

(SSI) T e s t developed by Speaks and J e rg e r  (1965). Kalikow , S tevens, 

& F llio t (1977) have developed a te s t  which m e a s u re s  the  e ffect of 

context on speech  in te llig ib ility . The Speech P e rc e p tio n  in N oise 

T e s t (SPIN) te s ts  the d isc rim in a tio n  of each  te s t  w o rd  in two con tex ts , 

one w here  the likelihood of o ccu rren ce  is  high, and one in  w hich the  

w ord  is  not like ly  to  o ccu r. The d iffe ren ces  betw een the two sc o re s  

prov ide a quantita tive  m e a su re  of the  e ffect of w ord  p red ic ta b ility  on 

d isc rim in a tio n .

T h ree  p h ases in th e  developm ent of sp eech  in te llig ib ility  

m a te r ia ls  have been iden tified : (1) the  v e ry  e a r ly  w ork  of the  1920- 

1930 's , in  w hich the need  w as reco g n ized , but only the beginnings 

of p ra c tic a l so lu tions w ere  ava ilab le ; (2) the developm ent and re f in e ­

m ent of the  p ro c e d u re s  produced by the  H a rv a rd  P sy ch o a co u s tic s  

L ab o ra to ry , and (3) som e of the  new est additions to  te s tin g , including 

the  c lo s e d -re s p o n se -se t  p a rad igm .
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E ffec ts  of M asking on Speech In te llig ib ility  

M any ex p erim e n ts  have m e a su re d  th e  re la tio n sh ip  of sp eech  

d isc r im in a tio n  to  v a rio u s  types of background in te r fe re n c e . Speech 

(M ille r & L ic k lid e r , 1950; C a rh a r t ,  T illm an , & Jo h n so n , 1966), 

continuous no ise  (M ille r & G a rn e r , 1948), in te r ru p te d  no ise  

(M ille r  & L ic k lid e r , 1950; M ille r  & G a rn e r , 1948), m odu la ted  no ise  

(C a rh a r t, T illm an , & Johnson , 1966; W ilson  & C a rh a r t ,  1969), and 

o th e r  com plex  sounds have been  u se d  a s  no ise  background  (Johnson 

& Young, 1974; K acena & N icho lls , 1974). In su m m a ry , th e se  s tu d ie s  

d e m o n s tra te d  th a t in te llig ib ility  d e c re a se d  as the  le v e l of background 

no ise  in c re a s e d . M ille r  & G a rn e r  (1948), u sin g  in te r ru p te d  b u rs ts  

of w hite no ise  a s  in te r fe re n c e , found an in c re a s e 'in  d u ra tio n  of the 

in te r ru p tio n  im p ro v ed  the in te llig ib ility . P o llack  (1955) stud ied  the 

in te llig ib ility  of connected  sp eech  a g a in s t a background of m odulated  

w hite  no ise  and found th a t v a ry in g  th e  s ig n a l- to -n o is e  ra t io  a t ra th e r  

slow  r a te s  p rov ided  in te llig ib ility  co m p arab le  to  a s te a d y -s ta te  s ig n a l-  

to -n o is e  r a t io  a t the av e rag e  le v e l. In  addition , i t  w as  found th a t 

v a ry in g  the  abso lu te  le v e ls  but keep ing  the  s ig n a l- to -n o is e  ra tio  

co n stan t had  no ap p re c ia b le  e ffect on m e a su re d  sp e ec h  in te llig ib ility .

T h ese  ex p e rim e n ts  dealt w ith  n o rm a l-h e a r in g  su b je c ts .

R o ss  et a l. (1965) u sin g  a continuous no ise  a s  the  in te r fe r in g  signal, 

re p o r te d  th e  e ffec ts  of no ise  w e re  equal fo r  su b je c ts  w ith  n o rm a l and 

ab n o rm al h e a rin g . T h is  r e s u l t  is  not su p p o rted  by o th e r  r e s e a rc h .
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P a lv a  (1955) m e a su re d  sp eech  th re sh o ld s  and d is c r im in a tio n  in  the 

p re se n c e  of continuous n o ise . He found th a t d isc r im in a tio n  w as not 

affected  s ig n ifican tly  in  n o rm a l-h e a r in g  l is te n e r s  and th o se  w ith a 

conductive h ea rin g  lo s s  but w as s ig n ifican tly  re d u c e d  in  ind iv iduals 

w ith  s e n s o r i-n e u ra l  h ea rin g  lo s s .  He found no d iffe ren c e  in  the  e ffec t 

of no ise  on the  sp eech  rec ep tio n  th re sh o ld s  of th e  th re e  g ro u p s.

C ooper and C u tts  (1971), u sing  am bien t no ise  ( re c o rd e d  in  a  c a fe te r ia )  

found th a t d isc r im in a tio n  s c o re s  w ere  s ign ifican tly  p o o re r  fo r  ind i­

v idua ls  w ith  s e n s o r i -n e u ra l  h e a rin g  lo s s e s  than  fo r  n o rm a l-h e a r in g  

p e rs o n s . M easu rin g  d isc r im in a tio n  fo r m o n o -sy lla b le s  a g a in st a 

background of com peting  se n te n c e s , C a rh a r t  & T illm a n  (1970) found 

th a t su b je c ts  w ith conductive h ea rin g  lo s s  p e rfo rm e d  the  sam e  as 

n o rm a l-h e a r in g  su b je c ts . P e rs o n s  w ith s e n s o r i -n e u ra l  lo s s  w ere  

m o re  se v e re ly  handicapped  by com peting  m e s s a g e s . W ilson  &

C a rh a r t  (1969), u s in g  spondee w o rd s , co m p ared  th e  in fluence  of 

p u lsed  and m odula ted  no ise  on th e  h e a rin g  th re s h o ld s  of n o rm a l-  

h ea rin g  su b je c ts  to  th re s h o ld s  of su b je c ts  w ith  d iagnosed  co ch lea r 

o to s c le ro s is .  T hey found tha t su b je c ts  w ith  the  s e n s o r i -n e u ra l  

h e a rin g  lo s s  p e rfo rm ed  s ig n ifican tly  w o rse  th a n  su b je c ts  w ith  

n o rm al h e a rin g .

D irk s  e t a l. (1969), u sin g  n o rm a l-h e a r in g  su b je c ts , showed 

th a t the  type of speech  m a te r ia l  p re se n te d  i s  an  im p o rta n t v a ria b le  

w hen te s tin g  d isc r im in a tio n  iij a  no isy  en v iro n m en t. A pparen tly  the
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am ount of m ask in g  is  the com plex re s u l t  of an in te ra c tio n  betw een 

th e  type of sp e e c h - te s t  m a te r ia l ,  the  r a te  of m odu la tion  o r  in te r ­

rup tion , and the  s ta tu s  of the  au d ito ry  sy s tem  of th e  l is te n e r ,  a s  w ell 

a s  the  m o re  com m only co n sid e red  v a r ia b le s  of m a s k e r  sp e c tru m  

and sp e e c h -to -n o ise  ra t io  (M ille r, 1947).

S hap iro , M elnick  & V erM eulen  (1972) s tu d ied  the  e ffec ts  

of m odulated  no ise  on sp eech  in te llig ib ility  of people  w ith  s e n s o r i ­

n e u ra l h e a rin g  lo s s ,  and found th e ir  da ta  c o n s is te n t w ith  p a s t 

r e s e a rc h  in  th a t u n d e r a ll  the. e x p erim en ta l no ise  co n d itio n s, n o rm a l-  

h ea rin g  su b je c ts  p e rfo rm e d  b e tte r  than  those  w ith  s e n s o r i -n e u ra l  

h ea rin g  lo s s .  T h ese  find ings a re  co n s is ten t w ith  th e  m o re  re c e n t 

r e s e a r c h  u sing  a c lo s e d - re s p o n s e -s e t  fo rm at (L ev itt e t a l . , 1978), 

and p ro p o sa ls  fo r  app lica tion  of a sen tence  te s t  u tiliz in g  th e  d if fe r­

ence in d isc r im in a tio n  ab ility  of h e a r in g - im p a ire d  l i s te n e r s  in  quiet 

and in  no ise  (Kalikow, S tevens and E llio t, 1977). In  a  re c e n t p ap er 

p re se n te d  by G engel & M ark s (1980), it w as re p o r te d  th a t not only 

h e a rin g  lo s s  but age m u s t be c o n sid e red  when in v e s tig a tin g  the  d is ­

c rim in a tio n  a b ility  of h e a r in g - im p a ire d  l is te n e r s  in  n o ise . T hey 

found th a t not only w as th e  av erag e  p e rfo rm a n c e  of th e  o ld e r  l is te n e r s  

below tha t o f th e  younger l i s te n e r s ,  but tha t th e re  w as an a g e - ta lk e r  

in te ra c tio n  a s  w ell.
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T a lk e r  E ffec ts  on Speech In te llig ib ility

T h e re  a re  m any te s ts  w hich can  be u se d  to  a s s e s s  speech  

d isc rim in a tio n  ab ility  in  the  h e a rin g -im p a ire d . U nfo rtunate ly , the 

re la tio n sh ip  betw een the  deg ree  of h ea rin g  lo ss  and w ord  d is c r im in a ­

tio n  ab ility  is  not c le a r ,  e sp ec ia lly  in  c a se s  of s e n s o r i-n e u ra l  h ea rin g  

lo s s .

C a rh a rt (1965) s ta te d  th a t the  te s t  r e s u l ts  w hich w ere  

ob tained  by d iffe ren t ta lk e r s  a re  not com parab le  ’’u n le ss  the  ta lk e rs  

have been  d em o n stra ted  to be equ ivalen t. " He a lso  noted th a t, w here 

th is  in fo rm ation  i s  not availab le , co m p ariso n s can  be m ade only on 

the  r e s u l ts  obtained by a single ta lk e r . B randy  (1966), how ever, h as  

d em o n stra ted  th a t a given ta lk e r  w ill v a ry  h is  p re se n ta tio n  of the 

sam e w ords on su c ce ss iv e  days. U sing re c o rd e d  p re se n ta tio n s , 

which w ere  co n tro lled  fo r  v a ria tio n s  in  in ten sity , su b s ta n tia lly  le s s  

v a ria b ility  w as obtained  in  l is te n e r s  s c o re s  a s  co m p ared  to  liv e -v o ice  

p re se n ta tio n s .

H a r r is ,  H aines, K elsey , and C lack (1960) re p o r te d  in te r ­

ta lk e r  e ffec ts  in  th e ir  study on the  e ffec ts  of lo w -fid e lity  c irc u itry  on 

speech  in te llig ib ility . T hey re p o rte d  th a t s c o re s  v a rie d  s ign ifican tly  

betw een ta lk e rs  fo r  id en tica l ex p erim en ta l cond itions. H ouse, 

W illiam s, H ecker and K ry te r  (1965) in th e ir  .study dealing  w ith  the 

developm ent of the  M odified Rhyme T e s t, found a s ig n ifican t d if fe r­

ence in  in te llig ib ility  betw een th e ir  ta lk e r s .  K reu l, N ixon, K ry te r,



15

B e ll, L ang and Schubert (1968) and K reu l, B ell and N ixon (1969), 

s tud ied  the  e ffec ts  of s e v e ra l  v a r ia b le s  on the  re l ia b i l i ty  of d i s ­

c rim in a tio n  s c o re s  u s in g  n o rm a l-h e a r in g  su b je c ts . One of th e  

v a r ia b le s  stud ied  w as th e  e ffect of d iffe ren t ta lk e r s .  T hey  re p o r te d  

th a t the  t e s t - r e t e s t  s c o re s  fo r  e i th e r  of th e ir  ta lk e r s  on d iffe ren t 

s e s s io n s  w e re  not s ign ifican tly  d iffe ren t. The o v e ra ll  lev e l of d iffi­

cu lty  re p o rte d ly  re m a in e d  s ta b le  o v e r se v e ra l u tte ra n c e s . I t  should 

be noted th a t th e se  findings w ere  ob tained  u sin g  re c o rd e d  m a te r ia ls  

and although th e re  w ere  d iffe re n c e s  in in te llig ib ility  s c o re s  fo i the  

d iffe ren t ta lk e r s ,  th e se  ta lk e r s  w ere  co n s is ten t, i .  e . th e i r  ta lk e r s  

w e re  not equally  in te llig ib le , but by using  re c o rd e d  m a te r ia ls  they 

ob tained  low t e s t - r e te s t  v a r ia b il i ty  fo r  each  ta lk e r .

B e y e r, W eb ste r  and D ague (1969) ag ree  w ith  th is  o b s e rv a ­

tio n . T hey  found d iffe ren c e s  in  the  c lin ic a l v e rs io n  of the  MRHT to  

be re la te d  to  ta lk e r  d iffe re n c e s , w ith  one of th e  ta lk e r s  c o n s is te n tly  

p roducing  lo w er in te llig ib ility  s c o re s  than  the  o th e r  two t a lk e r s .

The p ro b lem  of high t e s t - r e t e s t  v a r ia b ili ty  u sing  l iv e -v o ic e  

r a th e r  th an  re c o rd e d  m a te r ia ls  has been  s t r e s s e d  by G o e tz in g e r

(1972) and C a rh a r t  (1965). F u r th e r ,  T illm a n  and O lsen  (1973) point 

out th a t a  s ta n d a rd ize d  te s t  is  not p o ss ib le  u n le s s  re c o rd in g s  a re  

u se d . T hey a ttr ib u te  th is  to  ta lk e r  d iffe ren c e s  and s ta te  th a t 

" , . .  because  of ta lk e r  d iffe ren c e s  t e s ts  a d m in is te re d  v ia  m o n ito re d - 

liv e -v o ic e  defy s ta n d a rd iza tio n . "
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W itte r and G oldste in  (1971) re c o rd ed  the  sp eech  of a  m ale 

and fem ale  ta lk e r  th rough  h e a rin g  a ids and had p a ire d  co m p ariso n  

judgm ents m ade by n o rm a l-h e a r in g  l is te n e r s .  T hey found th a t h e a r ­

ing a id  cho ices v a rie d  fo r  the  m ale  and fem ale  t a lk e r s  a lthough the 

ran k in g s w ere  s im ila r .  B e ll and K reu l (1972) found, on re -e v a lu a t­

ing th e  re lia b ility  of the  MRHT tha t th e re  w ere  again  d iffe ren ces  

betw een ta lk e r s .  They had two m ale  and one fem ale  ta lk e r  fo r  the 

study. The m ale  ta lk e r s  w ere  both the  best and w o rs t ta lk e r s  in 

te rm s  of in te llig ib ility , w ith the fem ale  ta lk e r  m idw ay betw een 

th e  o th e r  two ta lk e r s .

P a sc o e  (1974; 1975) re c o rd e d  the  h ig h -frequency  w ord  l is ts  

by a m ale  and fem ale  ta lk e r .  He found tha t the te s t  s c o re s  w ere  

co n s is ten tly  h ig h er fo r  the  m ale  ta lk e r  a s  com pared  to  the fem ale  

ta lk e r , and tha t the  su b jec ts  who had b e tte r  h ea rin g  w ere  le s s  

a ffec ted  than  the  o th e rs  by th is  d iffe ren ce .

L ev itt & R esn ick  (1978) developed a n on sen se  sy llab le  te s t  

fo r  m e a su rin g  speech  in te llig ib ility . They re c o rd e d  both a  m ale  

and fem ale  v e rs io n  of th e  te s t  and found the  m ale  ta lk e r  to  provide 

h ig h e r in te llig ib ility  s c o re s .  M ayer (1980) c o m p ared  sen tence  

d isc rim in a tio n  ab ility  fo r  e ld e rly  su b jec ts  fo r  g ro u p s of m a le  and 

fem ale  ta lk e r s  and found the  fem ale  ta lk e r s  to be m o re  in te llig ib le , 

on av e rag e , th an  the  m ale  ta lk e r s .  It is  im p o rtan t to  note th a t a ll of 

M a y e r 's  te s ts  have speech  ag a in st a background of n o ise , w hile  a ll
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th e  o th e r  s tu d ies  have been p e rfo rm ed  in  qu iet. T h is  d iffe ren ce  m ay  

account fo r  the  h ig h e r fem ale  in te llig ib ility  ob ta ined  in  M a y e r 's  da ta .

A coustic  C h a ra c te r is t ic s  of 
M ale and F e m ale  V oices

Since th e re  seem  to  be d iffe ren c e s  in  th e  p e rc e p tio n  of 

m a le  and fem ale  speech , the aco u stic  c h a r a c te r is t ic s  th a t m ake up 

th is  d iffe ren ce  m u st be in v estig a ted . The c la s s ic  d a ta  on sp eech  

le v e ls  and on the shape of the  sp e c tru m  fo r  m a le  and  fem ale  ta lk e r s  

a re  th e se  of Dunn & W hite (1940). T h ese  i c s e a r c h e r s  p ro v id ed  the 

f i r s t  r e la tiv e ly  co m p reh en siv e  se t of d a ta  on both n a rro w -b a n d  and 

b ro ad -b an d  m e a su re m e n ts  of sp eech  le v e ls  fo r  both m ale  and fem ale  

ta lk e r s .  T hey u se d  s ix  m ale  and five fem ale  t a lk e r s  who w ere  asked  

to  re a d  con tinuously  at a n o rm al vo ice  lev e l, in  q u ie t, fro m  s to r ie s  

con ta in ing  la rg e  p ro p o rtio n s  of co n v ersa tio n . Dunn & W hite re p o r te d  

d iffe re n c e s  betw een ind iv iduals am ounting  to  a s  m u ch  a s  18 dB in  

som e bands, and in d ica ted  th a t th e re  w e re  a lso  d iffe re n c e s  in  the  

shape  of the  sp e c tru m . T hey a lso  fe lt th a t th e i r  sam p le  w as too 

sm a ll in  s iz e  to  p rov ide  a t ru ly  re p re s e n ta tiv e  r e s u l t  b ecau se  they  

could  not be su re  they  had d isc o v e re d  the  m o st e x tre m e  ind iv idua ls .

Subsequent s tu d ies , such  as th o se  of F re n c h  & S te inberg  

(1947) and B enson  and H irsh  (1953) re p lic a te d  th e s e  e a r ly  m e a s u re ­

m en ts  o v e r w id e r cond itions. T h e ir  find ings a re  s im i la r  but not 

id en tica l to  Dunn & W hite.
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F ro m  th e se  s tu d ies  com e m uch of th e  d a ta  s t i l l  c o n sid e red  

a s  re p re se n ta tiv e  of sp eech  lev e l and sp ec tru m  sh ap e . It should  be 

noted , how ever, th a t th e se  v a lu es w ere  obtained fo r  ta lk e r s  in  qu iet, 

c o n s id e re d  to  be equally  m o tiv a ted . In c re a s in g  th e  le v e l of background 

no ise  ty p ica lly  r e s u l ts  in  the  ta lk e r  ra is in g  h i s /h e r  v o ice . The 

in c re a s e  in  vocal e ffo rt is  u su a lly  not su ffic ien t to  co m p le te ly  o v e r­

rid e  the  in c re a s e  in  no ise  lev e l. K orn  (1954) u n d erto o k  to  quantify 

th e  re la tio n sh ip  betw een the  am bien t no ise  le v e ls  and  the  m e a su re d  

speech  le v e ls . K orn  found, wich co n v e rsa tio n a l v o ca l e ffo r ts , about 

a 3. 5 dB in c re a s e  in  vo ice  lev e l fo r  each  10 dB in c re a s e  in  room  

n o ise , w h e rea s  W eb ste r  & Klum pp (1963) found a s  m uch  as a  7 dB 

in c re a s e  fo r  the sam e in c re a s e  in  background n o ise . K ry te r  (1950) 

and P ic k e tt (1958) found about a  3 dB in c re a s e  in  shouted  v oca l e ffo rt 

w ith  a  10 dB in c re a s e  in  m ask in g  n o ise . The r e s u l ts  of th e se  s tu d ies  

and a m o re  re c e n t study  by G a rd n e r  (1966) a re  c o n s is te n t, and in d i­

ca te  tha t the  ta lk e r s  ad just th e ir  vocal e ffo rt on th e  b a s is  of how m uch 

e ffo rt they  believe  is  re q u ire d  fo r  th e i r  speech  to  be u n d ers to o d  

(K ry te r, 1970).

P e a rs o n s , B ennett, & F id e ll  (1977) u n dertook  a study  to  

p rov ide  m o re  in fo rm atio n  on sp eech  le v e ls  in  te rm s  of the c h a ra c ­

te r i s t i c s  of ac tu a l lis te n in g  en v iro n m en ts , r a th e r  th an  in. co n tro lled  

en v iro n m en ts . T hey p rovide a co m p ariso n  of the  sp eech  le v e ls  in  the  

c a te g o r ie s  of c a su a l, n o rm a l, r a is e d , loud and shout fo r  m ale  and
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fem ale  ta lk e r s .  A co m p ariso n  fo r  the  m ale  and fem a le  ta lk e r s  

un d er the  f i r s t  th re e  conditions show ed about a 2 dB d iffe rence  

betw een the  m ale  and fem ale  ta lk e r s .  T h is  d iffe re n c e  w as found to  

be l a r g e r  fo r  the  loud and shout c a te g o rie s  w here  th e  m e a su re d  d if­

fe re n c e s  in  speech  lev e l betw een the  m a le  and fe m a le  ta lk e r s  w ere  

5 and 7 dB, re sp e c tiv e ly . T h ese  data  a lso  show ed th a t the  shape of 

the  sp eech  sp e c tru m  changed in  a sy s te m a tic  w ay, p rov id ing  m o re  

re la tiv e  pow er a t the  h ig h e r-fre q u e n c ie s  fo r in c re a s e d  voice lev e l. 

W hat is  im p o rtan t to  c o n s id e r , how ever, is  th a t fo r  the  n o rm al sp eech  

lev e l, the  s p e c tra  a re  c o n s is ten t w ith  p rev io u s  r e s e a r c h .

K ry te r  (1970) p ro v id es  an id ea lized  sp e c tru m  fo r  m ale  and 

fem ale  v o ice s , a s  m e a su re d  at a  d is tan ce  of 1 m e te r  fro m  the lip s  

in  a quiet room . T he o v e ra ll lev e l of th is  m ale  v o ice  is  shown to be 

about 3 dB h ig h er than  th a t of the  fem ale  vo ice , but th e  id ea lized  

sp e c tru m  of the  fem ale  vo ice  show s m o re  re la tiv e  sp e ec h  pow er in 

the  h ig h e r f req u e n c ie s  ( i .e .  a  m o re  g rad u a l slope  in  th e  high frequency  

reg io n  of the  sp eech  sp e c tru m  of th e  fem ale  ta lk e r ) .

M ayer (1980) ob tained  the  sp eech  s p e c tra  o f fo u r m ale  and 

fou r fem ale  ta lk e r s  a s  p a r t  of h e r  study. She in d ic a te s  th a t, as 

expected , the fem ale  ta lk e r s  show m o re  re la tiv e  p o w er in  the high 

freq u en cy  reg ion .
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C oncluding Com m ent 

It is  ap p aren t f ro m  the  p reced in g  rev iew  of the  l i te r a tu r e  

th a t, fro m  the  beginning, r e s e a r c h e r s  and c lin ic ia n s  have been  a w are  

o f and com m ented  on th e  v a r ia b il i ty  w hich e x is ts  w ith in  and am ong 

ta lk e r s .  In v estig a tio n s have shown th a t ta lk e r - s t im u li  and ta lk e r -  

d is to r tio n  in te ra c tio n  cau se  s ig n ifican t v a r ia tio n s  to  o c cu r in  in te l l i ­

g ib ility  s c o re s .  A lthough th e  w o rd s u sed  m ay be id e n tic a l, th e  a c o u s ­

tic  output can  be m ark e d ly  d iffe ren t. As noted by F re n c h  & S te in ­

be rg , " . .  . th e r e  a r e  la rg e  n a tu ra l  d iffe ren ces  betw een  th e  in te n s ­

i t ie s  of th e  sam e sound spoken by d ifferen t people o r  by the  sam e  

people a t d iffe ren t t im e s . "

The rev iew  a lso  show s th a t th e re  a re  d if fe re n c e s  in  sp eech  

in te llig ib ility  re p o r te d  fo r  m a le  and fem ale  ta lk e r s .  F o r  the  m o st 

p a r t ,  th e  fem a le  a p p e a rs  to  be le s s  in te llig ib ile  fo r  the  h e a r in g -  

im p a ire d  ind iv idual when h e a rd  in  quiet. T he c a s e  of m ale  and 

fem ale  fo r  the  n o rm a l-h e a r in g  in  no ise  was m ix ed . T h e re  i s  a need  

to  in v es tig a te  th is  fu r th e r  in  view  of th e se  in c o n s is te n c ie s  and 

b ecau se  m o st in te llig ib ility  t e s t s  a re  p e rfo rm ed  by fem a le  c lin ic ia n s  

u sin g  liv e -v o ic e  p ro c e d u re s . It is  im p o rtan t to  d e te rm in e  w h e th er 

th is  h a s  an e ffect on th e  h e a r in g - im p a ire d  l is te n e r  and w h e th e r the 

gender of th e  ta lk e r  a ffe c ts  in te llig ib ility  d iffe ren tly  fo r  th e  h e a r in g -  

im p a ire d  l is te n e r .



CHA PTER III

DESIGN O F THE STUDY

T h is  study w as designed  to  exam ine th e  e ffe c ts  of m a le -  

fem ale  ta lk e r  d iffe ren ces  on th e  sy llab le  and se n ten c e  d isc r im in a tio n  

s c o re s  o f l is te n e r s  w ith n o rm a l h e a rin g , co n d u ctiv e-ty p e  h e a rin g  

lo s s e s  and a v a r ie ty  of s e n s o r i-n e u ra l  im p a irm e n ts . In  ol d e r  to 

e lim in a te  th e  in h eren t v a r ia b il i ty  which h as been show n to ex is t 

w ith in  a s in g le  ta lk e r  (B randy, 1966), tap e  re c o rd in g s  r a th e r  than  

liv e -v o ic e  m ode of p re se n ta tio n  w ere  u sed  th roughou t th e  p ro je c t.

. Subjects

T he five su b jec t g ro u p s, each  com posed of te n  l is te n e r s ,  

w e re  te s te d  a t the  H e a rin g  and Speech C en te r o f th e  B a rn e r t  

M em o ria l H osp ita l C e n te r  in  P a te rs o n , New J e r s e y .  T he five sub ­

je c t  g ro u p s w ere  com posed  of n o rm a l-h e a r in g  l i s te n e r s ,  l is te n e r s  

w ith  conductive  h e a rin g  im p a irm e n ts , f la t s e n s o r i -n e u ra l  h e a rin g  

lo s s e s ,  m o d e ra te ly  slop ing  s e n s o r i-n e u ra l  h ea rin g  lo s s e s  and 

s e v e re ly  slop ing  s e n s o r i-n e u ra l  h e a rin g  lo s s e s .  E ac h  of the  fou r 

h e a r in g - im p a ire d  g roups w ere  subdivided into m ale  and  fem ale  

l i s te n e r s  and a lso  in to  o ld e r  and younger l is te n e r s .  E v e ry  a ttem p t
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w as m ade to  se le c t su b jec ts  so a s  to  fo rm  balanced s e ts  w ith in  each  

group , but th is  w as not alw ays p o ss ib le  w ith the  a v a ilab le  sub jec t 

pool. A d e sc rip tio n  of each  sub jec t g roup follow s w ith  a m o re  

d e ta iled  indiv idual d e sc rip tio n  in  Appendix A. F ig u re  1 p re s e n ts  a 

com posite  aud iogram  of the  m ean  th re sh o ld  lev e ls  fo r  each  e x p e ri­

m en ta l group.

N o rm a l-h e a rin g  l is te n e rs

The n o rm al h ea rin g  group fo r  the  study w as com posed  of 

te n  20-29 y e a r  old adu lts  (8 fem ale  and 2 m ale) who did  not have a 

re p o r te d  h is to ry  of e a r  o r  h ea rin g  p ro b lem s and who p a sse d  a p re ­

lim in a ry  h ea rin g  sc reen in g  te s t  (p u re-to n e  th re sh o ld s  w e re  w ithin 

10 dB H T L  o v er the  250-8000 Hz ran g e ). The su b je c ts  a lso  had no 

p r io r  knowledge of any of the  te s t  m a te r ia ls .

H earin g  im p a ire d  l is te n e r s

A ll po ten tia l su b jec ts  w ith  h earin g  im p a irm e n ts  w ere  ob tained  

fro m  the  re c e n t f ile s  of the  B a rn e r t  M em oria l H o sp ita l H earing  and 

Speech C e n te r . They had a ll  been te s te d  no e a r l ie r  th a n  1976 and 

w ere  re -e v a lu a te d  fo r  the  study. The fou r gi'oups of l is te n e r s  w ith 

h e a rin g  im p a irm en t w ere :

Conductive h earin g  lo s s . T h ere  w e re  te n  su b je c ts  who p r e ­

sen ted  a conductive h earin g  lo s s , five m ale  and five fem a le  l is te n e r s
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F ig . 1. C om posite  aud iog ram  of m ean  p u re  tone th re sh o ld s  
fo r  each  e x p e rim e n ta l group.
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w ith  a m ed ian  age of 53 y e a r s .  The m edian  age w as u sed  to  divide 

the  o ld e r fro m  the younger su b jec ts  in  the  e x p e rim e n ta l design .

Only th re e  m e m b e rs  of the  group had any h earin g  a id  ex p erien ce  and 

in  no in stance  w as a su rg ic a lly  tr e a te d  e a r  u se d  fo r  d a ta  co llec tion .

S e n so ri-n e u ra l h earing  lo s s .  The su b je c ts  w e re  th ir ty  

s e n s o r i-n e u ra l  h ea rin g  im p a ire d  adu lts . They ra n g e d  in  age from  

21-80 y e a r s .  The m ean  age w as 53. 6. T h e re  w e re  15 m a les  and 

15 fem a le s . The c r i t e r i a  fo r  sub jec t se lec tio n  w e re : (1) a re la tiv e ly  

f la t pu re  tone aud iogram  w ith e sse n tia lly  s im ila r  th re s h o ld s  fo r  the  

freq u en c ies  250-8000 H z, (2) m o d era te ly  sloping au d io m etric  con­

fig u ra tio n s  w ith a 5-10 dB p e r  octave slope, and (3) a  m o re  se v e re ly  

sloping  aud iom etric  configura tion  of 15-20 dB p e r  oc tave .

P re p a ra tio n  of S tim ulus M a te ria l

Two ty p es  of s tim u lu s m a te r ia l  w e re  u se d  in  the  study. T he 

f i r s t  type w as the CID sen ten ces of everyday  sp eech  (Davis & S ilv e r­

m an, 1978), developed by a w orking group of the A rm e d -F o rc e s  

N ational R e se a rc h  C ouncil C om m ittee  on H earin g  and B io -A co u stic s  

(CHABA). T hese  CHABA sen ten ces w ere  tape  re c o rd e d  at the C ity 

U n iv e rs ity  of New Y ork  (CUNY) C om m unications S c ien ces  L a b o ra to ry  

by ten  ta lk e r s  (5 m ale  and 5 fem ale) and w ere  m ade ava ilab le  fo r  th is  

study.

N onsense sy llab les  w ere  the second type of m a te r ia l  u sed .
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R eco rd ings of a N onsense Syllable T e s t (NST) developed by L ev itt 

and R esn ick  (1978) w ere  availab le  fo r both a m ale  and a  fem ale  ta lk e r . 

T hese  two ta lk e r s  w ere  am ong the  ten  who had re c o rd e d  th e  sen tence  

l is ts .

Sentence m a te r ia ls

The ten  CHABA sen tence  l i s t s  w ere  each  a ss ig n e d  to  one of 

the  te n  ta lk e r s .  The spec ific  l is t  a ss ig n m en ts  u se d  in  the  study a re  

shown in  Appendix B . A se t of te s t  tap es  w as a sse m b le d  fro m  the 

rec o rd in g s  av a ilab le . The re c o rd in g s  of h ighest qua lity  in  te rm s  of 

background no ise  and c la r ity  of a rticu la tio n  w ere  ch o sen  by the  e x p e r i­

m e n te r  su b jec t to  th e  co n s tra in t tha t each  ta lk e r  be h e a rd  on only one 

l is t .

The speech  lev e l fo r  each  re c o rd ed  l is t  w as obtained  using  a  

g raphic  lev e l r e c o rd e r .  The p ro ced u re  u sed  i s  d e sc r ib e d  in the  next 

sec tion . The re c o rd in g s  w ere  dubbed onto a te s t  tap e  such th a t the 

av erag e  speech  lev e l fo r  each  sen tence  l is t  w as equal. A 1000 Hz 

c a lib ra tio n  tone at th is  lev e l w as in se r te d  at th e  s t a r t  of the  te s t  tap e .

N oise  m a te r ia ls

F iv e  types of no ise  w ere  u se d  in  th is  p a r t  of th e  study: w hite 

n o ise , lo w -p ass  n o ise , h ig h -p ass  n o ise , m a le -s p e c tru m  and fem a le - 

sp ec tru m  shaped n o ise . In  a ll  c a s e s  the  noise  w as re c o rd e d  on 

• C hannel 2 of the tap e  r e c o rd e r s  and the  speech  on C hannel 1.
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T he white no ise  w as obtained  from  a G ra so n -S ta d le r  M odel 

901B no ise  g e n e ra to r . The sp ec tru m  of the re c o rd e d  noise  w as 

checked using  a 1 /3  octave band an a ly ze r. The r e s u l ts  of th is  a n a ly s is  

a r e  p re se n te d  in F ig u re  2.

T he h ig h -p ass  no ise  w as obtained  by p a ss in g  the output of the  

no ise  g e n e ra to r  th rough  an  A llison  AL-2ABR v a r ia b le  bandpass f i l t e r  

w ith  a low er cu t-o ff frequency  of 500 Hz and an u p p e r cu t-o ff frequency  

of 8000 H z. The ra te  of cu t-o ff w as 36 dB /o c tav e . The u p p er c u t-o ff  

frequency  w as chosen  because  of the  lim ited  re sp o n se  of tne  TDH-49 

earphone w hich would be u sed  by the  l is te n e r s .  F ig u re  3 show s the  

earphone re sp o n se  as m e a su re d  on a stan d ard  6cc co u p le r. The 

frequency  re sp o n se  of the f i l te r  sy s tem  is  shown in  F ig u re  4 and the  

r e s u l ts  of a 1 /3  octave band a n a ly sis  on the no ise  i s  a lso  shown in 

F ig u re  2.

The lo w -p ass  no ise  w as obtained using  th e  sam e bandpass 

f i l te r  but se tting  a low er cu t-o ff frequency  a t 50 H z and the upper c u t­

off frequency  at 500 H z. See F ig u re s  2 and 4 fo r  th e  frequency  

re sp o n se  and 1 /3  octave band a n a ly s is  of the  lo w -p a ss  n o ise .

The fe m a le -sp e c tru m  shaped noise  w as ob tained  by shaping  

the  sp e c tru m  of the  noise  to  m atch  as c lo se ly  a s  p o ss ib le  the  a v e rag ed  

fem ale  speech  sp ec tru m  a s  m e a su re d  fo r the  five fem ale  ta lk e r s  in  the  

study. T h is was done by f i r s t  obtaining the freq u en cy  pow er sp e c tru m  

of each  fem ale  ta lk e r . The CHABA re c o rd in g s  w e re  sub jec ted  to  a
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F ig . 2. 1 /3  octave band a n a ly sis  of lo w -p ass  n o ise , high-
p a ss  no ise  and white no ise .
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F ig . 3. G raph ic  lev e l rec o rd in g  of T D H -49 earphone re sp o n se  
fo r  earphone u se d  in  study.
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F ig . 4. F req u en cy  re sp o n se  of the  f i l te r  sy s te m  u se d  to  
ob tain  the  h ig h -p a ss  and lo w -p ass  no ise  s ig n a ls .
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1 /3  octave band an a ly s is . The output of each  1 /3  octave  band w as 

m e a su re d  on a  g raphic lev e l r e c o rd e r .  F ig u re  5 show s a block d ia ­

g ram  of the  analyzing  equipm ent. The se ttin g s  u se d  on the  m ic ro ­

phone a m p lifie r  and graph ic  lev e l r e c o rd e r  a re  show n in  Appendix C. 

T h ese  se ttin g s  w ere  chosen  such th a t the  g raph ic  le v e l r e c o rd e r  

would b ra c k e t the peak speech  le v e ls  re lia b ly  w ith  m in im a l oversh o o t. 

M easu rem en ts  w ere  not obtained fo r  1/3 octave bands above 8500 Hz 

because  of the  frequency  re sp o n se  lim ita tio n  im posed  by the earphone .

T he p ro ced u re  u sed  in  m aking the g raph ic  lev e l re c o rd in g s  

w as a s  fo llow s:

1. The input a tten u a to r w as se t such th a t th e  1000 Hz 

c a lib ra tio n  tone at the beginning of each  tape  re c o rd in g  w as se t to  

produce a  read ing  of 20 dB on the  g raph ic  lev e l r e c o rd e r .  In doing 

th is , the 1 /3  octave band f i l te r  w as a lso  se t to  1000 Hz.

2. The 1 /3  octave band w as se t to  the  freq u en cy  band to  be 

analyzed . T he input a tten u a to r of the  g raph ic  lev e l r e c o rd e r  w as th en  

ad ju sted  such  th a t the  speech  peaks re a d  betw een 10 and 100 dB on 

the  g rap h ic  lev e l r e c o rd e r .  The se ttin g s  of th e  input a tten u a to r fo r  

each  graph ic  lev e l reco rd in g  w ere  noted. A lso iden tified  on each 

re c o rd in g  w as the ta lk e r  and the 1 /3  octave band se ttin g . T yp ically  

tw o sen ten ces  p e r  1/3  octave band w ere  re c o rd e d , but if an e x tre m e ly  

sh o rt (i. e . , two o r  th re e  word) sen tence  o c c u rre d , th en  a th ird  

sen tence  w as rec o rd ed .
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F ig . 5. B lock d iag ram  of equipm ent u sed  in  the a n a ly sis  
of speech  m a te r ia ls .
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The ru le  fo r  m ea su rin g  th e  tra c in g s  is  show n in  F ig u re  6. 

Only peaks w ith in  20 dB of the h ighest peak w ere  a v e rag e d  on the 

tra c in g . A line  i s  draw n on the tra c in g  a t the  point 20 dB below th e  

h ighest peak  and the  v a rio u s  peaks w ithin  th is  ran g e  w ere  m e a su re d .

F ig u re  7 show s the  speech  sp e c tra  ob tained  fo r  the  five 

fem ale  ta lk e r s  in  the study. The av erag e  sp e c tru m  fo r  a ll  five 

fem ale  ta lk e r s  w as then  obtained . T his average  sp e c tru m  is  a lso  

shown in  F ig u re  7.

The fe m a le -sp e c tru m  shaped noise w as th en  p roduced  by 

passing  w hite no ise  fro m  the G raso n -S ta d le r  901B n o ise  g e n e ra to r  

into a G en era l Radio 1925 M u lti-F ilte r  in w hich th e  a tten u a to r  se ttin g  

fo r  each  1 /3  octave band w as ad justed  so  a s  to  p rod iice  the  sp e c tru m  

shown in F ig u re  7. The frequency -shaped  no ise  w as then  re c o rd e d  on 

an Am pex 440 tap e  re c o rd e r .  The reco rd ed  no ise  w as finally  sub ­

jec te d  to  a 1 /3  octave band g raph ic  lev e l an a ly s is . If  the m e a su re d  

no ise  sp e c tru m  at any 1 /3  octave band w as not w ith in  + 2 dB of the 

av erag e  fem ale  sp eech  sp e c tru m , the  m u ltif il te r  w as  ad justed  and a 

new rec o rd in g  m ade . F ig u re  8 shows the  av e rag e  1 /3  octave band 

sp ec tru m  fo r  th e  fem ale  ta lk e r s  and the fem a le -sp e c tru m  shaped n o ise . 

The two sp e c tra  do not d iffe r by m o re  than 2 dB a t any  1 /3  octave 

band.

The m a le -sp e c tru m  shaped  no ise  w as ob ta ined  u sin g  e s s e n ­

tia lly  th e  sam e p ro ce d u re . F ig u re  9 shows the  five  m a le  ta lk e r
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F ig . 6. I l lu s tra tio n  of m ethod u sed  to  m e a s u re  graphic, lev e l 
re c o rd in g s  of speech  m a te r ia ls .
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F ig . 7. 1 /3  octave band speech  s p e c tra  and av e rag e  sp e c tru m  
fo r  the  five fem ale  ta lk e r s  in  the  study.
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F ig . 8. A verage  1 /3  octave band speech  sp e c tru m  fo r the  
fem ale  ta lk e r s  and the 1 /3  octave band sp e c tru m  fo r  th e  fem a le - 
sp e c tru m  shaped  n o ise .
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1/3 o c t a v e  b a n d  s o u n d  p r e s s u r e  l e v e l  
' ( dB r e :  c a l i b r a t i o n  t o n e )

co
o  1 2 5  o
o 160 
<
©
O- 2 0 0
e>
=» 2 5 0Q.
o 315
<D
2. 400 o
Z 500•I
O 
X 3 
C
® 800
5- 1000 
CO
- 1 2 5 0  
jj 1600

v

2000

2500
3150
4000
5000
6300
8000

Fe 
m

ale-s 
p

eetru
 

m 
s

h
a

p
e

d
 

n
o

is
e



F ig . 9. 1 /3  octave band speech  s p e c tra  and a v e rag e
sp e c tru m  fo r the five m ale  ta lk e r s  in  the study.
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1/3 o c t a v e  b a n d  s o u n d  p r e s s u r e  l e v e l  

( dB r e : c a l i b r a t i o n  t o n e )
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sp e c tra  and the  averaged  cu rv e . F ig u re  10 show s th e  average  1/3  

octave band sp e c tru m  fo r  the m ale  ta lk e r s  and th e  m a le -s p e c tru m  

shaped n o ise . Again it  w ill be noted that the  c u rv e s  do not d iffe r 

by m o re  th an  2 dB at any frequency .

N onsense sy llab le  m a te r ia ls

E igh t random iza tions of the  nonsense sy lla b le  te s t  w ere  u se d  

in  the  study . F o u r of the  v e rs io n s  w ere  u sed  w ith  a  fem ale  ta lk e r  

and fo u r w ith  a m ale  ta lk e r . A d ifferen t p ro toco l w as used  fo r each 

of the fou r ex p erim en ta l conditions fo r each  ta lk e r ,  a s  shown in  

T able 1. The lis tin g  of each  of the ex p erim en ta l seq u en ces  is  shown 

in Appendix D.

A to ta l of eight n o n sen se -sy llab le  te s t  ta p e s  w ere  p re p a re d , 

a  m ale  and a fem ale  v e rs io n  of the  conditions l is te d  in  T able  1.

The p re p a ra tio n  of the m a s te r  tap e s  is  de ta iled  below :

0 dB /octave  slope condition. R eco rd in g s of the  NST p ro to co l 

#8 w ere  m ade fo r  both the m ale  and fem ale  ta lk e r .  ^ A 1000 Hz c a l i ­

b ra tio n  tone w as re c o rd ed  a t the beginning of each  ta p e .

0 dB /octave  slope +speech sp e c tru m  n o ise  condition. 

R ecord ings of P ro to co l #6 m ale  and fem ale  w e re  u se d  fo r  the two

p
*The p ro toco l num bers l is te d  h e re  a re  th o se  assigned  to  th e  

eight p ro to co ls  developed and u se d  by Re sn ick  et a l. (1975).
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F ig . 10. A verage 1/3 octave band speech  sp e c tru m  fo r the 
m ale  ta lk e r s  and th e  1 /3  octave band sp ec tru m  fo r the  m a le -s p e c tru m  
shaped no ise .
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TABLE 1

PROTOCOL ASSIGNMENTS FOR THE NONSENSE 
SYLLABLE TEST FOR THE D IF F E R E N T  

EXPERIM ENTAL CONDITIONS

P ro to co l* T a lk e r E x p e rim e n ta l C ondition

5 M ale +6 dB /o c ta v e  slope

5 1 F e m a le +6 d B /o c ta v e  slope

6 M ale 0 dB /o c ta v e  slope  + no ise

6 F e m ale 0 d B /o c tav e  slope  + no ise

7 M ale -6  d B /o c tav e  slope

7 F em ale -6  d B /o c tav e  slope

8 M ale 0 d B /o c tav e  slope

8 F e m ale 0 d B /o c tav e  slope

*The p ro to co l n u m b ers  l is te d  h e re  a r e  th o se  a ss ig n ed  to  th e  
eight p ro to co ls  developed and u se d  by R esn ick  e t a l .  (1975).
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n o ise  cond itions. F e m a le -s p e c tru m  shaped n o ise  w as re c o rd e d  on 

th e  second  t r a c k  of the  tap e  fo r  th e  fem ale  ta lk e r .  S im ila r ly , m a le -  

sp e c tru m  shaped no ise  w as re c o rd e d  on the  second t r a c k  fo r  th e  m a le  

ta lk e r .

+6 d B /o c tav e  slope condition . R eco rd in g s of P ro to c o l #5 

m a le  and fem ale  w ere  u se d  fo r  th is  condition. The re c o rd in g s  w e re  

m ade u sin g  the  equipm ent shown in  the  block d ia g ra m  of F ig u re  11.

An 8000 Hz cu t-o ff  w as u se d  to  l im it  the speech  bandw idth to  be 

w ith in  the  frequency  bandw idth of the  headphone. T he frequency  

re sp o n se  cu rv e  of the  sy s te m  is  show n in  F ig u re  12.

-6  d B /oc tave  slope condition . R eco rd ings of P ro to c o l #7 

m ale  and fem ale  w e re  u sed  fo r  th e  -6  d B /o c tav e  s lo p e  condition .

T he re c o rd in g  p ro ce d u re  w as the  sam e a s  tha t u sed  fo r  th e  +6 dB / 

oc tave  slope condition, excep t th a t i t  w as u n n e c e s sa ry  to  include th e  

s te re o  a m p lif ie r  in to  the  sy s te m  b ecau se  the  sig n a l in te n s ity  w as su f­

fic ien tly  h igh  w ithout am p lifica tio n . The frequency  re sp o n se  cu rv e  

fo r  th is  condition  is  a lso  shown in  F ig u re  12. C op ies of th e s e  eight 

ta p e s  w ere  u se d  fo r  da ta  co llec tio n .

P re p a ra t io n  of C a lib ra tio n  M a te r ia ls

T he c a lib ra tio n  ta p e s  p re p a re d  fo r  th is  study  se rv e d  two d is ­

tin c t functions. F i r s t ,  they  w ere  u sed  to  v e rify  th a t th e  fla t, upw ard
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F ig . 11. B lock d iag ram  of equipm ent u sed  to  p roduce  the 
f i lte re d  nonsense  sy llab le  m a te r ia ls .
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F ig . 12. F requency  re sp o n se s  of the  f i l te r  sy s te m s  used  to  
obtain  the  f ilte re d  nonsense  sy llab le  m a te r ia ls  (-6 d B /o c tav e  slope 
and +6 dB /octave  f i l t e r  slope).
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and downward sloping frequency  re sp o n se s  u sed  fo r  th e  nonsense 

sy llab le  conditions w ere  p ro ce ss in g  th e  speech  a p p ro p ria te ly . In 

add ition , a c a lib ra tio n  tape  w as a lso  u sed  to  check  th e  frequency  

re sp o n se  c h a ra c te r is t ic s  of the reco rd in g  equipm ent a t the  la b o ra to ry , 

the  p layback  equipm ent a t the  lab o ra to ry , and the p layback  equipm ent 

a t the  h o sp ita l s ite .

In  a ll, th re e  d ifferen t c a lib ra tio n  tap e s  w e re  p re p a re d , each  

co rre sp o n d in g  to  one of the  th re e  f i l te r  conditions u s e d  fo r the  non­

se n se  sy llab le  m a te r ia ls . E ach  of th ese  ta p e s  c o n s is te d  ox tonal 

s ig n a ls  tw enty seconds in  du ra tion  at freq u en c ie s  of 100, 200, 300,

400, 700, 1000, 1500, 2000, 2500, 3000, 4000, 5000, 6000, 7000, 

and 8000 Hz re c o rd e d  a t a constan t input vo ltage. ~

In each  ca se  the  p re p a ra tio n  of the  c a lib ra tio n  tape  r e ­

c re a te d  the  p ro ced u re  u se d  in  p rep a rin g  the  c o rre sp o n d in g  speech  

te s t  tap e . The only d iffe ren ce  in  the p ro ced u re  w as th e  su b stitu tio n , 

a t the  r e c o rd e r  input, of a sine wave signal in  p lac e  of the  speech  

s ig n a l. F ig u re  12 show s th e  re s u lts  of a 1 /3  octave band an a ly sis  of 

th e  c a lib ra tio n  ta p e s . T h is an a ly sis  is  the  sam e a s  th a t used  fo r 

checking  both the sp e c tra  of a ll speech  and no ise  re c o rd in g s . The 

a n a ly s is  shown in  F ig u re  12 dep ic ts  the  frequency  re s p o n se  c h a ra c ­

te r i s t i c  of the  o v e ra ll sy s te m  fro m  playback r e c o r d e r  to  the  fina l 

rep ro d u c tio n  s tag e . In  addition to checking th e  re c o rd in g  cond itions, 

th e  equipm ent at the  h o sp ita l s ite  w as checked u s in g  th e  0 dB /octave
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s lop e  ca lib ra tion  tape.

T he o n -s ite  equipm ent w as c a lib ra ted  th e  day before  the  d a ta  

co llec tio n  w as scheduled  to  begin. F ig u re  13 p re s e n ts  the  r e s u l ts  of 

th e  two se ts  of m e a su re m e n ts  obtained w ith th is  ta p e , at the la b o ra ­

to ry  and a t th e  h o sp ita l loca tion . The d iffe ren ces  in  frequency  

re sp o n se  betw een th e se  two c u rv e s  a re  w ithin  + 2 dB over the 

frequency  range  100-7500 H z. T h is w as c o n sid e red  adequate fo r  th e  

p u rp o ses  of th is  study.

T e s t p ro ced u re

E ach  sub jec t w as te s te d  individually . T he su b jec t w as se a te d  

in  the  t e s t  room  of an  IAC 400 S e rie s  two room  au .d iom etric  te s t  su ite  

w hich m et A N SI-196 9 sp ec ifica tio n s  fo r am bient n o ise  lev e l. A ll 

te s tin g  w as com pleted  in  a s ing le  two and one ha lf h o u r se ss io n . The 

in it ia l  p o rtio n  of the  se s s io n  w as re s e rv e d  fo r  the  b asic  audio log ical 

evaluation . T h is  included p u re -to n e  a i r  and bone conduction  th re sh o ld  

m e a su re m e n ts  (250-8000 Hz) a s  w ell a s  SRT, sp eech  d isc r im in a tio n  

m e a s u re s  and e s tim a te s  of th e  su b je c t 's  m o st co m fo rtab le  lis ten in g  

lev e l and the th re sh o ld  of d isco m fo rt. T hese  data  w e re  obtained  u s in g  

the  G ra so n -S ta d le r  1701 au d io m ete r and SONY T C -377  tape  re c o rd e r  

w ith  TDH-49 earphones in  MX-41AR cush ions. A ty m p an o g ram  w as 

ob tained  on each  e a r  u sing  an  A m erican  E le c tro m e d ic s  acoustic  

im pedance b ridge M odel 83. A copy of the re c o rd  sh e e t u sed  fo r  th e
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F ig . 13. R e su lts  o f c a lib ra tio n  tape  co m p a riso n  m e a s u re ­
m en ts  ob tained  a t the  la b o ra to ry  and h o sp ita l s ite s .
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study is  p re se n te d  in  Appendix E .

Any o th e r  in fo rm a tio n  w hich w as not re a d ily  av a ilab le  fro m  

th e  s u b je c t 's  d e p a rtm e n ta l c h a r t  w as a lso  ob tained  a t th is  tim e  

( i . e . ,  date  of b ir th , su rg ic a l h is to ry , h e a rin g  a id  e x p e rie n c e , e tc .) .

At the  conclu sion  of th is  in it ia l  evaluation , a d e c is io n  w as 

m ade w h e th er o r  not th e  sub jec t m e t the  c r i te r ia  f o r  se lec tio n . If so , 

the  b e tte r  e a r  w as se le c te d  a s  th e  te s t  e a r  fo r  subsequen t te s tin g .

M a te r ia ls  w e re  p re se n te d  to  the  su b je c ts  a t  M CL. T he 

m ethod  of obtain ing  MCL is  d isc u sse d  in  the next se c tio n . A -15  dB 

S/N  ra t io  w as u se d  fo r  the  n o rm a l h ea rin g  and conductive  h ea rin g  lo ss  

g ro u p s fo r  th e  CHABA sen ten ces  and a 0 dB S /N  r a t io  w as u se d  for 

the  s e n s o r i -n e u ra l  h e a rin g  lo s s  g ro u p s. A 0 dB S /N  ra t io  w as u sed  

fo r  th e  n o ise  cond itions of the  n o n sen se  sy llab le  t e s t  fo r a ll l i s te n e r s .  

A com plete  l is tin g  of th e  MCL v a lu es  fo r  a ll  cond itions fo r  a ll  sub ­

je c ts  is  p re se n te d  in  A ppendix F .

H alf-w ay  th ro u g h  the  n o n sen se  sy llab le  ru n s  a  10-15 m inute  

b rea k  w as o ffe red  to  a ll  su b je c ts  to  avoid fa tigue  an d  in c re a s e  con­

c e n tra tio n  on the  lis te n in g  ta sk .

M ethod of obtain ing  MCL

In itia lly , an  app rox im ation  w as m ade a s  to  the  co m fo rtab le  

sp eech  le v e l w hich the  su b jec t should  be able to  h e a r  on the  b a s is  of 

the  aud iog ram  and SRT. T h is  w as n e c e s sa ry  b ecau se  it w as found,
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e sp e c ia lly  fo r  the se v e re ly  slop ing  s e n s o r i-n e u ra l  g roup , th a t th e  SRT 

alone w as not a su ffic ien t in d ic a to r  of M CL. U sing th is  lev e l, th e  

l is te n e r  w as q u e ried  a s  to  w h e th er the  vo ice  of th e  e x am in e r was 

aud ib le . Once th is  w as d e te rm in e d , the  su b jec t w as given the  fo llow ­

ing in s tru c tio n s :

You a re  going to  h e a r  a m a le  o r  fem ale  vo ice  rep ea tin g  

e i th e r  "You w ill m a rk "  o r  continuous m a te r ia l ;  you a re  to  

in d ica te  w hen the speech  is  a t a leve l w hich  is  m ost com ­

fo rta b le  fo r  you to  l is te n . You do not need  to  re p e a t any 

of the  th ings you h e a r ;  ju s t  ind ica te  w hen the  vo ice  is  a t a 

lev e l a t w hich you fee l co m fo rtab le . You m ay  ind ica te  by 

ra is in g  y o u r hand o r  te llin g  m e.

The a tte n u a to r  w as th en  slow ly in c re a s e d  u n til the  su b jec t signa lled  

that th e  le v e l w as co m fo rtab le . In m o st c a se s  the  lev e l w as in c re a se d  

5-10 d ec ib e ls  and the  l is te n e r  w as a sk ed  about th a t lev e l fo r co m fo rt, 

ju s t  a s  a m ean s to  v e rify  th a t the  co m fo rt lev e l had not been p re m a ­

tu re ly  in d ica ted . T he study su b je c ts  w e re  g e n e ra lly  co n s is ten t in  th e i r  

co m fo rt lev e l ch o ices  and w h ere  p rev io u s  te s t  r e s u l ts  w ere  av a ilab le , 

the  r e s u l ts  w e re  e s se n tia lly  s im ila r  ( i . e . ,  w ith in  5-10 dB betw een 

p rev io u s ly  and p re s e n tly  obtained  M C L 's).

Once the M CL w as d e te rm in e d  fo r  the  p a r t ic u la r  e x p e r i­

m en ta l condition , th e  sub jec t w as g iven the  in s tru c tio n s  fo r  th a t ta sk .

F o r  the  nonsense  sy llab le  t e s ts  the  su b jec t w as given the  te s t
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book lets in  the  p ro to co l p re se n ta tio n  o rd e r . The booklet fo r  the  f i r s t  

l i s t  w as handed to  the  su b jec t and it  w as explained  th a t he w ould be 

l is te n in g  to  sp eech  sounds both in  quiet and in  n o ise . W hile som e of 

the  sy lla b le s  m igh t sound like  w o rd s , they  w e re  not, and w ere  to  be 

thought o f a s  nonsense  sy lla b le s .

T hey w e re  shown th a t a ll  p o ss ib le  a n sw e rs  fo r  each  te s t  i te m  

w ere  on th e  page. T hey w ere  in s tru c te d  to  c ir c le  o r  m a rk  the  sy llab le  

th a t they  h e a rd  in  each  in s tan ce  and to  m a rk  only one sy llab le  fo r  

each  item .

It w as exp la ined  th a t th ey  would h e a r  e i th e r  a  m a le  v o ice  o r  

a fem a le  vo ice  w hich would ind ica te  the  page in  th e  te s t  booklet.

T hen  the vo ice  w ould say  "You w ill m a r k _______, p le a se . " T he te s t

sy llab le  w ould follow  the w ord  "m a rk "  and th ey  w e re  to  in d ica te  on th e  

te s t  page th e  sy llab le  they  had h e a rd . Upon com pletion  of the  i te m s  

on P age  1, th ey  would tu rn  to  P age 2 and p ro ce ed  in  the  sam e  m an n e r 

u n til the booklet w as com pleted . A sam p le  sh e e t i s  p rov ided  in  

Appendix G.

It w as s t r e s s e d  th a t they  w ere  to  m a rk  ex ac tly  what th ey  

h e a rd  even  if  in  som e c a s e s  they  had h e a rd  the  sa m e  sound m o re  th an  

once and in  o th e r  c a s e s  to  g uess if  they  had not h e a rd  a  p a r t ic u la r  

sound at a ll .

In  th o se  nonsense  sy llab le  conditions w h ere  n o ise  w as in tro ­

duced, the  su b je c ts  w e re  add itionally  in s tru c te d  not to  be c o n ce rn ed  if
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th e  ta s k  seem ed  un u su a lly  d ifficu lt. It w as exp la ined  th a t we knew the  

ta s k  w as d ifficu lt and th a t i f  they  becam e confused  o r  lo s t  th e i r  p lace  

on th e  page to  so  ind ica te  and the  te s t  tape  w ould be stopped .

F o r  the CHABA se n te n c e s , the  su b je c ts  w e re  in fo rm ed  tha t 

th ey  w ere  going to  h e a r  a num ber of sen ten ces  spoken  by d iffe ren t 

ta lk e r s ,  a ll  in  the  p re s e n c e  of n o ise . At the  co m p le tio n  of each  

sen tence  th ey  w ere  re q u e s te d  to  re p e a t exac tly  w hat th ey  h e a rd . A s 

m any of th e  w ords w ere  to  be rep e a te d  a s  p o ss ib le , w h e th er o r  not 

the  re s u ltin g  sen tence  m ade any se n se . It w as s t r e s s e d  th a t even if  

only one w ord  w as h e a rd , i t  w as to  be re p e a te d . T he su b je c ts ' 

re s p o n se s  to  each  sen ten ce  w ere  re c o rd e d  by the  e x p e r im e n te r . A 

sam p le  s c o re  sh ee t w ill be found in  A ppendix H.

Follow ing each  CHABA sen ten ce  l i s t  o r  n o n sen se  sy llab le  

ru n , the  su b jec t w as a sk ed  to  r a te  the  in te llig ib ility  of th a t ta lk e r .

He w as ask ed  to  do so  on a sc a le  of 1 -7 . A ra tin g  of 1 m ean t th a t the  

ta lk e r  w as po o r w ith  r e s p e c t  to  in te llig ib ility  and a ra tin g  of 7 m ean t 

th a t the  ta lk e r  w as highly  in te llig ib le . T h is ra tin g  p ro c e d u re  w as 

done fo r  each  of the  ten  CHABA l is ts  and the e igh t n o n sen se  sy llab le  

v a r ia tio n s . R ating  sh e e ts  fo r  both the sen ten ce  and non sen se  sy llab le  

m a te r ia ls  w ill be found in  Appendix I.

H um an su b je c ts  p ro tec tio n

H osp ita l c lie n ts  who w ere  c o n sid e red  p o ten tia l study su b jec ts
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w e re  in itia lly  con tacted  by an in tro d u c to ry  l e t t e r  re q u e s tin g  th e ir  

p a rtic ip a tio n  in  the study . T h is  le t t e r  w as follow ed by a te lephone 

c a ll  fro m  th is  r e s e a rc h e r .  Those ind iv iduals who w e re  not in te re s te d  

in  p a rtic ip a tin g  in  th e  study w ere  not con tac ted  again . T hose who w e re  

w illing  to  p a rtic ip a te  w e re  given specific  appoin tm ent t im e s  fo r  the  

te s tin g . At the  tim e  of th is  appoin tm ent, the study w as explained  to  

the  ind iv idual and a signed consen t fo rm  w as ob tained . A thank  you 

l e t t e r  w as sen t to  a ll  p a rtic ip a n ts  upon com pletion  of th e  study. C op ies 

of the  l e t te r  sen t to  the su b je c ts , th e  consen t fo rm  and the thank you 

le t t e r  a re  included  in  Appendix J .



CHA PTER IV

RESULTS

P re l im in a ry  A nalysis 

The study involved two d iffe ren t ty p es  of sp eech  rec ep tio n  

m a te r ia ls ,  sen ten ces  and nonsense  sy llb ab les . D iffe ren t e x p e r i­

m en ta l conditions w ere  u sed  w ith  each  type  of m a te r ia l .  The s e n ­

te n c e s  w ere  alw ays p re se n te d  in  th e  p re sen c e  of one of five d iffe ren t 

ty p es  of n o ise , and the  nonsense  sy lla b le s  w ere  p re se n te d  in  four 

d iffe ren t w ays: th re e  frequency  re sp o n se  cond itions in  quiet and one 

n o ise  condition. The five l is te n e r  g roups w ere  subdiv ided  into o ld er 

and younger l is te n e r s  (five o ld es t v s. five youngest in  each  g roup  w ith 

the  m ed ian  age app rox im ate ly  fifty  y e a r s  old), a s  w ell a s in to  m ale  

and fem ale  l is te n e r s .  The fa c to rs  th a t w ere  c o n s id e re d  in  the a n a ly s is  

of the  sen ten ce  data  w ere : N o ise  T ype, T a lk e r  G en d er, Age, E x p e r i­

m en ta l G roup and L is te n e r  G ender. The fa c to rs  c o n s id e re d  fo r  the 

nonsense  sy llab le  da ta  w e re : E x p e rim e n ta l C ondition, T a lk e r  G en d er, 

Age, E x p e rim e n ta l G roup and L is te n e r  G ender.

A fte r  a ll  the  data  w ere  analyzed  i t  w as d isc o v e re d  th a t the  

sen ten ce  re c o rd in g s  fo r  one of the  five m ale  ta lk e r s  w as p roduced  at 

a  s lig h tly  lo w er s ig n a l- to -n o ise  ra t io  (-5  dB) than  the o th e r  re c o rd in g s
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w hich w ere  at 0 dB. In  o rd e r  to  d e te rm in e  w hether th is  d isp a rity  

would a ffect th e  m a jo r  r e s u l ts ,  the  s c o re s  fo r  th is  ta lk e r  and a 

co rre sp o n d in g  fem ale  ta lk e r  who did the sam e e x p erim en ta l conditions 

w ere  e lim in a ted  fro m  the data  and the  an a ly ses  of v a ria n ce  rep e a te d  

u sing  m ean  s c o re s  a c ro s s  conditions fo r  the v a ry in g  ex p erim en ta l 

g roups. It w as found that w hile th e re  w ere  sm a ll d iffe ren ces 

betw een the  m ean  s c o re s  fo r  the  two an a ly se s  (on the  o rd e r  of 2-3 

p e rcen tag e  po in ts as shown in T ab le  2), the m ain  e ffec ts  and s ta t i s ­

t ic a lly  sign ifican t tre n d s  w ere  the  sam e w hether fou r o r  five ta lk e r s  

w ere  u sed  in  the  a n a ly s is .

It w as d e s ira b le  to  use  the five ta lk e r  da ta , how ever, since  

the  m ale  ta lk e r  w ith th e  lo w er s ig n a l- to -n o ise  ra tio  w as the  sam e 

ta lk e r  fo r  whom nonsense sy llab le  da ta  w ere  availab le  fo r the sub­

je c ts  in  the  study . In o rd e r  to c o r re c t  fo r  the  5 dB d iffe ren ce  on the  

sen tence  m a te r ia ls ,  additional da ta  w ere  co llec ted  fo r a new group 

of su b jec ts  in  w hich both the 0 dB and -5 dB s ig n a l- to -n o is e  ra t io s  

w ere  u sed  on CHABA sen tences fo r th is  ta lk e r . F ive  l is te n e r  

g roups of five su b je c ts  who m atched  the ex p e rim e n ta l c r i t e r ia  w ere  

u se d  fo r th is  su p p lem en ta ry  study.

F ro m  th e se  data  th e  effect of a 5 dB change in  s ig n a l- to -n o is e  

ra tio  w as d e te rm in ed  fo r  the  sam e n o ise , e x p e rim en ta l group, and 

ta lk e r .  The data  of the m ain  study fo r  th is  ta lk e r  u n d er th e se  

conditions w as then  ad justed  fo r  th e se  changes. T he o rig in a l s c o re s
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TABLE 2

MEAN PERCENTAGE SCORES FOR COMPARISON O F 
SENTENCE DATA FOR FOUR TALKERS P E R  

GENDER GROUP VS. FIVE TALKERS 
PER  GENDER GROUP

4 T a lk e rs 5 T a lk e rs

V a ria b le Condition % C o rre c t % C o rre c t

G ender M ale 54 53
F em ale 63 67

E x p e rim e n ta l H ig h -p ass 64 64
C ondition L o w -p ass 86 86

W hite 68' 71
M ale - sp e c tru m 35 39
F e m a le -  sp e c tru m 39 42

E x p e rim e n ta l C onductive H. L . 56 57
G roup N o rm al h ea rin g 49 51

F la t s e n s o r i-n e u ra l  
M o d era te ly  sloping

65 68

s e n s o r i-n e u ra l  
S ev e re ly  sloping

64 65

s e n s o r i-n e u ra l 59 62
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a s  w ell a s  th e  c o r re c te d  s c o re s  a re  p re se n te d  in  A ppendix K.

A s a check , the  d a ta  w ere  analyzed  both fo r  th e  o rig in a l 

d a ta  (with the  lo w er s ig n a l- to -n o is e  ra tio )  a s  w ell a s  fo r  the  ad ju sted  

da ta . T he two a n a ly se s  prov ided  e s se n tia lly  the  sam e  r e s u l ts ,  in  

th a t th e  sam e m ain  e ffec ts  and se c o n d -o rd e r  in te ra c tio n s  w ere  found 

to  be s ta t is t ic a lly  s ig n ifican t. The m agnitude of the  d iffe ren ce  v a r ie d  

by ap p ro x im ate ly  5 p e rc e n t; the  m a jo r  d iffe ren ce  betw een  the  two 

a n a ly se s  w as th a t th e re  w e re  m o re  s ta tis t ic a lly  s ig n ifican t h ig h e r-  

o rd e r  in te ra c tio n s  fo r  th e  ad ju sted  data . F ro m  th is  poin t on, only 

the  sen ten ce  data  w ith the  ad ju s tm en ts  a re  c o n s id e re d . The sy llab le  

da ta  did not involve any a d ju s tm en ts .

M ain A nalysis

E ffec t of L is te n e r  G ender

A s w as noted  e a r l ie r  it w as o f in te r e s t  to  t e s t  fo r L is te n e r  

G ender. B ecau se  of lim ita tio n s  in  the  av a ilab le  su b je c t pool, it  w as 

not p o ss ib le  to  have ex ac tly  five su b je c ts  of each  g en d er in  each  of 

th e  c e lls  of the  e x p e rim e n ta l design . The n u m b er of su b je c ts  in  each  

c e ll v a r ie d  fro m  a low of th re e  to  a high of e igh t, a lthough in  th e  

m a jo r ity  of c a s e s  th e re  w e re  five l is te n e r s  p e r  c e ll .  H ow ever, if  one • 

pooled th e  d a ta  o v e r th e  Age fa c to r , one could te s t  fo r  L is te n e r  G ender 

in  a  ba lanced  design  of te n  su b je c ts  p e r  c e ll  th e re b y  allow ing fo r  a 

m o re  pow erfu l s ta t i s t ic a l  te s t  fo r  the  e ffect of L is te n e r  G ender in  a ll
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com binations of v a r ia b le s  except A ge. T h is  w as done recogn iz ing  th a t 

the  a n a ly sis  m ight not de tec t any in te rac tio n  betw een Age and L is te n e r  

G ender. T h is w as done in  a four fac to r  a n a ly sis  of v a ria n c e  w here 

the  fa c to rs  co n sid ered  w ere  L is te n e r  G ender, T a lk e r  G ender, 

E x p erim en ta l Condition, and E x p erim en ta l G roup. T he s c o re s  fo r 

d iffe ren t l is te n e r s  w ere  t re a te d  a s  rep lica tio n s .

The re s u l ts  show ed tha t fo r  n e ith e r  the  sen ten ces  n o r the 

nonsense  sy llab les  w as L is te n e r  G ender a s ign ifican t v a ria b le . It 

w as th e re fo re  decided  th a t th e  m ale  and fem ale  l is te n e r s  could be 

grouped to g e th e r  fo r  th e  re m a in d e r  of the a n a ly se s . T h is  allow ed fo r  

m o re  pow erful s ta t is t ic a l  te s ts  fo r  a ll  of the  rem a in in g  v a r ia b le s . It 

should a lso  be noted th a t s ince  no sign ifican t e ffec ts  w ere  obtained fo r  

L is te n e r  G ender (n e ith er m ain  e ffec ts  n o r  any in te ra c tio n s  w ith o th e r 

v a r ia b le s ) , it  seem ed  un like ly  tha t th e re  m ight be an  in te ra c tio n  

betw een L is te n e r  G ender and A g e --th e  one in te ra c tio n  tha t could not 

be te s te d  d ire c tly  in  th is  a n a ly s is .

Sentence in te llig ib ility ; Subjects 
w ith  h e a rin g  lo ss

An an a ly sis  of v a ria n ce  w as p e rfo rm ed  on the sen tence  

s c o re s  fo r  a ll h e a r in g -im p a ire d  su b je c ts . F o u r fa c to rs  w ere  con­

s id e re d : Type of N oise (h ig h -p ass , lo w -p ass , w hite , m a le -s p e c tru m  

and fe m a le -sp e c tru m  shaped  no ise), T a lk e r  G ender (m ale o r  fem ale), 

Age (five o ldest v s . five youngest p e r  group), E x p erim e n ta l G roup
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(conductive, f la t s e n s o r i-n e u ra l,  m o d era te ly  sloping  s e n s o r i-n e u ra l,  

and se v e re ly  sloping s e n s o r i-n e u ra l  h earing  lo s s ) . T h ere  w ere  te n  

su b je c ts  p e r  ex p erim en ta l group.

The re s u l ts  of the  an a ly sis  of v a rian ce  a re  shown in  T able 3. 

The a rc - s in e  tra n s fo rm a tio n  w as used  in  o rd e r  to  s ta b iliz e  the  e r r o r  

v a rian ce  (E dw ards, 1958). A key assum ption  of th e  a n a ly sis  of 

v a ria n c e  is  th a t the  e r r o r  v a ria n ce  is  the sam e fo r  ev e ry  c e ll. It 

can  be shown, how ever, tha t e s tim a te s  of a p ro p o rtio n  have a  v a r i ­

ance th a t- is  dependent on the value of the  p ro p o rtio n . If the a rc - s in e  

tra n s fo rm a tio n  is  u se d , the  v a ria n ce  is  app rox im ate ly  l / n  w here  n 

is  the  num ber of item s in the te s t .

The age and h earin g  lo ss  fa c to rs  n e c e s s a r ily  involved d iffe r­

ent su b je c ts . H ence, in  te s tin g  fo r s ta tis t ic a l  s ign ificance  of th ese  

fa c to rs  (and any in te ra c tio n s  involving th ese  fa c to rs ) , the betw een- 

sub jec t v a ria tio n  w as u sed  a s  the  r e s id u a lv a r ia n c e  (i. e . , the  denom in­

a to r  in  the  F - te s t ) .  The N oise and T a lk e r  G ender fa c to rs  (and 

N o ise -G en d er in te rac tio n ) w ere  v a rie d  over th e ir  e n tire  ran g e  fo r  

each  sub jec t. In th is  c a se , the h ighest o rd e r  in te ra c tio n  in  the  a n a ly sis  

o f v a ria n ce  p rov ided  an e s tim a te  of the  w ith in -su b jec t v a ria b ility  and 

w as u sed  as the denom inator in th e  F - te s t . ' It is  im p o rtan t to  re c o g - . 

n ize  tha t th e re  a re  lim ita tio n s  to  the  degree  th a t one can  g e n e ra lize  

about the observ a tio n s re la tin g  to  gender e ffec ts .

Since every  sub jec t rec e iv e d  every  ta lk e r  u n d e r ev ery
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TA BLE 3

ANALYSIS O F VARIANCE FOR SENTENCE SCORES O F 
HEARING-IM PAIRED LISTENERS

S ource  of 
V a ria tio n

D e g re e s  of 
F re ed o m

M ean
S quares F -R a tio

Signif.
L evel

N oise  (N) 4 .39 54 .07 .001
T a lk e r  G en d er (G) 1 .13 18 .38 .001
NG In te ra c tio n 4 .01 2 .63 .005
W ithin su b je c t v a r ia tio n 48 . 00

Age (A) 1 .05 7.61 .001
E x p e rim e n ta l g roup  (P) 3 .0 4 5.91 .001
A P In te ra c tio n 3 . 14 ,, 19 .29 .001
NA In te ra c tio n 4 .0 0 1 .18 .010
GA In te ra c tio n 1 . 00 .61
NGA In te ra c tio n 4 .0 0 1 .3 4
N P  In te ra c tio n 12 .01 2 .1 2 .005
G P In te ra c tio n 3 .0 0 .2 4
N G P In te ra c tio n 12 .01 1.41 .001
NAP In te ra c tio n 12 .02 3 .45 .001
GAP In te ra c tio n 3 .0 0 .1 5
NGAP In te ra c tio n 12 .01 2 .03 .005
B etw een  su b jec t v a r ia tio n 272 .01
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condition, s ta tis tic a lly  pow erful te s ts  a re  ava ilab le  fo r  e s tab lish in g  

av erag e  d iffe ren ces  betw een the five m ale  and five fem ale  ta lk e r s  

u se d  in the  study. It is  m uch m o re  d ifficu lt to  e s ta b lish  w he ther 

m ale  ta lk e r s  in  g e n e ra l a re  m o re  in te llig ib le  than  fem ale  ta lk e r s  

se lec te d  a t random  fro m  the population  because  of the  v e ry  la rg e  

d iffe ren ces  betw een ta lk e r s .  T h is point w ill be d isc u sse d  again  l a te r  

when the s c o re s  fo r  the  indiv idual ta lk e r s  a re  com pared .

As shown in  T ab le  3, a ll  the m ain  e ffec ts  w ere  found to  be 

s ta tis t ic a lly  s ig n ifican t. In addition , th e re  w ere  sign ifican t in te r ­

ac tions betw een N o ise -T a lk e r  G ender, A g e -E x p e rim en ta l G roup, 

N o ise -E x p e rim e n ta l G roup, and N o ise-A ge. A th re e -w a y  in te ra c tio n  

w as ind ica ted  betw een N o ise -A g e -E x p e rim e n ta l G roup and N o ise - 

G e n d e r-E x p e rim en ta l G roup. T h e re  w as one fo u r-w ay  in te ra c tio n  

ind ica ted  betw een N o ise -G e n d e r-A g e -E x p e rim e n ta l G roup. The 

e ffec ts  found to  be s ta tis t ic a lly  s ig n ifican t a re  d e sc r ib e d  below .

N oise  (E x p erim en ta l C ondition). The d a ta  on e ffec ts  of 

m ask ing  noise  a re  su m m arize d  in  T ab le  4. The m ean  s c o re s  fo r  th e  

five ty p es  of m ask ing  no ise  have been  ranked  in  te r m s  of e ffec tiv e ­

n e ss  of m ask ing , w ith the  m ale  and fe m a le -sp e c tru m  shaped  no ise  

being the  m o st effective  m a s k e rs  and the  lo w -p ass  no ise  provid ing  

the  le a s t  effective  m ask ing .

T a lk e r  G ender. S ignificant ta lk e r  gender d iffe re n c e s  w ere
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TA BLE 4

SENTENCE IN TELLIG IBILITY  SCORES FOR HEARING 
IM PAIRED LISTENERS IN THE PRESEN CE 

O F  MASKING NOISE

M asking  N o ise  P e rc e n t C o r re c t

M a le -sp e c tru m  shaped  n o ise  44. 3

F e m a le -s p e c tru m  shaped  n o ise  46 .1

H igh -pass no ise  63 .7

W hite no ise  7 5 .4

L ow -pass no ise  81 .8
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obtained  (p 4 - . 001); th e  m a le  ta lk e r s  ob tain ing  a 57. 0% m ean  sc o re  

a s  co m p ared  w ith th e  65. 9% m ean  sc o re  fo r  th e  fem ale  ta lk e r s .

A ge. T he effect of age w as of s m a lle r  m agnitude but not 

u n im p o rtan t. It w as found th a t th e  s c o re s  fo r  th e  younger su b je c ts  

w e re  h ig h e r th an  fo r  th e  o ld e r  su b je c ts  (64. 2% v s . 58. 6%) w hen 

av e rag e d  o v e r  a ll  e x p e rim e n ta l g ro u p s. A s sh a ll be se e n  la te r ,  

how ever, th is  advantage fo r  the  yo u n g er l is te n e r s  does not hold 

a c ro s s  a ll  fou r h e a rin g  im p a ire d  g ro u p s of l is te n e r s .

E x p e rim e n ta l G roup . In co m p arin g  the d a ta  fo r  the fo u r 

g roups of h e a r in g  im p a ire d  l i s te n e r s ,  th e  conductive  h e a rin g  lo ss  

g roup  should  be c o n s id e re d  s e p a ra te ly  s in ce  a low er S /N  ra tio  

(-15 dB) w as u se d  fo r  m ask in g  the  sen ten ce  m a te r ia ls .  As a r e s u l t ,  

th e  a v e rag e  s c o re s  fo r  th is  g roup  of l is te n e r s  w e re  w ell below th o se  

of th e  o th e r  lis te n in g  g ro u p s, a s  show n in  T ab le  5.

A g e -E x p e rim e n ta l G roup In te ra c tio n . The advantage shown 

fo r  th e  yo u n g er l is te n e r s  does not hold  a c ro s s  a ll  fo u r e x p e r im e n ta l 

g ro u p s . It w as found th a t th e re  w as a  r e v e r s a l  of th is  advantage fo r  

the  conductive  h e a rin g  lo s s  g roup  w h ere  th e  o ld e r  l is te n e r s  had  an 

18 p e rc e n t h ig h e r  m ean  sc o re  th an  th e  yo u n g er g roup . F o r  th e  

s e n s o r i -n e u r a l  h e a r in g  lo s s  g ro u p s th e  o ld e r  l i s te n e r s  c o n s is te n tly  

s c o re d  lo w e r th an  th e i r  younger c o u n te rp a r ts  w ith th e  d iffe ren c e s
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TABLE 5

SENTENCE INTELLIGIBILITY SCORES FOR FOUR 
EX PERIM EN TA L GROUPS OF LISTENERS

E x p erim e n ta l G roup P e rc e n t C o rre c t

Conductive h e a rin g  lo s s 55 .3

F la t s e n s o r i -n e u ra l  lo ss 67 .5

M odera te ly  slop ing
s e n s o r i -n e u ra l  lo ss 62.3

S evere ly  sloping
s e n s o r i-n e u ra l  lo ss 60. 6
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rang ing  fro m  ap p ro x im ate ly  8 p e rc e n t to  28 p e rc e n t. F ig u re  14 p r e ­

se n ts  th e  r e s u l ts  of th e  A g e -E x p e rim e n ta l G roup co m p a riso n . It 

should  be noted  th a t in  th is  and a ll  fu tu re  f ig u re s  (and tab le s )  show ­

ing s ta t is t ic a l ly  s ig n ifican t in te ra c tio n s , the  data  a re  re p re se n te d  in  

t e r m s  of p e rc e n t- c o r r e c t  s c o re . The a n a ly s is  in  w hich th e  s ta t i s t ic a l  

s ig n ifican ce  w as e s ta b lish e d , how ever, w as done in  te r m s  of an 

a rc - s in e  tra n s fo rm a tio n  of th e  d a ta .

N o ise -G e n d e r  In te ra c tio n . In none of the  five d iffe ren t no ise  

s itu a tio n s  does th e  m ale  ta lk e r  obtain  a s  h igh a m ean  sc o re  a s  the  

fem ale  ta lk e r .  The d iffe re n c e s  in  s c o re , how ever, v a r ie d  betw een 

n o ise  cond itions a s  is  seen  in  F ig u re  15. The re la tiv e  in te llig ib ility  

of the  fem a le  t a lk e r s  c o m p a red  to  the  m ale  ta lk e r s  im p ro v ed  sy s te m ­

a tic a lly  fro m  m a le -s p e c tru m  shaped  no ise  ( le ss  th an  1%) to  h ig h -p a s s  

(4.6% ), w hite (13%), fe m a le -sp e c tru m  shaped  (13.4% ) to  lo w -p ass  

(16. 5%) n o ise . T he n u m b e rs  in  p a re n th e s is  in d ica te  the  d iffe ren ce  in  

p e rc e n t s c o re  betw een  th e  m ale  and th e  fem ale  ta lk e r s .

N o ise  (E x p erim e n ta l C o n d itio n )-E x p erim en ta l G roup In te r ­

ac tio n . F ig u re  16 show s th e  av e rag e  s c o re s  fo r  each  E x p e rim e n ta l 

G roup fo r  each  E x p e rim e n ta l C ondition. On a v e ra g e , the  h ighest 

s c o re s  w e re  ob tained  fo r  th e  lo w -p a ss  n o ise , follow ed by the  w hite 

and h ig h -p a s s  n o ise  and th en  the m a le -s p e c tru m  and fe m a le -sp e c tru m  

shaped  n o ise . H ow ever, th e  rank ing  of s c o re s  by E x p e rim e n ta l G roup



76

F ig . 14. M ean p ercen t s c o r e s  for  the a g e -ex p er im en ta l
group in tera ctio n  on the a n a ly sis  o f  v a r ia n ce  for the sen ten ce  data.
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F ig . 15. M ean p ercen t s c o r e s  for the ex p er im en ta l cond ition
(n o ise )-g en d er  in tera ctio n  on the a n a ly s is  of v arian ce  for the sen ten ce
data.
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F ig . 16. M ean percent s c o r e s  for the exp erim en ta l condition-
exp erim en ta l group in teraction  on the a n a ly sis  o f var ian ce  of the
sen ten ce  data.
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d iffe re d  w ith in  each  n o ise  type . F o r  ex am p le , fo r  the  w hite n o ise  

th e  l is te n e r s  w ith  th e  s e v e re ly  slop ing  s e n s o r i -n e u ra l  h e a r in g  lo s s e s  

show ed th e  h ighest s c o re s  w h e re a s  fo r  the lo w -p ass  n o ise  the 

l i s te n e r s  w ith  the r e la tiv e ly  f la t h e a rin g  lo s s e s  show ed th e  h ig h es t 

s c o re s .

E x p e rim e n ta l C ondition-A ge In te ra c tio n . F ig u re  17 show s 

th e  a v e ra g e  s c o re s  fo r  e ach  n o ise  type fo r  the  two age g ro u p s. In  a ll 

c a s e s ,  th e  younger l i s te n e r s  ob tained  h ig h er s c o re s  th an  the o ld e r  

l i s te n e r s  but the  m agnitude  of th is  d iffe ren ce  v a r ie d  a cco rd in g  to 

e x p e rim e n ta l condition . T he s m a lle s t  d iffe ren ce  o c c u rre d  w ith  the  

w hite  n o ise  (1 p e rc e n t) .

N o ise -A g e -E x p e rim e n ta l G roup In te ra c tio n . Two th r e e - le v e l  

in te ra c tio n s  w e re  found to  be s ta t is t ic a lly  s ig n ifican t. F ig u re  18 

show s the  p e rc e n t s c o r e s  fo r  each  l is te n e r  g roup and age g roup  a s  a  

function  of n o ise  type  fo r  th e  f i r s t  of th e se  in te ra c tio n s . F o r  the  m o st 

p a r t  the  younger l i s te n e r s  ob ta ined  b e tte r  s c o re s  th an  the  o ld e r  l i s te n ­

e r s ,  a  c o n s is te n t ex cep tio n  being  th o se  l is te n e r s  w ith  conductive 

h e a r in g  lo s s e s  and so m e tim e s  th o se  w ith  f la t s e n s o r i -n e u ra l  h e a r in g  

lo s s e s .  A lso  in d ica ted  i s  th a t, on a v e rag e , the  d iffe re n c e s  in  sc o re  

betw een th e  age g roups in c re a s e  fo r  the  m a le -s p e c tru m  and fe m a le -  

sp e c tru m  shaped  no ise  co nd itions. T he p e rc e n t d iffe re n c e s  fo r  the  

n o ise  cond itions a re  ran k e d  a s  fo llow s: w hite (5%), lo w -p a ss  (11.5% ),
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F ig . 17. M ean p ercen t s c o r e s  for  the ex p er im en ta l con d ition -
age in tera ctio n  on th e a n a ly s is  o f v a r ia n ce  of the sen ten ce  data.
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F ig . 18. M ean p ercen t s c o r e s  for  the ex p er im en ta l con d ition -
a g e -ex p er im en ta l group in teraction  on the a n a ly s is  of v a r ia n ce  of the
sen ten ce data.
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h ig h -p a s s  (14. 5%), fe m a le -sp e c tru m  shaped  (22. 8%) and m a le -  

sp e c tru m  shaped  no ise  (25.8% ).

N o ise -G e n d e r-E x p e r im e n ta l G roup In te ra c tio n . The second  

s ta t is t ic a lly  s ig n ifican t th re e - le v e l  in te ra c tio n  w as th e  N o ise -G e n d e r-  

E x p e rim e n ta l G roup  in te ra c tio n . T h ese  d a ta  a re  p re se n te d  in  

F ig u re  19.

T hose e ffe c ts  fo r  N o ise , G ender and E x p e rim e n ta l G roup 

d e sc r ib e d  e a r l i e r  a r e  eviden t fro m  th is  d iag ra m . On av e rag e  the  

in te llig ib ility  s c o re s  d e c re a se d  sy s te m a tic a lly  fo r  th e  lo w -p a ss  n o ise , 

w hite  n o ise , h ig h -p a s s  n o ise , fe m a le -sp e c tru m  and m a le -s p e c tru m  

shaped  n o ise . S im ila r ly  th e re  is  an  a v e rag e  d e c re a s e  in  in te llig ib ility  

s c o re  in  going f ro m  the f la t to  the  se v e re ly  slop ing  s e n s o r i-n e u ra l  

h e a rin g  lo s s  g roup . T he conductive  l is te n e r s  had  a s c o re  c o m p a r­

ab le  to  th a t of th e  f la t s e n s o r i -n e u ra l  h ea rin g  lo s s  g ro u p , but it 

should  be re m e m b e re d  th a t the  conductive h e a rin g  lo s s  g roup  had a 

S /N  ra t io  of -15  dB fo r  th e  se n ten c e  m a te r ia ls  w hile the  s e n s o r i -n e u ra l  

h e a r in g  lo s s  g ro u p s  had  a 0 dB S/N  ra t io . T h ird ly , in  a l l  but two 

c a s e s  th e  fem a le  ta lk e r s  ob tained  h ig h e r in te llig ib ility  s c o re s  than  

th e  m a le  ta lk e r s .  H ow ever, the  m agnitude of th is  d iffe re n c e  w as 

g r e a te r  fo r  th e  lo w -p a s s  n o ise , on av e rag e , a s  c o m p a red  to  the  m a le -  

sp e c tru m  shaped  n o ise  (ind ica tive  of the  in te ra c tio n  betw een G ender 

and E x p e rim e n ta l C ondition). T he two conditions in  w hich the m ale
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F ig . 19. M ean p ercen t s c o r e s  for the ex p er im en ta l con d ition -
g en d er -ex p er im en ta l group in tera ctio n  on the a n a ly s is  o f v a r ia n ce  of
the sen ten ce  data.
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ta lk e r s  ob ta ined  h ig h er m ean  s c o re s  th an  th e  fem a le  ta lk e r s ,  

o c c u rre d  w ith  th e  sam e  E x p e rim e n ta l G roup (the conductive  h e a r in g  

lo s s  group) but only fo r  two E x p e rim e n ta l C onditions (h ig h -p ass  and 

m a le -s p e c tru m  shaped  no ise) is  one a sp ec t of the th re e -w a y  in te r ­

ac tion  betw een  th e se  v a r ia b le s .

N o ise -G e n d e r-A g e -E x p e rim e n ta l G roup In te ra c tio n . Only 

one fo u r- le v e l  in te ra c tio n  w as found to  be s ta t is t ic a lly  s ig n ifican t. 

F ig u re s  2 0 a -e  show th is  in te ra c tio n . A s befo re , th e  m ain  e ffe c ts  

a r e  ev iden t in  th a t the  in te llig ib ility  s c o re s  d e c re a se d  sy s te m a tic a lly  

fo r  the  d iffe ren t E x p e rim e n ta l C onditions, the fem a le  ta lk e r s  g e n e ra l­

ly  ob tained  h ig h e r in te llig ib ility  s c o re s  th an  the  m ale  ta lk e r s  and 

th e re  w as a  d e c re a s e  in  s c o re  w ith in  each  E x p e rim e n ta l C ondition 

w ith v a r ia tio n s  p e r  E x p e rim e n ta l G roup.

In  add ition , the  f ig u re s  show th a t th e re  a re  a  nu m b er of 

s itu a tio n s  in  w hich th e  o ld e r  l is te n e r s  ob tained  h ig h er in te llig ib ility  

s c o re s  th an  th e  younger l i s te n e r s .  T ab le  6 p re s e n ts  the  age d if fe r ­

ence s c o re s  fo r  both the  m ale  and fem ale  ta lk e r s  fo r  a ll E x p e r im e n ta l 

G roups and E x p e rim e n ta l C ond itions. It is  ev ident fro m  th is  tab le  

th a t th e  r e v e r s a l  in  expec ted  r e s u l ts  (o ld er sc o rin g  b e tte r  th an  

y ounger l is te n e r s )  o c c u rre d  only fo r  the  conductive h e a rin g  lo s s  

g roup , but not fo r  e v e ry  E x p e rim e n ta l C ondition. In p a r t ic u la r ,  

h ig h e r s c o re s  w e re  ob tained  fo r  th e  younger conductive ly  im p a ire d
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F ig u re s . 20a-e*. M ean p e rc en t s c o re s  fo r  th e  ex p erim en ta l 
c o n d itio n -g e n d e r-a g e -e x p e rim e n ta l g roup  in te ra c tio n  on th e  an a ly sis  
of v a r ia n c e  of th e  sen ten ce  data  (a = w hite n o ise ; b = h ig h -p a ss  no ise ; 
c = lo w -p a ss  no ise ; d = fe m a le -sp e c tru m  shaped  no ise ; e = m a le - 
sp e c tru m  shaped  no ise) of the  h e a r in g - im p a ire d  su b je c ts .
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TABLE 6

AGE D IFFER EN C E SCORES FOR MALE AND FEM A LE TALKERS FOR THE EXPERIM ENTAL 
. CONDITIONS AND EXPERIM ENTAL GROUPS C QNSIDERED* . . .

N oise
•

1 3
E x p erim en ta l G roup 

4 5 M ean M ean

■ M F. M F  ■ M-
T a lk e r

F M F  - M F

High p a ss 14 -8 -1 -20 27 31 8 2 12 1 .3 6 .7
Low p a ss -27 -5 -5 1 31 23 19 6 4 .5 6. 3 5 .4
W hite -27 22 3 2 1 19 2 -8 -5 .3 8 .8 1 .8
M a le -sp e c tru m -14 -34 3 54 21 51 13 15 5 .8 21.5 13 .7
F e m ale  - sp ec tru m -41 -36 39 22 24 6 -2 17 5 2 .3 3 .7

M ean -19 -1 2 .2 7 .8 11.8 20 .8  26 8 - 6 .4 4 .4 7 .8 6 .1

M ean -1 5 .6 9,•8 ; 23 .4 7 .2 6 .2

^'D ifference s c o re s  w e re  obtained  by su b trac tin g  y o u n g e r-o ld e r; negative num ber in d ica te s  the  
h ig h e r sc o re  w as obtained by th e  o ld e r  su b jec ts .

**Group 1 in d ic a te s  the  conductive l is te n e r s .
G roup 3 in d ic a te s  fla t s e n s o r i-n e u ra l  l is te n e r s .
G roup 4 in d ica te s  m o d era te ly  sloping  s e n s o r i-n e u ra l  l is te n e r s .  
G roup 5 in d ica te s  se v e re ly  sloping s e n s o r i-n e u ra l  l is te n e r s .
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l is te n e r s  fo r the  m ale  ta lk e r s  in  the  p re sen c e  of h ig h -p a ss  no ise  and 

fo r  th e  fem ale  ta lk e r s  in  the  p re se n c e  of white n o ise . In a ll  o th e r 

E x p erim e n ta l C onditions, th e  o ld er conductive h e a r in g  lo s s  group 

ob tained  h ig h e r in te llig ib ility  s c o re s  than  the  younger su b jec ts .

W ithin the  s e n s o r i-n e u ra l  g roups th e  le a s t  advantage fo r  the  

two age g roups w as obtained  w ith th e  se v e re ly  slop ing  s e n s o r i-n e u ra l  

g roup w here  the  s c o re s  w e re  w ith in  seven  p e rcen tag e  po in ts. The 

la rg e s t  age d iffe ren ce  (23 p e rcen tag e  points) fo r th e se  s e n s o r i ­

n e u ra l su b je c ts  w as found fo r the  m o d era te ly  sloping group , the  age 

d iffe ren ce  fo r  the l is te n e r s  having a fla t s e n s o r i-n e u ra l  h ea rin g  lo s s  

w as on th e  o rd e r  of 10 p e rcen tag e  po in ts w hich fa lls  betw een the  o th e r 

two g ro u p s. W ith re s p e c t  to  E x p erim en ta l Condition, the sm a lle s t  

age d iffe ren ce  o c c u rre d  fo r  the  w hite noise (1. 8%), follow ed by the 

fe m a le -sp e c tru m  shaped  n o ise  (3. 7%), lo w -p ass  no ise  (5. 4%), 

h ig h -p a ss  no ise  (6. 7%), and m a le -sp e c tru m  shaped n o ise  (13. 7%).

Sentence In te llig ib ility : n o rm a l 
subjects

A  se p a ra te  an a ly s is  w as p e rfo rm ed  on th e  d a ta  obtained fro m  

the  n o rm a l h e a rin g  su b je c ts  becau se , as d isc u sse d  e a r l ie r ,  the  age 

ran g e  fo r  th e se  l is te n e r s  w as v e ry  sm a ll and no o ld e r  su b jec ts  w ere  

te s te d .

In o rd e r  to  exam ine the  d a ta  fro m  the n o rm al h earin g  

l is te n e r s ,  an a n a ly s is  of v a ria n c e  w as p e rfo rm ed  betw een the  sen tence
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s c o re s  o f the l is te n e r s  w ith conductive h ea rin g  lo s s e s  and the  n o rm al 

h ea rin g  su b je c ts , b earin g  in  m ind tha t the  e ffec ts  of age m ight not be 

the  sam e  fo r  the  two g roups of l is te n e r s  (m ean age 25. 9 y e a r s  fo r  the  

n o rm al h e a rin g  l is te n e r s  and 5 0 .4  fo r  the  conductive h e a r in g  lo s s  

group).

T he conductive h ea rin g  lo s s  group w as chosen  because  i t  w as 

expected  th a t th e re  would be the g re a te s t  s im ila r ity  betw een the  two 

g roups on the b a s is  of d isc r im in a tio n  ab ility . In addition , th e se  two 

g roups had  the  sam e S /N  ra t io  (“15 dB) in  c o n tra s t to  the  s e n s o r i ­

n e u ra l g roups w hich had a h ig h er S /N  ra tio  of 0 dB.

T ab le  7 p re s e n ts  the  r e s u l ts  of th is  a n a ly s is  of v a ria n ce  

betw een the  n o rm al h ea rin g  and conductive h e a rin g  lo ss  sub jec t 

g roups. The r e s u l ts  show ed e sse n tia lly  the  sam e type of find ings a s  

fo r  th e  h e a r in g - im p a ire d  l is te n e r s .  S pecifica lly , th a t E x p e rim e n ta l 

C ondition (m asking no ise), T a lk e r  G ender and the  N o ise -G en d er in te r ­

ac tion  w ere  s ta t is t ic a lly  sign ifican t a s  w ell a s  the E x p e rim e n ta l G roup 

and i ts  in te ra c tio n s  w ith  N oise  and N o ise -G en d er.

T he m ean  s c o re s  fo r  th e  N o ise , T a lk e r  G ender and N o ise - 

G ender in te ra c tio n s  fo r  the  two g roups a re  p re se n te d  in  T ab le  8. An 

exam ination  of th e se  s c o re s  in d ic a te s  th a t in m o st in s ta n c e s  the  

s c o re s  fo r  the  two g roups w e re  v e ry  s im ila r .  The d iffe ren c e s , w hile 

s ta tis t ic a lly  s ig n ifican t, w ere  not la rg e . The conductive l is te n e r s  

ob tained  h ig h e r m ean  s c o re s  th an  the  n o rm al h ea rin g  l i s te n e r s  a t an
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TABLE 7

ANALYSIS OF VARIANCE FOR SENTENCE SCORES OF 
NORMAL AND CONDUCTIVE HEARING LOSS 

GROUPS OF LISTENERS

Source of 
V aria tio n

D e g re e s  of 
F re ed o m

M ean
Squares F -R a tio

Signif.
L eve l

N oise (N) 4 .48 40. 05 . 001
G ender (G) 1 .01 1. 25 . 025
NG In te ra c tio n 4 .02 2 .4 4 .0 0 5
W ithin su b jec t v a ria tio n 36 .01

E x p erim en ta l group (P) 1 .07 6. 24 . 005
N P  In te ra c tio n 4 . 02 2 .4 0 . 005
G P In te ra c tio n 1 .00 .7 3
NGP In te rac tio n 4 .01 1 .4 2 . 025
B etw een su b jec t v a ria tio n 144 .01



TABLE 8

MEAN SENTENCE SCORES (PERCENT CORRECT) FOR NORMAL HEARING AND CONDUCTIVE 
HEARING LOSS GROUPS BY TALKER GENDER AND NOISE CONDITION

M a l e
G e n d e r

F e m a l e

N oise H P L P WN MSN FSN M ean H P L P WN MSN FSN M ean

N orm al
hearin g 58 .7 95 .4 58 .5 24 .3 15 .6 50 .5 4 8 .6 . 93 .9 51 .9 27 .0 27 .6 49 .8

Conductive 
h earin g  lo ss 58 .9 80. 3 51 .7 42 .9 31 .5 53.1 49 .5 95 .5 78. 8 29 .7 51 .7 61. 0

M ean 58 .8 87 .9 55.1 33 .6 23 .6 51 .8 49 .1 94 .7 65 .4 28 .4 39 .7 55 .4

i
H P - High p a ss  noise
L P  - Low p a ss  no ise
WN - W hite no ise
MSN - M a le -sp e c tru m  shaped no ise
FSN - F e m a le -s p e c tru m  shaped  noise
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equal S /N  ra t io  (55. 3% v s . 46. 8%). M ale ta lk e r s  g e n e ra lly  obtained 

lo w er s c o re s  than  fem ale  ta lk e r s  fo r  both l is te n e r  g roups w ith  the 

m o st n o ticeab le  exception  o c c u rr in g  fo r  the  h ig h -p a s s  n o ise  w here 

th e  n o rm a l h e a rin g  group fo r  th e  m ale  ta lk e r s  ob tained  a 10 p e rcen t 

h ig h e r m ean  sc o re  than  the  fem ale  ta lk e r s .  F ig u re  21 p re s e n ts  the 

m ean  s c o r e s  fo r th e  N o ise -G e n d e r-E x p e rim e n ta l G roup  in te ra c tio n .

It is  notew orthy tha t the  m ask in g  e ffe c tiv en e ss  ran k in g s  

p re s e n te d  e a r l ie r  fo r  the  four h e a rin g  im p a ire d  l is te n e r  g ro u p s 

re m a in  constan t when the  n o rm al h e a rin g  su b je c ts  a re  in troduced : 

th e  lo w -p a s s  no ise  being the  le a s t  e ffec tive  m a s k e r  (94. 6% m ean  

sc o re  fo r  the n o rm a l h ea rin g  su b je c ts ) , follow ed by w hite no ise  

(55.1% ), h ig h -p a ss  no ise  (53. 5%), m a le -sp ec tru m " shaped  no ise  

(25. 6%), and fe m a le -sp e c tru m  shaped  no ise  (21. 2%).

In te r - ta lk e r  d iffe ren ces

Since d iffe ren t ta lk e r s  w ere  used  fo r  d iffe ren t com binations 

of e x p e r im e n ta l conditions and g ro u p s, it  w as d ifficu lt to  e s tim a te  

in te r - ta lk e r  d iffe ren c e s  d ire c tly . H ow ever, it i s  p o ss ib le  fo r  each  

com bination  of n o ise , ta lk e r  and ex p e rim e n ta l g roup  to  be ran k ed  on 

th e  b a s is  of th e  re la tiv e  p e rfo rm an c e  of the  d iffe ren t ta lk e r s .

F o r  each  com bination  of e x p e rim e n ta l g roup  and condition  

th re e  t a lk e r s  w e re  u sed  p e r  gender m aking it p o ss ib le  to  ran k  the 

ta lk e r s  in  te rm s  of re la tiv e  in te llig ib ility  in  s e ts  of th re e . T h ese
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F ig . 21. M ean p e rcen t s c o re s  fo r the e x p e rim e n ta l 
co n d itio n -g e n d e r-e x p e rim en ta l group in te ra c tio n  on th e  a n a ly s is  of 
v a ria n c e  fo r  the  sen tence  data  of th e  n o rm a l h e a rin g  and conductive 
h e a rin g  lo ss  g ro u p s. ~
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ran k in g s a re  shown in  T ab le  9. The five E x p e rim e n ta l G roups a re  

re p re se n te d  in  th e  co lum ns and th e  five E x p e rim e n ta l C onditions 

a re  re p re s e n te d  in  th e  ro w s . The six  e n tr ie s  p e r  c e l l  show the  

id e n titie s  of the  th re e  m a le  and th re e  fem ale  ta lk e r s  ran k ed  in  o rd e r  

of in te llig ib ility .

C e rta in  t re n d s  a re  ev iden t fro m  the  ta b le . Of the  m a le  

ta lk e r s ,  M5 show ed th e  h ig h est in te llig ib ility  s c o re s  in  a lm o st ev e ry  

c a se . M4 w as c o n s is te n tly  th e  next m o st in te llig ib le  ta lk e r  (and 

b est in  th o se  c e lls  w here  M5 w as not re p re se n te d ) , M l, M2, M3 

show ed s im ila r  in te llig ib ility  s c o re s ,  and th e ir  r e la t iv e  ran k in g s  

v a r ie d  betw een cond itions. Of the fem ale  ta lk e r s ,  F 2  c o n s is ten tly  

ob tained  the  h ig h est in te llig ib ility  s c o re s .  F3 and F 4  show ed s im i­

l a r  ran k in g s , co n s is ten tly  below F2 and above both F I  and F 5 . F I  

and F5 show ed e s se n tia lly  the  sam e ran k in g s .

It is  in te re s tin g  to  note th a t w hile the  fe m a le s  ob tained  h ig h er 

in te llig ib ility  s c o re s ,  on a v e ra g e , the  b e s t m ale  ta lk e r  w as c o n s is te n t­

ly  b e tte r  th an  at le a s t  two of the fem ale  ta lk e r s  (F l  and F5) and 

roughly  co m p arab le  to  F3 and F4 . The low est in te llig ib ility  s c o re s  

fo r  both the  m a le  and fem ale  ta lk e r s  w e re  about equal. In co m p arin g  

m ale  and fem ale  ta lk e r s  the  fem ale  ta lk e r s  w e re  ran k e d  h ig h e r , on 

av e rag e , but the  two g ro u p s overlapped  c o n s is ten tly . In only one of 

the  fifteen  conditions c o n s id e re d , the  lo w -p ass  n o ise  cond ition  fo r 

the  se v e re ly  slop ing  s e n s o r i -n e u ra l  l is te n e r s ,  the  fem a le  t a lk e r s  a re



TABLE 9

TALKER RANKINGS IN ORDER O P INTELLIGIBILITY SCORES (WITH SIX ENTRIES PE R  C ELL
REPRESENTING THE SIX TALKERS PER CONDITION)

N oise T a lk e r 1 2
E x p erim en ta l Group*

3 4 5

H ig h -p ass M M4M3 M l M4M3 M l M1M3M4 M4 M3 M l M3 M4 M l
F F1F5F3 F 5F 1F3 F3F 1F5 F3F 5 F l F3 F1F 5

M2
L ow -pass M M3 M2 M l M1M2M3 M l M3M2 M1M2 M3 M3M1

F F3F 5 F4 F 3F 4  F5 F3F 4  F5 F4F 3 F5 F3F 5F 4

W hite M M5M1 M2 M5 M2M1 M5M2 M l M5M2 M l M5 M2 M l
F F2F 3 F l F2 F3 F l F2 F3F1 F2 F l  F3 F2 F3 F l

M ale- M M4M2M5 M5 M4M2 ’ M2M5M4 M5M4 M2 M5M4 M2
sp ec tru m F F2 F4F1 F2 F4 F l F2F 4 F l F2 F1F4 F2 F4 F l

F e m a le - M M5 M4M3 M5M4 M3 M5M4 M3 M5 M3M4 M5 M4M3
sp e c tru m F F4 F2F5 F2 F4F5 F2 F4F5 F5F 4F 2 F4F 2 F5

*N um bers r e f e r  to group a ss ig n m en ts  u sed  throughout the  study (see T ab le  6).
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m o re  in te llig ib ile  than  the m ale  ta lk e r s .  In one o th e r  c a s e , h igh- 

p a ss  no ise  fo r  the  f la t s e n s o r i-n e u ra l  g roup , th e re  w as m a rg in a l 

o v e rlap  in  tha t the  low est ran k ed  fem ale  ta lk e r  w as equal in  in te l l i ­

g ib ility  to  th e  h ig h es t m a le  ta lk e r . In  a ll  o th e r  cond itions one o r  

m o re  m ale  ta lk e r s  w ere  ranked  above one o r  m o re  fem a le  ta lk e r s  in  

te r m s  of re la tiv e  in te llig ib ility .

An add itional factor, affecting  the  re la tiv e  ran k in g s  betw een 

the  m a le  and fem ale  ta lk e r s  is  the  sp e c tru m  of the  m ask in g  no ise . 

W hen th e  h ig h -p a ss  no ise  is  p re se n te d  th e  m ale  ta lk e r s  sc o re  h ig h e r 

(m ore  in te llig ib le ) th an  th e  fem ale  ta lk e r s .  W hen the  m ask in g  signal 

is  w hite no ise  the  fem ale  ta lk e r s  a re  m o re  in te llig ib le . W hen low - 

p a ss  no ise  is  p re se n te d  th e  effect is  the  sam e. F o r  m a le -s p e c tru m  

shaped  no ise  the  fem ale  ta lk e r s  a re  b e tte r , but fo r  the  fe m a le -  

sp e c tru m  shaped  no ise  the  r e s u l ts  a re  m ixed .

In su m m ary , th e re  a p p e a rs  to  be a c o n s is ten t p a tte rn  show ing 

la rg e  d iffe re n c e s  betw een ta lk e r s ,  but th e  fem ale  ta lk e r s ,  on the 

a v e ra g e , w ere  m o re  in te llig ib le  th an  th e  m ale  ta lk e r s  in  th e  study.

In p a r t ic u la r ,  the  b est fem a le  (F2) is  co n s is ten tly  m o re  in te llig ib le  

th an  the  b est m ale  (M5). In addition , it  w as d e te rm in e d  th a t the 

sp e c tru m  of the  m ask ing  noise  a ffe c ts  the  re la tiv e  d iffe re n c e s  betw een, 

th e  m ale  and fem ale  ta lk e r s .
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S um m ary ; Sentence In te llig ib ility  
fo r  a ll  su b je c ts

T he follow ing e ffec ts  w e re  found to  be s ig n ific an t fo r  a ll  

l i s te n e r s  w h e th er o r  not they  w ere  h e a rin g  im p a ire d :

1. T he fem ale  ta lk e r s  w e re , on a v e ra g e , m o re  in te llig ib le  

than  the  m ale  ta lk e r s  (even a f te r  th e  ad ju stm en t fo r  the  low s ig n a l - 

to -n o is e  ra t io  fo r  one m ale  ta lk e r ) .

2. T h e re  a re  c o n sis ten t m ask ing  no ise  e ffe c ts  w ith the  d i f f e r ­

ent m a s k e rs  producing  d iffe ren t am ounts of in te llig ib ility  d e c re m e n t. 

The lo w -p a ss  no ise  w as th e  le a s t  effective  m a s k e r , follow ed by w hite  

n o ise , h ig h -p a ss  n o ise , and finally  m a le -s p e c tru m  and fem a le - 

sp e c tru m  shaped n o ise .

3. F o r  the  h e a r in g - im p a ire d  su b je c ts , in te llig ib ility  

s c o re s  fo r  th e  g roups d e c re a se d  a s  the  h igh  freq u en cy  s e n s o r i -n e u ra l  

h e a rin g  lo s s  in c re a s e d . Age w as a lso  found to  be a  sign ifican t 

fa c to r , but an  unexpected  in te ra c tio n  w as noted fo r  th e  conductive 

h e a r in g  lo s s  group w here  the  o ld e r  su b je c ts  c o n s is te n tly  sc o re d  h ig h e r  

th an  th e i r  younger c o u n te rp a r ts .

Syllable  D isc rim in a tio n : su b jec ts  
w ith  h e a r in g  lo s s

T he sam e sequence of a n a ly se s  w as follow ed fo r  the non sen se  

sy lla b le s  a s  w as u sed  fo r  the  se n te n c e s . T h ese  a n a ly se s  w ere  then  

follow ed by an a n a ly s is  of the e r r o r  p a tte rn s  ob tained  w ith  th e  non­
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se n se  sy lla b le s . In a ll a n a ly se s  involving the  n o n sen se  sy llab le s , th e  

p e rc e n t c o r r e c t  sc o re  is  u sed . Any a d ju s tm en ts  fo r  random  gu essin g  

e ffe c ts  w e re  not included.

The f i r s t  a n a ly sis  o f v a ria n c e  c o n sid e re d  th e  follow ing 

fa c to rs :  E x p e rim e n ta l Condition, T a lk e r , Age and E x p e rim e n ta l 

G roup . T he m ethod  u sed  fo r  te s tin g  s ta t is t ic a l  s ig n ifican ce  fo r 

betw een and w ith in  su b jec ts  w as the  sam e  a s  w as u se d  in  the  e a r l ie r  

s e c tio n s . A lso  a s  d isc u sse d  e a r l ie r ,  the  n o rm a l h e a r in g  l is te n e r s  

w e re  not included  in  the m ain  an a ly s is  of v a ria n c e  in  o rd e r  th a t age 

m igh t be one of the  v a r ia b le s .

A s can  be seen  in  T able 10, a ll of the  m a in  e ffe c ts  w ere  found 

to  be s ta tis t ic a lly  sign ifican t: E x p e rim e n ta l C ondition, Age, G ender 

and E x p e rim e n ta l G roup. T hese  fa c to rs  a re  d isc u sse d  below.

E x p e rim e n ta l Condition. The fou r e x p e r im e n ta l conditions 

show ed la rg e  d iffe ren ces  in  m ean  s c o re . The h ig h es t s c o re s  w ere  

ob tained  fo r  th e  +6 dB /octave  slope condition . S c o re s  fo r  the 0 dB / 

oc tave  slope  and the  -6  d B /oc tave  slope cond itions w e re  v e ry  s im ila r  

and  th e re  w as a v e ry  la rg e  drop  in  the  s c o re s  fo r  th e  no ise  condition . 

T he m ean  s c o re s  fo r  each  of the  E x p e rim e n ta l C ond itions a re  show n 

in  T ab le  11.

T a lk e r . L arg e  ta lk e r  d iffe ren c e s  w e re  ob tained  w ith the m a le  

ta lk e r  obtain ing  a 66.1 p e rc en t m ean  sc o re  a s  c o m p a re d  to  a
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TABLE 10

ANALYSIS O F VARIANCE FOR NONSENSE SYLLABLE 
SCORES OF HEARING-IMPAIRED LISTENERS

Source of 
V aria tio n

D eg rees  of 
F reed o m

M ean
Squares F -R a tio

Signif.
L evel

E x p erim en ta l condition (F) 3 7. 52 483 .20 .001
T a lk e r  (G) 1 .55 35. 54 . 001
FG In te ra c tio n 3 .07 4 .8 2 .007
W ithin sub ject v a ria tio n 99 .01

Age (A) 1 .65 5 .7 0 .005
E x p erim en ta l group (P) 3 3.27 28. 68 . 001
A P In te ra c tio n 3 1 .00 8. 77 .001
FA  In te ra c tio n 3 . 00 . 05
GA In te ra c tio n 1 .08 7 .39 .001
FGA In te rac tio n 3 .02 .21
F P  In te ra c tio n 9 . 09 . 82
G P In te ra c tio n 3 .00 .0 4
FG P In te rac tio n 9 .01 .16
FA P In te ra c tio n 9 .1 4 1 .28 .001
GAP In te ra c tio n 3 .02 .1 9
FG A P In te ra c tio n 9 .01 .09
B etw een su b jec t v a ria tio n 220 .11
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TABLE 11

NONSENSE SYLLABLE SCORES FOR HEARING IM PAIRED 
LISTENERS FOR FOUR EXPERIM ENTAL CONDITIONS

E x p erim en ta l Condition P e rc e n t  C o rre c t

0 dB /octave  slope 6 8 .3

+6 dB /octave  slope 7 7 .4

-6  dB /octave  slope 6 6 .8

0 dB /octave  slope + noise ,4 2 .8
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62. 2 p e rc en t m ean  s c o re  fo r  th e  fem ale  ta lk e r  w hen a v e rag ed  

a c ro s s  a ll  conditions. In  c o m p ariso n , on the  se n ten c e  da ta , th is  

sa m e  m ale  ta lk e r  obtained  a h ig h e r sc o re  th an  th e  c o rre sp o n d in g  

fem a le  ta lk e r  fo r  th e  sam e  no ise  conditions.

Age. The e ffec t of age on the  nonsense  sy lla b le  m a te r ia ls  

w as of ap p rox im ate ly  th e  sam e  m agnitude a s  the  e ffec t of ta lk e r  

g en d er. The younger l is te n e r s  obtained h ig h e r s c o re s  than  the  o ld e r  

su b je c ts , av erag ed  o v e r both E x p e rim e n ta l G roup and E x p e rim e n ta l 

C ondition. The m ean  sc o re  fo r  the younger l is te n e r s  w as 66 . 4  

p e rc e n t as  co m p ared  to  a  62. 0 p e rc en t fo r  the  o ld e r  su b je c ts .

E x p e rim e n ta l G roup . The a v e rag e  s c o r e s  fo r  the fou r e x p e r i  

m en ta l g roups c o n s id e re d  in  th is  a n a ly s is  show a s im ila r i ty  based  

upon the  aud io log ica l co n fig u ra tio n  of the h e a rin g  lo s s .  The m ean  

s c o re s  fo r  the  conductive and fla t s e n s o r i-n e u ra l  g ro u p s  w ere  a lm o st 

id e n tic a l (72. 0% v s . 72.5% ). The m o d era te ly  slop ing  and se v e re ly  

slop ing  s e n s o r i-n e u ra l  g roups obtained  s c o re s  m a rk e d ly  below the 

p rev io u s  g roups but w ith  s im ila r  m ean  s c o re s  of 57. 4% and 54, 0%, 

re sp e c tiv e ly .

A g e -E x p e rim en ta l G roup In te ra c tio n . T he r e s u l ts  of the 

A g e -E x p e rim en ta l G roup In te ra c tio n  a re  p re se n te d  in  F ig u re  22. As 

can  be seen  in  the f ig u re , th e re  a re  d iffe ren c e s  in  th e  p e rfo rm an c e
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F ig . 22. M ean p e rc en t s c o re s  fo r  the  h e a r in g  im p a ire d  
l is te n e r s  fo r  the  a g e -e x p e rim e n ta l group in te ra c tio n  on the  a n a ly s is  
of v a ria n c e  of the nonsense  sy llab le  da ta .
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of the  conductive and fla t s e n s o r i-n e u ra l  g roups c o m p a red  to  the tw o 

sloping s e n s o r i -n e u ra l  g roups. T he o ld e r l is te n e r s  w ith the f la t 

lo s s e s  ob tained  h ig h er s c o re s  th a n  th e ir  younger c o u n te rp a r ts , 

although the  d iffe ren c e s  a re  not la rg e . T h is  s itu a tio n  is  re v e r s e d  

fo r  the  two slop ing  s e n s o r i-n e u ra l  g roups w here  th e  younger su b je c ts  

ob tained  the  h ig h e r  s c o re s  and the m agnitude of th e  m ean  d iffe re n c e s  

in c re a s e d  m ark e d ly  fro m  2% to 5% fo r  the  f la t co n fig u ra tio n s to  7% to  

18% fo r the  slop ing  g roups.

G ender-A ge  In te ra c tio n . F ig u re  23 p re s e n ts  the  r e s u l ts  of 

th e  G ender-A ge in te ra c tio n . In th is  co m p ariso n  th e  m ale  ta lk e r  

ob tained  the  h ig h e r  m ean  sc o re  fo r  both the younger and o ld e r 

l is te n e r s ,  a lthough the  d iffe ren ce  betw een the g roups fo r the fem ale  

ta lk e r  is  of s m a lle r  m agnitude th an  th e  m ale  ta lk e r .

E x p e rim e n ta l C ond ition -G ender In te ra c tio n . F ig u re  24 show s 

th e  s c o re s  fo r  th e  m ale  and fem ale  ta lk e r  on each  e x p e rim e n ta l con­

d ition . On av e rag e , the  s c o re s  fo r  each  condition show a sy s te m a tic  

decline  going fro m  the +6 d B /o c tav e  slope  f i l te r  condition  to  th e  0 dB / 

octave slope f i l le r  condition , to  the  -6  d B /o c tav e  slope  condition, to 

the  no ise  condition . The s c o re s  fo r  the  m a le  ta lk e r  a re  co n s is ten tly  

h ig h e r than  th o se  fo r the  fem ale , but the  m agnitude of the d iffe ren ce  

changes betw een E x p e rim e n ta l C onditions. F o r  exam ple , it is  only 

2 .5  p e rcen tag e  po in ts  fo r  the  -6  d B /o c tav e  slope cond ition , w h e rea s



116

F ig . 23. M ean p e rcen t s c o re s  fo r  the  g e n d e r-ag e  in te ra c tio n  
on the  a n a ly s is  of v a rian ce  of the  nonsense sy llab le  d a ta  of the h ea rin g  
im p a ired  l is te n e r s .
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F ig . 24. M ean p e rc e n t s c o re s  fo r  the e x p e rim e n ta l condi- 
t io n -g e n d e r  in te ra c tio n  fo r  the  a n a ly s is  of v a ria n c e  on  the  nonsense  
sy llab le  da ta  of the  h e a r in g  im p a ire d  l is te n e r s .
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fo r  th e  n o ise  condition , the  sc o re  fo r  the  m a le  ta lk e r  i s  ov e r 9 p e rc e n t 

h ig h e r th an  th a t of the  fem ale  ta lk e r .

E x p e rim e n ta l C o n d itio n -A g e-E x p erim en ta l G roup  In te ra c ­

tion . Only one th re e - le v e l  in te ra c tio n  w as found to  be s ta tis t ic a lly  

s ig n ifican t. F ig u re  25 show s th e  p e rc e n t s c o re s  fo r  e a c h  l is te n e r  and 

age g roup  as a function  of ex p e rim e n ta l condition. F o r  the  m o st p a r t  

th e  younger l is te n e r s  obtained  b e tte r  s c o re s  than  th e  o ld e r  l is te n e r s ,  

w ith  the  excep tion  being the  conductive h e a rin g  lo s s  g ro u p . A lso 

in d ica ted  is  th a t th e  ran g e  of s c o re s  w ithin  e x p e rim e n ta l cond itions 

w as la rg e  fo r  the  -6  d B /o c tav e  slope condition , and re la tiv e ly  sm a ll 

fo r  the  +6 d B /o c tav e  slope  and sp ec tru m -sh ap ed  n o ise  cond itions.

Syllable  D isc rim in a tio n : 
n o rm a l h e a rin g  su b je c ts

A se p a ra te  a n a ly s is  of v a ria n c e  w as u sed  in  analyzing  the 

d a ta  ob tained  fo r  the  n o rm a l h e a rin g  l is te n e r s .  As w as done in  th e  

a n a ly s is  of th e  sen ten ce  m a te r ia ls ,  both n o rm al h e a r in g  and conduc- 

tiv e ly  im p a ire d  su b je c ts  w e re  included  in th is  a n a ly s is  b ecau se  th e re  

w as re a s o n  to  expect s im ila r i t ie s  in  the  p e rfo rm an c e  of the  two 

g ro u p s.

T able  12 show s the r e s u l ts  of th e  a n a ly s is  of v a r ia n c e . The 

r e s u l ts  of the  an a ly s is  show th a t both of th e  fa c to rs  w hich a re  v a r ie d  

w ith in  each  su b jec t a re  s ta tis t ic a lly  s ig n ifican t, nam ely  E x p e rim e n ta l
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F ig . 25. M ean p e rc e n t s c o re s  fo r  th e  e x p e rim e n ta l condi­
tio n -a g e -e x p e r im e n ta l group in te ra c tio n  fo r  th e  a n a ly s is  of v a ria n ce  
of th e  n o n sen se  sy llab le  da ta  of the  h e a rin g  im p a ire d  l is te n e r s .
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TABLE 12

ANALYSIS O F VARIANCE ON NONSENSE SYLLABLE 
MATERIALS FOR NORMAL HEARING AND 

CONDUCTIVE HEARING LOSS GROUPS 
O F LISTENERS

S ource  of 
V a ria tio n

D e g re e s  of 
F re e d o m

M ean
S quares F -R a tio

Signif.
L ev e l

E x p e rim e n ta l
cond ition  (F) 3 10989. 0 620. . 001

T a lk e r  (G) 1 743. 9 .001
FG  In te ra c tio n  
W ithin  su b jec t

3 106. 8 6 . 03 .003

v a ria tio n 17 17. 7
....

E x p e rim e n ta l
g roup  (P) 1 6088. 5 3. 48 . 010

F P  In te ra c tio n 3 94. 9 . 05
G P  In te ra c tio n 1 . 1 . 00
F G P  In te ra c tio n  
B etw een  su b jec t 

v a r ia tio n

3

117

7 .5  

1747.5

. 00
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Condition and T a lk e r  e ffe c ts . Of the  fa c to rs  v a rie d  a c ro s s  su b je c ts , 

E x p erim en ta l G roup w as found to  be s ta tis tic a lly  s ig n ifican t.

Since the  effect of h earin g  lo s s  w as shown to  be s ig n ifican t, 

the  m ean  s c o re s  fo r  the  two g roups w ere  then  exam ined . T hose 

s c o re s  a re  p re se n te d  in  T ab le  13. The n o rm al h ea rin g  l is te n e r s  

obtained h ig h e r m ean  s c o re s  (82.4%) than  the conductive h ea rin g  lo s s  

group, the  la t te r  obtaining a  m ean  sc o re  of 70. 0%. Upon co m p ariso n  

w ith the  m ean  s c o re s  of th e  s e n s o r i-n e u ra l  g roups, i t  w as found th a t 

the  conductive and flat s e n s o r i-n e u ra l  groups y ie lded  e s se n tia lly  the 

sam e sc o re  (71%), and the  s c o re s  fo r  the sloping s e n s o r i-n e u ra l  

g roups d e c re a se d  fro m  57% to  53% a s  the high frequency  involvem ent 

in c re a se d . A s w as the c a se  fo r the  sen tence  m a te r ia ls ,  the  n o rm a l-  

h earin g  su b je c ts  ob tained  the  h ighest s c o re s  of any of th e  E x p e rim e n ta l 

G roups.

Sum m ary: nonsense  sy llab le  
d isc rim in a tio n

T he an a ly se s  on the  nonsense  sy llab le  s c o re s  in d ica ted  th a t:

1. T he +6 d B /o c tav e  slope f i l te r  condition p ro v id es  the  

g re a te s t  in te llig ib ility  fo r  a ll  l is te n e r s  of a ll ages.

2. M asking by sp e e c h -sp e c tru m  shaped no ise  p roduced  the  

low est sy llab le  d isc r im in a tio n  s c o re s  fo r  a ll l is te n e r s  of a ll ag es.

3. T he m ale  ta lk e r  w as co n sis ten tly  m o re  in te llig ib le  than  

the  fem ale  ta lk e r  fo r  a ll  E x p erim en ta l G roups, E x p e rim e n ta l



TABLE 13

MEAN NONSENSE SYLLABLE PER C EN T SCORES FOR NORMAL AND CONDUCTIVE 
HEARING LOSS GROUPS BY TALKER AND EXPERIM ENTAL CONDITION

M a le
T a l k e r

F e m a l e

E x p erim en ta l
Condition +6 -6 0 N oise M ean +6 -6 0 N oise M ean

N orm al h earin g 95 .7 92 .0 89 .9 60 .4 84 .5 93 .5 88.8 87. 1 51.6 80.3

Conductive 
h earin g  lo ss 82 .5 76 .9 77 .7 51 .8 72 .2 79.3 72 .2 77.3 42 .6 67 .9

M ean 89.1 84 .5 83.8 56.1 93 .8 86 .4 80 .5 82 .2 47.1 74.1
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C onditions and A ges.

4. T he fla t au d io m etric  con fig u ra tio n  ob tained  h ig h er s c o r e s  

th an  e ith e r  of th e  slop ing  s e n s o r i-n e u ra l  g roups.

E ffe c ts  on ind iv idua l 
n o n sen se  sy lla b le s

In o rd e r  to  exam ine the  e ffec ts  of the  ex p e rim e n ta l v a r ia b le s  

on ind iv idual sy lla b le s  of th e  non sen se  sy llab le  te s t ,  confusion  

m a tr ic e s  w ere  ob tained  fo r  each  com bination  of th e  m ain  fa c to rs , i. e . .  

E x p e rim e n ta l G roup, T a lk e r , E x p e rim e n ta l C ondition and Age. The 

ro w s of each  confusion  m a tr ix  r e p re s e n t  the  in tended  sy lla b le s  

(i. e . , ta rg e ts )  and the  colum ns iden tify  the  sy llab le  in tended  by the 

l is te n e r  (i. e . , re s p o n se s ) .

Two a n a ly se s  w e re  p e rfo rm e d . T he f i r s t  d ea lt w ith  the  

freq u en cy  of c o r r e c t  id en tifica tio n  of each  sy llab le . T h ese  data  

w e re  p ro v id ed  by th e  p ro p o rtio n s  in  th e  diagonal c e l ls  of the  m a tr ix . 

T he seco n d  a n a ly s is  d ea lt w ith  the  confusions, i. e . , e n tr ie s  in  c e lls  

o th e r  th a n  the  d iagonal. T he a n a ly s is  of c o r r e c t  id en tific a tio n  w ill be 

d e sc r ib e d  f i r s t .

A n a ly ses  of v a ria n c e  w e re  p e rfo rm e d  on the  ta rg e t  r e s p o n s ­

e s  of e ac h  m a tr ix . S e ts  of fo u r fa c to rs  w e re  c o n s id e re d  fo r  each  sub-- 

te s t :  S y llab le , T a lk e r , E x p e rim e n ta l C ondition and E x p e rim e n ta l
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G roup (o r Age).

A  s e p a ra te  a n a ly s is  of v a ria n ce  w as done fo r  each  su b te s t 

s in ce  the  ta rg e t  sy lla b le s  d iffe red  betw een su b te s ts . T ab le  14 p r e ­

s e n ts  the  r e s u l ts  of th e se  fo r  each  su b te s t of the  n o n sen se  sy llab le  

t e s t .  A s can  be se e n  in  T ab le  14, th e re  a re  c e r ta in  fa c to r s  th a t con ­

s is te n tly  show s ta t is t ic a lly  s ig n ifican t d iffe re n c e s . T h e se  w ere  

T a rg e t  S y llab le , E x p e rim e n ta l C ondition and E x p e rim e n ta l G roup. Of 

the  in te ra c tio n s  c o n s id e re d , only T a rg e t S y llab le -T a lk e rG e n d e r, 

T a rg e t  S y lla b le -E x p e rim e n ta l C ondition and T a rg e t S y lla b le -E x p e ri­

m e n ta l G roup in te ra c tio n s  co n s is ten tly  show s ta t is t ic a l ly  sign ifican t 

e ffe c ts .

Of p r im a ry  in te re s t  in  th is  sec tio n  a re  th e  T a rg e t  Syllable 

e ffe c ts  and any in te ra c tio n s  involving the  ta rg e t  sy lla b le s ;  th e  e ffec ts  

of th e  o th e r  v a r ia b le s  in  the  a n a ly s is  have been  d is c u s se d  e a r l ie r .  

T ab le  15 p re s e n ts  th e  m ean  s c o re s  fo r  each  ta rg e t  in  th e  a n a ly sis .

In  th is  tab le  th e  ro w s re p re s e n t  the  ta rg e t  sy llab le  and th e  co lum ns 

r e p re s e n t  the  p e rc e n t c o r re c t  fo r  each  ta rg e t  fo r  e a c h  ind iv idual su b ­

te s t .  T he tab le  s e p a ra te s  the  ta rg e ts  in to  vo iced  and v o ic e le s s  con­

so n an ts  and re v e a ls  s e v e ra l  tre n d s  re g a rd in g  the  ta r g e t  sy llab le s :

1. The sy lla b le s  w ith v o iced  consonan ts ty p ic a lly  showed

O
It w as not p o ss ib le  to  co m pare  E x p e rim e n ta l G roup and Age 

v a r ia b le s  fo r  a ll  com binations of th e se  two v a r ia b le s  s in ce  the  
n o rm a l-h e a r in g  g roup  c o n s is te d  of young l is te n e r s  on ly .
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TABLE 14

SIGNIFICANCE LEV ELS FOR THOSE E F F E C T S  INVOLVING 
D IFFE R E N T  TARGETS O F THE NONSENSE SYLLABLE 
SUBTESTS CONSIDERED BY EX PERIM EN TA L GROUP

Subtest
Source  of
V a ria tio n 1 2 3 4 5 6 7

T a rg e t (T) .001 .001 . 001 . 001 . 001 . 001 .001

T a lk e r  (G) .597 .313 .001 .001 .001 . 029 .004

'i’G In te ra c tio n . 001 .001 . 001 .148 .001 . 001 .001

E x p erim e n ta l 
condition  (F) . 001 .001 .001 .001 .001 . 001 .001

T F  In te ra c tio n .001 .001 .001 .001 . 001 .001 .001

G F In te ra c tio n . 083 .7 9 0 .043 .044 .173 . 059 .004

TG F In te ra c tio n .2 7 5 .063 . 001 .076 .3 8 0 . 001 .013

Age (A) .001 .001 .001 .001 .001 . 001 .001

TA In te ra c tio n .2 1 8 .0 2 4 .357 .097 .005 . 001 .010

TE In te ra c tio n .001 .001 .001 . 002 .007 .001 .001

GE In te ra c tio n .3 0 6 .170 .012 .593 . 566 .306 .552

TGE In te ra c tio n .3 7 5 . 060 .004 .651 .095 .234 .016

F E  In te ra c tio n .441 .002 .0 0 4 .166 .004 .0 4 4 .156

T F E  In te ra c tio n .583 .0 3 4 .001 .919 .8 0 0 .431 .023



TABLE 15

MEAN SCORES FOR EACH TARGET O F THE NONSENSE SYLLABLE MATERIALS BY SUBTEST

V o ice less  C onsonants
Subtest
N um ber Type p t  k f  &  s  j  t j  h

1 a f te r  / a / . 77 . 70 . 69 .41 . 23 . 54 .8 2

2 a f te r  /u / . 67 . 62 . 68 . 77 . 59 .4 9 .5 9

3 a f te r  l i t .4 9 . 75 .7 4 . 18 .41 .6 4 .81

M ean (average  a fte r  
vowel)

. 64 .6 9 .7 0 .46 .41 .5 5 .7 4

*•0 b efo re  / a / . 76 .73 .7 0 .7 7 .5 5 .7 6 . 7-4 .86  .7 4

M ean (average
1+2+3+5)

.6 7 .7 0 .7 0 .53 ,45 .61 .7 4
•«
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TABLE 15--C ontinued

Subtest
N um ber Type b d

V oiced C onsonants 

g v  9  z T O1 n 1 w 3 d j  r

6 b efo re  / a / .8 2 .81 .7 7 .86 .6 5  .8 7  .8 4  .81

7 b efo re  / a / .5 4 .8 0 .7 2  .2 4 . 62 .7 2 .8 4 .8 9

•Mean (average  6+7) . 68 .8 0

4 a fte r  / a / . 70 . 76 .68  .4 9 . 12 .7 9 .7 7 .8 0  .8 5

M ean (average
6+7+4)

.6 9 .79 .7 2  .36 .37 .76 .8 0 .8 4
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h ig h e r o v e ra ll  m ean  s c o re s  th an  th o se  w ith  v o ic e le ss  co n so n an ts .

2. T h e re  w ere  d iffe re n c e s  in  m ean  sc o re  betw een  th e  d if f e r ­

en t ta r g e ts  fo r  th e  sam e  consonan ts w ith  d ifferen t vow el e n v iro n m e n ts . 

F o r  ex am p le , the  w eak f r ic a tiv e  consonan ts I t  I  and I d / had h ig h e r  

in te llig ib ility  a f te r  / u /  and low in te llig ib ility  a f te r  / i / .

3. T h e re  w ere  d iffe re n c e s  in  ta rg e t  sy llab le  d is c r im in a b ili ty  

depending on th e  ensem b le  of p o ss ib le  re sp o n se s  in  a su b te s t. F o r  

ex am p le , th e  ta rg e t  / b / is  p re s e n te d  befo re  th e  vow el / a /  fo r  both 

su b te s ts  s ix  and seven , y e t in  one suLuesc the  m ean  s c o re  i s : 82% w hile  

in  th e  o th e r  it is  54%.

4. H igher s c o re s  w e re  ob ta ined , on the  a v e ra g e , fo r v o ic e ­

le s s  co n so n an ts  in  th e  in it ia l  p o sitio n  as opposed to  th e  fina l p o sitio n . 

T h is e ffec t w as g r e a te r  fo r  th e  f r ic a tiv e s  than  the p lo s iv e s . In itia l-  

fina l d iffe re n c e s  fo r  vo iced  ta r g e ts  v a r ie d  acco rd ing  to  consonant 

type .

In add ition  to  the  m a jo r  t r e n d s  c ited  above, a  n u m b er of 

in te ra c tio n s  w e re  o b se rv ed . T he la rg e s t  in te ra c tio n s  a r e  re p o r te d  

below  and th e  m o re  d e ta iled  tab u la tio n s  a re  p re se n te d  in  A ppendix L .

T a rg e t S y lla b le -T a lk e r  In te ra c tio n . F o r  the  vo iced  c o n so ­

nan ts  th e  m a le  ta lk e r  ob tained  h ig h e r s c o re s  th an  the fem a le  ta lk e r .  

F o r  th e  v o ic e le s s  ta rg e ts  th is  s itu a tio n  follow s even though the  advan ­

tag e  in  m a le  ta lk e r  in te llig ib ility  i s  l e s s .
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A lthough fo r  m o s t co nsonan ts the  sc o re  fo r  th e  m ale  

ta lk e r  w as h ig h e r th an  th o se  fo r  th e  fem ale  (as  in  / d / ,  /  *2? / ,  / z / ,

/ n / ,  / j / ,  / d / ,  f r f ,  t s / ,  / h / ,  and /J*/), th e re  a r e  th o se  con­

so n an ts  fo r  w hich th e  fem a le  ta lk e r  obtained  the  h ig h e r s c o re  ( / l / ,  

/w / ,  / f / ,  / t / ,  / p / ,  and /k / ) .  In m o st c a s e s  w hen the  m ale

ob ta ined  h ig h e r s c o re s  i t  w as a c ro s s  co n tex ts , but th e re  w ere  a few 

ex cep tio n s . F o r  exam p le , the  ta rg e t  / b / w hich a p p e a rs  in  two 

c o n tex ts  (both b efo re  and a f te r  / a / ) .  W hen /b a /  i s  th e  ta r g e t ,  a s  

in  su b te s ts  6 and 7, the  fem a le  ta lk e r  ob ta ins the h ig h e r  s c o re . In 

c o m p a riso n  w hen / a b /  i s  th e  ta rg e t ,  the  m a le  ta lk e r  o b ta in s the  

h ig h e r  s c o re .

T a rg e t  S y lla b le -E x p e rim e n ta l G roup In te ra c tio n . T he d a ta  

show ing th is  in te ra c tio n  m ay  be found in  A ppendix M.

A rev iew  of the  m ean  s c o re s  fo r  th e  n o n sen se  sy lla b le s  

w ith  vo iced  consonan ts re v e a ls  a  n u m b er of re la tio n sh ip s :

(a) The consonan ts / d / ,  /  w /, / z / ,  a n d / # /  a re  affected

m o re  by l is te n e r  h e a rin g  lo s s  th an  o th e r co n so n an ts . F o r  exam ple , 

th e  m ea n  s c o re  fo r  I d /  fo r  th e  conductive h e a r in g  lo s s  g roup  w as 

84%, 86 . 5% fo r  the  f la t s e n s o r i -n e u ra l  g roup but d ropped  to  67% fo r  

th e  s e v e re ly  slop ing  s e n s o r i -n e u ra l  group of l i s te n e r s .

(b) The consonan ts / g / ,  / m / ,  and / n /  a p p e a r  to  be r e l a ­

tiv e ly  independen t of l is te n e r  h e a r in g  lo s s .  The m ea n  sc o re  fo r  /m /



133

fo r  th e  a f te r  / a /  vow el context w as 80% fo r  the  s e v e re ly  slop ing  

s e n s o r i -n e u ra l  g roup  and 78% fo r  th e  conductive g ro u p  of l is te n e r s .

(c) Of the  consonan ts c o n sid e red , / j / ,  / w / ,  / l / ,  / r / ,

/g / ,  and  /dJ  ) w e re  p re se n te d  in  only one vow el con tex t (a fte r  

/ a / ) ,  so  th a t it  is  d ifficu lt to  g en e ra lize  th e se  r e s u l t s  fo r  a ll  co n so ­

nant ty p e s . N e v e r th e le s s , th e se  consonan ts show ed m a rk e d  d if fe r ­

en ces in  s c o re s  betw een the  d iffe ren t e x p e rim e n ta l g ro u p s .

T he m ean  s c o re s  fo r  the  nonsense  sy lla b le s  involv ing  v o ic e ­

le s s  co n so n an ts  re v e a le d  th a t th e  s c o re s  fo r  i s / ,  1 9 1 ,  / i '/  and

/  § /  a re  re la tiv e ly  p o o re r  fo r the  l is te n e r s  w ith  the  s e v e re ly  slop ing  

lo s s e s ,  in d ica tin g  th a t som e consonan ts a re  a ffec ted  re la tiv e ly  m o re  

by h e a r in g  lo s s  than  o th e rs .

T a rg e t  S y lla b le -E x p e rim e n ta l Condition In te ra c t io n . The 

r e s u l ts  of th e  T a rg e t S y llab le -E x p e rim en ta l C ondition  in te ra c tio n  

a r e  p re s e n te d  in  A ppendix N. As d isc u sse d  e a r l i e r ,  the  +6 d B / . 

o c tave  s lo p e  f i l t e r  cond ition  and th e  0 d B /o c tav e  s lo p e  f i l t e r  condition  

y ie ld ed  s im i la r  s c o re s  w hich w ere  s ig n ifican tly  h ig h e r  than  the 

-6  d B /o c tav e  slope  cond ition , th e  no ise  condition  y ie ld e d  by f a r  the 

lo w est s c o re s .

I t  i s  in d ica ted  th a t:

(a) T h e re  a re  d isc r im in a tio n  d iffe re n c e s  fo r  th e  sam e co n ­

sonan t in  th e  sam e  vow el contex t a s  is  shown by th e  consonan t /b  / in
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su b te s ts  6 and 7. F o r  exam ple, the  m ean  sc o re s  fo r  su b te s t 6 w ere  

a lw ays h ig h er th an  fo r  su b te s t 7, w ith  a d ifference  of a lm o st 30% in 

favor of su b te s t 6 . T h is  d ifference  is  found a c ro s s  a ll  e x p erim en ta l 

conditions.

(b) Som e vo iced  consonants a re  m ore  a ffec ted  by no ise  th an  

o th e rs . F o r  exam ple , / g / ,  / v / ,  / z / ,  / r / ,  and / # 7  have low er

s c o re s  in  no ise  than  / d / ,  / m / ,  / n /  and / d JJ / ,  but in  quiet the

d iffe ren ces  a re  m o re  a ffected  by E x p erim en ta l G roup.

(c) In no ise  and in  the 0 dB /octave  slope f i l te r  condition 

it  w as noted th a t the  s c o re s  fo r the  consonants in the  fin a l position  

a re  g en era lly  lo w er th an  in the in it ia l  position  context r e g a rd le s s  of 

the  vo iced  ta rg e t.

(d) The advantage of th e  46 dB /octave  slope  f i l te r  condition 

is  m ost in  ev idence fo r  th e  /  #  / ,  / z / ,  /w /, and /  d3  /  consonants

w here  the d iffe ren c e s  o v e r the  0 dB /octave  slope and -6  d B /oc tave  

slope f i l te r  conditions a r e  in  e x c e ss  of te n  p e rcen tag e  po in ts fo r  each  

consonant. It is  a lso  p re s e n t  fo r  the  v o ice le ss  consonan ts I p / ,  I t / ,  

/ k / ,  / f / ,  / s /„ / & /  a n d / / / .

In  addition  to  the  m ain  e ffec ts  and in te ra c tio n s  d isc u sse d  

above, it w as noted th a t vow el context p roduced  m ark e d  d iffe ren c e s  in  

the  d isc r im in a b ility  of th e  consonan ts . T his i s  ev iden t, fo r  exam ple, 

fo r .th e  consonant / p /  w hich h a s  a  m ean  p e rc en t c o r r e c t  sc o re  rang ing  

from  84. 2% a f te r  / a /  to  37. 8% a f te r  / i / .  F o r  m any of the

O
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co n so n an ts , s c o re s  w e re  low est fo r  conditions p re c e d in g  th e  / i /  

vow el con tex t.

A n a ly sis  o f C onfusion M a tr ic e s

S ep a ra te  confusion  m a tr ic e s  w ere  g e n e ra te d  fo r  each  su b te s t 

and E x p e rim e n ta l C ondition . In  analyzing  th e se  m a tr ic e s ,  an  e ffo rt 

w as m ade to  s e p a ra te  out confusions w hich o c c u r re d  fo r  a ll  E x p e r i ­

m en ta l G roups fro m  confusions th a t d iffe red  c o n s is te n tly  betw een 

th e  g ro u p s, fro m  confusions re f le c tin g  d iffe ren c e s  in  E x p e rim e n ta l 

C ondition , and th e s e , in  tu rn , fro m  id io sy n c ra tic  con fusions w hich 

o c c u rre d  sp o ra d ic a lly  and w ere  not obviously  lin k ed  to  any sing le  

fa c to r .

In o rd e r  to  s im p lify  the  a n a ly s is , only th e  m o st com m on co n ­

fu sio n s  w e re  analyzed  in  d e ta il . C onfusions o c c u rr in g  a t a  r a te  of 

l e s s  th a n  10 p e rc e n t w e re  not sub jec t to d e ta iled  a n a ly s is . T ab le  16 

p re s e n ts  th e  m o s t com m on confusions fo r  each  of the sev en  s u b te s ts  

of the  n o n sen se  sy llab le  t e s t ,  av erag ed  a c ro s s  T a lk e r , E x p e rim e n ta l 

G roup and E x p e rim e n ta l C ondition. An exam in a tio n  of th e  confusions 

in d ic a te s  th a t the  m o st com m on e r r o r s  a re  found fo r  th e  f r ic a tiv e  to  

f r ic a tiv e  su b s titu tio n s , m o re  freq u en tly  fo r  the  v o ic e le s s  co n so n an ts .

T he second  m o st com m on group of e r r o r s  o c c u r re d  fo r  the  

f r ic a tiv e  to  p lo siv e  e r r o r s .  T hese  a re  roughly  even ly  d iv ided  betw een  

the  vo iced  and v o ic e le s s  consonan ts . T h ere  w e re  fo u r p lo s iv e  to



TA BLE 16

MOST COMMON CONFUSIONS BY SUBTEST (AVERAGED ACROSS TALKER, 
EXPERIM ENTAL GROUP AND EXPERIM ENTAL CONDITION)*

Subtest
Vowel Context

1
a f te r  / a /

2
a f te r  / u /

3
a f te r  / i /

4
a f te r  / a /

5
befo re  / a /

6
before  / a /

7
befo re  / a /

©-=* f s - » . f  —  ̂ 0 v  —> b 0  -> s w 1

f —> p s -* 0 0 -> f $  -» z t j d —» g v  b

0 -* p

9 ~ * t

p t P -* t 

s  —> 0

d

#  —* g

h p g —^ d b —f  %

*a —* b m eans th a t the  / a /  is  th e  ta rg e t  and / b / is  the  consonant re p o r te d  by the sub jec t.
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p losive  e r r o r s ,  again  roughly  equally  divided betw een the  v o ic e le ss  

and vo iced  consonan ts . T h e re  w as only one p losive  to  f r ic a tiv e  

e r r o r  ( /b /  to  / $ / )  and two o th e r ty p es  ( /h /  to /p /  fo r  g lo tta l 

to  p lo sive  e r r o r  and / w / to  / l /  fo r  glide to  la te ra l  e r r o r ) .

On th e  av e rag e , how ever, th e re  w ere  m o re  v o ic e le s s  than  

vo iced  confusions. T h is is  to  be expected  s in ce , as noted  e a r l ie r ,  

th e  p e rc e n t c o r r e c t  id en tifica tio n  w as h ig h er, on the  a v e rag e , fo r  the  

vo iced  consonan ts .

M ost com m on confusions by su b test and ta lk e r .  T ab le  17 p r e ­

p re s e n ts  the m o st com m on confusions by su b test a s w ell a s  ta lk e r  

(av e rag ed  o v e r ex p e rim e n ta l group and condition). T he tab le  in d ica te s  

th a t th e re  a re  c e r ta in  confusions w hich occu r frequen tly  fo r  both the  

m ale  and fem ale  ta lk e r :  i e i  to  / f / ,  / f /  to  / P / ,  i e i  to  / P / ,

I s  I  to  / © / ,  I f  / t o  I Q  I ,  1 ^ 1  to  / g / ,  1 6 1  to  / s / ,  /w / to

/ l / ,  /v /  to / $  / ,  and / v /  to  / b / .  T h ere  a re  no p lo sive  to

p lo sive  e r r o r s  seen , and an  a lm o st equal num ber of f r ic a tiv e  to  f r i c a ­

tiv e  (5) and fr ic a tiv e  to  p losive  (4) su b s titu tio n s .

T hose  confusions sp ec ific  to  the fem ale  ta lk e r  w e re : / J  /  to  

I s l ,  / k /  to  / p / ,  /*<?/ to  / z / ,  /  *$ I  to  / v / ,  / J  /  to  V i .

I d f  to  /g /;, /w / to  / j /  and /m /  to  / n / .  Note tha t th e re  a re  no 

fr ic a tiv e  to  p losive  e r r o r s ,  the m o st p redom inan t e r r o r s  being 

fr ic a tiv e  to  f r ic a tiv e  fo r  both vo iced  and unvoiced consonan ts .



TABLE 17

MOST COMMON CONFUSIONS BY SUBTEST AND TALKER (AVERAGED ACROSS 
EXPERIM ENTAL GROUP AND EXPERIM ENTAL CONDITION)

Subtest
Vowel C ontext

1
a f te r  / a /

2
a f te r  /u /

3
a f te r  / i /

4 5 
a f te r  / a /  befo re  / a /

6
befo re  / a /

7
befo re  / a /

M a l e  T a l k e r

f - *  P
e - +  p

p t 
s —> &
t  9

f  e
p ->  t
0 - *  f

v  —* b h —* p 
d &  - *  s 
g s - >  6

w —> 1 
g —» d 
w ->  g

v  —s> £ 
b -» 5 
v  -* b

F e m a l e  T a l k e r

© f
f -> P
& - *  p

5 s 
s  —* & 
k p

f -> © . 
s © 
0  -» f

% -> z J1 t j  
g © •* s

^   ̂ V 0  -* f

w —> 1 
d -*  g 
w~* j

v - *  5 
v  b 
m  -> n

138
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The /p  to  / t / ,  I t /  to  1 6  l t / %  I to  / d f ,  / h /  to  I p / ,  

I g l  to  I d / ,  / w / to  I g l ,  and / b /  to  /  $  /  confusions w ere  a ll 

specific  to  the  m ale  ta lk e r . T hese  confusions can  a lm o s t be p a ire d  

fo r  th e  d iffe ren t ty p es  of confusions: p losive  to  p lo siv e  ( I p /  to  / t /  

v o ic e le ss  and I g l  to  / d /  vo iced), p losive  to  f r ic a tiv e  ( / t /  to 

I B  I  v o ic e le ss  and / b /  to  / $  / voiced), / h /  to  / p /  (vo ice less) 

and /w / to  /g /  (voiced) fo r o th e r  e r r o r s  and la s tly , one fr ic a tiv e  

to  p lo sive  e r r o r  ( /  *5 /  to  I d /  voiced).

M ost com m on confusions by S ub test, T a lk e r  and E x p erim en ta l 

G roup. A fu r th e r  breakdow n of the  confusions in tro d u ced  the v a ria b le  

of E x p e rim e n ta l G roup in  addition  to  S ubtest and G ender, and is  p r e ­

sen ted  in  T ab le  18. A s would be expected , th e re  a re  a g re a te r  num ­

b e r  of confusions p re se n t fo r  the  s e n s o r i-n e u ra l  h e a rin g  lo s s  g roups 

of su b je c ts . A ll the  g roups, how ever, follow' the p a tte rn  a lread y  

p re se n te d  of m o re  v o ic e le ss  than  vo iced  su b s titu tio n s . In addition, 

one no tes the  sp re a d  of e r r o r s  fo r  the  se v e re ly  slop ing  s e n s o r i ­

n e u ra l g roup  fo r  the  vo iced  consonan ts, w h e rea s  fo r  th e  v o ic e le ss  

e r r o r s  th e re  a re  p redom inan tly  p losive  to  p losive  con fusions. T able  

19 su m m a riz e s  th e se  findings.

M ost com m on confusions by Subtest, T a lk e r , E x p e rim e n ta l 

G roup and E x p erim e n ta l C ondition. W hen th e  confusions w ere  b roken  

down to c o n s id e r  a ll four fa c to rs  it w as found that b ecau se  of the



TABLE 18

MOST COMMON CONFUSIONS SPECIFIC  TO EXPERIM ENTAL GROUP, IN ADDITION TO THOSE IN 
TABLES 16 AND 17, FO R THE MALE AND FEM A LE TALKER (AVERAGED OVER CONDITION)

G r o u p

Set No. T a lk e r 1 2 3 4 5

1 M ale

F em ale

k-* e k -»  f k -> p
t  p

k —> p

t  p

2 M ale k  -> g p -* 9 9  - *  s
p —» Q

k —> p 
t —> p

k —* p

F em ale P s t -> P t  —? p © -» t

3 M ale p —> k 
p 0 .

P -* 0

CDrQ< f  -»  t

F em ale p —» k 
p —» 9

k t P -»  k k t



TA BLE 1 8 --C ontinued

Set No. T a lk e r 1 2
G r o u p

3 4 5, .

4 M ale

F em ale

$  V g - *  d

v  -> g 
m ->  n

v  g

b —> d 
g z 
v —> z

5 M ale k p k p 
f  —* Q

t  —> p e  +  f

F em ale p k s —» & !, B &

6 M ale

F em ale

b g
j

1 -*  b

■ i

w j

W -» j
r  1

b d 1 —> r  
w-> r

w r

7 M ale b -* d 
g -* d

b -*  d 
g d

F em ale v  d % v  b 
z “ * d

g d 
z —> d

z $

g - »  d
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TABLE 19

SUMMARY O F TY PES O F CONFUSIONS FOR EXPERIM ENTAL GROUPS AND TALKERS

Type of E r r o r G ender

1 2 3 ' 4

i
E x p erim en ta l G roup 

5 1 2 3 4 5

V oiced V o ice less

P lo s iv e  to  p losive M 1 0 0 4 2 1 2 1 4 3
F 0 0 0 1 1 1 1 2 2 0

F ric a tiv e  to  f r ic a tiv e M 0 1 0 0 0 0 0 2 2 1
F 0 0 0 0 2 0 0 0 1 1

M 0 0 0 n 1 0 n 0 1 1F ric a tiv e  to  p losive F 1 0 2 2 1 0 0 0 0 1

M 1 0 0 n 0 2 3 2 0 0P lo s iv e  to  fr ica tiv e F 0 1 0 0 1 2 0 0 0 0

M 1 1 1 n 2 0 0 0 0 0O ther ■fi1 n n > 1 1 n n n n n
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sm a ll sam ple  s iz e  p e r  ta rg e t,  th e  v a ria b ility  in  o b se rv e d  confusion 

r a te s  w as high. C onsequently  i t  w as decided to  l im it  th e  a n a ly sis  to  

only those  confusions in  e x cess  of 25 p e rc e n t, th e se  being the m o st 

im p o rtan t confusions. The re s u l ts  of th is  tab u la tio n  a re  p re sen te d  

in  T ab le  20. It is  n e c e ssa ry  to  look at the  data  fo r  the  th re e  cond i­

tio n s  in  quiet a s  se p a ra te  fro m  the noise  condition b ecau se  of the 

la rg e  d iffe ren ces  in  the  confusion p a tte rn s  fo r  th e  n o ise  condition.

F o r  exam ple, the no ise  condition showed a high r a te  of confusions 

involving the n a sa l sounds w n e reas  th e se  confusions a re  only found 

in  two o th e r  iso la te d  in s tan c es  fo r  the  quiet cond itions, both involving 

the  se v e re ly  slop ing  s e n s o r i-n e u ra l  g roups of su b je c ts .

In the  no ise  s itu a tio n  the  m ost frequen tly ' confused  conso ­

nan ts , in  addition to  the  n a sa ls , a re  the / k / ,  / p i ,  1 0 1 ,  I s i ,

/ v / ,  l b /  and / g / .  T h e re  a re  som e consonants fo r  w hich th e re  

a re  e r r o r s  in  no ise  fo r  ev ery  e x p erim en ta l group: / f / ,  1 0 1 ,  I p l ,

/ v / .  I d / ,  / r / ,  I g l ,  and / $ / .  O th e rs  a re  p re s e n t  only fo r  the 

h igh -frequency  h e a rin g  lo s se s : / z /  and / J / *

In a ll  th re e  quiet f i l te r  conditions the n u m b er of confusions 

in c re a s e s  a s  the  d eg ree  of high frequency  s e n s o r i-n e u ra l  h earin g  lo s s  

in c re a s e s ,  g en era lly  involving th e se  consonants in  o r d e r  of d e c re a s ­

ing m agnitude fo r th e se  e x p erim en ta l g roups: I s / ,  / f / ,  f t / ,  1 6 1 ,  

i j  I .  M .  H I ,  h i .  h i .  H I .  U p .  I A j I .  l b  / ,  I n / ,  and 

iso la ted  in s ta n c e s  of / w /, / d / ,  I g l ,  / r /  and / j / .



TABLE 20

MOST COMMON CONFUSIONS SPEC IFIC  TO EXPERIM ENTAL CONDITION (IM PLIES NOT INCLUDED
IN TABLES 16, 17 OR 18) FOR MALE AND FEM A LE TALKERS

O dB /O ctave F i l te r  Slope
E x p e rim e n ta l Condition

OdB + N oise

Set
No.

G en­
d e r 1

1

2 3 4

G r o u p  

5 1 - 2 3 4 5

1 M
f - *  © 3 p

s -» f 
s —> p 
k ~ )  t

f  k 
k  —> t f k p —? f

P —> t
s —» t 
k  -* J

s —> p
f  —* t

F

s ~ * & s s  6

s t

S 0

k  p 
f —> s 
& - *  s 
p - +  t

k  —> t  
p —> t  
k —> p 
Q - *  s

S —5” p

s —> t  
s —> p 
k - *  t 
t - >  k

s p 
S —9 J

2 M
k -» t

s p
f - *  J & -> s p —> s

0  -»
k

s
s

9  -*  t
s  -*■ t

k  -*  t
s p
e  -* s
p - *  k

0 -> k  

p -4 0

144



TABLE 2 0 - -C ontinued

E x p erim en ta l Condition 
OdB/.Octave F i l te r  Slope OdB + N oise

G r o u p
Set G en-
No.  de r 1 2  3 4 5 l 1 2 3 4 5

F
s  - i  k

s —4 k 
f —* s t  3 t  s p —9 &

k -* &
e  - » t
s -* t  
p—* k

p - >  s 
J —* t  
s —> t

3 M

6  -» p p k

f k  

P t £

p —(• 0
f  k  
P- »  f 
B ^  t

& - >  k
B - *  t  
f - *  t

0  - > P 
t  ^
) - » k  
s - »  t  
k —> p

F
s - » P

CO 6  -* k
f - *  k 
k  —» t

f~ *  k f -* k
k - »  t 
9  -> t

p —» k 
k - *  0  
£ - *  t 
k  p 
t  -> 0
s-* f  
j - *  9

145
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TABLE 2 0 - -Continued

E x p erim en ta l Condition 
O dB /O ctave F i l t e r  Slope OdB + N oise

G r o u p
Set G en-
No. d e r 1 2 3 4 5 1 2 3 4 5

4 M •v -»  g z  g
V -* g 
d —> n
m  -* g 
b -»  g 
b -> z

v -»  g
g -*  d 
d  -* z
m-> b

g '-*  n  
b ->  g 
m  -* £ 
m-> b

v  -» d 
g -> n

b
g “*

g
0

n -> m n -)► m d - »  n g -> z
b *-* d z -* g m  -i  n m  ~p ^ 5 n z n
v ->  g v  d b -J> V n  -* m v  -* n

b 7, b -> d v  —* z n **> m
b-*  d d z v  g i  -* n

*» v - *  g d -+ g
n —*• ij

k p
5 M k  p f  p  k  &

f  -» k k - * p t * - * k
p h p —» h p - t h  t  h  s  J

146



TABLE 2 0 - -C ontinued

E x p erim e n ta l Condition
OdB /O ctave F i l t e r  Slope OdB + N oise

Set
No.

G en­
d e r 1 2 3 4

G r o u p  

5 1 2 3 4 5

F p ->  k p -> k p -> k
j* -» s
k p
t j - j

k">  t t  "* k
p-»  t P -*  p

f  ”> p 
p -*  k

k  ”> s
k  -*  p

6 M w -? r <13-* j 1 -* w 1 -* w 1 b

F d j-*  j r  -*  1 r  -7 1 r  -» j r  -> 1 r  j

7 M >$-* d 1
i g -> d

d -* g
g -*• d

m  -> b 
g -?• d

$  —► d 
v —> d 
$  b

z -> d 
3  -* d 
v ->  g

F z $ z z —> d
d $  
g - »  d 
^  z 
m~> v

-5 -> d 
m - * “J  
$ n  
d -»  g 
n ->  g 
d -*

g £  
m -»  b 
b v  
d -*

g - *  $

v  z

V -» z 
d - * 
d -> z 
5 -* n 147



TABLE 20--C ontinued

E x p erim e n ta l Condition
+6 dB /O ctave  Slope -6 dB /O ctave  Slope

Set
No.

G en­
d e r . 1 2 3 4

G r o u p  

5 1 2 3 4 5

1 M f -» t

»

f -* t  
t  -> p
s f s —> f

k -> p
s p
J ->  P
f t
s "*  a

t  *» 9
s - >  p

F f e 9 k s 9

j  ^  s

k —> -fc 
f 0

s - »  f 
t  0  
s - *  P
j  -> s

2 M
- i

t  p 
k s a - > t j  —* a

f  s 
f  0  
j - ?  <9

F Q ' i  s
t  -»  p

0  *■> p
j - *  0
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TABLE 2 0 - -C ontinued

E x p erim e n ta l C ondition
+6 dB /O ctave  Slope -6  dB /O ctave Slope

Set
No.

G en­
d e r  1 2 3 4

G r o u p  

5 1 2 3 4 5

3 M 6  -+ p
P k t  —> k 9  P

f - »  k
e-* *

F S  p
t -* k
p -* k  f  —* p 
p —> &

f P
f -> P
0 - ?  P

5  -* p
J -* 6
f -» k 
t  —* k 
P -*  k

4 M b d n b d

F g d 
v  z m

i
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TA BLE 2 0 - -Continued

E x p erim en ta l C ondition
+6 dB /O ctave  Slope -6  dB /O ctave Slope

Set
No.

G en­
d e r 1 2 3

G r o u p  

4 5 1 2 3 4 5

5 M t  —> p 
t  -+ h
k t

F P -*
P ->

s
6 t  -» p

s -* f
t  P t P

6 1VI
• i

F
r  w 

r  —> w j w

7 M b d
z *-* <5 
$ v $  d

F
d -> g 

v - » d  v  4 z
z ->

d z

150
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E xam ina tion  of T ab le  20 a lso  re v e a ls  th a t the  e r r o r s  follow 

p a tte rn s  a lre a d y  d isc u sse d , i . e . ,  p lo s iv es  a re  m o s t often  confused  

w ith  p lo s iv e s , f r ic a tiv e s  a re  confused  w ith p lo s iv e s , f r ic a tiv e s  w ith  

f r ic a tiv e s ,  and la s t ly  f r ic a tiv e s  w ith  p lo s iv es . T h e re  a re  a lso  the  

n a sa l  confusions a lre a d y  m entioned  and those  few confusions involv ing  

th e  o th e r  ty p es  of consonan ts w hich o c c u r sp o ra d ic a lly  th roughout th is  

ta b le . It is  in te re s tin g  to  note th a t w hile th e  e r r o r s  o ccu r fo r type 

of consonan t, they  do not involve the  m an n e r of p roduction , i. e . , 

vo ic ing .

A n a ly sis  of R a tin g -S co re  
R e lia b ility  R a tings

E ac h  su b jec t in  the  study ra te d  the re la tiv e  in te llig ib ility  of 

each  of the  18 lis te n in g  conditions on a sc a le  of 1 -7 , th e  h ig h e r th e  

ra tin g  th e  h ig h e r the  in te llig ib ility . In o rd e r  to  exam ine the  r e l ia b i l ­

ity  of th e  su b je c ts  ra tin g s , and, in  p a r t ic u la r ,  w h e th er ta lk e r  g en d er 

a ffec ted  the ra t in g s , the  m e a su re d  in te llig ib ility  s c o r e s  w ere  p lo tted  

a g a in s t the  in te llig ib ility  ra t in g s . S ep a ra te  p lo ts  w e re  obtained  fo r  th e  

m a le  and fem ale  ta lk e r s  and fo r each  su b jec t fo r e ac h  E x p e rim e n ta l 

C ondition.

A seco n d -d e g ree  polynom ial w as fitted  to  each  se t  of d a ta .

T he s ta n d a rd  dev ia tion  of the  p lo tted  po in ts  f ro m  the  fitted  cu rv e  w as 

d e riv e d  fo r each  se t of data. An a n a ly s is  of v a ria n c e  w as th en  p e r ­

fo rm ed  on th e se  s tan d ard  dev ia tions to  d e te rm in e  if  th e  fa c to rs  of
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T a lk e r  G ender and  E x p erim e n ta l G roup a ffec ted  v a r ia b il i ty .

T he r e s u l ts  of th is  a n a ly sis  of v a ria n c e  a r e  shown in  

T ab le  21. A s is  se en  in  th is  ta b le , none of th e  f a c to r s  w as found to  

be s ta t is t ic a lly  s ig n ifican t, ind icating  th a t th e re  w e re  no c o n s is te n t 

e ffec ts  of T a lk e r  G ender and E x p erim en ta l G roup on  th e  v a r ia b il i ty  

of the  ra t in g s .

Once it w as d e te rm in e d  th a t the  dev ia tions f ro m 1 the  fitted

c u rv e s  w e re  e s se n tia lly  hom ogeneous fo r  th e  two f a c to r s ,  th e  s p re a d
2

of the p o in ts  f ro m  th e  m ean  w as exam ined. T he s ta t i s t ic  (R ) is  th e  

p ro p o rtio n  of the to ta l  v a r ia tio n  about the  m ean  ex p la in ed  by the  

r e g re s s io n . H ence , th e  la r g e r  the  R^, th e  g r e a te r  the  a s so c ia tio n  

betw een the  two v a r ia b le s .  The R^ v a lu es  w ere  su b je c ted  to  an 

a n a ly s is  of v a r ia n c e  to  d e te rm in e  w he ther T a lk e r  G en d er o r  

E x p e rim e n ta l G roup  affec ted  th e  re la tio n sh ip  betw een  ra te d  and 

m e a su re d  p e rc e n t in te llig ib ility . T hese  r e s u l ts  a r e  p re s e n te d  in  

T ab le  22. T a lk e r  G en d er w as found to  be not s ta t is t ic a l ly  s ig n ifican t 

w h e re a s  E x p e rim e n ta l G roup showed a sign ifican t e ffec t.
p

T he m e a n  R v a lu e s  fo r  th e  five E x p e rim e n ta l G roups a re  

shown in  T ab le  23. T he d a ta  show a c o n s is ten t t r e n d  in  w hich the  

a sso c ia tio n  betw een  th e  two v a r ia b le s  (m easu red  and ra te d  in te l l i ­

g ib ility ) d e c re a se d  sy s te m a tic a lly  w ith in c re a s in g  h e a r in g - im p a ir ­

m en t. The la rg e s t  R ^, accounting  fo r 87. 5 p e rc e n t of th e  v a r ia n c e , 

w as ob tained  fo r  th e  n o rm al h e a rin g  su b je c ts , w h e re a s  fo r  the  slop ing
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TA BLE 21

ANALYSIS O P VARIANCE ON VARIATION O F STANDARD 
DEVIATIONS O F PLO TTED  POINTS FROM  FIT T E D  

CURVES FOR INTELLIGIBILITY RANKINGS

Source
V a ria tio n

Sum
S quares D F

M ean
S quares F -R a tio

Signif.
L eve l

G ender . 00 1 . 00 .4 3 .51
P athology .0 6 4 .01 .0 7 .3 7
G ender-pa tho logy .04 4 .01 .7 7 . 54

TA B LE 22

ANALYSIS OF VARIANCE ON SPREAD OF POINTS FROM  THE 
MEAN (R2) FO R PLO TTED  AND FIT T E D  CURVES

S ource Sum M ean Signif.
V a ria tio n S q u ares D F S q u ares  F -R a tio L eve l

G en d er .0 2  1 .0 2  .3 7  .5 4 9
P atho logy  1 .4 9  4 .37  6 .66  .001
G en der-pa tho logy  .0 3  4 .0 0  .1 5  .9 5 6
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TA BLE 23

MEAN R 2 VALUES FO R THE EXPERIM ENTAL GROUPS

P e rc e n t of
E x p e rim e n ta l G roup V arian ce

N o rm a l h earin g 87 .5

C onductive h ea rin g  lo s s 78.1

F la t  s e n s o r i-n e u ra l  h ea rin g  lo s s 67 .4

M o d era te ly  sloping  s e n s o r i -n e u ra l  h ea rin g  lo ss 5 7 .4

S ev e re ly  slop ing  s e n s o r i-n e u ra l  h e a rin g  lo ss 55. 5
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se n s o r i-n e u ra l  h ea rin g  lo s s  su b jec ts  only 55. 5 p e rc e n t of th e  v a ria n c e  

w as accounted  fo r by the  re la tio n sh ip  betw een the tw o v a r ia b le s .



CHAPTER V

DISCUSSION

The p u rp o se  of th is  study w as to  in v es tig a te  the  d iffe re n c e s  

in  sp eech  in te llig ib ility  o f sen ten ces  and nonsense  sy lla b le s  spoken by 

m a le  and fem ale  ta lk e r s  fo r  n o rm a l h ea rin g  and h e a r in g - im p a ire d  

l is te n e r s .  Of the  two ty p es  of m a te r ia ls  u sed , th e r e  w ere  m any (10) 

ta lk e r s  u se d  fo r  the  se n te n c e s , but only one ta lk e r  o f each  g en d er (who 

a lso  re c o rd e d  the  se n ten c es )  fo r the  nonsense  sy lla b le s .

One of the  m a jo r  findings of th is  s tudy  w as th a t the  sen tence  

in te llig ib ility  s c o re s  fo r  the  fem ale  ta lk e r s  w e re  h ig h e r  on the 

av e rag e  th an  th e  s c o re s  fo r  the  m ale  ta lk e r s .  T h ese  r e s u l ts  a r e  c o n ­

s is te n t  w ith  th o se  ob tained  by M ayer (1980) in  a s tu d y  on aging e ffe c ts  

on sp eech  p e rc e p tio n  u s in g  th e  sam e re c o rd in g s .

T he ex ten t to  w hich th is  finding can be g e n e ra liz e d  to m ale  

and fem a le  ta lk e r s  se le c te d  a t random  fro m  the  population  is  l im ite d . 

E ven  so , i t  is  s u rp r is in g  th a t, c o n tra ry  to  the  p red o m in an t com p la in t 

of the  h e a r in g  im p a ire d  tha t the fem ale  vo ice  is  m o re  d ifficu lt to  

u n d e rs ta n d , th is  study p rov ided  no ev idence  in  su p p o rt of th is  o b s e rv a ­

tion . S ince th e re  is  no re a s o n  to  expect th e  te n  ta lk e r s  c o n s id e re d  

w e re  uniquely  d iffe ren t fro m  ta lk e r s  in  g e n e ra l, i t  i s  s ig n ifican t to
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note th a t c o n tra ry  to  th e  expected  r e s u l ts ,  no advan tage  w as found 

fo r  the  m a le  vo ice , and, i f  anything, the  fem ale  t a lk e r s  w e re  m o re  

in te llig ib le  th a n  th e  m ale  ta lk e r s .

A lthough th e  five fem ale  ta lk e r s  w ere  s ig n ifican tly  h ig h e r, 

on a v e rag e , on the  in te llig ib ility  s c o re s ,  it is  im p o rta n t to  re c o g n iz e  

th a t s e v e ra l indiv idual m ale  ta lk e r s  w e re  m o re  in te llig ib le  th an  som e 

of th e  fem a le  ta lk e r s .  In addition , the  d iffe ren c e s  betw een m a le  and 

fem ale  ta lk e r s  w e re  found to  v a ry  depending upon E x p e r im e n ta l C on­

d ition  and E x p e rim e n ta l G roup.

As show n in  T ab le  9, the d eg ree  of o v e rlap  in  ran k in g  of r e l a ­

tiv e  in te llig ib ility  betw een m ale  and fem ale  ta lk e r s  v a r ie d  as a  func­

tio n  of E x p e rim e n ta l G roup  and E x p e rim e n ta l C ondition . F o r  the  . 

m o st p a rt it se e m e d .th a t two of the  m ale  ta lk e r s  w e re  m o re  in te l ­

lig ib le  th an  the  r e s t ,  but w ith th e  fem ale  ta lk e r s  one fem a le  stood out 

a s  being by f a r  the  m o s t in te llig ib le , two a s  being  re la tiv e ly  in te l­

lig ib le , and tw o a s  being  m o d e ra te ly  in te llig ib le  and c o m p a rab le  to  

the  le a s t  in te llig ib le  m a le  ta lk e r s .  T hat i s ,  the  o v e rla p  betw een  the  

m ale  and fem ale  ta lk e r s  o c c u rre d  at the  le s s  in te llig ib le  s ide  of the  

ran g e . It is  not p o ss ib le  to  a s c e r ta in  w ith any d eg ree  of confidence 

w he ther th e  o b se rv e d  o v e rlap  ho lds fo r  the  population  a s  a w hole. 

U nfortunate ly , in  o rd e r  to  ob tain  such  an e s tim a te , an  im m en se  study  

w ith a v e ry  la rg e  sam p le  of ta lk e r s  would be re q u ire d .

A second c o n s id e ra tio n  is  th a t the  sp e c tru m  o f background
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n o ise , i . e . ,  E x p erim en ta l C onditions, and th e  d iffe re n c e s  betw een 

the  h e a rin g  im p a irm e n ts  affect the  m ea su re d  d iffe re n c e s  betw een 

ta lk e r s .  A m o re  p e rtin en t question  m ight be to  a s k  w hich fac to rs  

affect the  in te llig ib ility  o f m ale  and fem ale  ta lk e r s .  The evidence 

su ggests  tha t the  sp e c tru m  of the  noise  re la tiv e  to  th e  sp ec tru m  of th e  

speech  is  a  p o ss ib ility , how ever, the re la tiv e ly  h igh  in te llig ib ility  

sc o re  fo r  the w o rs t condition (fem ale voice in  the  p re s e n c e  of fem ale  

noise) su g g ests  th a t sp e c tru m  shape is not the  only c o n sid e ra tio n .

A nother c o n sid e ra tio n  is  th a t of re la tiv e  le v e ls ,  in  th is  study 

S/N  ra tio  w as co n tro lled  which d iffe rs  som ew hat f ro m  re a l  life  com ­

m unication  in w hich the  fem ale  voice is  typ ica lly  l e s s  pow erful than  

the  m ale  vo ice  and u su a lly  is  h e a rd  a t a p o o re r  S/!N ra t io .  The m ag n i­

tude of the  d iffe ren ce  is  app rox im ate ly  3 dB. In a study  dealing w ith 

the  developm ent of speech  recep tio n  m a te r ia ls ,  E lk in s  and Causey 

(1977) re p o rte d  a 10 p e rc e n t in c re a se  in c o r re c t  re s p o n s e s  on CHABA 

sen tence  m a te r ia ls  p e r  decibel in c re a se  in  p re se n ta tio n  lev e l fo r a 

m ale  ta lk e r . T h is  would ind ica te  that th e  m ale  ta lk e r  could be 20-30 

p e rcen t m o re  in te llig ib le  than the fem ale  ta lk e r  (in fa c e - to -fa c e  

com m unication) on the b a s is  of th is  in tensity  d iffe re n c e  alone. In the  

p re se n t study, w hen th e  5-dB c o rre c tio n s  w ere  m ad e  fo r  M5 (Male 

T a lk e r  #5), it w as found that the 5-dB d ifference  a ffe c te d  in te llig ib ility  

by app rox im ate ly  30 p e rc e n t.

The m ale  ta lk e r  advantage of g re a te r  o v e ra ll  pow er should
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not be p re s e n t  in  m o st c lin ic a l and te s t  en v iro n m en ts  becau se  vo ice  

le v e ls  a re  ty p ica lly  c a lib ra te d  a g a in st a VU m e te r .  T h is  c a lib ra tio n  

should  e lim in a te  o v e ra ll lev e l d iffe ren c e s  betw een m a le  and fem ale  

ta lk e r s .  T h is  h e lp s  exp la in  why th e  h ea rin g  im p a ire d  p a tien t r e p o r ­

ted ly  h as no g r e a te r  p rob lem  u n d ers tan d in g  fem a le , a s  opposed to  

m a le , au d io lo g ists  in  the  c lin ic . T h is  is  e sp e c ia lly  im p o rtan t when 

c o n s id e rin g  th a t th e re  a re  m o re  fem a le  than  m a le  a u d io lo g is ts , and 

th a t 64. 4% of c lin ic ian s  a re  u sin g  liv e -v o ic e  tech n iq u es  (M artin  and 

P enn ing ton , 1971), r a th e r  th an  the  s tan d a rd ized  m a le  re c o rd in g s  

av a ilab le  to  th e  p ro fe ss io n .

A m a t te r  of som e c o n ce rn  is  the  way in  w hich  speech  leve l 

i s  m e a su re d . F o r  the  p re s e n t study , av erag e  peak  sp eech  le v e ls  

w e re  u se d  to  specify  th e  speech  lev e l. T h is is  a d ifficu lt p ro c e d u re  

to  em ploy becau se  of th e  in s tru m e n ta tio n  p ro b lem s involved (e. g . , 

the  b a ll is t ic s  of the  m e te r  o r  ’re c o rd in g  in s tru m e n t u sed ). Sm all 

d iffe ren c e s  in  th e  sp ec ifica tio n  le v e l m ay o c cu r quite  e a s ily  and only 

a  sligh t change in  the  sp ec ified  speech  lev e l (e. g . , 1 dB) can  p roduce  

a  s ig n ifican t change in  the  m e a su re d  speech  in te llig ib ility  s c o re s ,  

p a r t ic u la r ly  fo r  sen tence  m a te r ia ls  w here  the  p e rc e n t in te llig ib ility  

function  is  v e ry  s teep . In  th is  study i t  w as a ssu m e d  th a t any c r i t e r i a  . 

e ffe c ts  in se ttin g  speech  le v e ls  a ffec ted  both m ale  and fem ale  ta lk e r s  

equally .

If d iffe ren c e s  in  sp eech  pow er w ere  the  only d iffe ren c e s
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betw een m a le  and fem ale  v o ic e s , equating  speech  le v e ls  should  r e s u l t  

in  equal in te llig ib ility  fo r  m ale  and fem ale  ta lk e r s .  T h is  w as not th e  

c a se , how ever. If d iffe ren c e s  in  both lev e l and sp e ec h  sp e c tru m  

w e re  th e  only d iffe ren ces  of im p o rtan ce  betw een m a le  and fem ale  

v o ic e s , th en  s im ila r  r e s u l ts  should  have been  ob tained  fo r  the  m a le  

vo ice  ag a in st a background of m a le -s p e c tru m  shaped  no ise  a s  fo r  

th e  fem ale  voice against a background  of fe m a le -sp e c tru m  shaped 

n o ise . A gain, th is  w as not the  c a s e . It is  c le a r  th a t m o re  th an  

le v e l and sp e c tru m  d iffe ren c e s  p lay  a  p a r t  in  accoun ting  fo r  in te l­

lig ib ility  d iffe ren c e s  betw een ta lk e r s .  P o s s ib le  ad d itio n a l fa c to rs  m ay  

be the  consonan t-vow el am plitude  ra t io , w hich h a s  b een  shown by 

W eiss*(1968) to  be m o re  c lo se ly  re la te d  to  in te llig ib ility  than  S/N  

ra t io .  P a sc o e  (1974; 1975) has su ggested  th a t the d iffe re n c e s  in 

sp eech  in te llig ib ility  should  not be "g en e ra lize d  a s  a sex  d iffe ren ce . " 

M azo r, Sim on, Scheinberg  and L ev itt (1977) su g g est th a t th e re  is  a 

re la tio n sh ip  betw een the  freq u en cy  sp e c tru m  of fem a le  sp eech  and 

re la tiv e  in te llig ib ility  fo r h e a r in g - im p a ire d  l i s te n e r s .  H a r r is  e t a l. 

(1960) h a s  suggested  tha t th e re  a r e  c e r ta in  qua lity  fa c to r s  w hich 

m ake som e v o ices m o re  in te llig ib le  than  o th e rs . It i s  p robab le  th a t 

th e  su p e r io r i ty  of one ta lk e r ,  be i t  m a le  o r  fem a le , is  d e te rm in e d  by ■ 

a com bination  of fa c to rs . B ra id a  (1979) h as  a rg u ed  fo r  an index th a t 

w ould be p red ic tiv e  of a p a r t ic u la r  t a lk e r 's  in te llig ib ility .

The re s u l ts  obtained  in  th is  study a re  c o n s is te n t w ith  the  p a s t
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r e s e a r c h  dealing  w ith in te r - ta lk e r  d iffe ren c e s . P a lm e r  (1955) fo r  

exam p le , c ite s  the  d iffe ren ces  betw een m ale  and fem a le  v o ice s , but 

found no d iffe ren ces  betw een ta lk e r s  u sed  in  h is  study , p o ss ib ly  

because  he u sed  a  v e ry  sm a ll sam p le  of l is te n e rs .w ith  a  w ide age 

ra n g e . K ru e l, Nixon, K ry te r , B e ll, Lang and S chubert (1968) u sed  

th re e  ta lk e r s  in  th e ir  evaluation  of the  MRHT. A lthough th ey  did not 

deal d ire c tly  w ith in te r - ta lk e r  d iffe re n c e s , an exam ination  of th e i r  

da ta  r e v e a ls  tha t the  re la tiv e  in te llig ib ility  of th e i r  fem a le  ta lk e r  lay  

m idw ay betw een tha t of th e i r  o th e r  two ta lk e r s  who w e re  m a le . B e y e r , 

W eb ste r and Dague (1969) found la rg e  ta lk e r  d if fe re n c e s  in th e ir  

study  and w ere  able to  re la te  p a r t  of the  l i s t  d if fe re n c e s  to  one of th e  

ta lk e r s  who produced  a c o n s is te n tly  lo w er in te llig ib ility  s c o re  th an  the  

o th e r  ta lk e r s .  H ouse, W illia m s , K uker and K ry te r  (1965) a lso  found 

m a te r ia ls  re c o rd e d  by one ta lk e r  to  be co n s is ten tly  m o re  in te llig ib le  

than  th o se  re c o rd e d  by th e  o th e r  talker,* both of th e i r  ta lk e r s  w ere  

m a le . H a r r is ,  H aines, K elsey  and C lack  (1960) u se d  CHABA 

sen ten ces  and although th ey  w e re  in te re s te d  in  the  e ffe c ts  of low 

fide lity  c ir c u i t ry  on in te llig ib ility , they  n e v e r th e le s s  found la rg e  

in te r - ta lk e r  d iffe ren ces  u n d e r id e n tic a l ex p e rim e n ta l cond itions.

P a sc o e  (1975) u sed  one m a le  and one fem a le  ta lk e r  in  h is  

study . He am plified  th e  lev e l of the  fem ale  voice to  th e  lev e l of the  

m a le  ta lk e r  and found tha t a ll su b je c ts  had h ig h e r s c o r e s  w ith the  

m a le - ta lk e r  re c o rd in g s . P e n ro d  (1976) stud ied  the  e ffe c ts  of d iffe ren t
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ta lk e r s  on the  w ord  d isc rim in a tio n  s c o re s  of h e a r in g - im p a ire d  

l is te n e r s .  H is ta lk e r s  w ere  3 m a le s  and 1 fem a le  (a ll t r a in e d  a u d io ­

lo g is ts ) . In th is  c a se , som e of the  su b je c ts  s c o re d  c o n s is te n tly  low 

fo r  an  ind iv idual ta lk e r ,  but the  ta lk e r  show ing th e  c o n s is te n tly  low 

s c o re s  v a r ie d  betw een su b je c ts .

A fa c to r  having a pronounced effec t on in te llig ib il i ty  i s  the 

type of h e a rin g  im p a irm e n t. A s e n s o r i-n e u ra l  h e a r in g  lo s s  o ften  

a ffec ts  in te llig ib ility  of sp eech  to  a m uch  g r e a te r  d e g re e  than  a  co n ­

ductive h e a r in g  lo s s ,  p a r t ic u la r ly  a g a in st a  background  of n o ise . A 

com m on finding w hich w as o b se rv ed  in  th is  study i s  th a t  th e  sp eech  

in te llig ib ility  d e c re a se d  a s  th e  d eg ree  of h ea rin g  lo s s  in  th e  h ig h e r 

freq u e n c ie s  in c re a se d . The data  c le a r ly  show ed th a t in te llig ib ility  

s c o re s  d e c re a se d  sy s te m a tic a lly  in going fro m  a f la t s e n s o r i -n e u ra l  

h e a rin g  lo s s  to  a m o d era te ly  slop ing  h ea rin g  lo s s  to  a  s e v e re ly  

sloping  s e n s o r i -n e u ra l  h e a rin g  lo s s .  In c o n tra s t ,  th e  conductive  

h e a rin g  lo s s  su b je c ts  p e rfo rm e d  re la tiv e ly  w ell and a s  a consequence  

w e re  p re s e n te d  w ith sp eech  a t a  S/N  ra t io  equal to  th a t u se d  w ith  

the  n o rm a l h e a rin g  su b je c ts . On av e rag e , the  in te llig ib il i ty  of 

speech  in  no ise  w as not s ig n ifican tly  d iffe ren t fo r  th e  conductive  

h e a r in g - lo s s  g roup  th an  fo r  the  n o rm al h e a rin g  g ro u p . A no ther 

fa c to r  of im p o rtan ce  i s  the  age of the  l is te n e r .  T he e ld e r ly  fo rm  

one of th e  la rg e s t  p a tien t g roups in  the  population . T hey  p re s e n t  

sp ec ific  p ro b le m s in  te r m s  of re h a b ilita tio n  b e ca u se  of th e  c e n tra l
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and p e r ip h e ra l changes w hich o ccu r as p a r t  of the  ag ing  p ro c e s s  

(M ayer, 1980; P ic k e tt, L ev itt, and B ergm an , 1979; Sm ith and 

P ra th e r ,  1971). The data  c ited  in  th ese  s tud ies  a r e  c o n s is te n t w ith 

th o se  of th is  study, nam ely  tha t the  o ld er l is te n e r s  have p o o re r  

speech  d isc rim in a tio n  th an  the  younger l is te n e r s .  In add ition , th e re  

a p p ea r to  be p e rc ep tu a l changes in  the  p ro ce ss in g  of consonan ts by 

the  e ld e rly . S pecifica lly , S tevenson (1975) has su g g ested  that th e re  

is  a red u c tio n  in the  num ber o r  ava ilab ility  of phonem e c a te g o rie s  

th a t the su b jec ts  w ere  able to  handle. T h e re  w as the  im p lica tio n  th a t 

consonants in  in itia l and fina l positions w ere  d iffe ren t in  d e ta il fo r the  

l is te n e r s ,  and th e re fo re  w ere  p ro c e sse d  d iffe ren tly , w hich m ay have 

re lev an ce  fo r  the  p e rcep tio n  of speech  am ong the aged . R ecently , 

e n tire  te x ts  have been devoted to  the  is su e  of the g e r ia t r ic  pa tien t 

(Schow, C h ris te n se n , H utchinson and N erbonne, 1978; O yer and O y er, 

1976; B a r ry  and W ingrove, 1977; M a u re r and Rupp, 1979; 1979).

An unexpected  re s u l t  w as th a t obtained fo r  th e  l is te n e r s  

w ith conductive h ea rin g  lo s s e s . In  th is  case  the  o ld e r  su b jec ts  

obtained h ig h e r s c o re s  on a v erag e  th an  th e  younger l is te n e r s .  On 

re -e x a m in a tio n  of the  s c o re s  it w as found tha t one su b jec t of the  

o ld e r  group ob tained  unusually  high in te llig ib ility  s c o r e s  fo r  ev ery  

lis ten in g  condition, e sse n tia lly  se ttin g  h is  MCL a lm o s t to the  m ax im um  

output of the  equipm ent. T h is  sub jec t w as unusua l and h is  sc o re s  

w ere  so m uch  b e tte r  than  those  of any o th e r l i s te n e r  in  th e  study that
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h is  data  p roduced  a  r e v e r s a l  in  the  tre n d  in  w hich yo u n g er l is te n e r s  

u su a lly  obtain  h ig h e r in te llig ib ility  sc o re s  than  o ld e r  l is te n e r s .

Since in te llig ib ility  te s ts  a re  v e ry  tim e  consum ing i t  is  of 

in te re s t  to  observe  how ra tin g s  of re la tiv e  in te llig ib ility  co m pare  to  

th e  m e a su re d  in te llig ib ility  s c o re s . Of p a r t ic u la r  in te r e s t  a re  the 

ra tin g s  of re la tiv e  in te llig ib ility  of m ale  and fem ale  ta lk e r s .  As show n 

in  T able 9, th e re  w as a sign ifican t re la tio n sh ip  betw een the  type of 

h earin g  lo s s  and th e  ab ility  to  r a te  m ea su re d  in te llig ib ility . The 

m o st co n sis ten t re la tio n sh ip  betw een in te llig ib ility  ra t in g s  and in te l­

lig ib ility  s c o re s  w as obtained  by the  n o rm al h ea rin g  group . The con­

ductive h earin g  lo ss  group showed a lm ost the  sam e d e g re e  of c o n s is ­

tency ; the fla t s e n s o r i-n e u ra l  group w as poor, and th e  sloping 

s e n so r i-n e u ra l  g roups w ere  e sse n tia lly  the sam e and showed the 

p o o re s t co n sis ten cy . T hat i s ,  the group w ith the  p o o re s t in te llig ib ility  

s c o re s  w as a lso  the  group le a s t  ab le  to  ra te  in te llig ib ility  c o n sis ten tly . 

Although th e re  w ere  sligh t d iffe ren ces  in  the  re la tiv e  ra tin g s  of 

in te llig ib ility  fo r  indiv idual ta lk e r s  (e. g . , M4 w as ra te d  m o re  in te l­

lig ib le  than  M5, but M5 had h ig h e r in te llig ib ility  s c o re s ) , the  l is te n ­

e r s  ra te d  the fem ale  ta lk e r s  as m o re  in te llig ib le  on the  a v erag e  than  

th e  m ale  ta lk e r s .  T h e re  a p p ea rs  to  be no d iffe rence  in the  re la tiv e  

co n sis ten cy  of the  ra tin g s  betw een m ale  and fem ale  ta lk e r s .

One of the  co n ce rn s  w as the in fo rm al o b se rv a tio n  th a t fem a le  

ta lk e r s  a re  not a s  in te llig ib le  a s  m ale  ta lk e r s .  T hus it  w as of in te r e s t
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to  see  how the su b je c ts  ra te d  the in te llig ib ility  of th e  m a le  and 

fem ale  ta lk e r s  u se d  in  the  study . T able 24 show s th e  re la tiv e  

ran k in g s  fo r  the  e x p e rim e n ta l ta lk e r s  fo r  th e  five e x p e r im e n ta l con ­

d itio n s and g ro u p s. The s tru c tu re  is  analagous to  T ab le  9. The 

tab le  show s s im ila r  but not id en tica l ran k in g s of th e  re la tiv e  in te l­

lig ib ility  of the  v a rio u s  ta lk e r s .  A s tr ik in g  d iffe ren c e  betw een the 

two ta b le s  is  th a t M4 w as ra te d  a s  m o re  in te llig ib le  th an  M5 in  e ight 

of the  ten  c e lls  w here  both M4 and M5 a p p ea r. In  c o n tra s t ,  the  in te l­

lig ib ility  s c o re s  show ed M5 to  be m o re  in te llig ib le  th a n  M4 on 

a v e ra g e .

The m ain  th ru s t  of the study w as the  n a tu re  of th e  m a le -  

fem a le  ta lk e r  and l is te n e r  d iffe ren c e s  in  the  p e rc e p tio n  of speech . It 

w as a lso  of in te re s t  to  ob tain  analy tic  da ta  on r e p re s e n ta t iv e  m ale  

and fem ale  ta lk e r s .  M5 and F5 w ere  chosen  fo r  th is  p u rp o se  to  

r e c o rd  the  nonsense  sy lla b le s  by a g roup of sk ille d  p h o n e tic ian s  who 

analyzed  th e s e  ta lk e r s  and found th em  to  have flu en t, a r t ic u la te  

sp eech . T h ese  ta lk e r s  w e re  chosen  in  advance of th e  p re s e n t  study.

As i t  tu rn e d  out, M5 w as one of the  best m a le  t a lk e r s ,  but F5 w as no t 

one of the  b e s t fem a le  ta lk e r s .  In com paring  M5 and F 5 , it w as found 

th a t M5 w as m o re  in te llig ib le , and in addition , o b ta in ed  h ig h e r in te l-  • 

l ig ib ility  s c o re s  on the  NST. T h e re fo re , M5 and F 5  a r e  not d ire c tly  

co m p arab le  in  te rm s  of th e i r  in te llig ib ility . M5 m ay  be th e  b e s t of the  

m ale  ta lk e r s ,  but F5 w as re p re se n ta tiv e  of an a v e ra g e  lev e l of



TABLE 24

RANKINGS OP TALKER INTELLIGIBILITY RATINGS AS ASSIGNED BY A LL LISTENERS 
(WITH SIX ENTRIES PER  C E L L  REPRESENTING THE SIX TALKERS PER CONDITION)

«

N oise T a lk e r 1 2
E x p erim en ta l G roup*

3 4 5

H igh -pass M M4 M3M1 M4M1M3 M1M4M3 M4M2 M3 M3M1M4
F F3F5F1 F3F1 F3F1 F5 F3 F5 F I F3F1 F5

F5

L o w -p ass M M3 M1M2 M2M1 M3 M1M2M3 M l M2 M3 J M3 M2M1
F F4F3 F4 F 4F 3F5 F4 F3 F5 ■4 F5 F4F3

F5 F3 F5 \

W hite M
M2
M1M5 M2M5M1 M5M2M1 M2M1M5 M5M1M2

F F2F3F1 F3F 2 F I F3F1 F2F1 F3 F3 F I
F2 F2

^Num bers r e fe r  to group a ssig n m en ts  u sed  throughout the study (se e  Table 6).



TABLE 2 4 - -C ontinued

N oise T a lk e r 1 2
E x p erim e n ta l G roup 

3 4 5

M ale- M M4M2M5
M2

M4M5 M2M4M5 M4M5 M2 M2M4 M5
sp e c tru m F F2 F1F 4 F2F 4  F I F 2F 4  F I F2F1 F4 F2 F 1F 4

F em ale  - M
M3
M5M4

M5 
M4 M3 M4 M5M3 M3M5M4 M4 M5 M3

sp e c tru m F F4F 2F 5 F2 F4 F2 F4 F5 F5F 5F2 F4 F2 F5
F5
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in te llig ib ility . In  com paring  th ese  two ta lk e r s ,  th e  d iffe re n c e s  shou ld  

be re g a rd e d  a s  ind iv idual d iffe ren c e s  r a th e r  than  m a le -fe m a le  d if fe r ­

e n ce s . T h is i s  re v e a le d  not only by th e ir  re la tiv e  in te llig ib ility  

s c o re s ,  but th e i r  sp eech  s p e c tra  a lso  show ind iv idual d iffe ren c e s .

T h is  is  i l lu s t r a te d  in  F ig u re  26. The top h a lf  show s M5 and F 5 , the  

low er h a lf  show s the  av e rag e  1 /3  octave speech  s p e c t r a  fo r  m ale  and 

fem ale  ta lk e r s  ob tained  by P e a rs o n s , B ennett and F id e ll  (1977). In 

both c a s e s  th e  s p e c tra  a re  fo r  speech  produced  in  qu ie t. As can  be 

seen  on P e a rs o n s  e t a l. da ta , the fem ale  vo ice  h as  m o re  re la tiv e  

pow er in  the  h igh  f re q u e n c ie s . W hile th is  av erag e  sp e c tru m  h as 

m o re  re la tiv e  pow er in  th e  h ig h e r f req u e n c ie s , M5 show s about the  

sam e re la tiv e  pow er in  the  high freq u e n c ie s  a s  F5*. In addition,

M5 w as re p o r te d  to  a r t ic u la te  m o re  c le a r ly , and so  i t  w as not s u r ­

p r is in g  th a t he c o n s is te n tly  ob tained  h ig h e r in te llig ib ility  s c o re s  

than  F5 .

W hile th e  m ale  ta lk e r  ob tained  h ig h er in te llig ib ility  s c o re s  

fo r  a ll e x p e rim e n ta l g ro u p s and ex p e rim e n ta l co n d itio n s , th e re  w e re  

som e ta rg e t  consonan ts fo r  w hich the  fem ale  ta lk e r  ob tained  h ig h er 

s c o re s .  T h ese  consonan ts w e re  /1 /,  /w / ,  / f / ,  / p / ,  / t / ,  / k /

(with / ’i j /  being a lm o st the  sam e as the  m a le ). N ote th a t F5  con­

s is te n tly  ob tained  h ig h er d isc r im in a tio n  than  M5 fo r  the  v o ic e le ss  

p lo s iv e s . F o r  th is  ta lk e r  the  b u rs t  of a sp ira tio n  on v o ic e le s s  p lo s iv es  

w as c le a r ly  m o re  d is tin c t than  fo r  M5. W hile th e re  a re  indiv idual
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F ig . 26. Top: -1 /3  octave band speecn  s p e c t r a  o f- ta lk e rs  
M5 and F 5  (who re c o rd e d  nonsense  sy llab le  m a te r ia ls ) .

B ottom : 1 /3  octave band av erag e  speech  s p e c tr a  p e r  
P e a rs o n s  et a l.
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d iffe re n c e s  betw een ta lk e r s ,  a  p o ss ib le  hypo thesis  i s  th a t fem ale  

ta lk e r s  on av e rag e  m ay  have m o re  audible a s p ira tio n , m ak ing  v o ic e ­

le s s  p lo sive  consonan ts m o re  in te llig ib le .

Of th e  fou r e x p e rim e n ta l conditions c o n s id e re d  w ith the  

nonsense  sy llab le  m a te r ia ls ,  th e  +6 d B /oc tave  slope  cond ition  p ro ­

duced th e  h ig h es t s c o re s  fo r  both th e  m ale  and fem a le  ta lk e r  fo r  a ll 

l i s te n e r s  of a ll ag es. P re v io u s  r e s e a rc h  h as show n th a t a h igh- 

freq u en cy  boost ty p ica lly  im p ro v e s  the in te llig ib ility  of sp eech  

(F re n ch  and S te inoerg , 1947). T h is  im provem en t h a s  a lso  been 

o b se rv ed  fo r  h e a r in g - im p a ire d  l is te n e r s  w ith h ig h -fre q u en c y  h ea rin g  

lo s s  (L evitt et a l . , 1978; S k inner, 1978). Of p a r t ic u la r  re le v a n c e  is  

the  finding of W itte r  and G o ldste in  (1971) who show ed sig n ifican t 

im p ro v em en t in  in te llig ib ility  fo r  both m ale  and fem a le  ta lk e r s  w ith 

an upw ard  frequency  sh ift in  the  sp e c tru m .

It m ay be no ted  tha t the  non sen se  sy llab le  t e s t  is  w eighted 

to w ard  h ig h -freq u en cy  sounds, e . g . , v o ic e le ss  c o n so n an ts  in  the 

fin a l position  (L ev itt e t a l . , 1978) and a p o sitiv e ly  slo p in g  frequency  

re sp o n se  m ay  be p a r t ic u la r ly  good fo r  th e se  m a te r ia ls ,  but not 

n e c e s s a r i ly  fo r  speech  in  g e n e ra l.

T he e ffe c ts  of the Age and E x p e rim e n ta l G roup  v a r ia b le s  fo r  

th e se  two ta lk e r s  on th e  non sen se  sy lla b le s  a re  c o n s is te n t  w ith those  

data  ob tained  u sin g  CHABA se n te n c e s . In  g e n e ra l, th e  younger 

l is te n e r s  ob tained  h ig h er in te llig ib ility  s c o re s  th an  th e  o ld e r  l i s te n e r s
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and the  re la tiv e ly  f la t au d io m etric  configura tions ob ta ined  h ig h e r 

in te llig ib ility  s c o re s  th an  th e  slop ing  s e n s o r i-n e u ra l  g ro u p s. As 

b e fo re , the  shape of the  aud iog ram  is  an im p o rtan t c o n s id e ra tio n .

In  th is  c a se  one would expect ex p erim en ta l g roups w ith  the  m o d e ra te ­

ly  slop ing  and se v e re ly  slop ing  s e n s o r i-n e u ra l  lo s s e s  to  show a l a r g e r  

red u c tio n  s c o re  fo r  the  nonsense  sy llab le  m a te r ia ls  s in ce  th e se  two 

g ro u p s have g r e a te r  h ig h -freq u en cy  h ea rin g  lo s s e s  and the  te s t  is  

b ia sed  to w ard s  h ig h -freq u en cy  sounds. N ote tha t th e s e  two g ro u p s 

a lso  sc o re d  re la tiv e ly  po o rly  on the  sen tence  m a te r ia ls .

Of th e  o th e r  tw o s lo p e s  co n sid e red  (0 and -6  d B /o c tav e ) th e  

s c o re s  w e re  about the sam e and low er than  fo r  the  +6 d B /o c tav e  s lo p e . 

On th e  b a s is  of aud ib ility  of the sp e c tru m , one m igh t have expec ted  

th e  0 d B /o c tav e  slope condition  to  be b e tte r  than  th e  -6  d B /o c tav e  

slope  condition  but th is  w as not the  case , and no obvious re a so n  cou ld  

be found o th e r  th an  that th e  v a r ia b il i ty  of th e  m e a s u re m e n ts  o b sc u re d  

any r e a l  d iffe re n c e s .

The one no ise  condition  u se d  w ith the  n o n sen se  sy llab le  

m a te r ia ls  w as one in  w hich the  m ale  voice w as p re s e n te d  in  the  

p re se n c e  of th e  m a le -s p e c tru m  shaped no ise  and th e  fem a le  vo ice  

w as p re se n te d  in  a background  of fe m a le -sp e c tru m  shaped  n o ise . In  

th is  w ay, a ll f req u e n c ie s  w e re  being equally  m ask ed . T h ese  w e re  

c o n s id e re d  the w o rs t c a s e s  in  te rm s  of re su ltin g  in te l lig ib il i ty  and 

confusions. The re su ltin g  p a tte rn  of confusions w as s im ila r  to  th a t
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ob tained  w ith  c a fe te r ia  no ise  by Dubno (1978).. T h is  i s  not su rp r is in g  

s in c e  th e  sp e e c h -sp e c tru m  shaped  no ise  i s  s im ila r  in  sp e c tru m  

shape to  th e  c a fe te r ia  no ise  u sed  by Dubno, but no t id e n tic a l. It w as 

found th a t the  fr ic a tiv e  consonan ts w ere  the  m o st d ifficu lt to  identify , 

th e re  w e re  m o re  m an n e r confusions th an  in  qu iet (confusions in  w hich  

ta rg e t  and re sp o n se  sy llab le  w ere  p roduced  by a d iffe re n t m anner, 

e . g . , f r ic a tiv e  and p lo sive), and m o st com m on p lace  confusions 

(sam e m an n er) w e re  betw een p a ir s  of p lo s iv es . A  c o m p a riso n  fo r 

the  n o rm a l l is te n e r s  in  the  two s tu d ie s -re v e a le d  th a t th e  / i f /  '•f / i  6 1  

and /b a / - *  / ^ a /  confusions w ere  com m on in  no ise  a c r o s s  e x p e r i­

m e n ta l sa m p le s .

In g e n e ra l, it w as noted th a t fo r  the  n o n sen se  sy llab le s  

p lo s iv e s  w e re  m o st often  confused  w ith  p lo s iv es , f r ic a t iv e s  w ith p lo ­

s iv e s , f r ic a tiv e s  w ith  f r ic a tiv e s  and la s tly  f r ic a tiv e s  w ith  p lo siv es .

I t should  be re m e m b e re d  th a t the re sp o n se  fo ils  c h o sen  fo r  the  non­

se n se  sy llab le  te s t  w ere  chosen  so th a t voicing  e r r o r s  w e re  not a 

p o ss ib le  a lte rn a tiv e . The te s t  w as designed  th is  w ay s in c e  voicing 

confusions o ccu r le a s t  frequen tly  w ith h e a r in g - im p a ire d  p e rso n s  

(L ev itt and Re sn ick , 1978; P ic k e tt et a l . , 1970).

Vowel contex t h as  an im p o rtan t e ffect on th e  d isc r im in a tio n  

of consonan ts . As shown when the  vowel w as / a / ,  consonan ts w ere  

m o s t e a s ily  iden tified ; when / i /  and / u /  w e re  th e  vow els , d is ­

c rim in a tio n  w as m uch  low er, being p o o re s t fo r  th e  / i / .  F o r  the vow el
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/ u /  the  two fo rm an ts  F I  and F2 a re  c lo se  to g e th e r , and hence 

th e  tra n s it io n s  a re  h a rd e r  to  p e rc e iv e ; fo r / i f  the  second  fo rm an t 

m ay  be beyond the  audible range  of th e  h e a r in g - im p a ire d  l is te n e r , o r  

m ay be m ask ed  by no ise  along w ith F 3 , leav ing  F I  a lone to  be 

confused  w ith  the v e ry  s im ila r  and c lo se  to g e th e r  p a i r  of F I  and F 2  

of / u / .

T h ese  r e s u l ts  com pare  favo rab ly  w ith  th o se  obtained by 

Dubno (1978) and A bram ov itz  (1979) fo r  both n o rm al and h e a rin g - 

im p a ire d  l is te n e r s .

S im ila rly , the data  obtained  in  th is  study co m p a re  favo rab ly  

w ith th o se  of L ev itt et a l. (1978) w here  consonan ts in  the  in itia l p o s i­

t io n  w e re  iden tified  m o re  o ften  than  in  the  fin a l p o s itio n  and th a t 

vo iced  consonan ts obtained  h ig h e r in te llig ib ility  s c o r e s  than  unvoiced  

consonan ts .

T he e ffect of h ea rin g  lo s s  on the  d isc r im in a tio n  of the  

v a rio u s  sp eech  sounds show d is tin c t p a tte rn s . C e r ta in  consonan ts 

a re  m o re  a ffec ted  by h ea rin g  lo s s  th an  o th e rs , e . g . , / d / ,  /w / ,

/ z / ,  /  /» w hile in co m p ariso n , / g / ,  / m / ,  and / n /  a re  r e l a ­

tiv e ly  unaffec ted  by the  h e a rin g  lo s s .  Note th a t the  la t t e r  group of 

consonan ts have su b s tan tia l low -frequency  pow er. S im ila rly , the  

consonant confusions show a p a tte rn  in  w hich consonan ts w ith s im ila r  

sp e c tra  a re  confused w ith each  o th e r  and the  g r e a te r  th e  h igh- 

frequency  con tour (as in  the f r ic a tiv e s  and v o ic e le ss  p lo s iv es), the 

g re a te r  th e  r a te  of confusion.
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In su m m ary , i t  is  seen  tha t th e re  a re  la rg e  individual 

d iffe ren ces betw een ta lk e r s ,  and th a t on the  a v e ra g e  th e  fem ale  

ta lk e r s  in  th is  study obtained h ig h er in te llig ib ility  s c o re s  than  the 

m ale  ta lk e r s  fo r  the  no ise  conditions co n sid ered  w ith  the  sen tence  

m a te r ia ls .  H ow ever, i t  is  e x tre m e ly  d ifficu lt to  g e n e ra liz e  the 

re s u lt  to  the  population a t la rg e . F u r th e r ,  it m ay be m o re  p roductive  

to  look fo r  d iffe ren ces re la tiv e  to  indiv idual ta lk e r s  r a th e r  than  

gender re la te d  d iffe ren ces . C lea rly  o v e ra ll le v e l and sp e c tru m  

shape a re  im p o rtan t co n sid era tio n s  in  th is  re g a rd , but th e re  a re  

p resu m ab ly  o th e r v a r ia b le s . If th e se  fa c to rs  could  be iden tified , 

the  r e s u l ts  would have im p o rtan t im p lica tio n s fo r  th e  developm ent of 

m o re  effective  acoustic  am plifying sy s te m s  fo r  h e a r in g - im p a ire d  

people and the way in  which a u ra l re h a b ilita tio n  is  p rov ided .



CHAPTER VI

SUMMARY AND CONCLUDING COMMENTS

S um m ary  of E x p erim en t 

T h is  study  w as co n ce rn ed  w ith in v es tig a tin g  d iffe ren c e s  in 

in te llig ib ility  betw een m ale  and fem ale  ta lk e r s  fo r  n o rm a l and h e a r in g  

im p a ire d  l is te n e r s .  F iv e  sub jec t g roups of ten  l i s te n e r s  each , 

com posed  of n o rm a l h e a rin g  l is te n e r s ,  l is te n e r s  w ith  conductive 

h ea rin g  lo s s e s ,  f la t s e n s o r i-n e u ra l  h ea rin g  lo s s e s ,  m o d e ra te ly  

sloping s e n s o r i -n e u ra l  h ea rin g  lo s s e s  and se v e re ly  s lop ing  s e n s o r i ­

n e u ra l h e a rin g  lo s s e s ,  w e re  subdivided acco rd in g  to  l is te n e r  sex  a s  

w ell as  o ld e r  and yo u n g er g roups. The su b je c ts  w e re  p re se n te d  w ith  

two ty p es of s tim u lu s  m a te r ia l:  th e  CID sen ten c es  of ev ery d ay  sp e ec h  

(CHABA) re c o rd e d  by five m a le  and five fem ale  t a lk e r s ,  and r e c o rd ­

ings of a  non sen se  sy llab le  te s t  ava ilab le  fo r both a  m a le  and a 

fem ale  ta lk e r  (who had  a lso  re c o rd e d  th e  sen ten ce  l i s t s ) .

F iv e  ty p es  of no ise  w ere  u sed  fo r  each  ta lk e r  group fo r  the  

sen tence  m a te r ia ls :  w hite n o ise , lo w -p a ss  n o ise , h ig h -p a s s  n o ise , 

m a le -s p e c tru m  shaped  no ise  and fe m a le -sp e c tru m  shaped  n o ise .

F o u r  e x p e rim e n ta l conditions w ere  u sed  fo r  the  n o n se n se  sy llab le  

m a te r ia ls :  freq u en cy  f i lte r in g  w ith a slope  of 0 d B /o c ta v e , +6 dB /
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octave and -6 d B /oc tave  (a ll in quiet) and 0 d B /o c tav e  slope  

condition  in  no ise  a t a S/N  ra t io  of 0 dB.

F indings

The five fem ale  ta lk e r s  w e re , on av erag e , m o re  in te llig ib le  

th an  the  five m ale  ta lk e r s  u sed  in  the study. H ow ever, the  d is tr ib u tio n  

o f s c o re s  showed th a t som e m a le s  w ere  m o re  in te llig ib le  than  som e 

fem ale  ta lk e r s .  F o r  the  nonsense sy llab le  m a te r ia ls ,  h ig h e r d is c r im ­

ination  s c o re s  w ere  obtained by the  m ale  r a th e r  than  the  fem ale  ta lk e r .  

It should be noted, how ever, th a t the  m ale  ta lk e r  u sed  fo r the  nonsense  

sy llab le s  w as the m o st in te llig ib le  ta lk e r  fo r the  sen tence  m a te r ia ls  

w h e rea s  the fem ale  ta lk e r  g en era ted  an av erag e  in te llig ib ility  s c o re .

D iffe ren ces  betw een ex p erim en ta l g roups w e re  a s  expected . 

T he n o rm al h earin g  l is te n e r s  obtained the  h ighest s c o re s ,  follow ed by 

th e  conductive h earin g  lo s s  group, the f la t - ,  m o d e ra te ly -  and se v e re ly  

slop ing  s e n s o r i-n e u ra l  group.

The background no ise  reduced  in te llig ib ility  s c o re s  in  a 

p red ic ta b le  way w ith  one exception . The sp eech -sh ap ed  n o ise  w as 

m o st dam aging to  in te llig ib ility ; h ig h -p a ss  and w hite no ise  w ere  the 

next m ost dam aging, w ith lo w -p ass  no ise  th e  le a s t  effective  m a sk e r . 

T hese  findings a re  co n sis ten t w ith a rticu la tio n  index th eo ry .

F o r  the nonsense  sy llab le s , the +6 dB /octave  slope  condition 

p rov ided  the  h ighest in te llig ib ility  fo r  both ta lk e rs  fo r  a ll  l is te n e r s .
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In addition , it w as found th a t sy lla b le s  w ith vo iced  co n so n an ts  ty p ic a lly  

show ed h ig h e r o v e ra ll m ean  in te llig ib ility  s c o re s  th a n  th o se  w ith  v o ic e ­

le s s  consonan ts; th a t vow el context affected  in te llig ib ility , e sp e c ia lly  

fo r  f r ic a tiv e  consonan ts; and th a t h ig h er s c o re s  w e re  ob ta ined  fo r  

consonan ts in  the in itia l p o sitio n  a s  opposed to  the  f in a l position .

The o ld e r  su b jec ts  show ed co n sis ten tly  lo w e r s c o re s  w ith  one 

excep tion  (the conductive group) p ossib ly  b ecau se  of e r r a t i c  s c o re s  

ob tained  by one su b jec t.

C onclusions

M ale-fem a le  d iffe ren c e s  in  ta lk e r  in te llig ib il i ty  a re  a ffec ted  

by a n u m b er of com plex  v a r ia b le s  and a s im p le  g e n e ra liz a tio n  cannot 

be m ade th a t m a le  ta lk e r s  a re  m o re  o r  le s s  in te llig ib le  th an  fem ale  

t a lk e r s .  On av e rag e , fo r  th e  ta lk e r s  and n o ise  cond itions in  th is  

study , the  fem ale  ta lk e r s  w ere  m o re  in te llig ib le  th an  th e  m ale  ta lk e r s  

fo r  the  sen ten ce  m a te r ia ls .  S ev e ra l im p o rtan t c a v e a ts  should  be 

no ted . F i r s t ly ,  in  se ttin g  sp eech  le v e ls  and S/N  r a t io s ,  th e  speech  

s ig n a ls  w e re  ad ju sted  to  be equal in  pow er a s  m e a su re d  by th e  a v e rag e  

of the  sp eech  peaks on a  lev e l r e c o rd e r .  In  r e a l  l ife , fem a le  v o ice s  

a re  ty p ic a lly  s e v e ra l  dB lo w er th an  m ale  v o ic e s . Secondly , no one 

m ethod  of specify ing  sp eech  lev e l is  g en e ra lly  a g re e d  upon, e sp e c ia lly  

w hen ta lk e r  c h a r a c te r is t ic s  d iffe r in  som e w ay. O th e r m ethods of 

equating  sp eech  lev e l m ay  have y ie lded  som ew hat d if fe re n t r e s u l ts
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s in ce  the  slope of the  p e rfo rm a n c e -in te llig ib ility  function  fo r  se n ten c e  

m a te r ia l  is  v e ry  s teep  and sm a ll d iffe re n c e s  in  equating  speech  le v e ls  

m ay  p roduce  la rg e  changes in  the  in te llig ib ility  s c o re .  T h ird ly , 

m a le -fe m a le  d iffe ren ces  in  in te llig ib ility  a re  a lso  a ffec ted  by the  

sp e c tru m  of th e  background n o ise . T he re la tiv e  S /N  ra t io  in d iffe re n t 

freq u en cy  reg io n s is  an im p o rtan t fa c to r  and th is  v a r ie s  a s  a  function  

of both th e  speech  and no ise  sp e c tru m .

It is  im p o rtan t to  b e a r  in m ind  th a t a lthough th e re  a re  a v e ra g e  

d iffe re n c e s  betw een m ale  and fem ale  ta lk e r s  in  t e r m s  of sp e c tru m  

sh ap e , sp eech  lev e l and o th e r re la tiv e  aco u stic  p a ra m e te r s ,  th e re  a r e  

la rg e  ind iv idual d iffe ren ces  betw een ta lk e r s  in  t e r m s  of th e se  p a ra ­

m e te r s .  F o r  exam ple , som e m a le s  have w eak e r v o ic e s  th an  som e 

fem ale  ta lk e r s  o r  som e fem ale  ta lk e r s  have a sp e c tru m  shape s im ila r  

to  th a t of a  m ale  ta lk e r ,  and v ice  v e rs a .

G iven th e se  m any d iffe re n c e s , it  i s  ev iden t th a t th e re  a re  a 

n u m b er of in te r -a c tin g  fa c to rs , e ach  of w hich m ay  a ffec t the  in te llig ib ­

ili ty  o f m ale  and fem ale  ta lk e r s  d iffe ren tly . It m ay  be b e tte r  to  look 

fo r  im p ro v ed  m ethods of p red ic tin g  sp eech  in te llig ib il i ty  fro m  the 

aco u s tic  m e a su re m e n ts  of speech  and background n o ise  which a re  

independent of gender.
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D escr ip tio n  o f Subjects in  E xp erim en ta l G roup 1
(Conductive H earing L o ss  Group)

T e s t
E a r

SRT 
dB HL

PB
S core

MCL
(HL)

M CL-
SRT
(SL)

Tym p.2
Type

R e ­
flex H . A.3 Age Sex

R ight 60 100 85 25 A « No Y es 55 M ale
Right 45 100 80 35 A No No 41 F e m a le
L eft 45 100 80 35 A No No 53 F e m a le
R ight 35 100 70 35 B No No 63 F e m a le
Right 35 72 65 30 A No No 49 M ale
L eft 35 100 65 30 A No No 54 F e m a le
L eft 30 88 65 30 CNT* CNT No 49 M ale
L eft 40 96 75 35 CNT CNT No 40 M ale
Left 45 92 80 35 A No Y es 53 F e m a le
L eft 30 100 65 35 A No Y es 47 M ale

M ean 40 94 .8 73 32 .5 — 5 0 .4
•

Conductive h e a rin g  lo ss  defined a s  at le a s t  a  30 dB a ir-h o n e  gap 
w ith  n o rm a l hone conduction th re sh o ld s .

O
Type of T ym panogram  b ased  upon the  c la s s if ic a tio n  of J e r g e r

(1974).
3

R e fe rs  to  w he ther th e  su b jec t had e v e r  had any h e a rin g  aid 
ex p erien ce  p r io r  to  the  study .

^Subject had  im pedance s tu d ie s  p e rfo rm e d  on 4 /2 1 /7 7  when 
in itia lly  seen  a s  a  p a tien t and declined  having th e  p ro c e d u re  rep e a te d  
on 4 / 4 /7 8  w hen se en  a s  a study su b jec t s in ce  th e re  had  been  no sub ­
s ta n tia l change in  h is  h e a rin g  on the  o th er te s t  m e a s u re s .

5Subject com plained  tha t h is  e a r  w as v e ry  se n s it iv e  and allow ed , 
im pedance  te s ts  only on the rig h t e a r  w here  the  T ym panogram  w as a  
Type C and th e  s tap ed iu s  re f le x  w as ab sen t. O tologic exam ination  on th e  
le ft e a r  fa iled  to  d isc o v e r any ac tive  pathology to  accoun t fo r the  d is ­
co m fo rt re p o rte d  by th e  p a tien t.
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D escr ip tio n  o f Subjects in  E xp erim en ta l G roup 2
(N orm al H earing L is ten er s)

T e s t
E a r

SRT 
dB HL

PB
Score

M CL
(HL)

M CL-
SRT
(SL)

Tym p.
Type

R e ­
flex H. A. Age Sex

L eft 0 100 35 35 A Y es No 26 F e m a le
L eft -5 100 30 35 A Y es No 29 F e m a le
R ight 0 100 35 35 A Y es No 27 F e m a le
L eft 5 100 35 30 A Y es No 25 M ale
R ight 0 96 35 35 A Y es No 28 M ale
R ight 0 100 35 35 A Y es No 28 F e m a le
L eft 0 100 35 35 A Y es No 28 F e m a le
R ight -5 100 30 35 A Y es No 20 F e m a le
R ight -5 100 30 35 A Y es No 27 F e m a le
L eft 0 100 35 35 A Y es No 24 F e m a le

M ean -1 99. 6 3 3 . 5  3 4 .5 2 6 . 2
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D escr ip tio n  o f  Subjects in  E xp erim en ta l Group 3
(F lat S en so r i-N eu ra l H earing L o ss)

T e s t
E a r

SRT 
dB HL

PB
Score

MCL
(HL)

M CL-
SRT
(SL)

Tym p.
Type

R e ­
flex H. A. Age Sex

L eft 50 100 80 30 A Y es Y es 37 M ale
L eft 30 100 65 35 A Y es No 43 F e m a le
L eft 40 80 75 35 A Y es No 47 F e m a le
R ight 45 88 75 30 A No Y es 48 F e m a le
R ight 35 100 65 30 A No No 48 F e m a le
L eft 30 80 65 35 A Y es No 48 F e m a le
L eft 30 84 60 30 A Y es No 49 M ale
Right 40 92 75 35 A Y es No 54 F e m a le
R ight 55 76 80 25 A Y es Y es 68 F e m a le
Right 35 100 65 35 A Y es Y e s 78 F e m a le

M ean 39 90 63 32 52
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D escr ip tio n  of Subjects in  E xp erim en ta l G roup 4
(M oderately  Sloping S en so r i-N eu ra l H earin g  L o ss )

T e s t
E a r

SRT 
dB HL

PB
S core

MCL
(HL)

SL Tym p. 
Type

R e­
flex H. A. Age Sex

L eft 40 84 75 A Y es No 28 F e m a le
R ight 55 80 70 • A No Y es 30 M ale
R ight 35 100 70 A Y es Y es 39 F e m a le
L eft 30 60 65 A Y es No 49 M ale
L eft 35 96 70 A Y es Y e s 58 M ale
L eft 30 80 60 A Y es No 65 M ale
R ight 55 64 85 A No No 66 M ale
R ight 45 48 70 A No Y es 56 M ale
L eft 50 68 85 A No Y es 68 F e m a le
R ight 30 52 60 A Y es Y e s 70 M ale

M ean 4 0 . 5  7 3 . 2  71 5 3 . 9
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D escr ip tio n  o f Subjects in  E xp erim en ta l Group 5
(S everely  Sloping S en so r i-N eu ra l H ea r in g  L o ss)

T e s t
E a r

SRT 
dB HL

PB
S core

M CL SL Tym p.
Type

R e­
flex H. A. Age Sex

L eft 35 48 70 35 A Y es Y es 21 M ale
L eft 35 76 75 40 A Y es Y es 33 F e m a le
R ight 35 92 65 30 A Y es Y es 44 F e m a le
R ight 30 88 65 3.5 A Y es Y e s 47 M ale
R ight 40 76 80 40 A Y es Y es 57 F e m a le
L eft 30 84 65 35 A Y es No 58 M ale
R ight 30 64 65 30 A Y es No 65 M ale
L eft 40 64 70 30 A. No No 68 M ale
R ight 35 56 65 30 A Y es No 75 F e m a le
L eft 35 40 75 40 A Y es Y e s 80 M ale

M ean 3 4 . 5  6 8 . 8  63 35 5 4 . 8
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CHABA Sentence L is t  A ssignm en ts P e r  T a lk e r

CHABA L is t  T a lk e r

A M ale 2
B F e m a le  3
C F em ale  2
D M ale 4
E F em ale  4
F M ale 5
G F em ale  1
H F em ale  5
I M ale 1
J M ale 3
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Settings fo r  E qu ipm ent U sed to  O btain  Speech S pectrum  M a te ria ls

E quipm ent C on tro l S etting ...............

B&K M icrophone
A m p lifie r #2603 Input P o t. 0

Input Switch D ire c t
M ete r Range 10V- OdB- 120dB SPL
F req u en cy  R esponse  Sw itch E x te rn a l F i l te r
M e te r Switch RMS F a s t
Range M u ltip lie r 0 dB x 1

B&K B an d P ass  F i l te r
Set Type 1612 Input Sw itch D ire c t

A utom atic  Sw itching Off
W eighting N etw ork Off
F unction  S e lec to r 1 /3  O ctave 0 dB

B &K G raph ic  L evel
R e c o rd e r  Type 2305 Input P o t. R eference

Input A ttenua to r Set so  tha t c a lib ra tio n  tone is
■i ap p rox im ate ly  20 dB to  begin, and 

changed a s  n e c e s sa ry
P o te n tio m e te r  Range 50
R e c tif ie r RMS
F req u en cy  L im it 50
W riting  Speed 400/800
D rive  Shaft 1 .2
P a p e r  Speed 1 (10)
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T e s t  P ro to c o ls

NST O rd e r
Sub- CHABA O rd e r
je c t 1 2 3 4 5 7 8 T ape (CHA

1 6m 5m 8m 6f 8f 7m 5f 7f 1 1

2 6m 5f 8f 5m 7f 8m 7m 6f 2 2

3 7m 6f 6m 7f 5m 5f 8m 8f 3 . 1

4 7f 8f 6f 5m 6m 8m 5f 7m 1 2

5 6m 8m 8f 5f 7f 6f 5m 7m 2 1

6 5m 5f 6m 8f 6f 7m 8m 7f 3 2

7 8f 7f 5f 6f 5m 8m 7m 6m 1 1

8 8m 6m 7m 7f 5m 6f 5f 00 2 2

9 8f 8m 6m 7m 7f 5m 5f 6f 3 1

10 8f 7f 5m 8m 7m 6f 6m 5f 1 2

11 5m 6f 7m 7f 6m 5f 8m 8f 2 1

12 5f 6m 7f 8f 8m 7m 5m 6f 3 2

13 6f 5f 5m 8m 7f 8f 7m 6m 1 1

14 7f 6m 5f 8f 7m 5m 8m 6f 2 2

15 6f 5m 8m 7m 8f 5f 6m 7f 3 1

16 7m 7f 8m 6m 5f 8f 6f 5m 1 2

17 5rn 8m 7f 6m 7m 8f 5f 6f ] 1

18 5f 6f 8m 8f 7m 5m 7f 6m 3 2

19 6f 6m 5f 7m 8m 7f 5m 8f -  1 1
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T est P r o to c o ls— Continued

NST O rd e r
Sub- CHABA O rd e r
je c t 1 2 3 4 5 6 7 8 T ape (CHA

20 7m 8m 5m 7f 8f 5f 6m 6f 2 2

21 7f 7m 8f 8m 6f 5f 5m 6m 3 1

22 5m 5f 6m 6f 8f 7m 7f 8m 1 2

23 7m 5m 6m 6f 5f 7f 8m 8f 2 1

24 6f 5m 8m 7m 5f 7f 6m 8f 3 2

25 8f 6f 6m 5m 7f 5f 7m 8m 1 1

26 7m 6m 5f 8f 8m 5m 6f 7f 2 2

27 8m 7m 6f 6m 8f 5m 5f 7f 3 1

28 5f 8m 8f 6f 5m 6m 7m 7f 1 2

29 8f 7f 8m 7m 5f 6f 5m 6m 2 1

30 8f 5f 6f 5m 6m 7m 7f 8m 3 2

31 8m 5m 7m 5f 7f 8f 6m 6f 1 1

32 5m 7m 8m 6m 8f 7f 5f 6f 2 2

33 6f 5f 5m 7f 7m 8m 6m 8f 3 1

34 8m 7f 7m 5m 6f 5f 8f 6m 1 2

35 7f 7m 6f 5m 8f 5f 8m 6m 2 1

36 5m 6f 8f 5f 6m 8m 7f 7m 3 2

37 8f 8m 5f 6m 7f 7m 6f 5m 1 1

38 5f 6m 6f 7m 8m 5m 7f 8f 2 2
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T e s t  P ro to co ls--C o n tin u ed

NST O rd e r
Sub- CHABA O rd e r
je c t 1 2 3 4 5 6 7 8 T ape (CHA

39 6f 5f 8f 7m 6m 7f 5m 8m 3 1

40 5m 6f 7m 8f 5f 6m 7f 8m 1 2

41 5f 8m 7m 6m 5m 8f 6f 7f 2 1

42 6m 8f 8m 6f 7f 5f 7m 5m 3 2

43 8m 7m 5m 8f 6f 7f 6m 5f 1 1

44 8f 5f 6f 5m 7m 8m 6m 7f 2 2

45 5f 8m 8f 6f 7m 6m 7f 5m 3 1

46 6f 8m 5f 7m 6m 8f 7f 5m 1 2

47 7f 5m 6m 8f 5f 8m 7m 6f 2 1

48 7m 8f 6m 8m 6f 5m 7f 5f 3 2

49 8m 7f 7m 6f 8f 5m 6m 5f 1 1

50 7f 6m 7m 5f 6f 8f 8m 5m 2 2

51 5m 6f 7f 6m 8m 5f 7m 8f 3 1

52 8f 5m 7m 6f 7f 6m 8m 5f 1 2
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T a lk e r  L is t

CHABA T e s t t a p e  #1

1 . F I G

2. F2 C

3. F 5 H

4. M3 J

5. M l I

6. M5 F

7. M2 A

8. F3 B

9. M4 D

10. F4 E

CHABA T e s t T ape  #2

1 . F3 B

2. F 4 E

3. M l I

4. M2 A

5. M5 F

6. M3 J

7. F2 C

8. F I G

9. F5 H

10. M4 D

N oise C ondition

w hite no ise  

m a le  shaped  n o ise  

high p a ss  n o ise r 

high p a ss  no ise  

w hite  no ise  

fem a le  shaped  n o ise  

low p a ss  no ise  

low p a ss  no ise  

m a le  shaped  n o ise  

fem a le  shaped  n o ise

high p a ss  n o ise  

low p a s s  n o ise  

low p a s s  no ise  

w hite no ise  

m a le  shaped  n o ise  

fem a le  shaped  n o ise  

w hite  n o ise  

m a le  shaped  n o ise  

fem a le  shaped  n o ise  

high p a ss  no ise



T a lk e r  L is t N oise C ondition
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CHABA T e s t T ape #3

1. M5 F w hite no ise

2. F2 C fem ale  shaped no ise

3. M3 J low p a ss  no ise

4. M2 A m ale  shaped no ise

5. F I G high p a ss  no ise

6. M4 D fem ale  shaped no ise

?. F5 H low p a ss  no ise

8. F3 B w hite no ise

9. M l I high p a ss  no ise

10. F4 E m ale  shaped n o ise
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SPEECH  DISCRIMINATION STUDY 
Subject In take F o rm

N am e:___

A d d re ss :

P h o n e :____________________  B ir th d a te :_/_________ /
Mo. Day Y e a r

P u re  Tone T h resh o ld s  (Re: ANSI, 1969 re f . T h re sh ) :

A ir  Conduction 250_____ 500______1000 2000 4000 8000Hz

R ight E a r  ____            dB

L eft E a r  dB

Bone C onduction

Right E a r  ____  ____  ____  ____

L eft E a r  ____  ____  ____  ____

Speech A ud iom etry  T ym panom etry

SRT PB L eve l

R ight ____  ____  ____  Type  R igh t

L eft ____  ____  ____  Type  L eft

S taped ius R eflex  L ev e ls

500 1000 2000 4000Hz

Right d

L eft d

T e s t E a r H earin g  Aid E x p e rie n c e

Subject N um ber 

D ate:

Y es  o r  No

E a r  A id
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P re se n ta tio n  L ev e ls  in  D ecibe ls  (re  au d io m etric  0) fo r  a ll  L is te n e rs  fo r a ll  E x p erim e n ta l C onditions
and T a lk e rs  (B ased Upon MCL V alues fo r E ach  Subject)

E x p erim en ta l Condition

E x p erim en ta l
G roup CHABA NST

0 dB /octave +6 d B /oc tave  : -6  dB /octave  N oise

T a lk e r M ale F em ale M ale F em ale M ale F em ale  M ale F e m ale

N o rm al H earing 40 dB 40 dB 40 dB 65 dB 65 dB 55 dB 55 dB 40 dB 40 dB
40 40 40 50 60 50 50 40 40
35 35 35 50 55 50 50 35 35
35 35 35 55 60 55 55 35 35
35 35 35 60 65 55 55 35 35
40 40 40 55 60 55 55 40 40
35 35 35 50 50 45 45 35 35
30 30 35 50 55 45 50 30 30
35 35 35 60 60 55 55 35 35
35 35 35 60 60 55 55 35 35
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Appendix F --C ontinued '

r

E x p erim en ta l C ondition
■ . . .

E x p erim en ta l
G roup CHABA NST

0 dB /octave +6 dB /octave -6  dB /octave N oise

T a lk e r M ale F e m ale M ale F em aie M ale F em ale M ale F e m ale

Conductive 
H earin g  L oss 85 dB 85 dB 85 dB 110 dB 110 dB 105 dB 110 dB 85 dB 85 dB

80 80 80 95 100 85 85 80 80
80 80 80 90 100 100 95 80 80
70 70 70 75 85 70 80 70 70
65 65 65 85 85 75 75 65 65
65 65 65 80 80 75 80 65 65
65 65 65 80 85 75 70 65 65
75 75 75 95 90 85 80 75 75
80 80 80 95 90 90 90 80 80
65 65 65 80 90 80 80 65 65
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Appendix F --C on tin u ed

E x p erim en ta l Condition

E x p erim en ta l
G roup CHABA ft ST

0 dB /octave +6 d B /oc tave  -6  dB /octave N oise

T a lk e r M ale F em ale M ale Fem f.le  M ale F em ale M ale F em ale

F la t S e n so ri-  
N e u ra l L oss 70 dB 70 dB 70 dB 90 dB 95 dB 90 dB 95 dB 70 dB 70 dB

80 80 80 105 105 105 100 80 80
65 65 65 80 85 80 75 65 65
75 75 75 110 110 100 95 75 75
65 65 65 75 80 75 85 65 65
65 65 65 85 90 85 85 65 65
75 75 75 90 90 80 85 75 75
75 75 75 85 80 75 80 75 75
80 80 80 95 95 95 90 80 75
70 70 70 85 95 80 85 70 70
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Appendix F --C on tin u ed

E x p erim en ta l Condition

E x p erim e n ta l
G roup CHABA NST

0 dB /octave

*  .  .  r

+6 d B /oc tave  -6  dB /ociave  N oise

T a lk e r M ale F em ale M ale F em ale  M ale F em ale  M ale F em ale

M odera te ly  sloping 
S e n so ri-n e u ra l 
H earin g  L oss 65 dB 65 dB 65 dB 90 dB 100 dB 80 dB 85 dB 65 dB 65 dB

75 80 80 95 105 90 95 80 80
75 75 75 95 95 85 85 75 75
85 85 85 100 105 95 100 85 85
65 65 70 85 90 80 85 70 70
70 70, 70 h 80 75 75 70 70
65 65 65 80 85 75 75 65 65
65 65 65 90 90 85 85 65 65
75 75 75 90 90 75 85 75 75
75 75 75 105 100 90 95 75 75
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Appendix F --C on tin u ed

E x p erim en ta l Condition

E x p erim en ta l
G roup CHABA NST

0 dB /octave +6 dB /octave  -6  d B /oc tave  N oise

T a lk e r M ale F em ale M ale F em ale  M ale F em ale  M ale F em ale

S evere ly  Sloping 
S e n so ri-N e u ra l 
H earing  L oss 75 dB

r

70 dB 75 dB 95 dB 95 dB 75 dB 75 dB 75 dB 75 dB
65 65 65 90 100 85 90 65 65
65 65 75 85 85 75 75 75 75
80 80 80 95 95 85 90 80 80
75 75 75 90 90 90 90 75 75
65 65 65 85 95 80 80 65 65
70 70 70 85 85 80 80 70 70
75 75 75 100 105 85 85 75 75
65 65 65 90 95 80 85 70 70
70 70 70 90 95 80 85 

• " .....

70 70

203



APPENDIX G 

SAM PLE OF NONSENSE SYLLABLE TEST PAGE
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P ag e_____________ Name

OOSH OOK OOS OOP OOF OOT OOTH

OOSH OOK OOS OOP OOF OOT OOTH

OOSH OOK OOS OOP OOF OOT OOTH

OOSH OOK OOS OOP OOF OOT OOTH

OOSH OOK OOS OOP OOF OOT OOTH

OOSH OOK OOS OOP OOF OOT OOTH

OOSH . OOK OOS OOP OOF OOT OOTH

OOSH OOK OOS OOP OOF OOT OOTH



APPEN DIX H

SAMPLE OF CHABA SENTENCE LIST SCORE SHEET
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L is t  G

L I * 11 see you r igh t  a l t e r  lunch.

2c See you la t e r

3c White shoes a re  awful to k eep clean.

4c Stand th e re  and don 't move until 1 tell, y o u !

5c T h e r e 's  a big p iece of cake left  over from  d in n e r .

6 . Wait  for- m e a t the c o rn er- in  f£ont_of the dr u g s to re .

7. I t 's  no t r o uble at all- 

8c H u rry  u p !

9c The m orning  paper  didn 't  say  anything about ra in  tb i e r  no o n
o r  tonight.

10c The phone c a l l ' s  fo r  you.

Subject N um ber

Date

Score

Noise  Condition



APPEN DIX I

RATING SHEETS FOR THE SENTENCE AND NONSENSE 
SYLLABLE MATERIALS
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in tellig ib ility  R atings

T ape  1 1 2 3 4 5 6 7

T ape 2 1 2 3 4 5 6 7

Tape 3 1 2 3 4 5 6 7

Tape  4 1 2 3 4 5 6 7

Tape 5 1 2 3 4 5 6 7

Tape 6 1 2 3 4 5 6 7

T ape  7 1 2 3 4 5 6 7

T ape  8 1 2 3 4 5 6 7

Subject

D ate



In te llig ib ility  R atings

T a lk e r  1 1 2 3 4 5 6 7

T a lk e r  2 1 2 3 4 5 6 7

T a lk e r  3 1 2 3 4 5 6 7

T a lk e r  4 1 2 3 4 5 6  7

T a lk e r  5 1 2 3 4 5 6  7

T a lk e r  6 1 2 3 4 5 6 7

T a lk e r  7 1 2 3 4 5 6 7

T a lk e r  8 1 2 3 4 5 6 7

T a lk e r  9 1 2 3 4 5 6 7

T a lk e r  10 1 2 3 4 5 6 7

Subject

Date

CHABA T ape



APPENDIX J

INTRODUCTION L E T T E R  TO PO TEN TIA L SU BJECTS, 
CONSENT FORMS SIGNED BY SUBJECTS AND 

THANK YOU L E T T E R  SENT TO SUBJECTS
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6M He

Bamert Msmoris 
Hospital Cente?

680 Broadway, Paterson, Klew Jersey 07514 • 201-274-8000

M artin L. H a u b e n s to c k ,  P resident
P aul M. A b ra m s, 1st V'CO-President
J o s e p h  D unn , 2nd Vice P residen t
R o b e rt M. S in g e r , S e c re ta r /
w illiam  F. F o rb e s , T reasure r
J .o u is  S- M iller, A ssis tan t Secretary-T reasurer

. v .
H arvey .S c h o e n fe ld , m .b .a .. m  s .. f .a .c .h  a  . 

F.A.P.H.A., F.R S.H..
E xecutive Vice P residen t and  D irector 

T h o m a s B. D o o la n , M.B.A.. A dm inistrator

Hearing and Speech Department 
Jacqueline L. Eaelstoin, M.S.,CCC
Department Executive *

J a nuary '15* 1 V78

D e a r __________________________________   ]

As I'm sure you knew, v/e in the hearing health fields are 
always trying to find nor ways and improved methods of helping 
those with hearing problems*
As part of this continuing process, we are currently involved 
in a research project dealing with some aspects of speech 
understanding. We are evaluating some new teal materials and 
would appreciate your cooperation.
In the next few weeks a member of our research team will be 
calling you on the telephone to discuss the pcseibili hy of your 
participation in the study,. The study involves listening to 
recorded samples of speech typical of those used in clinical 
tests. The test will take about two and a half hours of your 
time. The results of this may be influential upon clinical 
practice in Audiology.
I hope you will give this opportunity your serious consideration 
and will agree to participate.

t ¥ m a r ' &

Marls K. Margulites, M*A. ,CCC 
Chief Audiologist

M TILTATE o r  
MiTaOPOMI V.T COJ-GS'JNVn* N7.NTAT. r!::M.Tif CSNT



©M He

jflf^ Barnert Memorial 
V  Hospital Center

680 Broadway, Paterson, New Jersey 07514 • 201-274-8000

CONSENT STATEMENT 
for

SPEECH DISCRIMINATION STUDY

 ____________________ ,, understand that 7. am
to be a participant in a research study on speech discrimination 
v/hich is being conducted by Maris K. Margulies at the Hearing 
and Speech Center of the Barncrt Memorial Hospital.

I understand that there are not necessarily any direct benefits 
to me from my participation in the study.

I have been informed that experience in previpus tests of this 
type have shown no risk to the listener and that the procedures 
conform to current clinical practice.

M arlin  L. H a u b e n s to c k , President 
P au l H. A b ra m s. 1st V ice-President 
J o s e p h  D u n n , 2nd Vice P resident 
R o b e rt M. S in g e r , S ecretary  

•W illiam F. F o rb e s , Treasurer 
L o u is  S . M iller, A ssistan t Secratary-T reasurer

H arv ey  S c h o e n fe ld ,  m .b .a ., m .s ., f .a .c .h .a ..
F.A.P.H.A.. F.R.S.H.. t  
Executive Vice P residen t and  D irector

T h o m a s  B. D o o la n , M.B.A.. A 'dm inistrato^

I understand that I may withdraw my consent to this test any time 
prior to or during the test and that doing so will in no way 
prejudicially affect ray or my f a m i l y ^  treatment at this hospital.

SIGNED_______:________
ADDRESS

DATE

Should any additional information be desired, please contact 
Mrs. Margulies at (201) 274-8000, ext. 229. She will be happy 
to answer any inquiries which you’might have.

A F F IL IA T E  OF THE 
METROPOLITAN COMMUNITY MENTAL HEALTH CENTER



©MHe

p ||̂  B amart Memorial 
Y  Hospital Center

680 Broadway, Paterson, New Jersey 07514 • 201-274-8000

Hearing and Speech Department 
Jacqueline L. Edelstein,M°S.,CCC 
Department Executive

Date:

Dear
X an xrriting to you to express my gratitude for 
your participation in the speech discrimination 
study. Your cooperation, interest and Datience 
proved invaluable. I appreciate the hours and 
effort you donated to the project and are grateful 
for the assistance you gave in this attempt to 
develop improved procedures for serving, individuals 
vith impaired hearing.
Thank you again.
Sincerely,

Haris K« Margulies, M.A.,CCC 
Chief Audiologist
MKM/pf

M artin L. H a u b e n s to c k , P residen t -
P au l H. A b ram s, 1st V ice-President
J o s e p h  D unn , 2nd Vice P residen t
R o b e rt M. S in g e r , S ecretary
W illiam F. F o rb e s , Treasurer
L ou is S. Miller, A ssistant S ccrctary -T reasurcr

H arvey  S c h o e n fe ld , m .b .a ., m .s .. f a c .h .a ., 
F.A.P.H.A., F.R.S.H.,
Executive Vice P residoni a n d  d ire c to r 

T h o m a s  8 . D o o lan , M.B.A., A dm inistrator

'  A F F IL IA T E  OF THE 
METROPOLITAN C&MMUNITY K2STAL HEALTH CLIJTER



APPENDIX K

ORIGINAL AND CORRECTED CHABA SENTENCE SCORES
FOR TALKER M5
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O rig inal and C o rre c te d  CHABA Sentence S co res  fo r  
T a lk e r  M5 in P e rc e n t  C o r re c t

O rig inal Score  (%) C o rre c te d  Score  (%)

0 29
2 32
6 39
8 41

10 44
14 50
16 53
18 55
20 56
24 60
34 70
36 72
40 75
44 78
48 81
50 82
52 83
54 85
56 86
72 93
74 94 (87 fo r  group 2)
76 94
80 95
86 96
92 96
94 96
96 96

100 100



A PPEN D IX  L

RESULTS OF TARGET SY LLABLE-TALKER INTERACTION 
ON THE CONFUSION MATRICES ON THE 

NONSENSE SYLLABLE TEST
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R e su lts  of T a rg e t  S y l lab le -T a lk e r  In te ra c t io n  on the 
N onsense  Syllable Confusion M a tr ic e s

V oiced C onsonants

T a rg e t Subtest

T a l k e r  G e n d e r  

M a lj  F e m a le Mean

b
6

befo re  / a / . 74 .83 . 78
7

before  / a / . 31 . 66 « 00

M ean .53 . 74 . 63
4

a f te r  / a / .7 0 .65 . 67
6 + 7 + 4 
M ean . 58 . 71 . 65

before  / a / . 80 .7 7 . 78
7

before  / a / . 83 . 74 . 79

M ean . 82 . 75 . 79
4

a f t e r  / a / . 79 .6 9 . 74
6 + 7 + 4
M ean .81 . 73 . 77
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V oiced  C onsonants--C ontinued

T arg e t Subtest

T a l k e r

Male

G e n d e r

F e m a le M ean

g
6

before  / a / . 73 . 75 . 74
7

before  / a / . 70 . 66 . 68

M ean .71 . 70 . 71
4

a f te r  / a / . 68 . 58 .6 4
6 + 7 + 4 
M ean . 71 . 66 .68

V
6

before  / a /  
7

b e fo re  / a / .1 7 . 22 .19

M ean
4

a f te r  / a / .4 7 .43 .4 5

-

6 + 7 + 4  
M ean .32 . 32 . 32

j
• 6

b efo re  / a /  
7

be fo re  / a / . 62 . 54 .58

M ean
4

a f te r  / a / .13 .06 . 10
6 + 7 + 4 
M ean .37 . 30 .38
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V oiced  C onsonants— Continued

T a rg e t Subtest

T a l k e r

Male

G e n d e r

F e m a le M ean

z
6

befo re  / a /  
7

b e fo re  / a / .8 0 . 52 . 66

M ean
4

a f te r  / a / .75 . 75 .75
6 + 7 1 - 4  
M ean .7 7 . 64 . 71

m
6

befo re  / a /  
7

b e fo re  / a / .87 . 77 .82

M ean
4

a f te r  / a / . 75 . 76 .76

M ean .81 . 76 r 79

n
6

befo re  / a /  
7

be fo re  / a / . 92 . 86 CO CO

M ean
4

a f te r  / a / .8 4 . 73 . 79

M ean . 88 . 79 . 83
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V oiced  C onsonan ts--C on tin u ed

T a rg e t Subtest

T a l k e  r  

Male

G e n d e r

F e m a le Mean

0
4

a f te r  / a / . 85 . 83 .8 4

1
6

befo re  / a / • CO . 86 .85

w
6

befo re  / a / , 52 . 64 .58

j

6
b efo re  / a / 9 00 “■J . 84 .86

dJ

6
b e fo re  / a / . 88 . 75 .81

6
r  b e fo re  / a /  . 89 . 66  .77
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Appendix L - -V o ic e le s s  C onsonants

T a rg e t Subtest

T al k  e r  

Male

G e n d e r

F e m a le Mean

P
1

a f te r  / a / . 74 .7 7 .75
2

a f te r  / u / .53 . 74 .6 4
3

a f te r  / i f .3 4 .4 8 .41

Mean .5 4 . 66 .6 0
5

before  / a / . 80 . 68 .7 4
1+2+3+5
Mean

oCOo . 67 .64

t
1

a f te r  / a / . 56 . 70 .63
2

a f te r  / u / . 62 . 60 .61
3

a f te r  / i / *. 74 .6 5 0 os CO
Mean .6 4  ' . 65 .64

5
b efo re  / a / . 71 . 64 .68
1+2+3+5
M ean . 66 . 65 .6 5
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V o ic e le s s  C on sonan ts--C on tin u ed

T a rg e t Subtest

T a l k e r

Male

G e n d e r

F e m a le Mean

k
1

a f te r  / a / .6 3 . 66 .66
2

a f te r  /u / .5 4 . 67 .61
3

a f te r  l i f .81 . 57 .69

M ean . 67 . 63 . 65
-5

befo re  / a / . 62 .6 7 . 65
1+2+3+5
M ean . 66 . 64 . 65

f
1

a f te r  / a / . 34 . 39 .37
2

a f te r  / u / .71 .4 2 .72
3

a f te r  / i / .1 4 . 17 .16

M ean .4 0  ’ .4 3 .41
5

b efo re  / a / .72 . 76 . 74
1+2+3+5
M ean .4 8 .51 .50



V o ic e le s s  C onsonants--C ontinued
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T a rg e t Subtest

T a l k e r

Male

G e n d e r

F e m a le Mean

6
1

a f te r  / a / . 21 .1 7 . 19
2

a f te r  / u / . 53

00• . 52
3

a f te r  / i  / . 32 .41 .37

M ean . 35 .3 7 . 36
5

befo re  / a / . 59 .4 6 .5 2
1+2+3+5 
M ean .41 .3 9 .4 0

1
s a f te r  / a / . 50 .3 5 .43

2
a f te r  /u./

O
.4 6 .3 8 . 42

u
a f te r  / i / . 60 .4 9 .55

-
M ean . 52 .41 .4 6

5
befo re  / a / . 78 .6 2 . 70
1+2+3+5
M ean . 58 .4 6 .5 2
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V o ic e le s s  C onsonants--C ontinued

T a rg e t Subtest

T a l k e r  

M ale

G e n d e r

F e m a le M ean

f
1

a f t e r  / a / . 82 .7 5 .79
J 2

a f te r  / u / . 55 .4 0 CO

3
a f te r  / i f . 82 .73 .78

Me. an ,73 . 70 , 68
5

befo re  / a / .8 5 . 54 ,7 0
1+2+3+5
M ean .7 6 . 61 . 69

*J
5

b efo re  / a / • CO .8 5 . 84

5
h  be fo re  /‘a /  . 73 .7 2  - 72



APPENDIX M

RESULTS O F TARGET SYLLABLE -EX PERIM EN TA L GROUP 
INTERACTION ON THE CONFUSION MATRICES 

FOR THE NONSENSE SYLLABLE TEST
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R e su l ts  of T a rg e t  S y llab le -E x p e r im en ta l  G roup In te ra c t io n  
on the  N onsense  Syllable Confusion M a t r ic e s

Voiced Consonants

E x p e r im e n ta l  Groups*

T a rg e t Subtest #2 #1 #3 #4 #5 M ean

b
6

before  / a / . 91 .78 . 86 .7 0 • -<5 00 .78
7

before  / a / . 73 .51 . 53 .4 9 . 38 .48

M ean . 82 .64 .69 .6 0

CO10). . 63
4

a f te r  / a / .81 . 70 . 79 .5 9 . 58 . 66
6+7+4
M ean . 82 . 66 . 72 . 59 ' . 58 . 64

d
6

befo re  / a / . 86 . 90 . 90 . 62 . 65 . 77
7

befo re  / a / .81 . 84 .82 .81 .6 7 .79

Mean . 84 « 00 . 86 .7 2 . 66 . 78
4

a f te r  / a / .7 9 .75 .82 .67 . 72 .7 4
6+7+4
M ean .8 2 .8 3 .85 .7 0 . 68 .76

E x p e r i m e n t a l  G roup n u m b ers  r e f e r  to  th o se  u se d  throughout 
the  study: 1 . conductive h e a r in g  lo s s

2 . n o rm a l  h e a r in g
3. fla t s e n s o r i - n e u r a l  lo s s
4 . m o d e ra te ly  sloping s e n s o r i - n e u ra l  h e a r in g  lo s s
5 . s e v e re ly  sloping s e n s o r i - n e u r a l  h e a r in g  lo ss -
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V oiced  C onsonants—Continued

E x p er im e n ta l  G roups

T a rg e t Subtest #2 #1 #3 #4 #5 M ean

g
6

before  / a / . 85 .7 5 .81 .63 .7 3 .73
7

befo re  / a / . 84 .73 . 80 . 55 . 58 .67

M ean

CO0 .7 4 . 81 .59 , 66 . 70
4

a f te r  / a / » u3 . 66 . 78 .47 . 60 .63
6+7+4
M ean .8 4 .71 .8 0 . 55 . 64 . 68

V
6

before  / a /  
7

be fo re  / a / .4 4 .16 . 16 . 18 . 24 . 19

M ean
4

a f te r  / a / . 83 .5 0 .47 .39 ,42 .4 4
8+7+4
M ean . 53 .33 .32 .27 .33 .32

6
b efo re  / a /

b e fo re  / a /  ,7 7  . 72 , 66 .44  .4 6

M ean
4

a f te r  / a /  .2 7  .1 3  . 10 .08  . 05
6+7+4
M ean . 52 .4 3  .3 8  .26  . 26
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V oiced  C onsonants--C ontinued

E x p er im e n ta l  G roups

T a rg e t Subtest #2 #1 #3 #4 #5 Mean

z
6

before  / a /  
7

be fo re  / a / . 90 . 79 . 72 . 51 . 62 . 66

M ean
4

a f te r  / 'a /
6+7+4
M ean

. 91 

. 91

- 88 

.83

.8 4  

. 78

. 64 

. 58

. 58 

. 60

.73

.7 0

rn
6

befo re  / a /  
7

be fo re  / a / .8 9 . 84 . 85 . 71 . 84 . 81

M ean
4

a f te r  / a /  
'6+7+4 

M ean
•

.82

. 88

. 77 

. 81

.7 7  

. 81

. 66 

. 68

. 80 

.8 2

.75

.78

n
6

befo re  / a /  
7

b e fo re  / a / .8 9 . 81 .8 9 .85 .8 9 .,88

M ean
4

a f te r  / a /
8+7+4
M ean

.8 2  

. 86

. 80 

.8 5

.8 2  

. 86

. 73 

. 79

. 78 

.8 4

.7 8

.83



230

V oiced  C on sonan ts—Continued

E x p er im e n ta l  G roups

T a rg e t Subtest #2 #1 #3 #4 #5 M ean

0

4
a f te r  ! a f . 88 .84 .8 4 .87 . 78 . 83

1
6

b e fo re  / a / .8 9 .9 0 .8 4 . 82 . 81 .8 4

W
6

b e fo re  / a / .87 .72 .7 2 . 35 . 51 .5 8

j
6

b e fo re  / a / .92 . 89 . 90 . 75 " . 85 .8 5

d 3

6
b efo re  / a / . 93 .85 . 86 . 79 . 72 . 81

6
r  b e fo re  / a /  . 88 .8 5  .7 7  .6 7  . 81
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Appendix M --V o ic e le s s  C onsonants

E x p e r im e n ta l  G roups

T a rg e t Subtest #2 #1 #3 #4 #5 M ean

P
1

a f te r  / a / .83 .8 2 .83 .71 . 61 .74
2

a f te r  / u / « 76 .6 0 . 72 . 64 . 57 . 63
3

a f te r  / i / .7 6 .41 .52 .41 .29 .41

M ean . 78 .61 . 69 .58 .49 . 59
5

be fo re  / a /
COCO• .7 0 .7 9 .73 . 74 .7 4

1+2+3H-5
M ean .7 5 .63 .7 2 .62 . 55 . 63

t
1

a f te r  / a / . 90 .7 9 .7 7 .51 .41 . 62
2

a f t e r  / u / . 68 . 71 . 60 .55 .56 . 60
3

a f t e r  { i f .91 .7 4 .7 7

COCO» .5 5 . 69

M ean .83 . 75 . 72 .58 . 50 . 64
5

be fo re  / a / . 91 .8 0 .8 3 .59 .41 . 66
1+2+3+5 
Mean. .8 5 . 76 . 74 . 58 .48 .8 4
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V o ic e le s s  C onsonants--C ontinued

E x p erim e n ta l G roups

T a rg e t Subtest #2 #1 #3 #4 #5 M ean

k
1

a f te r  / a / . 79 . 66 .8 2 .5 0 .61 . 65
2

a f te r  /u  / . 90 . 72 .7 2 .5 4 .4 2 . 60
3

a f te r  l i f .8 7 . 72 .8 4 . 67 . 50 . 68

M ean . 83 . 70 . 79 .5 7 . 51 . 64
5

b efo re  / a / . 86 . 70 . 73 .6 2 . 52

'St*
COV

1+2+3+5 
M ean . 86 . 70 . 77 . 58 . 52 . 64

f
1

a f te r  / a / ,5 8 . 50 .4 7 . 23 . 27 .37
2

a f te r  /u / . 92 . 77 . 86 . 73 .4 7 . 71
3

a f te r  / i / .31 . 12 .2 6 . 15 .0 9 .16

M ean . 60 .4 6 . 53 .3 7 .2 8 .41
5

befo re  / a / • 00 03 . 77 . 84 . 69 . 62 .7 3
1+2+3+5
M ean . 67 .5 4 . 61 .4 5 . 36 .49
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V o ic e le s s  C onsonants--C ontinued

E x p erim en ta l G roups

T a rg e t Subtest #2 #1 #3 #4 #5 M ean

$  a f te r  /a /' . 40 . 27 . 18 .21 . 11 . 19
2

a f te r  /u / . 82 , 60 . 66 .46 . 36 .52
3

a f te r  / i / .5 9 .45 .43 .23 .3 4 .36

M ean 61 .4 4 . '± 2 . 30 .2 7 .36
5

b efo re  / a / .66 . 66 . 64 .43 . 34 .52
1+2+3+5
M ean .62 .4 9 .48 . 33 .2 9 ,4 0

1
s a f te r  / a / . 90 . 66 .52 . 52 . 37 .42

2
a f te r  /u / ,7 4 . 55 .65 . 25 . 23 .42

3
a f te r  / i  / .92 83 .5 7 .39 .35 .46

M ean . 85 . 68 . 58 . 56 . 28 .53
5

b e fo re  l a. / .9 4 . 85 . 78 .56 . 56 .69
1+2+3+5 
M ean .8 7 . 72 . 63 .56 .3 5 .57
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V o ic e le s s  C onsonants--C ontinued

E x p erim en ta l G roups

T a rg e t Subtest #2 #1 #3 #4 #5 M ean

5  a f te r  / a / , 92 . 88 .91 . 76 . 51 .77
2

a f te r  /u / . 92 .71 .6 4 .35 .21 .48
3

a f te r  / i / . 91 .83 . 88 .8 0 .5 7 .77

M ean . 02 . 81 .81 .64 .4 3 .67
5

b efo re  / a / . 84 . 74 . 83 . 69 .5 3 .7 0
1+2+3+5
M ean . 90 .7 7 . 81 .65 .4 5 . 68

t j  b e fo re  / a / . 92 .87 . 91 . 85 .7 0 . 83

5
h b e fo re  /a./ . 82 , 81 . 75 . 63 . 66 .71
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R e su lts  of T a rg e t S y llab le -E x p e rim en ta l C ondition In te rac tio n  
on the N onsense Syllable Confusion M a tr ic e s

V oiced C onsonants

E x p erim en ta l Condition

T a rg e t Subtest 0 dB +6 dB -6  dB N oise M ean

b
6

befo re  / a / .81 .87 . 81 . 61 . 77
7

before  / a / . 52 . 58 . 52 .3 0 .4 8

M ean .6 7 o 72 « 66 .45 . 61
4

a f te r  / a / .8 0 .8 0 . 80 .23 . 66
6+7+4
M ean .71 . 75 . 71 . 38 . 64

d
6

b efo re  / a / . 81 .86 . 79 . 67 . 78
7

befo re  / a / .8 7 . 85 . 82 . 57 . 78

M ean .8 4 .86 . 81 .62 . 78
4

a f te r  / a / . 81 . 88 . 84 . 35 . 72
6+7+4
M ean .83 . 86 .82 .53 . 76



V oiced  C onsonants--C ontinued
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E x p e rim e n ta l C ondition

T a rg e t Subtest 0 dB +6 dB -6 dB N oise M ean

g
6

b e fo re  / a / .8 7 . 90 .8 4 . 23 .71
7

b e fo re  / a / . 72 .88 . 78 . 26 . 66

M ean , 79 .8 9 . 81 . 24 . 6 8
4

a f te r  / a / . 71 . 79 . 69 . 32 . 63
6+7+4
M ean .7 7 . 86 . 77 . 27 . 67

V
7

b e fo re  / a / .1 3 . 18 . 24 . 15 . 19
4

a f te r  / a / .46 . 60 .5 6 . 18 .4 5
7+4
M ean .3 5 .4 3 . 36 . 18 . 33

7
b e fo re  7 a / .6 0 . 74 .6 4 . 30 .5 7

4
a f te r  / a / . 09 .1 3 . 09 .05 .0 9
7+4
M ean .3 5 .4 3 . 36 . 18 .33

7
z b e fo re  / a /  

4
.71 .8 2 . 58 .51 . 66

a f te r  / a /  
7+4

. 72 . 90 . 75 . 58 . 74

M ean .71 . 86 . 67 . 55 .7 0
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V oiced  C onsonan ts--C on tin u ed

E x p e rim e n ta l C ondition

T a rg e t Subtest 0 dB +6 dB -6  dB N oise M ean

m
7

befo re  / a / . 89 . 89 .81 .6 3 . 80
4

a f te r  / a / . 89 . 85 .82 .3 5 . 73
7+4
M ean . 89 .87 . 82 .4 9 . 77

n
7

b e fo re  / a / . 90 . 90 .89 . 86 .8 9
4

a f te r  / a / . 85 .8 9 . 76 . 61 . 78

M ean . 87 .8 9 . 82 .7 3 .83

3
4

a f te r  / a / . 91 .91 . 85 .6 2 . 82

1
8

befo re  / a / . 86 .93 .8 9 . 65 . 83

w
6

b e fo re  / a / . 62 .7 3 .5 3 .4 3 .5 8

3
6

b efo re  / a / . 89 .91 . 80 , 77 .8 5
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V oiced C onsonan ts--C on tinued

E x p erim e n ta l C ondition

T a rg e t S ub test 0 dB -1-6 dB -6  dB N oise M ean

d3
6

b efo re  / a / .7 9  .89 . 80 .7 4 . 81

6
r  b e fo re  / a /  . 86 .91  .7 9  .4 9  .7 6



240

Appendix N —V o ic e le s s  C onsonants

E x p erim en ta l C ondition

T a rg e t Subtest 0 dB +6 dB -6  dB N oise M ean

P
1

a f te r  / a / . 84 .8 4 .83 .43 . 74
2

a f te r  /u / . 76 . 78 .7 9 . 18 .56
3

a f te r  / i / .3 7 , 52 .51 .2 4 .41

M ean . 66 .71 . 71 .27 .5 7
o

b efo re  / a / . 76 . 87 . 90 . 35 .72
1+2+3+5 
M ean . 68 . 75 . 76 .3 0 . 61

t
1

a f te r  / a / .69 .81 . 51 .4 7 .6 2
2

a f te r  /u / . 68 . 69 . 71 . 32 . 60
3

. a f te r  / i / . 68 .7 8 . 73 . 57 .6 9

M ean .6 9 . 76 .6 5 .4 5 .6 4
5

b e fo re  / a / .7 5 ,.84 .5 9 .47 .66
1+2+3+5
M ean . 70 . 78 . 64 .4 6 .6 4
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V o ic e le s s  C onsonants--C ontinued

E x p erim en ta l C ondition

T a rg e t Subtest 0 dB +6 dB -6 dB N oise M ean

k
1

a f te r  / a / . 71 .82 . 73 .32 .6 5
2

a f te r  /u / . 65 .74 . 60 .42 .6 0
3

a f te r  / i / . 72 . 82 . 76 .4 4 . 68

M ean . 69 .7 9 . 70 .3 9 .6 0
5

befo re  / a / . 75 .8 0

oCOe . 20 .6 5
1+2+3+5
M ean . 71

©COo . 72 . 34 .6 4

1
a f te r  /a /' , 39 ,51 .4 0 . 17 .3 7

2
a f te r  J u f . 69 .83 . 64 .69 .71

3
a f te r  H I . 19 .1 8 . 13 .11 .1 5

Mean. .4 2 .51 . 39 ,39 .41
5

b efo re  / a / . 84 .8 5 . 81 . 38 .7 2
1+2+3+5
M ean . . 53 . 59 . 49 .38 .4 9
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V o ic e le s s  C onsonants--C ontinued

E x p e rim e n ta l C ondition

T a rg e t  S ubtest 0 dB +6 dB -6 dB N oise M ean

1
S  a f te r  / a / . 20 . 23 .17 •, 16 . 19

2
a f te r  / u / . 65 . 74 . 51 . 19 . 52

3
a f te r  / i / . 25 . 61 . 31 . 28 .3 6

M ean .3 7 . 52 ,33 .2 6 .3 7
5

b e fo re  / a / .5 7 . 59 .62 .31 .5 2
1+2+3+5 
M ean .4 2 .5 4 .4 0 .2 7 .41

s
1

a f te r  / a / . 39 . 67 .31 . 32 .4 2
2

a f te r  / u / .4 4 . 58 .44 . 22 . 42
3

a f te r  / i / .4 9 . 75 .4 0 . 52 .5 4

M ean .4 4 . 67 .38 .3 5 .4 6
5

b e fo re  / a / .71 .8 2 . 64 .61 .6 9
1+2+3+5
M ean .5 1 . 71 .45 . .4 2 .5 2



V o ic e le s s  C on sonan ts--C on tin u ed
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E x p e rim e n ta l C ondition

T a rg e t  S ub test 0 dB +6 dB -6  dB N oise M ean

1
\  a f te r  / a / .7 7 .8 7 .6 9

oCO* . 78
2

a f te r  /u  / . 37 . 70 .3 4 .4 7 .4 7
3

a f te r  / i  / . 75 . 88 . 70 .75 .7 7

M ean . 63 . 82 . 58 .6 7 .6 7
5

b e fo re  / a / . 76 . 78 . 79 .4 4 . 69
1+2+3+5
M ean . 66 . 81 .63 .61 . 68

f 5
t j  b e fo re  / a / . 84 . 91 .8 3 . 75 . 83

5
h  b e fo re  / a /  „ 82 . 88  .8 4  .2 6  .7 0
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