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CH APTER I

INTRODUCTION AND REVIEW OF THE LITERA TURE

INTRODUCTION 

The c la s s ic a l  d e sc r ip t io n  of the re la t iv e  con tr ibu tion  to 

in te ll ig ib il i ty  of v a r io u s  p a r t s  of the sp eech  sp e c t ru m  d es ig n a te s  

the high f re q u e n c ie s  a s  the in fo rm a tio n -b e a r in g  and the low f r e ­

q uenc ies  a s  the e n e rg y -b e a r in g  portion  of the sp eech  signal. T y p ­

ical e x p e r im e n ts  to t e s t  com m unica tion  equipm ent, such  a s  those 

done by F le tc h e r  (1929) and S te inberg  (1929) at B ell L a b o ra to r ie s ,  

co n f irm ed  th is  a n a ly s is ,  showing neglig ib le  im p a irm en t  of in te l l i ­

g ib ili ty  w ith h ig h -p a ss  f i l te r in g .  C u r re n t  h ea r in g  a id s  w hich  have 

a cu t-o ff  a t  ap p ro x im a te ly  3000 Hz at the h igh- and 500 Hz at the 

lo w -freq u en cy  end  of the f re q u e n c y  sp e c t ru m  would th e re fo re  s e e m  

to be adequate . H ow ever, th e r e  is a  population of profoundly  deaf 

ch i ld re n  who have m o s t  of th e i r  r e s id u a l  h ea r in g  below 500 Hz. A 

new type of b r o a d - s p e c t ru m  h e a r in g  a id  w hich  ex tends the l o w - f r e ­

quency ra n g e  down to  100 Hz w as  r e c e n t ly  designed  fo r  the deaf 

ch ild  w ith  a s e v e re  h ig h -f re q u e n c y  drop , but w ith  som e r e s id u a l

1
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h e a r in g  in the low f re q u e n c ie s .  Ling (1965) r e p o r te d  in The Young 

Deaf C hild  that he did not find an im p ro v em en t in d is c r im in a t io n  

s c o re s  w ith  th is  type of h e a r in g  a id  but be lieved  that th e re  w as  a 

m a rk e d  im p ro v em en t in rh y th m  and voice quality  in addition  to  an 

ex ten s io n  of the  f ie ld  of audition.

The p re s e n t  w r i t e r ' s  e x p e r ie n c e  w ith  young deaf ch ild re n  

who w e re  f i t ted  w ith  such  b r o a d - s p e c t ru m  h e a r in g  aids is  that th e se  

c h i ld re n  show ed im p ro v e m e n t,  not only in th e i r  ab il i ty  to  d i s c r i m i ­

nate vow el sounds, but a lso  to  produce v e la r  stops and to  e l im in a te  

/ b / fo r  / m /  su b s ti tu tio n s .  The im p ro v em en t in vowel d i s c r im in a ­

tion  could have been  p re d ic te d  f ro m  the w ork  in speech  sc ien ce  w hich  

has lo c a te d  the f i r s t  fo rm an t of vow els betw een  300-600 Hz. The 

im p ro v ed  la b ia ls  could a lso  have been  expec ted  s ince  the f i r s t  fo rm an t 

of consonan ts  w hich  con ta ins  m a n n e r -o f -a r t ic u la t io n  in fo rm ation  has  

been  lo c a te d  in the low f re q u en c ie s .

The im p ro v em en t in v e la r  p roduction , how ever, w as  u n e x ­

pec ted , s ince  p la c e -o f - a r t ic u la t io n  in fo rm ation  had not been  lo c a te d  

in the low f re q u e n c ie s .  T hese  e m p ir ic a l  o b se rv a t io n s  le d  to  the

p re s e n t  investiga tion  of the e ffect on n o rm a l-h e a r in g  su b jec ts  of low
*

f re q u e n c ie s  on consonant d isc r im in a t io n ,  the low f req u en c ie s  m ix ed
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e i th e r  p e r ip h e ra l ly  o r c e n tra l ly  w ith  the high fre q u e n c ie s .   ̂ It 

s e e m e d  to the  w r i t e r  that the effect of the low f re q u e n c ie s  could 

b e s t  be s tud ied  by s e le c t in g  a lo w -freq u en cy  band (LB) of sp eech  

w hich  th e o re t ic a l ly  con ta ins  m in im um  consonant infoi a tion  and 

then  add tha t  lo w -fre q u e n c y  band to  a h ig h -f req u en cy  band (HB) 

known to be r ic h  in consonant inform ation .

F o llow ing  is a  b r ie f  s u m m a ry  of the rev iew  of the l i t e r a ­

tu re  in w hich  the w r i t e r  w il l  outline the contents  of e a c h  sec tio n  

and indicate  how ea c h  con tr ib u ted  both to  the design  of the p re se n t  

s tudy and to  the a n a ly s is  of the e x p e r im e n ta l  data.

R e p o r ts  of b in a u ra l  fusion and f i l te r e d  sp eech  e x p e r im e n ts  

a r e  re v ie w e d  in the f i r s t  section . T e s ts  designed  to  de tec t c e n t r a l  

h ea r in g  d i s o r d e r s  w e re  included, s in ce ,  in addition  to  th e i r  in tended 

d iagnostic  s ig n if ican ce ,  they  a lso  provide a quan tita tive  a n a ly s is  of 

the in fo rm ation  p re s e n t  in v a r io u s  band w idths of the  sp eech  s p e c ­

tru m . The se le c t io n  of the p a r t ic u la r  h ig h -f req u en cy  band u sed  in 

the p resen t,  in v es tig a tio n  w as  b ased  on th is  in form ation . A lso  in ­

cluded in the  f i r s t  sec t io n  is a rev iew  of the l i t e r a tu r e  w hich  c o m ­

p a re d  d is c r im in a t io n  s c o re s  when v a r io u s  high- and lo w -p a s s  band

■'‘D e a th e rag e  (1966) re p o r te d  ". . . th a t  in te ra c t io n  'be tw een  
e a r s '  can p o ss ib ly  take p lace  at any le v e l  of the sy s te m ,  w ith  
s e v e ra l  d e g re e s  of com plex ity , and over  c o n s id e ra b le  am oun ts  of 
t im e . " (p. 233)
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band com bina tions  w e re  (1) sen t to  the sam e  e a r ,  and (2) sp li t ,  one 

band to e a c h  e a r .  T h is  p ro c e d u re  w as  follow ed in the p re se n t  in ­

v es tiga tion ; the lo w -freq u en cy  band being added to the e a r  re c e iv in g  

the h ig h -f req u en cy  band as  w e ll  a s  to  the opposite  e a r .

The second  sec tio n  of the l i t e r a tu r e  rev iew  is co n cern ed  

w ith  r e p o r t s  w hich  d e sc r ib e  the e ffec ts  of low f re q u e n c ie s ,  at 

v a r io u s  in te n s i t ie s ,  on the sp eech  signal. T h is  in fo rm atio n  e n ­

ab led  the w r i t e r  to  se le c t  a lo w -freq u en cy  band fo r  the p re s e n t  study 

tha t  w ould s a t i s fy  the following conditions: (1) th e o re t ic a l ly  con ta ins  

neg lig ib le  consonant infor*- d ion , (2) co n tr ib u te s  to the sp eech  s ignal 

w hen added  at favo rab le  H B /L B  r a t io s ,  and (3) d e t r a c t s  f ro m  the 

sp eech  s igna l at un favorab le  H B /L B  ra t io s .  In the p r e s e n t  in v e s t i ­

gation , the lo w -freq u en cy  band se le c te d  by the w r i t e r  w as  added at 

v a r io u s  s e n sa t io n  le v e ls  re la t iv e  to  the h ig h -f req u en cy  band, and 

a c o m p a r iso n  w as  m ade of the effect of the LB on the HB in two c o n ­

d itions: (1) m ono tic ,  the two bands sent to  the sam e e a r ,  and (2) 

d icho tic , the two bands sent to opposite e a r s .

The th i rd  sec tio n  of the l i t e r a tu r e  rev iew  involves r e p o r t s  

dea ling  w ith  f a c to r s  w hich  con tr ibu te  to consonant d isc r im in a tio n .  

T h is  l i t e r a tu r e  p rov ided  the b a s is  for  the s e le c t io n  of the m a te r ia l s  

used  by the  w r i t e r ,  and a lso  con tr ibu ted  to the design  of the confu­

s ion  m a t r i c e s  by m e a n s  of w hich  the data of th is  s tudy a r e  p resen ted .
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The fina l sec tio n  of the re v ie w , dea ling  w ith  sp e c tro g ra p h ic  

a n a ly s is  of co n so n a n ts , p rov ided  the background  in form ation  used  

by the w r i t e r  in the a n a ly s is  of the e x p e r im e n ta l  data.

REVIEW OF THE LITERATURE

B in a u ra l  F u s io n  and F i l t e r e d  Speech T e s ts  

F le t c h e r ,  in the 1929 ed ition  of Speech and H e a r in g , r e ­

p o r te d  an e x p e r im e n t  w hich  could be c o n s id e re d  the p r e c u r s o r  of 

a l l  b in a u ra l  fusion and d is to r te d  sp eech  te s ts .  The sp eech  s ignal 

w as  div ided  into two channe ls ,  one p ass in g  a ll  f re q u e n c ie s  below 

1000 Hz, and the o ther  a l l  f re q u e n c ie s  above 1000 Hz. When only 

one channel w as  p r e se n te d  at a time-, the sp eech  s ignal w as  d is to r te d  

and in te l l ig ib il i ty  w as  im paired . F le tc h e r  found that w hen the two 

channe ls  w e re  sen t to opposite e a r s ,  the b ra in  w as  capable  of c o m ­

bining the two s ig n a ls  ". . . to com ple te  the p ro p e r  p ic tu re .  " B lack 

(1962) f i l te r e d  w o rd s  into two bands of equal in te llig ib ili ty , one co n ­

ta in ing  the f re q u e n c ie s  up to  1600 Hz, the o ther  the f re q u e n c ie s  f ro m  

1600-15 ,000  Hz. When the bands w e re  sen t to opposite e a r s  the 

s c o r e s  w e re  only s l ig h tly  low er than  when both bands w e re  sent to 

the s a m e  e a r .

W hen design ing  b in a u ra l  fusion t e s t s  one m u st be aw are  of
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c e r ta in  phenom ena of audition. B roadben t and Ladefoged (1957), 

u s ing  syn the tic  sp eech , found tha t two d iffe ren t fo rm a n ts  would 

fuse  only w hen th e i r  fundam en ta l  f re q u e n c ie s  w e re  the s a m e ,  and  

in unison, w h e th e r  the two fo rm a n ts  w e re  p re se n te d  to the sam e  

e a r ,  or sp li t ,  one fo rm an t  to e a c h  e a r .  P o llack  (1948) s ta te d  that 

one cannot c o n s id e r  the e f fec ts  of individual bands of sp eech  f r e ­

q u en c ie s ,  and one m u s t  a lw ays r e m e m b e r  ", . . th e re  is  an  i n t e r ­

ac tio n  am ong the  co n tr ib u tio n s  of the v a r io u s  bands. " (p. 263)

David, G uttm an, and van B e rg e i jk  (1958) found that w hile  fusion  . 

of p u lse s  of 1000 and 3000 r e a d i ly  o c c u r re d ,  fusion fa iled  to  o ccu r  

w hen the p u lse s  w e re  fa r  a p a r t ,  such  a s  800 and 6000 Hz. They 

hypo thesized  tha t " P e rh a p s  th is  in d ica tes  that while f req u en cy  o v e r ­

lap  is not r e q u i re d ,  ex c i ta t io n  of som e com m on reg io n  of the b a s i l a r  

m e m b ra n e  in the two e a r s  is r e q u ire d .  " (p. 802)

L ic k l id e r  (1948) no ted  without f u r th e r  com m ent that "T he  

a v e ra g e  in te l l ig ib i l i ty  s c o r e s  w e re  h ig h er  when the sp eech  w as  p r e ­

sen ted  to the l i s t e n e r s '  r ig h t  e a r s  than  w hen it w as  p re se n te d  to  th e ir  

left e a r s .  " (p. 153) T h is  m a t te r  of e a r e d n e s s  has  been  in v es tig a ted

clby two C anad ian  r e s e a r c h e r s ,  M ilner  (1962) and  K im u ra  (1961 , 

1961^, 1962), who found tha t su b je c ts  p e rc e iv e d  v e rb a l  m a te r ia l  

b e t te r  w ith  the r ig h t  e a r  than  the left e a r .  The s u p e r io r i ty  of the 

r ig h t  e a r  is  m o s t  ev ident in a d ichotic  l is te n in g  s itua tion  w h ere  th e re
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a re  com peting  s t im u li ,  e a c h  e a r  re c e iv in g  a d iffe ren t signal. Both 

a u th o rs  o ffe red  a s  an exp lanation  of th is  phenom enon that the 

c r o s s e d  f ib e rs  leav ing  the coch lea  have been found to  be m o re  e f ­

fec tive  than the u n c ro s s e d  f ib e rs  so that ea c h  te m p o ra l  lobe r e ­

ce iv e s  m ax im um  s tim u la t io n  f ro m  the c o n t r a la te ra l  e a r .  In a d d i­

tion , it has been found tha t ,  in the m a jo r i ty  of c a s e s ,  the left t e m ­

p o ra l  lobe is the dom inant lobe fo r  sp eech  recep tion . K im u ra  and 

M iln e r  su g g es ted  th e re fo re  that the " r i g h t - e a r "  effect is the r e s u l t  

of the dom inant left h e m isp h e re  re c e iv in g  m o re  im p u lses  f ro m  the 

c r o s s e d  au d ito ry  pathw ay leav ing  the r ig h t  cochlea. K im u ra  (1961^) 

fu r th e r  r e p o r te d  tha t fo r  those  individuals who had sp eech  r e c e p ­

tion  in the r ig h t  h e m isp h e re  th e re  w as  indeed a " l e f t - e a r "  s u p e r ­

io r i ty  in the re c e p t io n  of v e rb a l  m a te r ia l .  S hankw eiler  and S tu d d e r t-  

K ennedy (1967) r e p o r te d  a s ign if ican t " r i g h t - e a r "  advantage of co n ­

sonan t-vow el s y l la b le s ,  but not for s tead y  s ta te  vowels. K im u ra ,  

M iln e r ,  and  Shankw eiler  a l l  noted that the left te m p o ra l  lobe a p p e a rs  

to  be the dom inant lobe fo r  the p ro c e s s in g  of the m o re  difficult v e rb a l  

m a te r ia l .

In R e la tio n  to the D iagnosis  of C e n tra l  H ear ing  D is o rd e r s

M any b in a u ra l  fusion  and f i l te r e d  sp eech  e x p e r im e n ts  w e re  

p e r fo rm e d  in an a ttem p t to  develop a u d io m e tr ic  t e s t s  w hich  could be
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used  as  d iagnostic  to o ls  in d e te rm in in g  le s io n s  along the c e n tra l  

au d ito ry  pathway.

B occa , C a le a ro ,  and C a s s in a r i  (1954) s ta te d  that t e m ­

p o ra l  lobe tu m o rs  a r e  r a r e l y  c h a r a c te r iz e d  e i th e r  by an in c re a se  

of th re sh o ld  fo r  pure  to n es  o r by a low ering  of sp eech  d i s c r im in a ­

tion s c o re s .  In des ign ing  a t e s t  to  be used  to  d iagnose c e n tra l  

a u d ito ry  d i s o r d e r s  the r e s e a r c h e r s  m ade two assu m p tio n s :  f i r s t ,  

th a t  the sp eech  s ignal would be m o re  difficult to u n d e rs tan d  if its  

redundancy  w as  re d u c e d ,  and second , tha t the d eg rad ed  speech  

s ig n a l would r e q u i re  m o re  in teg ra tiv e  functions  w hich  w e re  lo ca ted  

in the a r e a s  of the b r a in  they  w an ted  to  investiga te . Subjects  w ith  

t e m p o ra l  lobe tu m o rs  w e re  te s te d  w ith  p hone tica lly  balanced  (PB) 

I ta lian  b isy l lab ic  w o rd s  sen t th ro u g h  a lo w -p a ss  f i l t e r  w ith  a cu t-o ff  

at 800 Hz so  th a t  th e i r  c o r r e c t  iden tif ica tion  w ould ". . . involve 

psych ic  in teg ra tio n  to  a h ig h er  extent. " (p. 220) The d i s c r im in a ­

tion  s c o re s  fo r  m o s t  of the su b je c ts  w e re  p o o re r  in the e a r  c o n t r a ­

l a t e r a l  to  the b r a in  les ion . T h e ir  fo llow -up  r e p o r t  (1955) on th ese  

su b je c ts ,  w hich  c o m p a re d  the p r e -o p e ra t iv e  and p o s t-o p e ra t iv e  

s c o re s ,  r e p o r te d  tha t d isc r im in a t io n  in the e a r  c o n t r a la te r a l  to  the 

s ite  of the tu m o r  showed im p ro v em en t f ro m  20-30 days a f te r  its  

s u rg ic a l  rem o v a l.

T hese  in i t ia l  t e s t s  w hich  exam ined  the e ffec ts  of f i l te r e d
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sp eech  s ig n a ls  on d is c r im in a t io n  s c o re s  w e re  a l l  done m onaura lly . 

B occa (1955) r e p o r te d  the app lica tio n  of d is to r te d  sp eech  t e s t s  to 

d e te rm in e  b in a u ra l  su m m atio n  and in teg ra tion . N onsense  b i s y l ­

la b le s  and PB w o rd s  w e re  f i r s t  p re se n te d  u n d is to r ted  to n o rm a l-  

h ea r in g  s u b je c ts ,  a t an  in ten s i ty  w hich  y ie lded  a m ax im u m  a r t i c u ­

la tion  s c o re  of 30%. The s a m e  m a te r ia l  w as  then sent through  a

lo w -p a ss  f i l t e r ,  w ith  a 30-35 d B /o c tav e  a ttenua tion  and a cu t-o ff

2
at 500 Hz, and w a s  p r e s e n te d  to  the sub jec t at 45 dB SL , y ie ld ­

ing a m ax im u m  a r t ic u la t io n  s c o re  of 50%. The av e ra g e  s c o re s  

fo r  the m o n a u ra l  p re se n ta t io n  of the PB w o rd s  w e re  28% fo r  the 

fain t u n d is to r te d  condition  and 2 7% fo r  the loud d is to r te d  condition. 

When the two bands w e re  p r e s e n te d  to the sam e  e a r ,  the s c o re  

w as  27%, but w hen the two bands w e re  sp li t ,  one to  ea c h  e a r ,  the 

s c o re  ro s e  to  65%. The a u th o rs  added "The louder  s t im u lu s  b e ­

haves  ex ac tly  as  a m ask in g  s t im u lu s  when d e l iv e red  to the sam e 

e a r  to g e th e r  w ith  the w e a k e r  one. " (p. 1169) F le tc h e r  (1929) a lso  

found that the lo w -fre q u e n c y  sounds do not have the sam e  in t e r f e r ­

ing effect w hen the two tones  a r e  in troduced  into opposite  e a r s .  

L ic k l id e r  (1948) found that a r t ic u la t io n  s c o re s  w e re  a lm o s t  100% 

when sp eech  and no ise  w e re  in troduced  into opposite  e a r s .

2
S ensa tion  le v e l  (SL) r e f e r s  to the n u m b er  of d ec ib e ls  (dB) 

above th re sh o ld .  In B o c c a 's  e x p e r im e n t ,  the th re sh o ld  fo r  f i l te r e d  
sp eech  w as  the r e fe r e n c e  in tensity .
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C a le a ro  (1957), an a s so c ia te  of Bocca a t the U n iv e rs i ty  of 

M ilan, p re se n te d  I ta l ia n  PB w o rd s  to su b jec ts  w ith  d iagnosed  b ra in  

le s io n s  in the t e m p o ra l  lobe a r e a ,  at an in ten s ity  w hich  y ie lded  a 

m ax im u m  a r t ic u la t io n  s c o re  of 40%. The w o rd s  sent th rough  a 

lo w -p a ss  f i l t e r  w ith  a  cu t-o ff  at 500 Hz w ere  p re se n te d  to the sub -  

jec t at an in ten s ity  40% above th re sh o ld  w hich  y ie ld ed .a  m ax im um  

a r t ic u la t io n  s c o re  of 50%. S c o re s  im proved  only w hen th ese  two 

conditions w e re  p r e se n te d  s im u ltan eo u s ly ,  one to e ach  e a r ,  fo r  

" in  th is  way, one e a r  p ro v id es  qua li ty  and the o th e r  e a r  p ro v id es  

power. " (p. 393) Sum m ation  fa i le d  to  occur w hen ev er  the u n d is ­

to r te d  s igna l w as  sen t to the e a r  c o n t r a la te ra l  to the les ion .

M a tz k e r 's  (1962) te s t  w a s  b ased  on the p r in c ip le  of b i ­

n a u ra l  fusion. He f i l te r e d  G e rm a n  PB w o rd s  of two and  th re e  s y l ­

la b le s  into two bands: (1) a  lo w -p a s s  band of 500-800 Hz, and  (2) a 

h ig h -p a ss  band of 1815-2500 Hz. N e ith e r  band alone conta ined  

enough in fo rm atio n  fo r  d isc r im in a t io n ,  but w hen the lo w -p a s s  band 

w as  sent to  one e a r  and the h ig h -p a ss  band to  the o th e r ,  the n o rm a l  

b r a in  fu sed  the s ig n a ls ,  and reco g n it io n  of the w o rd s  re su l te d .  

M atx k e r  r e q u i r e d  only that the sub jec t c o r r e c t ly  identify  the vow els 

in the w o rd s .  P a t ie n ts  w ith b r a in  le s io n s  ach iev ed  low er  s c o re s

■^The au th o r  does not c la r i fy  what he m ean s  by "40% above 
th re sh o ld .  "
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w hen the bands w e re  sp lit  to opposite e a r s  than when both bands 

w e re  sen t to the sam e e a r  . . because  of th e i r  fa i lu re  of b i l a te r a l  

in teg ra tion . " (p. 210)

H ayashi, Ohta, and M orim oto  (1966, 1967) designed  th e i r  

e x p e r im e n t  to  t e s t  M a tz k e r 's  th eo ry  that a u d io m e tr ic  t e s t s  invo lv ­

ing the p r inc ip le  of b in a u ra l  fusion can be u sed  to d iagnose c e n t ra l  

au d ito ry  d is o rd e r s .  Jap a n e se  nonsense  m o n o sy llab les  w e re  f i l te r e d  

into two bands: (1) a lo w -p a ss  band of 300-600 Hz, and (2) a h igh- 

p a s s  band of 1200-2400 Hz. These  r e s e a r c h e r s  felt that M a tz k e r 's  

m ethod w as  defective in that only one in tensity  lev e l  w as  used  and 

no c o m p a r iso n  w as  m ade of the m o n au ra l  s c o re s  fo r  the r ig h t and 

le f t  e a r .  H ayashi et a l . p re se n te d  the m a te r ia l  to p a tien ts  w ith  

h ea r in g  lo s s e s  at both  20 and 40 dB above th re sh o ld ^ , and in m any  

com binations  of r ig h t and left e a r s ,  both m o n a u ra l ly  and b in a u ra l -  

ly. The p e r s o n 's  ab ili ty  to fuse w as  b a se d  on the d iffe rence  in h is  

d isc r im in a t io n  sc o re  w hen the two bands w e re  p re se n te d  to  both 

e a r s  and when the bands w ere  sp lit ,  one to  e ach  e a r .  The r e s u l t s  

s e e m e d  to indicate  that b in au ra l  fusion  is poor when the h ig h -p a ss

^When both bands w ere  p re se n te d  to  both e a r s ,  th re sh o ld  
w as  d e te rm in e d  by each  su b je c t 's  p u re - to n e  av e rag e  fo r  500, 1000, 
and 2000 Hz. When the bands w e re  sp li t ,  one to each  e a r ,  the 
th re sh o ld  fo r  a 500-Hz and 1500-Hz tone w as  u sed  fo r  the low and 
high bands , re sp e c t iv e ly .
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band is sent to  the e a r  c o n t r a la te ra l  to the les ion . They concluded 

that b in a u ra l  fusion  tak es  p lace  in c o r t ic a l  or s u b c o r t ic a l  a r e a s  

and d is a g re e d  w ith  M a tz k e r 's  opinion tha t the phenom enon is a 

function of the b ra in  s tem .

L inden (1964) developed a " sp e e c h  r e s y n th e s i s  t e s t "  fo r  

the pu rpose  of d isc o v e r in g  c e n t r a l  d i s o rd e r s .  Sw edish spondees  

of f a i r ly  good in te ll ig ib il i ty  w e re  f i l te r e d  into two bands: (1) a h igh- 

p a ss  band of 1800-2200 Hz, and (2) a lo w -p a s s  band of 560-715 Hz. 

By inspec tion  of the f i l te r  a ttenua tion  c u rv e s ,  th e re  a p p e a r s  to  be 

ap p ro x im a te ly  a 50-60 dB /o c tav e  drop. At 40 dB SL , the d i s ­

c r im in a t io n  s c o re  for n o rm a l-h e a r in g  su b je c ts  w as  14% fo r  the 

lo w -p a ss  band, and 11. 4% fo r  the h ig h -p a ss  band. W hen the two 

bands w e re  sp l i t ,  one to ea c h  e a r ,  the d isc r im in a t io n  s c o re  ro s e  

to 89% at 40 dB SL.

J e r g e r  (1960) in v es tig a ted  the d is to r te d  sp eech  technique

in diagnosing  le s io n s  in the c e n tr a l  au d ito ry  pathw ays. He sen t

PB w o rd s  th rough  a lo w -p a s s  f i l t e r ,  w ith  a cu t-o ff  a t  500 Hz, and

a 17 d B /o c tav e  a ttenuation . T hese  w o rd s  w e re  p r e s e n te d  on one

channel 45 dB above each  s u b je c t 's  p u re - to n e  a v e ra g e  fo r  500, 1000, 

and 2000 Hz. ® The w o rd s  w e re  p re se n te d  u n d is to r te d  on the second

^The au tho r  does not define th re sh o ld .
£

It s e e m s  to  the w r i t e r  that at th is  in ten s i ty  the f i l te r  would 
p roduce  neglig ib le  d is to rt ion .
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channel a t an in ten s i ty  w hich  w ould r e s u l t  in a 50% a r t ic u la t io n  

s c o re ,  the lev e l  v a ry in g  betw een 5 and 15 dB above the p u re - to n e  

a v e ra g e  fo r  500, 1000, and 2000 Hz. The f i l te r e d  and u n f il te red  

w o rd s  w e re  then  p re se n te d  alone to  the r ig h t  and left e a r ,  .and 

then  b in au ra l ly ,  e ach  channel sen t to opposite  e a r s .  The case  

h i s to r ie s  r e p o r te d  had low er  s c o re s  when the d is to r te d  w o rd s  w e re  

p r e s e n te d  to the e a r  c o n t r a la te r a l  to  the a ffec ted  h e m isp h e re .

P a lv a  (1965) s ta te d  that "T he l i t e r a tu r e  con ta ins  l i t t le  

in fo rm ation  on the u n d e rs tan d in g  of b in a u ra l ly  p r e s e n te d  f i l t e r e d  

speech . . . " (p. 30), and  added tha t . . no s y s te m a t ic  s tu d ie s  of 

b in a u ra l  d isc r im in a t io n  w ith  bands of v a ry in g  w id ths  tak en  f ro m  

d iffe ren t p a r t s  of the sp eech  a r e a  have been  published . " (p. 31)

F o r  th is  r e a s o n ,  b e fo re  a t tem p tin g  to  design  a te s t  to d iagnose 

c e n t r a l  h e a r in g  d i s o r d e r s ,  he f i r s t  e x p e r im e n te d  w ith  a l l  p o ss ib le  

band com binations  taken  f ro m  the f req u en cy  a r e a s  tha t contain  the 

e s s e n t ia l  fo rm a n ts :  (1) betw een  400-1000 Hz, and (2) 1200-3000 

Hz. A f te r  m uch  p r e - te s t in g ,  he chose the d e s i r e d  band w id ths ,
4

and p ro c e e d e d  to  f i l t e r  F in n ish  PB w o rd s ,  d isc a rd in g  the difficult 

ones ,  into two bands: (1) a lo w -p a ss  band of 480-720 Hz, and (2) 

a h ig h -p a ss  band  of 1800-2400 Hz. He found that a 30 d B /o c tav e  

drop  w as  not adequate  fo r  a " h e a r in g  sy n th e s is  t e s t , "  and that a
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760 d B /oc tave  a tten u a tio n  w as  n e c e s sa ry .  At 50 dB SL , the d i s ­

c r im in a t io n  s c o re  fo r  n o rm a l-h e a r in g  su b jec ts  w as  19. 1% fo r  the 

lo w -p a ss  band and 17. 9% fo r  the h ig h -p a ss  band. The d i s c r im in a ­

tion  s c o re s  ro s e  to 79% r e g a r d le s s  of w h e th e r  both bands w e re  

sen t to  one e a r ,  or one band w as  sent to  each  e a r .  When a lm o s t  

any two bands w e re  com bined, one f ro m  the h ig h -f req u en cy  and the 

o th e r  f ro m  the lo w -freq u en cy  a r e a ,  the d isc r im in a t io n  s c o re s  w e re  

im proved  in both the m o n au ra l  and the b in a u ra l  condition, in som e 

c a s e s  m o re  than tw ice th e ir  a r i th m e t ic  sum.

In R ela tion  to the P e r ip h e ra l  H ear in g  M echan ism

In form ation  p e r t in e n t  to the p re se n t  investiga tion  w as  a lso  

found in b in a u ra l  fusion  and f i l te r e d  sp eech  e x p e r im e n ts  con cern ed  

m o re  w ith  the p e r ip h e ra l  than the c e n tra l  h e a r in g  m echan ism .

Huizing (1961) felt tha t sp eech  a u d io m e try  should  p rov ide , 

in addition  to the th re sh o ld  va lue , an a n a ly s is  of the p a t ie n t 's  h e a r ­

ing function under difficult h e a r in g  conditions, and so he designed  

a d is to r te d  sp eech  te s t  a s  a m e a n s  of fu r th e r  a s s e s s in g  the function 

of the p e r ip h e ra l  m ech an ism . D utch PB w o rd s  w e re  f i l t e r e d  into 

two o n e-oc tave  bands: (1) a lo w -p a ss  band of 140-280 Hz, and (2)

7
The th re sh o ld  of d e tec tab il i ty  for the bands th e m se lv e s  w as  

used  ". . . to  obtain  a re la t iv e  0 dB value. " (p. 37)
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a h ig h -p a ss  band of 1128-2256 Hz. By in spec tion  of the f i l t e r  a t ­

tenuation  c u rv e s ,  th e re  s e e m s  to be ap p ro x im a te ly  a 40 dB /o c tav e  

drop. When e a c h  of these  two bands w as  p re se n te d  s e p a ra te ly  to 

su b jec ts  w ith  n o rm a l  h ea r in g ,  the lo w -p a ss  band w as  co m ple te ly  

u n in te llig ib le , w h e re a s  the h ig h -p a ss  band y ie lded  a 50% a r t ic u -
O

la tio n  sc o re  at 34 dB. In o rd e r  to im ita te  a sloping au d io g ram , 

the lo w -p a ss  band w as  p re se n te d  to  one e a r  at a high in tensity  of 

75 dB. When the h ig h -p a ss  band w as  added to the sam e e a r ,  a 

50% a r t ic u la t io n  s c o re  w as  r e a c h e d  at 2 6 dB, but w hen the h ig h -p a ss  

band w as  added to the opposite e a r ,  only 12 dB w as r e q u i re d  to 

ach ieve  a 50% s c o re ,  so  that it a p p e a re d  th e re  is l e s s  m ask ing  in 

the b in a u ra l  a s  c o m p ared  to the m o n au ra l  condition. Huizing felt 

tha t th is  in fo rm ation  could be applied  to the f itting  of b in a u ra l  h e a r ­

ing a ids  w hich he fe lt  m ight " . . .  depend on the developm ent of an 

in te ra u ra l  d isc r im in a t iv e  coopera tion . " (p. 151)

Huizing (1960, 1962) a lso  r e p o r te d  a m ethod of " t r ip le t  

a u d io m etry "  w h ereb y  one can a s s e s s  a p a t ie n t 's  d isc r im in a t iv e  

ab il i ty  in p a r t ic u la r  p itch  ra n g e s .  He f i l te r e d  sp eech  into th re e  

bands , each  of w hich  con tr ib u ted  equally  to in tellig ib ili ty : zona 

g ra v is  w hich is  up to 1000 Hz, zona m ed ia  w hich  c o v e rs  the range

O
The au th o r  does not spec ify  a r e fe r e n c e  in tensity .
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fro m  1000-2000 Hz, and zona acu ta  w hich is  2000 Hz and up. By 

d e te rm in in g  the d isc r im in a t io n  s c o re  fo r  each  band one can  then  

re c o m m e n d  se le c t iv e  am p lif ica tio n  in o rd e r  to r e s to r e  the p a t ie n t 's  

" tona l eq u il ib r iu m . " Huizing added that q ua lita tive  sp eech  au d io ­

m e t ry  of th is  n a tu re  has been  applied  fo r  m any y e a r s  in the 

G roningen C lin ic  in the N e th e r lan d s .  _

K ry te r  (1960) r e p o r te d  tha t the f req u en cy  band 250-750 Hz, 

in addition  to  adding  g re a t ly  to in te llig ib ili ty ,  a lso  g ives  sp eech  a 

" n a tu ra l"  sounding quality. He f i l t e r e d  PB w o rd s  into band w id ths  

of 500 Hz w ith  a 70 d B /o c tav e  a ttenua tion , and p re se n te d  th em  to 

the sub jec t  at a co m fo rtab le  l is te n in g  lev e l  to d e te rm in e  w hich  band 

w id ths  would com bine to y ield  the h ighest d isc r im in a t io n  s c o re s .

He s e le c te d  th re e  bands f ro m  the r i c h e s t  fo rm a n t  re g io n s ,  w ith  

c e n te r  f re q u e n c ie s  of 500, 1500, and 2500 Hz. A r t ic u la t io n  s c o re s  

obtained w ith  a com bination  of th ese  th re e  bands c lo se ly  a p p ro x i ­

m ated  s c o re s  obtained  w ith  the u n f i l te re d  sp eech  sp ec tru m .

T il lm an  and C a r h a r t  (1965) f i l te r e d  m onosy llab ic  CNC^ 

w o rd s  into two bands of equal in te llig ib ili ty : one a h ig h -p a ss  band 

w ith  a cu t-o ff  at 1830 Hz and a 36 d B /o c tav e  a ttenua tion , and the 

o ther  a lo w -p a ss  band w ith  a cu t-o ff  at 1480 Hz and a 54 d B /o c tav e

^Both the CNC w o rd  l i s t s  and the CVC w o rd  l i s t s  to be 
r e f e r r e d  to l a t e r  a r e  com posed  of co n so n an t-v o w el-co n so n an t words;,
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attenuation . The f i l te r e d  w o rd s  w e re  p re se n te d  to  n o rm a l-h e a r in g  

su b je c ts ,  and it w as  found that the b in a u ra l  and m o n a u ra l  functions 

fo r  each  band w as  a lm o st the sa m e ,  w ith  a p p ro x im a te ly  a 4%/dB 

slope. H ow ever, w hen  the h ig h -p a ss  and lo w -p a ss  bands w e re  

sen t to opposite  e a r s ,  the r e su l t in g  b in a u ra l  function of 5. 7%/dB 

c lo se ly  a p p ro x im a te d  the 6%/dB slope obtained w ith  the m on au ra l  

p re se n ta t io n  of the o r ig in a l  u n f il te re d  w ords .

Speaks (1967) p r e se n te d  su b jec ts  w ith  se v e n -w o rd  sen te n ces  

w hich  had been  a r t i f ic ia l ly  c o n s tru c te d  f ro m  w o r d - t r ip le t s ,  that is ,  

g roups  of th re e  lo g ica lly  connected  w o rd s  s tru n g  to g e th e r .  A ty p ­

ica l te s t  item  w as  "sm all-boat-w ith  a -p ic tu re -h a s  b eco m e,"  and the 

sub jec t had  to identify c o r r e c t ly  such  s e v e n -w o rd  m e s s a g e s  f ro m  

am ong ten  syn the tic  sen ten ces .  Speaks found it a lm o s t  im poss ib le  

to  r e n d e r  th ese  sen te n ces  un in te llig ib le  by f i l te r in g ,  fo r  even  when 

a l l  f re q u e n c ie s  above 125 Hz w ere  e l im in a te d ,  a 100% in te ll ig ib il i ty  

s c o re  w as  a tta ined  at 62 dB SPL. The m ax im um  p e r fo rm a n c e  fo r  

d isc r im in a t io n  s c o re s  using PB w o rd s  under  s im i la r  f i l te r in g  c o n ­

ditions w as 6% at 80 dB SPL. The au thor felt that he w ould have 

obta ined  s im i la r  r e s u l t s  even  if a s te e p e r  f i l te r  a ttenua tion  than  the 

24 d B /oc tave  drop  had been  used. Speaks r e p o r te d  that th e re  is 

ap p ro x im a te ly  an octave d iffe rence  betw een  the ra n g e  n e c e s s a r y  fo r  

sen tence  iden tif ica tion  and m onosy llab ic  identification. The c r o s s ­
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over  f req u en cy  w hich  divides the f req u en cy  sc a le  into two e q u iv a ­

len t p a r t s ,  e ach  con tr ibu ting  equally  to in te ll ig ib il i ty ,  w as  72 5 Hz 

for sen te n c e s  and 1600-1700 Hz fo r  m o n o sy llab les .  Speaks s ta ted  

that the e n e rg y  in the low freq u en cy  range  of the sp eech  s p e c t ru m  

a p p e a rs  to  be of p r im e  im p o rtan ce  fo r  the iden tif ica tion  of the s y n ­

the tic  sen te n c e s  used  in the r e p o r te d  exp er im en t.  Even in the 

h ig h -p a ss  f i l te r  conditions the cu t-o ff  f req u en cy  had to be below 

300 Hz befo re  th e re  w as  no fu r th e r  im provem en t in the s c o re s .

Egan, C a r t e r e t t e ,  and Thwing (1954) p re se n te d  two m e s ­

sa g e s  s im u ltan eo u s ly  to  the subjec t: one w as  the m e ssa g e  to  be r e ­

ce ived  and the o th e r  w as  the in te r fe r in g  m e ssa g e .  They f i r s t  

p r e s e n te d  the s ig n a ls  to the sam e  e a r ,  and then to  opposite  e a r s .

In the d ichotic  re c e p t io n ,  one s ignal in e a c h  e a r ,  the r e c e iv e d  s ig ­

nal can be un d ers to o d  at a le v e l  32 dB low er  than in the m o n au ra l  

r e c e p t io n  of both s igna ls .  The a u th o rs  p r e fe r  to  use the t e r m  

"confusion" to exp la in  th e i r  r e s u l t s ,  r a th e r  than the t e r m  " m a s k ­

ing" w ith  a ll  of i ts  connotations. An in te re s t in g  finding w as  that 

h ig h -p a ss  f i l te r in g  of e i th e r  the re c e iv e d  o r  the in te r fe r in g  m e ssa g e  

r e s u l te d  in im proved  in te ll ig ib il i ty  of the r e c e iv e d  m essag e .  The 

a u th o rs  s tud ied  the in te r fe re n c e  e ffec ts  of both w hite  noise  and 

sp eech  and found that speech  in te r fe re d  m o re  w ith  s ignal re c e p t io n  

than  did noise.
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The Low F re q u e n c ie s  a s  a M ask e r  

The p re se n t  investiga tion  is co n ce rn ed  w ith  the effect of 

low f re q u e n c ie s  on consonant d isc r im in a t io n  s c o r e s ,  the l o w - f r e ­

quency band being p re se n te d  at v a ry in g  in te n s i t ie s  r e la t iv e  to the 

in ten s ity  of the h ig h -f req u en cy  band. This sec tio n  d i s c u s s e s  the 

r e p o r t s  w hich  in v es tig a ted  the effec t of low f re q u e n c ie s  on in te l l i ­

g ib ility  and the dependence of that e ffec t on the in ten s ity  of the lows 

re la t iv e  to the in ten s ity  of the r e s t  of the sp eech  signal.

F le tc h e r  (1929) found that w hen com plex sounds a re  a m p l i ­

f ied , the low f re q u e n c ie s  gain in loudness  f a s t e r  than the high f r e q u e n ­

c ie s ,  and so the high tones  begin to  be m ask ed  as  the low tones  b e ­

com e m o re  p rom inen t.  P a lv a  (1965) com m ented  that the h ig h - in te n -  

s ity ,  lo w -freq u en cy  sounds m ask  the h ig h er  f re q u e n c ie s  that a id  

d isc r im in a t io n .  K ry te r  (1960) noted the p o ss ib i l i ty  of " in te rb a n d  

m a s k in g ,"  that is, the m ask in g  of " sp e e c h  by speech  itself. " House, 

W ill ia m s ,  H eck er ,  and K ry te r  (1965) a lso  c o n s id e re d  the p o s s ib i l ­

ity of in te r fe re n c e  w ith  sp eech  p e rcep tio n  due to the ". . . in t r a s y l -  

lab ic  m ask ing  of consonan ts  by vowels. " (p. 165) Huizing (1961) 

s ta te d  that when the slope of an aud io g ram  exceed s  10 d B /o c ta v e ,  

the e s s e n t ia l  ov er to n es  begin to be m ask e d  by the s t ro n g e r  low 

to n es ,  and in te l l ig ib il i ty  su ffe rs .

P o llack  (1948) s ta te d  that at low in ten s ity  le v e ls  f re q u e n -
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c ies  below 350 Hz im proved  in te llig ib ili ty  and he concluded that the 

low f re q u e n c ie s  con tr ib u te  by in c re a s in g  the aud ib ili ty  of the speech  

signal. H ow ever, at h igher  in ten s i t ie s  the g r e a t e r  e n e rg y  p re se n t  

in the low f re q u e n c ie s  m a sk s  the w e a k e r ,  in fo rm a tio n -b e a r in g  high 

freq u en c ie s .  P o llack  a lso  noted that w hen a m ask ing  noise  is 

added to  a sp eech  s ignal,  it is not the abso lu te  lev e l  of e i th e r  the 

s igna l  o r  the n o ise ,  but r a th e r  the s ig n a l- to -n o is e  r a t io  that w ill 

d e te rm in e  in te llig ib ili ty .

H ir sh  and Bow man (1953) r e p o r te d  that the m ask in g  effect 

of the 20-160 Hz band w as neglig ible becau se  of the v e ry  sm a l l  amount 

of sp eech  e n e rg y  it conta ins. They found that the 670-1000 Hz band 

w as  the m ost e ffective  m a s k e r  of speech. M il le r  (1947) a lso  found 

that f re q u e n c ie s  below 1000 Hz have the g r e a te s t  d is ru p tiv e  effect on 

com m unication . At low noise  le v e ls ,  h ig h -freq u en cy  bands of noise  

a re  the m o st effective  m a s k e r s ,  but as  the in ten s ity  is r a i s e d ,  the 

high f re q u e n c ie s ,  w hich  con ta in  the unvoiced consonan ts ,  a re  soon 

m ask ed  by the m o re  pow erful low f req u en c ies .

F r e n c h  and S te inberg  (1947) no ted  that the d e c re a se  in a r t i ­

cu la tion  s c o r e s  at high in tensity  lev e ls  could be cau sed  p a r t ly  by 

the sp eech  sounds in one reg io n  m ask in g  o ther  f req u en cy  reg ions .

The two lo w -freq u en cy  bands of 250-375 Hz and 375-505 Hz caused  

the g r e a te s t  amount of in te r fe re n c e  w ith  the h ig h er  bands. The
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a u th o r s  added that the concept  of the a r t ic u la t io n  index, which  is 

b a sed  on the t h e o ry  that  the contr ibut ion  of e a c h  band is indepen­

dent of o ther  bands ,  m ust  t h e re fo re  be modif ied  to account for  the 

p o s s ib i l i ty  of in te rband  masking.

W e b s te r  and Klumpp (1963) a g r e e d  with  the p rev io u s ly  

publ ished  data  of Po l lack ,  Dyer ,  and W eb s te r  that the c r o s s o v e r  

f requency ,  that f req u en cy  which divides  the speech  s ignal  into two 

bands of equal  intel l ig ib i l i ty ,  lo w ers  as  much as  an octave as  the 

s ig n a l - to -n o i s e  d i f fe ren t ia l  d e c r e a s e s ,  f ro m  the c r o s s o v e r  f r e q u e n ­

cy of 1700 Hz in quiet r e p o r t e d  by F r e n c h  and S te inberg ,  to a round  

800 Hz in noise.

F a c t o r s  Contr ibu t ing  to Consonant  D isc r im in a t io n

This  sec t ion  is c o n ce rn ed  with  f a c to r s  which  con tr ibu te  to 

consonant d isc r im ina t ion .  This  in formation  provided  the b a s i s  for  

the se lec t ion  of the w o rd  l i s t s  used in the p r e se n t  invest igat ion. 

T h e re  is a w ea l th  of in form at ion  on the ef fec ts  upon com m unica t ion  

of noise and f requency  d is to r t io n  p roduced  by v a r io u s  high-  and 

lo w -p a s s  f i l t e r s .  The r e s u l t s  a re  usually  e x p r e s s e d  in t e r m s  of 

an a r t ic u la t io n  s c o re  r e f le c t in g  only the num ber  of e r r o r s  in speech  

percep t ion .  M il le r  and Nicely  (1954) p e r fo r m e d  an ex p e r im en t  to 

d e te rm in e  not only how many but a l so  what  kind of e r r o r s  w e re
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being made.  The confusion m a t r i c e s  u sed  in the p r e s e n t  s tudy 

w e re  des igned  a f te r  those they developed.  They w e r e  conce rned  

only w i th  consonants  which  they  c a te g o r i z e d  ac co rd in g  to five r e l ­

a t ive ly  independent  f e a tu re s  of voicing, n asa l i ty ,  a f f r ica t ion ,  

dura t ion ,  and p l a c e - o f - a r t i c u l a t i o n  - -  the d im en s io n s  used  by 

phonet ic ians  to c l a s s i fy  consonants .

The su b jec ts  in the M il le r  and Nicely  s tudy l i s te n e d  to 

nonsense  sy l lab le s  co ns is t ing  of a consonant followed by the vowel 

/ or/, in s ig n a l - to -n o i s e  r a t i o s  which  r an g e d  f ro m  +12 to -18 dB. 

Specif ic a r e a s  of the speech  s p e c t ru m  w e r e  s e le c te d  by in troducing  

v a r io u s  f i l t e r s  w ith  a 24 d B /o c ta v e  at tenuat ion. The a u tho rs  

dec ided  that l o w -p a s s  f i l t e r in g  and noise have s i m i l a r  e f fec ts  on 

speech  percep t ion ,  s ince  noise  pen a l ize s  the w eak  high f r e q u e n c ie s  

m o re  than the s t r o n g e r  low f req u en c ie s .  They concluded that 

". . . lo w -p a s s  f i l t e r s  affect the s e v e ra l  l ingu is t ic  f e a t u r e s  d i f fe rent ly ,  

leaving  the phonem es  audible but s im i l a r  in p re d ic ta b le  w a y s ,  w h e r e ­

as  h ig h -p a s s  f i l t e r s  r em o v e  m ost  of the acous t ic  power  in the c o n ­

sonan ts ,  leaving  th em  inaudible and, consequent ly ,  p roducing  quite 

r a n d o m  confusions.  " (p. 350)

pos i t ive  s ig n a l - to -n o i s e  (S/N) r a t i o  ind ica tes  that the 
s igna l  is being p r e s e n te d  at a h igher  in tens i ty  than  the no ise ,  w h e r e ­
a s  a negative S /N  r a t i o  ind ica tes  that the noise  is at  a h igher  in te n ­
s i ty  than the signal.
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The ef fec ts  of noise on the speech  s ignal  w e r e  of p a r t i ­

c u la r  in t e re s t ,  for  while  voicing and na sa l i ty  w e re  only s l ight ly  

a ffected  at the -12 S /N  r a t io ,  p l a c e -o f - a r t i c u la t io n  confusions 

w e r e  app a ren t  even  at the +6 S /N  ra t io .  The au tho rs  a l so  r e ­

po r ted  the c r o s s o v e r  f r e q u e n c ie s ,  which v a r i e d  co n s id e rab ly  for  

the different  l ingu is t ic  f e a tu re s :  450 Hz for  nasa l i ty ,  500 Hz for  

voicing, 750 Hz for  a f f r ica t ion ,  1900 Hz for  p la c e -o f - a r t i c u la t io n ,  

and 2200 Hz fo r  durat ion. An addit ional  c r o s s o v e r  point noted is 

of p a r t i c u la r  in te re s t :  12 50 Hz for  the in form at ion  m e a s u r e ,  which 

is at l e a s t  300 Hz low er  than the a r t ic u la t io n  c r o s s o v e r  point.

S te inberg  (1929) r e p o r t e d  that ,  p a r t i c u la r ly  for  s top and 

f r i c a t iv e  consonants ,  h ig h -p a s s  f i l te r in g  with  a cut-off  at 1000 Hz 

had a lm o s t  no ef fect  on th e i r  intell igibi li ty.  When a ll  f r eq u en c ie s  

above 1000 Hz w e re  e l im in a ted  with  a lo w - p a s s  f i l t e r ,  a r t icu la t ion  

s c o r e s  of 50-70% w e re  s t i l l  obtained  fo r  the stop and f r ic a t iv e  c o n ­

sonan ts ,  a finding which  he noted as  being inconsis ten t  w ith  t r a d i ­

t ional  expecta t ions .  He o f fered  as  p a r t  of the explanat ion for  th is  

phenomenon that  " . . .  a given consonant  is identified as  belonging 

to a c e r t a in  group f ro m  the na tu re  of the beginnings o r  endings of 

the vowel  so unds**, and a l so  f ro m  the t r a n s m i t t e d  por t ion  of the

**That p a r t  of the t r a n s m i t t e d  sound f ro m  the vowel  to the 
consonant  and f ro m  the consonant  to the vowel is w h a t  w il l  be 
r e f e r r e d  to l a t e r  as  a " t ra n s i t io n .  "
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sound itself.  " (p. 129)

A ccord ing  to F l e t c h e r ' s  (1929) a r t icu la t io n  cu rv e s  for  

individual sounds,  when a l l  f r eq u en c ie s  below 500 Hz a r e  e l im ina ted ,  

d i sc r im in a t io n  s c o r e s  of c lose  to 100% a r e  s t i l l  obtained for  all  co n ­

sonan ts  except  / f/  and / 5 / .  The fact that d i sc r im in a t io n  is poss ib le  

without  the low f re q u e n c ie s  does  not n e c e s s a r i l y  imply that th e re  is 

no in fo rm at ion  below 500 Hz, s ince  F l e t c h e r  h im se l f  stated :

A consonant  sound m ay  s o m e t im e s  be ident ified by the 
modif ica t ions  p roduced  on the following or  p reced ing  
vowel even  though it is  below the th re sh o ld  as  d e t e r ­
m ined  by an i so la ted  sound. It might  s ee m  logica l  to 
cons ide r  th is  modif ica t ion  of the vowel as  p a r t  of the 
consonant.  If it is so c ons ide red ,  then  it is evident 
that as  long as  the vowel is h e a rd  th e re  is a lways a 
chance of identifying the consonant p reced ing  o r  s u c ­
ceeding it. . . (p. 277)

F l e t c h e r  found tha t ,  in g e n e ra l ,  vowels  a r e  m o re  c o r r e c t l y  iden t i ­

f ied  than consonants  except  for  / I / ,  / r / ,  and / i j /  which a r e  among 

the m o s t  e a s i ly  r e c o g n ize d  speech  sounds at n o rm a l  in tens i t ies .  He 

added that the sounds  / $ / ,  / f / ,  and / v /  accounted for  m o re  than 

half of the d i s c r im in a t io n  e r r o r s ,  r e g a r d l e s s  of the intensity.

Leh is te  and P e t e r s o n  (1959) r e p o r t e d  that  sp ec t ro g ra p h ic  

a n a ly s i s  has  d e m o n s t r a te d  the in te r - e f f e c t s  of sounds that p recede  

and follow each  o the r ,  thus  e l im ina t ing  the poss ib i l i ty  of phonetic 

ba lanc ing  of a r t ic u la t io n  t e s t s  such  as  E g a n 's  (1948) PB w o rd  l i s ts .  

They  devised  th e i r  CNC l i s t s  which r e l y  p r i m a r i l y  on phonemic
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balancing ,  r e a l i z in g  that  a r t ic u la t io n s  a r e  s im i l a r  only when c o m ­

bined in iden t ica l  l ingu is t ic  sequences .

F a i r b a n k s  (1958) dev ised  an o p e n - re s p o n se  CVC t e s t  which 

he r e f e r r e d  to a s  a t e s t  of "phonemic differentia t ion.  " The w o rd  

l i s t s  w e r e  c o n s t ru c te d  so that ". . . t r a n s i t i o n s  a r e  adequa te ly  r e p ­

r e s e n t e d  and tha t  th e re  a r e  no undue b ia se s .  " (p. 597) The w o rd s  

w e r e  p r e se n te d  at a -2 dB V/N (vow el- to -no ise )  r a t io ,  and it was  

found that at  the 50% a r t ic u la t io n  point,  in the in i t ia l  posit ion ,  the 

n a sa l s  / m /  and / n /  had high and the v o ic e le s s  s tops  had low a r t i ­

cula t ion s c o re s .  In addition, it w as  found that  the vo iced  fo rm  of 

each  s top had h igher  d i s c r im in a t io n  s c o r e s  than its  v o ice le s s  

fo rm :  / b / ) / p / ,  / d/  > / 1 / ,  a n d / g / > / k / .  F a i rb a n k s  concluded 

that  both the a c o u s t ic a l  c h a r a c t e r i s t i c s  of the consonants  t h e m ­

se lv e s  and the vowel t r a n s i t io n s  account for  the d i f fe rences  in co n ­

sonant recogni t ion .

House,  W i l l i am s ,  H ecker ,  and K r y te r  (1965) b ased  the 

des ign  of th e i r  CVC c lo s e d - r e s p o n s e  se t  on the F a i r b a n k s  t e s t ,  

so  that  ". . . the m a t e r i a l s  r e t a in  a high degree  of phonemic s i m i ­

l a r i t y  f r o m  te s t  f o rm  to te s t  f o rm  and, in addition, conta in  r e p r e ­

sen ta t iv e s  f ro m  the m a jo r  c l a s s e s  of s p eech  sounds. " (p. 159)

They  found tha t ,  in the p r e s e n c e  of v a r io u s  S /N  r a t i o s ,  in the ini tial  

posit ion ,  the v o ic e le s s  fo rm  of each  s top tended  to  be d i s c r im in a te d
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b e t t e r  than  its voiced  fo rm :  / p / > / b / ,  / k / > / g / ,  a n d / t / > / d / ,  and 

a l so  that the v o ic e le s s  s tops  had co n s id e rab ly  h igher  a r t icu la t io n  

s c o r e s  than the n a s a l s .  These  findings a r e  the d i re c t  r e v e r s e  of 

F a i rb a n k s '  data  which con fo rm ed  to c l a s s i c a l  r e s u l t s .  House et a l . 

o f fered  a s  a p a r t i a l  exp lanat ion  the fact that the un ifo rm  white  noise 

s p e c t r u m  used  by  F a i r b a n k s  m ay  have m a s k e d  the high f re q u en c ie s  

m o re  than  the shaped white  noise  used  in t h e i r  ex p e r im en t .  The 

shaped  noise  d e c r e a s e d  9 dB /o c tav e  a f te r  500 Hz, and its m ask ing  

e f fec ts  would, t h e r e fo r e ,  be l e s s  for  the v o ic e le s s  consonants .

S p ec t ro g rap h ic  A n a ly s is  of Consonants  

S p e c t r o g ra m s  of both r e a l  and syn the t ic  s p e ec h  have r e ­

v ea led  the d is t inct ive  f e a tu r e s  that  s e p a ra t e  one phoneme f ro m  

another .  Haskins  L a b o ra to r i e s  has  been a p io n ee r  in the . . s y s ­

te m a t i c  ex p lo ra t ion  of the acous t ic  cues  to the p e rce p t io n  of some

1 9of the consonant  sounds,  " and th e i r  findings w e r e  u sed  in the 

an a ly s is  of the r e s u l t s  of the p r e s e n t  exper im en t .

The b u r s t  has  long been known to contain  m a n n e r  cues  for  

the s top consonants  (p los ives) ,  but it w as  not known w h e th e r  these  

b u r s t s  a l so  conta ined place information.  C ooper ,  D e la t t r e ,  L ib e r -  

man ,  B o r s t ,  and G e r s t m a n  (1952) found that ,  in g e n e ra l ,  high f r e -

^ C o o p e r  et a l . , 1952, p. 597.
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quency b u r s t s  w e r e  al l  h ea rd  as  / t / ,  r e g a r d l e s s  of the following 

vowel. The low er  f requency  b u r s t s  w e r e  p e r c e iv e d  as  / p / ,  e x ­

cept when they w e r e  leve l  w ith  or  s l ight ly  above the second fo rm an t  

of the vowel,  and then the s am e  b u r s t s  w e r e  h e a rd  as  / k / .  An 

exam ple  of th is  b u r s t -v o w e l  re la t io n sh ip  w as  the fam ous  /p i ,  k q ,  

pu/  ex p e r im e n t ,  in which  a b u r s t  c e n te r e d  at 1400 Hz w as  p e r ­

ce ived  as  / p/ be fore  / i/ and / u / ,  and a s  / k / when p laced  befo re  

101 .

It is c l e a r  that  for  / p/  and / k /  the ident i f ica t ion  of 
the consonant  depended,  not so le ly  on the f requency  
pos i t ion  of the b u r s t  of noise ,  but r a t h e r  on th is  p o s i ­
tion in r e l a t io n  to the vowel. In o ther  w o r d s ,  the 
pe rcep t io n  of these  s t im u l i ,  and a lso ,  p e rh a p s ,  the 
p e rc ep t io n  of t h e i r  spoken c o u n te r p a r t s ,  r e q u i r e s  the 
consonan t-vow el  combinat ion  as  a m in im a l  acous t ic  
unit. (p. 597)

D e la t t r e ,  L ib e rm a n ,  and Cooper  (1955), us ing  synthet ic  

speech ,  inves t iga ted  the f i r s t  two fo rm a n t s  of s tops  and th e i r  r e ­

spect ive  t r a n s i t io n s .  F^  w as  d e te rm in e d  by the m a n n e r  of co n ­

sonant product ion  and began at the base  line r e p r e s e n t i n g  c lo su re  

of the vocal  t r a c t .  Fg was d e te rm in e d  by the place  of a r t icu la t ion ,  

and it was  found that  the second  fo rm an t  of e a c h  consonant  s ee m e d  

to begin  at the s am e  place on the s p e c t ro g ra m .  The t e r m  " locus"  

w as  given to th is  apparen t  s ta r t in g  point. It w as  found that the 

p lo s ives  which  w e r e  f o rm e d  in the sa m e  p a r t  of the a r t i c u la to r y
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m e c h a n i s m  a l so  s h a re d  the s am e  " locus" :  720 Hz fo r  the l ab ia l s  

l b / , / p/, and / ml ;  1800 Hz for  the a lv e o la r s  / d / , / t / ,  and / n / ; 

and 3000 Hz fo r  the v e l a r s  I g l , I k / , and /i] / when p reced in g  a 

front  or  mid  vowel,  and 1200 Hz when p reced in g  a back vowel.

L ib e rm a n ,  D e la t t r e ,  and Cooper  (1958), us ing syn the t ic  

s p eech  again,  sought to d e te rm in e  the acous t ic  cues  that s e p a ra te  

the voiced fo rm  of e a ch  s top f ro m  its  r e sp e c t iv e  v o ic e le s s  fo rm ,  

that  is,  what d is t ingu ished  the / b / f r o m  the / p / , the I d/  f r o m  the 

/ 1/ , and the / g/ f ro m  the / k / .  The r e s e a r c h e r s  w e r e  c a r e fu l  to 

m ake  the in tensi ty  of the p losive b u r s t  n eu t r a l  so as  to e l im in a te  all  

voicing informat ion.  They did not be l ieve  that  the p r e s e n c e  or  

absence  of the voice b a r ,  the lo w - f req u en cy  reg io n  a round  100-200 Hz 

r e p re s e n t in g  v ib ra t io n  of the vocal  c o rd s ,  w as  alone r e s p o n s ib le  for  

the v o ic e d -v o ic e le s s  opposit ion. When the voice b a r  w a s  r e m o v e d  

the lab ia l  s tops  w e r e  p e rc e iv e d  a s  v o ic e le s s ,  but the v e l a r  and 

a lv e o la r  s tops  w e re  s t i l l  h e a r d  as  voiced. The p u rpose  of the r e ­

p o r te d  ex p e r im en t  w as  to inves t iga te  ". . . the e f fec ts  of p r o g r e s s i v e ­

ly e l im ina t ing  the t r a n s i t io n  of the f i r s t  fo rm an t"  (p. 155) in o r d e r  to 

de te rm in e  the amount of voicing in fo rm at ion  p r e s e n t  in F p  This  

w as  acco m p l ish ed  by cutt ing back the f i r s t  fo rm an t  f ro m  the base  

line in s teps  rang ing  f ro m  10-50 m sec .  It w as  found that in o r d e r  

for  the sound to be p e rce iv ed  as  v o ic e le s s ,  the l ab ia l s  r e q u i r e d  only
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a negligible amount of cutback,  the a lv e o la r s  r e q u i r e d  the g r e a t e s t  

amount ,  and the v e l a r s  s l ight ly  l e s s  degree  of cutback.

Malecot  (1956), us ing r e a l  speech ,  inves t iga ted  the ro le  

of the n a sa l  r e s o n a n c e s  in the pe rcep t io n  of / m l , I n / , and / tj / .

It was  found that the r e s o n a n c e s  p r i m a r i l y  p rov ided  m an n e r  cues ,  

w i th  the / m l  r e so n a n c e  giving some place in formation ,  the In/  

r e so n a n c e  only a l i t t l e ,  and / jj / r e so n a n c e  none at all.  It w as  fu r th e r  

noted tha t  a l l  n a s a l  r e s o n a n c e s  tended to  be identi fied as  / m / .  The 

im p o r tan t  cues  for  d is t inguish ing  the n a s a l s  f ro m  each  other  w e re  

found to lie in the t r a n s i t i o n s ,  and the conclus ion  w as  r e a c h e d  that 

the n a sa l s  should  be c l a s s i f ie d  (as  was done by D e la t t r e  et  a l . , 1955)

". . . a s  s tops  r a t h e r  than as  cont inuants .  Although they  can be p r o ­

nounced in iso la t ion  without  the vowels ,  they g e n e ra l ly  cannot be 

s e p a r a t e d  f ro m  th em  if, pe rcep tua l ly ,  they  a r e  to p r e s e r v e  the i r  

phonemic  individuality.  " (p. 281)

L i s k e r  (1957), using synthet ic  speech ,  p e r fo r m e d  one of the 

few e x p e r im e n t s  des igned  to de te rm in e  the ident ifying f e a tu re s  of 

the phones  / w / ,  / r / ,  / 1 / ,  and / j / ,  often r e f e r r e d  to as  "Whirlys .  " 

Th e se  sounds w e re  exam ined  in the in te rvoca l ic  posit ion,  and the 

s te a d y  s ta te  f re q u e n c y  components  w e r e  l ab e led  R p  Rg, and Rg, 

which to g e th e r  w ith  the t r a n s i t i o n s ,  provide m o s t  of the in form at ion  

n e c e s s a r y  fo r  the d i s c r im in a t io n  of these  four  sounds. It w as  found
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that  Rj was  at o r  n e a r  the base  l ine for  all  four  sounds,  depending 

upon the degree  of c lo su re  of the voca l  t ra c t .  The /w /  and / j / 

could be s e p a ra t e d  on the b a s is  of R 2, which w as  600 Hz and 2600 Hz, 

r e sp ec t iv e ly .  The / r /  and / I / s h a re d  the s a m e  R 2 of 1200 Hz; it 

was the v e r y  low Rg of the / r / ,  a round  1300 Hz, which s e p a ra t e d  

the / r / f r o m  the / I / . None of the "W hir lys"  ad here  too wel l  to the 

" locus"  theo ry ,  the / I / l e a s t  of a l l ,  for  a l l  of i ts th re e  fo rm an t  

r eg io n s  v a r y  co n s id e ra b ly  acco rd in g  to the vowel env ironment .

H a r r i s  (1958), us ing  r e a l  speech ,  inves t iga ted  the ident i fy­

ing f e a tu r e s  which s e p a ra te  the f r ic a t iv e s .  It w as  found that the 

noise  or  f r i c t io n  component of the sound w a s  sufficient to  identify 

the / s / and / S i ,  w h e r e a s  the t r a n s i t io n  w as  the im por tan t  cue for  

the / f / and I Q / .  The author  co m m en ted  that  the l i s t e n e r  s e e m ed  

to so r t  the f r i c a t iv e s  into two c a t e g o r i e s  depending upon w h e th e r  the 

dominant cue w as  the f r ic t ion  o r  the t ra n s i t io n ,  and then used  f r e ­

quency in fo rm at ion  to d is t ingu ish  between the sounds with in  each  

category .  The f r i c t io n  cut-off  is app ro x im a te ly  3500 Hz for  the / s / 

and 2400 Hz for  the / $ / ,  and the " locus"  fo r  the second fo rm an t  is 

about 800 Hz for  the / f / and 1800 Hz for  the / 0 / ,

SUMMARY

The pu rpose  of the p r e s e n t  study w a s  to invest iga te  the
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effect  on consonant  d i s c r im in a t io n  when a lo w -f req u en cy  band is 

added at v a r io u s  in ten s i t ie s ,  e i th e r  to the e a r  r e c e iv in g  a cons tant  —  

h ig h - f requency  band,  o r  to the opposite  ea r .  The r e p o r t s  r ev iew ed
r

in the f i r s t  sec t ion  of the review of the l i t e r a t u r e  deal ing  with  b i ­

n au ra l  fus ion and f i l t e r e d  speech  t e s t s  provide  a quanti ta tive a n a l ­

y s is  of the in form at ion  p re sen t  in v a r io u s  band w id ths  of the speech  

s p e c t ru m ,  as  w e l l  a s  a c o m p a r i so n  of d i s c r im in a t io n  s c o r e s  when 

v a r io u s  high-  and lo w -p a s s  band combinat ions  w e r e  sent  to the sam e  

e a r ,  o r  sp l i t ,  one to e a c h  ear .  This  in form at ion  con tr ibu ted  to the 

des ign  of the p r e se n t  e x p e r im e n t  by providing the b a s i s  for  the s e l e c ­

tion of the p a r t i c u la r  h ig h - f req u en cy  band used ,  in addit ion to  p r o ­

viding guide l ines  for  the p ro c e d u re  to be followed when adding the low- 

f req u en cy  band to  the e a r  r e ce iv in g  the h igh - f requency  band or  to the 

opposite  ea r .

The r e p o r t s  r ev iew ed  in the second  sec t ion  d e s c r ib e  the 

e f fec ts  of low f re q u e n c ie s ,  at v a r io u s  in ten s i t ie s ,  on the speech  s i g ­

nal.  The in fo rm at ion  in th is  sec t ion  enabled  the w r i t e r  to s e le c t  a 

lo w -f req u en cy  band that  would sa t i s fy  the following condit ions: (1) 

t h e o re t i c a l ly  conta ins  negligib le  consonant  in fo rm at ion ,  (2) c o n t r i ­

bu tes  to the speech  s igna l  when added at favorab le  H B /L B  r a t i o s ,  

and (3) d e t r a c t s  f ro m  the s p eech  s ignal  at  unfavorab le  H B /L B  ra t io s .

The th i rd  sec t ion  of the l i t e r a t u r e  rev iew  p r e s e n t s  r e p o r t s
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deal ing  with  f a c to r s  contr ibut ing  to consonant d i s c r im in a t io n  and 

p rov ided  the b a s i s  for  the se le c t io n  of the m a t e r i a l s  u se d  in the 

p r e s e n t  study, a s  wel l  a s  contr ibu t ing  to the des ign  of the confusion 

m a t r i c e s  by m e a n s  of which the data  of th is  e x p e r im en t  a r e  p r e ­

sented.  The m a t e r i a l  p r e s e n te d  in the final  sec t ion  of the rev iew  

ind ica tes  how s p e c t ro g ra p h ic  a n a ly s is  of both r e a l  and synthet ic  

sp e e c h  has  r e v e a l e d  the d is t inc t ive  f e a tu r e s  that  s e p a ra t e  one 

phoneme f ro m  another .  Th is  m a t e r i a l  p rov ided  the background  

in fo rm a t ion  u sed  by the w r i t e r  in the an a ly s is  of the ex p e r im e n ta l  

data.



CHAPTER II

PROCEDURES

P ro b le m

The pu rpose  of th is  e x p e r im e n t  w as  to invest iga te  the effect 

on consonant  d i sc r im in a t io n  when a lo w -f req u en cy  band is added at 

v a r io u s  in tens i t ie s  and under  two m odes  to a cons tant  h igh -f requency  

band. More  spec i f ica l ly ,  the purpose  w as  to co m p are  the consonant 

d i sc r im in a t io n  s c o r e s  obtained with  a h ig h - f r eq u en cy  band alone of 

1020-2040 Hz w i th  those  obta ined when that band is accom pan ied  by a 

lo w -f req u en cy  band of 240-480 Hz at th re e  in tens i ty  l ev e l s  (a) in the 

s a m e  e a r ,  and (b) in the opposite  e a r .

M a te r i a l s

F o r  th is  ex p e r im e n t ,  the F a i rb a n k s  Rhyme test'*' w a s  chosen  

b ecause  it a t t em p ts  to have a l l  t r a n s i t io n s  adequa te ly  r e p re s e n te d ,  

and so that qual i ta t ive  as  w el l  a s  quanti ta tive in form at ion  j3n consonant

■''The F a i rb a n k s  Rhyme te s t  is conce rned  only with  consonants  
in the init ial  position. The w o rd  l i s t s  used  in th is  study can be found 
in Table  10 in the Appendix.

33
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d isc r im in a t io n  could be obtained. An an a ly s is  of e r r o r s  could then 

be made ,  and confusion m a t r i c e s  be p lot ted  along the d im ens ions  

of voicing, m a n n e r ,  and p lac e -o f -a r t icu la t io n .

Record ing  Technique

2
The w o rd s  w e re  spoken with  equal e f for t  at ap p ro x im a te ly  

f iv e - s e c o n d  in te rv a ls  by a t r a in e d  m ale  into two E le c t ro v o ice  654A 

m ic ro p h o n e s ,  equid is tan t  f r o m  the mouth ,  w o rd s  peaking f ro m  -3 

to -7 ,  ave rag ing  -5 on the VU m e te r .  The m a t e r i a l  w as  recorded^  

on two channels  on Scotch r e c o rd in g  tape ,  us ing an Ampex AG500 

tape r e c o r d e r .  The tap es  w e r e  then p layed th rough  two A l l ison  2B 

f i l t e r s  in s e r i e s ,  provid ing  60-70 dB /oc tave  at tenuation. Channel  

one w as  set  for  1020-2040 Hz, chosen  because  of i ts high in f o r m a ­

t ion content ,  and channel  two for  240-480 Hz, chosen  because  of i ts

4
high en e rg y  and low in fo rm at ion  content  when used  in isolation.

2
F a i r b a n k s  (1958) r e c o r d e d  the Rhyme t e s t  w i th  ave rage  

vocal  effort .

Egan (1948) s ta ted  ". . . no a t tem pt  should  be made to c o m ­
pensa te  for  the typ ica l  d i f fe rences  in the speech  power  u sed  in p r o ­
nouncing the different  sounds in the t e s t  i tem s.  " (p. 977)

3
The w r i t e r  would like to thank Dr. Tom  Gay for  his  help 

in p r e p a r in g  the t aped  m a te r ia l .
4

Pa lva  (1965) found the m a x im u m  d isc r im in a t io n  s c o re  of 
54% for  f i l t e r e d  w o rd s  o c c u r r e d  in the octave band 1080-2160 Hz, 
and  the m in im u m  d i sc r im in a t io n  s c o re  of 1% o c c u r r e d  in the octave 
band 240-480 Hz, at  50 dB SL.
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C a l ib ra t io n

Two c a l ib ra t io n  tones  w e re  put on the tape ,  e ac h  m atched  

in in tensi ty  to the SPL of the av e rage  peak va lues  of the f i l t e red  

w o rd s .  F o r  the 1020-2040 Hz band, a 1500-Hz pure  tone was  used,  

and for  the 240-480 Hz band,  a 360-Hz pure  tone w a s  used. The 

tones  l a s t e d  fo r  30 sec.  and  w e r e  used to se t  the VU m e t e r  on the 

au d io m e te r  to zero .  The tones  w ere  then  pu lsed  fo r  one minute ,  

with  a r i s e - f a l l  t im e  of 2 5 m sec ,  and a dura t ion  of 330 m sec .  The 

1500 Hz p u lsed  tones  w e r e  7 dB low er ,  and the 360 pu lsed  tones  

w e r e  3 dB low er  than  th e i r  r e s p e c t iv e  s teady  c a l ib ra t io n  tones. 

These  pu lsed  tones  w e r e  used  to e s t a b l i s h  p u re - to n e  th re sh o ld s  for  

both e a r s  fo r  these  c e n te r -b a n d  f requenc ies .  The au d io m e te r  dial 

r e a d in g s  for  e a c h  subjec t  at  his  th re sh o ld  fo r  the 360 and 1500-Hz 

pu lsed  tones  w e r e  co n v e r ted  to 0 dB SL and then used  as  the r e f e r ­

ence in tens i ty  for  the p re se n ta t io n  of the co r re s p o n d in g  bands.

T e s t in g  Equipment 

The tape  w a s  played  on a Sony s te reophon ic  tape deck, 

Model 250, th rough  the phonograph c i r c u i t  of a Maico two-channel  

a u d io m e te r ,  Model  MA-8,  into TDH-39 e a rp h o n e s  in MX 41 AR

The w r i t e r  would l ike to thank Dr. L a r r y  D eu tsch  for  his  
help  in ad jus t ing  the te s t in g  equipment.
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cushions .  The Rudm ose  Sound A n a l y z e r , se t  at 80 dB in slow

m e t e r  posit ion ,  ind ica ted  that  the S P L  of the ca l ib ra t io n  tones  at

the e a rphone  was  h igher  (by 15 dB fo r  the 1500 and 17 dB fo r  the
0

360-Hz tone) than the a u d io m e te r  dial reading.

Subjects  and T e s t  P r e s e n ta t io n  

The sub jec ts  were  t h i r t y - s i x  n o r m a l - h e a r i n g  college s tu -

7
dents ,  ten  m ale  and tw en ty -s ix  fem a le ,  ages  seven teen  to twenty-  

four.  A f te r  th re sh o ld s  for  the 360 and 1500-Hz pu lsed  tones  w e re  

e s ta b l i sh e d ,  the su b jec ts  w ere  given the following ins t ruc t ions :

You a r e  about to h e a r  w o rd s  which  have been d is to r ted .  
They a r e  a l l  r e a l  w o rd s  of one syllable .  You a r e  to 
fil l  in the b lanks  with  a s ingle l e t t e r .  W r i te  the sound

0
Subjects  1-16 w e r e  t e s t e d  us ing the o r ig ina l  tape deck. A 

second  tape deck, ident ica l  to the o r ig ina l ,  w as  used  to te s t  sub jec ts  
17-36. C a l ib ra t ion  of the second  Sony tape deck showed that the 
SPL of the ca l ib ra t io n  tones  at the ea rphone  w as  h igher  (by 14 dB 
for  the 1500 and 18 dB fo r  the 360-Hz tone) than the au d io m e te r  dial 
reading .  Conver t ing  f ro m  S P L  to hea r in g  th re sh o ld  level ,  when 
the au d io m e te r  dial  w a s  set  at z e ro ,  the pu lsed  tones  at the earphone  
w e r e  7-8 dB and 14-15 dB fo r  the 1500 and 360-Hz pu lsed  tones ,  
r e sp e c t iv e ly .  T hese  va lues  c lo se ly  approx im a te  the new 1964 ISO 
r e f e r e n c e  th re sh o ld  values .

7
Two sub jec ts  w e r e  t e s t e d  whose r e s u l t s  w e r e  not included 

in th is  study b ecause  they  w e r e  unable to ad just  to the f i l t e r e d  speech  
situat ion. D eta i ls  as  to age,  sex,  and h e a r in g  th re sh o ld s  fo r  the 
o ther  36 sub jec ts  can be found in Table  11 in the Appendix.
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O
you think you hear .  If the re  a r e  some w o rd s  which 
you do not r e co g n ize  at al l ,  you may leave a blank 
space.  S ta r t  at the top of Column A and  fi l l  in the 
sp ac e s  down the column. When you f in ish  the las t  
w o rd  in Column A, r e p e a t  the p ro c e d u re  fo r  Columns 
B, C, D, and E. Th is  f i r s t  t e s t  is a t r i a l ,  and then  
th e re  wil l  be nine m o re  tes ts .

E ach  subjec t  r e c e iv e d  a t r i a l  on L is t  III, cons is t ing  of five 

columns (A-E) of ten w o rd s  (_ot,  _ay, _op, etc.  ), in o r d e r  to ad just  

to l i s ten ing  to f i l t e r e d  speech. Only the h ig h - f requency  band w as  

p re se n te d  to one e a r ,  Column A at 30 dB above the th re sh o ld  fo r  the 

1500-Hz pu lsed  tone, Column B at 20 dB above,  Column C at 10 dB 

above, and Columns D and E at threshold .  L i s t s  I, II, and IV w e re  

then p r e s e n te d  to each  subject  in r an d o m ized  sequence  and r e p e a t e d  

twice fo r  a to ta l  of nine l i s t  p re sen ta t io n s :

a. H igh- f requency  band alone; L i s t s  I, II, IV.

b. H igh-f requency  and lo w -f requency  bands to the sam e 

ear :  L i s t s  I, II, IV.

c. H igh-f requency  and low -f requency  bands  to opposite 

e a r s ;  L i s t s  I, II, IV.

Since the pu rpose  of th is  ex p e r im en t  w a s  to exp lore  the 

in te rac t ion  of the bands ,  meaningful  r e s u l t s  could be obtained only

O
House (1965) s ta ted  "The in s t ru c t io n s  em p h a s iz e d  the 

im por tance  of respond ing  to e v e r y  s t im u lus  even  if guess ing  w as  
n e ce s sa ry .  " (p. 160)
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g
if the s a m e  l i s t  w a s  used  for  e a c h  set  of co m p a r i so n s .  The high- 

f requency  band fo r  all  t h r e e  l i s t s  was p r e s e n te d  to each  subjec t  at 

the s am e  in tens i ty  as  his  th re sh o ld  for  the 1500-Hz pu lsed  tone, 

w h e r e a s  the low - f requency  band w as  p r e s e n te d  at a d ifferent  in te n ­

s i ty  for  each  l is t :

a. the th re sh o ld  for  the 360-Hz pu lsed  tone (0 dB SL)

b. the th re sh o ld  plus  20 dB (20 dB SL)

c. the th re sh o ld  plus 40 dB (40 dB SL)

The te s t in g  p ro c e d u re  involved th re e  v a r iab le s :

1. L i s t s

L is t  I - A i 

L is t  II - A 2 

L is t  IV - A 3

®The advantage to us ing f i l t e r e d  speech  is that  . . the te s t  
can be r e p e a t e d  im m ed ia te ly  and f requent ly ,  if r e q u i r e d ,  using the 
s a m e  w o r d  m a t e r i a l  without any d e te r io ra t io n  in the r e s u l t s . "  
(Pa lva ,  1965, p. 75)

"Not only the s am e  l i s t  of w o r d s ,  but the ident ica l  r e c o r d ­
ing w a s  used  fo r  e a ch  set  of co m p arab le  condit ions on the two e a r s  
and for  the two combined  condi tions. This  is be l ieved  to be a c r i t ­
ical  point,  s ince  the i n t e r l i s t  equ iva lence  p rev io u s ly  d e m o n s t r a t e d  
fo r  the P B -50  w o rd s  need  not, and, in our  opinion, does  not,  hold 
under  condit ions  of g r o s s  d i s to r t io n  involved in the a b o v e -d e sc r ib e d  
p ro c e d u re s .  The poss ib le  le a rn in g  effect  involved in the use  of the 
s a m e  l i s t  on both e a r s  w as  felt to  be s light  in c o m p a r i so n  with the 
p ro b le m  of in t e r l i s t  equivalence.  " ( J e r g e r ,  1960, p. 799)



39

2. LB in tens i t ie s

0 dB SL - B l 

20 dB SL - B2 

40 dB SL - B 3

3. E a r e d n e s s

Right e a r  - 

Left  e a r  - C2

A s u m m a r y  of the te s t  p r e se n ta t io n s  for  e a ch  subject can 

be found in Table  12 in the Appendix. The following d e s c r ib e s  

how the v a r i a b l e s  w e r e  combined  so as  to e l im ina te  an  o r d e r  effect:

C 1 C 2

#1. A 1A 2A 3

#2. A 1A 3A 2 B 1B2B 3

#3. A 2A 1A 3 x b 2b 3b 1

#4. A 2A 3A 1 B 3B 1B2

#5. A 3A 1A 2

#6. A 3A 2A 1

#1. A 1A 2A 3

#2. A 1A 3A 2 B 1B 2B 3

#3. A 2A 1A 3 X B 2B 3B 1

#4. A 2A 3A 1 B 3B 1B2

#5. A 3A 1A 2

#6. A 3A 2A 1

■^e. g. Subject #1 r e c e iv e d  the HB alone in the R e a r  fo r  
L i s t s  I, II, and IV in that o r d e r ,  the LB w as  added to the HB at 
0, 20, and 40 dB SL for  L i s t s  I, II, and IV in that o r d e r  to the o p ­
posite  e a r ,  and the LB w as  then  added to the HB at 0, 20, and 40 
dB SL fo r  L i s t s  I, II, and IV in that o r d e r  to the s am e  ear .
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#1, 3, and 5; the LB w as  added to the opposite  e a r  f i r s t ,  

the sam e  e a r  second.

#2, 4, and 6; the LB w as  added to the s am e  e a r  f i r s t ,  the 

opposite  e a r  second.



CHAPTER III

RESULTS AND DISCUSSION

S u m m a ry  of A r t ic u la t io n  S co re s

The h ig h - f re q u en c y  band w as  p r e s e n t e d  at t h r e s h o ld  th ro u g h ­

out the e x p e r im e n t ,  " th re sh o ld "  r e f e r r i n g  to the acu i ty  in SL for  a 

pu lsed  tone (1500 Hz) at the ap p ro x im a te  c e n te r  of the f i l t e r e d  band.

In o r d e r  to study the ef fect  of adding the lo w -f re q u en cy  band to the 

h ig h - f req u en cy  band,  it w as  d e s i r a b le  to  m in im ize  the in form at ion  

content  of the HB by p re se n t in g  it at  a low sen sa t io n  level.  P r e - t e s t ­

ing indicated tha t  when the HB w as  p r e s e n te d  at t h r e sh o ld  the a r t i c u ­

la t ion  s c o r e s  fo r  n o r m a l - h e a r i n g  su b jec ts  a v e rag ed  40%. Even at 

5 dB SL,  the a r t ic u la t io n  s c o r e s  began to i n c r e a s e  sh a rp ly ,  so 0 dB 

SL w as  s e le c te d  for  the p r e s e n ta t io n  of the h ig h - f req u e n c y  band to 

e ac h  sub jec t  fo r  a l l  s even  condit ions.

The lo w - f re q u en cy  band w a s  p r e s e n te d  at t h r e e  in tens i t ies :  

t h re sh o ld  (0 dB), 20 dB, and 40 dB SL, " th re sh o ld "  r e f e r r i n g  to the 

acu i ty  in SL for  a pu lsed  tone (360 Hz) at the c e n te r  of the f i l t e r e d  

band. P r e - t e s t i n g  indica ted  that  the LB conta ined a neglig ib le  amount 

of consonant  in fo rm at ion  when p r e s e n te d  a lone,  at  e a c h  of the th r e e

41
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sen sa t io n  leve ls .  P r e - t e s t i n g  a l so  indicated that  when the LB

w as  added below th re sh o ld  to the HB, th e r e  w as  no change in the

HB-alone  s c o r e ,  but when added at th re sh o ld ,  a slight i n c r e a se

o ver  the HB-alone s c o re  w as  noted. When the LB w as  added at

20 dB SL, the equivalent of P B - m a x 1 r e s u l t e d ,  and when added

at 40 dB SL, the a r t ic u la t io n  cu rve  began to drop. When the LB

w as  added at 60 dB SL, the p r e - t e s t  a r t ic u la t io n  s c o r e s  showed a

f u r th e r  d e c r e a s e ,  but the w r i t e r  did not t e s t  at th is  in tens i ty  in the

p r e s e n t  invest iga t ion  b ecau se  of the insuff icient  i n t e r a u ra l  a t tenua-

o
t ion for  the lo w -f req u en cy  band at th is  sen sa t io n  level.  When the 

LB w as  added, e i th e r  to the opposite  or the sam e  e a r  at  80 dB SL, 

the LB c au sed  d i scom for t  a s  w e l l  as  f u r th e r  d e t e r io r a t i o n  of the 

p r e - t e s t  a r t ic u la t io n  s c o re s .

F ig u re  1 p r e s e n t s  the m e a n  a r t ic u la t io n  s c o r e s  fo r  e a c h  

condition: (1) the solid  line r e p r e s e n t s  the m e a n  s c o r e s  fo r  all

■''The point at w h ich  the a r t icu la t io n  s c o re  for  PB w o rd s  is 
at  i ts  m ax im u m ,  followed e i th e r  by a p la teau o r  a d e c r e a s e  in the 
a r t ic u la t io n  cu rve ,  is r e f e r r e d  to a s  P B -m ax .

^The w r i t e r  c o n s id e re d  us ing  i n s e r t  phones  which  would in ­
c r e a s e  the i n t e r a u ra l  a t tenua t ion  and allow the LB to be p r e s e n te d  
at h igher  sen sa t io n  leve ls .  However,  s ince  the lack  of r e s e a r c h  
us ing  in se r t  phones would have in t roduced  a f u r th e r  va r ia b le  in the 
p r e se n t  investigat ion,  the w r i t e r  chose to use s t a n d a rd  e a rp h o n e s  
and l im i t  the p r e se n ta t io n  of the LB to 40 dB SL.
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9 0

80

TO

6 0

5 0

4 0

3 0

20

OPR EARS SAME EAR OP P. EARS SAME EARONE EAR OPP. EARS SAME EAR
HB(TH) HB(TH)

LB (TH)
HB(TH) HB(TH) H B (T H ) HB(TH) HB(TH)
LB(TH) L B (2 0  dBSL) LB(2 0  dB SL) LB(40 dB S L ) LB(4 0  dB SL)

RIGHT EAR 
L E F T  EAR 
TOTAL

CONDITIONS

Figure 1. Mean articulation sco res for each  
condition.
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Q
t h i r t y - s i x  su b jec ts ,  (2) the dot ted  line the m ean  s c o r e s  for  the 

e igh teen  su b je c ts  who r e c e iv e d  the HB in the r igh t  e a r ,  and (3) the 

b ro k en  line the m ea n  s c o r e s  fo r  the o the r  e igh teen  sub jec ts  who 

r e c e iv e d  the HB in the left e a r .

In the rev iew  of the l i t e r a t u r e ,  the w r i t e r  included the w ork  

of K im u ra ,  M iln e r ,  and Shankweiler  w hich  showed a " r ig h t - e a r "  

advantage for  v e r b a l  m a te r i a l .  These  r e s e a r c h e r s  found the "r ight-  

e a r "  s u p e r io r i ty  m o s t  evident  fo r  difficult  v e r b a l  m a t e r i a l ,  a co n d i ­

tion met  in the p r e s e n t  inves t iga t ion  w h e r e in  the speech  s ignal  w as  

deg raded  by f i l te r ing .  A c o m p a r i s o n  of the s c o r e s  for  the r igh t  and 

left e a r  p r e s e n t e d  in F ig u r e  1 shows tha t  in six out of seven  condit ions 

the s c o r e s  w e r e  h igher  when the HB is p r e s e n te d  to the r igh t  e a r .  The 

d i f fe rence  w as :  9% points  when the HB alone is p r e s e n te d ,  7 and 9% 

poin ts  when the LB is added at th r e s h o ld  to the opposite  and the sam e  

e a r ,  r e sp e c t iv e ly ,  3% points  when the LB is  added at 20 dB SL to  the 

opposite  e a r ,  and 13 and 4% poin ts  when the LB is added at 40 dB SL 

to the opposite  and the s a m e  e a r ,  r e sp e c t iv e ly .  The lack  of e a r e d -  

n e s s  when the LB is added  at 20 dB SL, e i th e r  to the sam e  or oppo­

s i te  e a r ,  could poss ib ly  be a r e s u l t  of the r e l a t iv e  e a s e  of these  two 

l i s te n in g  condit ions  which  p rod u ced  the equivalent  of P B - m a x  s c o r e s

Q
The s c o r e s  fo r  e ac h  subjec t  can be found in T a b le s  13 and 

14 in the Appendix.
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in the p r e s e n t  exper im en t .

The so l id  l ine in F ig u r e  1 r e p r e s e n t s  the com bined  r e s u l t s  

fo r  the e ighteen su b jec ts  r e c e iv in g  the HB in the r igh t  e a r  and the 

eigh teen  su b jec ts  r e c e iv in g  the HB in the left e a r .  T h e re  is a 

negligible  d i f ference  be tween the s c o r e s  (2% points)  when the LB 

is added at th re sh o ld  to  the s a m e  and to the opposite  e a r ,  but a gain 

of 15 and 13% points ,  r e s p e c t iv e ly ,  over  the HB-alone sco re .  A d d ­

ing the LB at 20 dB SL r e s u l t e d  in the m a x im u m  in c re a s e  in a r t i c u ­

la t ion  s c o r e s  - 21 and 22% points ,  r e sp e c t iv e ly ,  for  the s a m e  and 

opposite  e a r  over  the s c o re  obta ined for  the HB alone - and again  

th e r e  Ts a lm o s t  no d i f fe rence  between the s c o r e s  (1% point). When 

the LB is added at 40 dB SL to  the sam e  e a r ,  th e r e  is a d e c r e a s e  of 

2% poin ts ,  but when the LB is  added to the opposite  e a r  th e r e  is an 

i n c r e a s e  of 14% points  over  the HB-alone s c o r e ,  making  a net  d i f ­

f e re n c e  of 16% points  be tw een  the two sco re s .

When the LB is  added at 40 dB SL to the s am e  e a r  r e c e i v ­

ing the HB at 0 dB SL, the d e c r e a s e  in the a r t ic u la t io n  s c o re  f ro m  

the m a x im u m  a r t ic u la t io n  s c o re  ( P B -m a x  equivalent)  can be expla ined  

on the b a s i s  of the low f req u e n c ie s  "m ask ing"  the high f requenc ies .  

The m ean  d e c r e a s e  of 6-7% points  f ro m  the m ax im u m  ar t ic u la t io n  

s c o re  which  o c c u r r e d  when the LB is added at 40 dB SL to the oppo­

s i te  e a r ,  can poss ib ly  be due to the phenomenon of " c e n t r a l  m ask in g ,"
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d e s c r ib e d  by Zw is lock i  (1953) a s  . . phys io logica l  in te ra c t io n  b e ­

tween the e a r s .  " (p. 752)

Confusion M a t r i c e s

The f i r s t  column in Table  1 shows the consonants  that  w e re  

used  in th is  study. The second  column l i s t s  the f requency  of o c c u r ­

r e n c e  of each  consonant  in condit ion #1 w h e re  the HB alone is  p r e ­

sented ,  and the th i rd  column l i s t s  t h e i r  f requency  of o c c u r re n c e  in 

each  of the o ther  condit ions,  #2-7 ,  w h e re  the LB is  added to the HB. 

T a b le s  2-8 p r e s e n t  confusion m a t r i c e s ,  one for  eac h  of the seven  

condit ions,  e x p r e s s e d  as  rounded p e rc e n ta g e s ,  r e p re s e n t in g  the 15,660 

r e s p o n s e s  of the t h i r t y - s ix  sub jec ts  te s ted .  Confusion m a t r ix  #1 is  

b ased  on the 5, 220 r e s p o n s e s  f ro m  the t h i r t y - s i x  sub jec ts  fo r  the f i r s t  

condition, and confusion m a t r i c e s  #2-7  a r e  e a c h  b a se d  on the 1, 740 

r e s p o n s e s  f ro m  the t h i r t y - s i x  sub jec ts  for  e a ch  of the other  conditions. 

The consonants  at  the top of each  table r e p r e s e n t  the s t im ul i ,  and the 

sam e  consonants  l i s t e d  on the left r e p r e s e n t  the r e sp o n s e s .

The row at the bot tom of each  confusion m a t r ix ,  lab e led  

"BL. " (blank),  r e p r e s e n t s  the f requency  at which  no r e s p o n s e s  w as  

obtained for  each  consonant.  It is i n t e re s t in g  to note the sum  of the 

p e r c e n ta g e s  of no r e s p o n s e s  that o c c u r r e d  in e a ch  condition: beginning 

with  141 when the HB alone w a s  p re se n te d ,  dropping to 71 and 59when
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Table  1. N u m b e r  of t i m e s  e a ch  consonant '1' 
w as  p r e s e n te d  in e a c h  condition.

CONSONANT
COND. #1 
ONE EAR 

HB(TH)

CONDS. #2-6  
SAME EAR 

O P P .  EARS 
HB+LB

/ P/ 360 120

I t / 504 168

/ k / 324 108

/ f / 324 108

1 si 612 204

I hl 468 156

I d/ 288 96

I gl 180 60

1 m  / 432 144

I n/ 216 72

I'wl 360 120

I r l 360 120

I 1 / 432 144

Ih l 360 120

TOTAL 5,220 1, 740

‘ / v / ,  I z / ,  I d j  / , and  / j  / w e r e  e l im in a ted  f ro m  a n a ly s is  in 
th i s  s tudy since the w r i t e r  fe l t  that  th e se  four  consonan ts  did not 
a p p e a r  often enough in the F a i rb a n k s  Rhym e te s t  fo r  t h e i r  r e s u l t s  
to  be meaningful.
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Table  2. Confusion m a t r i x ,  conditon #1: one e a r ,  HB(TH).

S t i m u l i

P t k f s b d g m n w r 1 h

P 29% 7% 7% 3% 3% 2% 3% 4% 3% 2% 2% 4%

t 6 41 15 5 5 2 8 5 2 2 1 2 11

k 5 11 48 2 3 2 2 13 1 1 1 1 4

R f 6 3 3 35 8 8 12 3 1 3 9

e s 1 2 2 4 29 3 7 3 1 6 1 1 3

s b 1 1 12 6 38 3 9 2 1 3 3 3

P d 2 2 3 3 3 25 16 6 1 1

o g 1 2 2 2 3 38 2 1

n m 3 2 2 9 7 16 2 2 47 9 5 6 6

s n 1 1 2 4 8 1 2 5 1 32 1 1

e w 1 1 . 2 3 3 3 1 2 1 85 14 21 2

s r 1 1 1 1 1 3 1 2 1 2 6 52 14 2

1 4 2 1 4 3 4 1 9 1 7 36 2

h 26 10 3 5 2 4 18 3 3 7 2 2 1 35

BL. 12 12 10 7 14 8 15 8 5 21 2 6 7 14

OTH. 1 2 1 2 3 2 7 3 3 1 3 3 3
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Table  3. Confusion m a t r ix ,  condit ion #2: opposite  e a r s ,  
HB(TH), LB(TH).

S t i m u l i

P t k f s b d g m n w r 1 h

P 47%

00 3% 1% 3% 3% 1% 6% 3% 4%

t 8 51 18 6 4 1 8 3 1 1 2 8

k 8 15 61 4 2 3 1 3 1 1 6

R f 9 3 3 41 15 11 4 2 8 1 1 15

e s 1 2 3 10 45 4 4 1 4 2 7

s b 11 5 42 2 6 2 2 3 3

P d 2 3 1 4 41 10 1 4 1 2

o g 1 2 1 3 4 72 1 2

n m 1 7 2 14 57 14 1 7 2

s n 1 3 2 2 5 1 47 1

e w 2 1 2 1 3 93 8 17

s r 1 1 1 1 2 1 3 65 11 1

1 3 1 2 1 2 2 6 1 12 53

h 19 10 4 3 4 4 13 2 7 10 1 1 1 43

BL. 5 7 4 6 6 3 11 3 1 10 1 3 3 8

OTH. 1 1 2 2 2 3 5 1 1 4 2
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Table 4. Confusion m a tr ix ,  condition  #3: s am e  e a r ,
HB(TH), LB(TH).

S t i m u l i

P t k f s b d g m n w r 1 h

P 48% 7% 2% 3% 3% 1% 2% 3% 6% 2% 3%

t 7 52 17 3 9 3 8 1 4 13

k 5 14 64 4 1 2 1 4

R f 3 2 4 41 11 10 1 10 8

e s 1 4 1 8 41 3 4 1 3 1 1 5

s b 1 1 11 8 46 1 3 6 2 3 3

P d 2 1 3 51 15 1 6 1

o g 3 2 2 2 2 8 70 1 3

n m 2 6 2 18 2 58 21 2 7 3

s n 4 1 1 2 2 46

e w 1 1 1 93 3 19

s r 2 1 3 1 5 74 12

1 1 1 1 2 1 6 7 52

h 23 9 4 10 8 3 8 8 6 1 51

BL. 5 5 4 4 6 4 8 3 3 6 1 2 8

OTH. 2 2 1 3 6 5 2 1 2 3 4 1
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Table 5. Confusion m a tr ix ,  condition #4: opposite  e a r s ,
HB(TH), LB(20 dB SL).

S t i m u l i

P t k f s b d g m n w r 1 h

P 64% 11% 6% 3% 3% 1% 5% 6%

t 9 71 13 6 6 3 5 1 1 1 21

k 10 13 70 1 4 1 1 11

R f 4 1 52 16 13 4 10

e s 1 22 52 6 6 10 4 2

s b 6 6 49 1 1 1 3 1 1 3

P d 1 3 1 52 23 1 1

o g 4 2 1 5 50 3

n m 3 85 22 1 4 3 1

s n 1 6 69

e w 1 1 91 10 14

s r 1 1 1 53 3

1 4 3 15 74

h 9 2 4 2 2 7 7 1 1 38

BL. 1 1 4 3 7 6 5 1 6 2 5

OTH. 1 3 2 4 10 1 1 3 2 5 6 3
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Table 6. Confusion m a tr ix ,  condition #5: sam e  e a r ,
HB(TH), LB(20 dB SL).

S t i m u l i

P t k f s b d g m n w r 1 h

P 64% 12% 10% 6% 4% 4% 1% 10%

t 8 68 18 6 6 2 2 13

k 8 10 64 4 2 1 1 6

R f 5 1 1 50 17 18 3 1 1 1 13

e s 1 1 17 55 6 10 1 5 3

s b 1 1 8 3 41 8 1 3 2

P d 1 1 3 49 22 1 1

o g 1 1 2 63 3

n m 1 1 6 84 18 1 3 3 2

s n 1 1 3 3 71 1

e w 1 1 1 1 1 83 8 9

s r 1 1 1 1 5 50 4 1

I 1 1 1 6 4 18 76

h A 4 4 3 3 10 7 1 1 47

BL. 3 2 2 3 8 10 1 3 4 3 8 3

OTH. 3 1 2 3 3 13 1 3 2 1 4
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Table  7. C onfusion m a t r ix ,  condition  #6: opposite  e a r s ,
HB(TH), LB(40 dB SL).

S t i m u l i

P t k f s b d g m n w r 1 h

P 63% 11% 4% 3% 3% 5% 5% 1% 1% 1% 1% 7%

t 11 65 15 6 6 3 3 1 3 15

k 8 14 65 2 1 7

R f 3 1 3 56 18 21 4 5 1 1 1 12

e s 1 2 14 48 10 5 8 1 2 1 7

s b 4 4 41 8 7 3 1 2 3

P d 1 1 28 17 1 1

o g 1 1 1 1 5 38 4

n m 1 3 77 17 2 3 2

s n 7 9 69 1 1

e w 1 1 1 3 79 32 21

s r 1 1 1 1 4 1 2 33 3

1 1 1 1 1 2 10 3 4 15 60

h 7 3 4 8 3 4 8 5 43

BL. 7 3 6 2 7 10 10 3 5 4 7 3 6

OTH. 1 1 2 3 2 15 1 1 1 2 2 3 2
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Table  8. Confusion m a t r ix ,  condition #7: sam e  e a r ,
HB(TH), LB(40 dB SL).

S t i m u l i

P t k f s b d g m n w r 1 h

P 49% 14% 12% 1% 6% 4% 2% 3% 9%

t 8 45 19 5 6 3 1 1 2 12

k 13 18 49 1 4 1 1 13

R f 3 4 5 44 19 17 5 3 3 3 3 16

e s 2 2 13 31 6 4 10 1 3 2 1 4

s b 1 1 1 6 7 24 13 22 1 1 11 2 6 1

P d 1 3 1 4 21 10 1 5 1

o g 1 2 1 3 23 3 4

n m 1 4 1 64 26 3 3 3 1

s n 1 1 1 1 8 12 50 2 5 1

e w 2 1 3 2 6 26 16 17

s r 4 1 3 7 1 6 19 26 3

1 2 1 3 1 3 3 15 3 12 29 47

h 8 6 5 6 6 8 7 1 33

BL. 12 10 6 9 13 19 11 13 6 7 8 8 13 9

OTH. 2 1 3 2 2 17 4 2 3 2
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the LB w as  added at th re sh o ld  to  the opposite  and the sam e  e a r ,  

r e sp e c t iv e ly ,  dropping fu r th e r  to 41 and 50 when the LB w as  added 

a t 20 dB SL to the opposite  and the sam e  e a r ,  r e sp e c t iv e ly ,  r i s in g  

to  73 w hen the LB w as  added at 40 dB SL to  the opposite  e a r ,  and 

r i s in g  sh a rp ly  to  144 w hen  the LB w as  added at 40 dB SL to the 

sam e  e a r .  It can be seen  that the effect on the p e rc e n ta g e s  of no 

r e s p o n s e s  in  ea c h  condition when the LB is  added to  the HB follows 

the sam e  p a t te rn  a s  the effect of the LB on the a r t ic u la t io n  s c o re s  

shown in F ig u re  1.

M ille r  and N icely  (1954) u s e d  the t e r m s  "aud ib ili ty"  and 

"confusib il i ty "  to  exp la in  the p ro b le m s  of h igh- and lo w -p a ss  f i l t e r ­

ing, r e sp e c t iv e ly .  The d e c re a s e  in the n u m b er  of "no r e s p o n s e s "  

w hen the LB w as  added to  the HB w ould s e e m  to indicate  that a u d i­

b i l i ty  w as the p ro b le m  in the H B -alone condition. Only du ring  the 

H B -alone p re se n ta t io n s  did any of the su b jec ts  m otion  to  have the 

volum e in c re a se d .  H ow ever, w hen the LB w as  added at 40 dB SL 

to  the sam e  e a r  re c e iv in g  the HB, the n u m b er  of "no r e s p o n s e s "  

r e tu rn e d  to  the o r ig in a l  H B -alone lev e l ,  and the w r i t e r  su g g es ts  

tha t confusib ili ty  w as  the p ro b le m  in the f ina l e x p e r im e n ta l  cond i­

tion. When the LB w as  added  at 40 dB SL to  the sam e  e a r  r e c e i v ­

ing the HB, the su b je c ts  s e e m e d  to  be p a r t ic u la r ly  u ncom fortab le .  

W hen the te s t in g  p ro c e d u re  w as  com ple ted , s e v e ra l  su b jec ts
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com m ented  that c e r ta in  t e s t s  w e re  " h a rd  to h e a r ,  " and  th a t  one te s t  

in p a r t ic u la r  w as  " h a rd  to u n d e rs tan d .  "

The la s t  row in the confusion  m a tr ix ,  la b e led  "OTH. " 

(o ther) ,  r e p r e s e n t s  the r e s p o n s e s  that w e re  d iffe ren t  f ro m  the co n ­

sonan ts  u sed  in th is  s tudy, including such  r e s p o n s e s  a s  / v / ,  / z / ,  

l b  I,  / d ^ / ,  I S / ,  I t S I ,  / Q l ,  / j  / ,  and a s s o r t e d  b lends. S ev e ra l  

s u b je c ts  seem ed  to  p e rc e iv e  two consonants  w hen  the LB w as  p r e ­

sen ted  a t a h igher  SL th an  the HB, p a r t ic u la r ly  w hen the bands w e re  

sp li t ,  one to  ea c h  e a r .

Rank O rd e r  of C onsonan ts  C o r r e c t ly  Identified

Table 9, w h ich  p r e s e n ts  the re la t iv e  s tand ing  of the c o n so ­

nan ts  iden tified  c o r r e c t ly  in e a c h  condition a s  in d ica ted  by the co n ­

fusion  m a t r i c e s ,  shows the following g e n e ra l  t re n d s :

1. The / k / , / m / ,  and / 1/ a p p e a r  in the top ha lf  of the 

ran k in g s  in a l l  conditions.

2. The /w /  is  #1 o r  #2 un til  the f ina l condition  w h ere  the 

LB is  added at 40 dB SL to  the sam e  e a r ,  dropping  the /w /  to  ten th  

place.

3. The / b / , w hich  a p p e a r s  in the top half  of the ran k in g s  

only w hen the HB alone  is  p re se n te d ,  is  r e p la c e d  by the / I / w hich 

r e m a in s  in  the top half  fo r  a l l  s ix  conditions w h e re  the LB is  added.
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Table  9. R e la tive  s tanding  of the consonan ts  iden tif ied  
c o r r e c t l y  in each  condition  a s  ind ica ted  by the confusion m a t r ic e s .

STANDING

HB(TH)-ONE EAR

HB(TH)
LB(TH) - O P P . EARS

HB(TH)
LB(TH) - SAME EAR

HB(TH)- 
LB(20 dB SL)

- O P P . EARS w m

HB(TH)
LB(20 dB SL)

-SAME EAR m  w

HB(TH)
LB{40 dB SL) -O P P .  EARS

HB(TH)
LB(40 dB SL) -SAME EAR
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4. The / r /  and / g /  a p p e a r  in the top half when the HB 

alone is p re se n te d  and w hen the LB is  added a t th re sh o ld .  T hese  

two phones then  m ove to  the lo w er  half and a r e  re p la c e d  by the / p / 

and the / n /  w hich  r e m a in  in the top half fo r  the  following four cond i­

tions ,  w h e re  the LB is  added at both 20 dB and 40 dB SL.

The LB can be co m p a re d  to  no ise  w hen added at 20 dB and 

40 dB SL, p a r t ic u la r ly  w hen added  to  the sam e  e a r  re c e iv in g  the HB 

at th re sh o ld ,  and so the r e s u l t s  of the p re se n t  study m ay  be co m p ared  

to  those  r e p o r te d  by F a i rb a n k s  (1958) and House, et a l.  (1965) who 

m e a s u re d  a r t ic u la t io n  s c o re s  on the Rhym e T e s t  in the p re se n c e  of 

noise . In the p re se n t  study, the standing  of the v o ic e le s s  p losives  

I p l , I t / , and / k / ,  the n a s a ls  / m /  and / n / ,  and  the liqu id  / I / is  not 

a ffec ted  w hen the LB is  added at s u p ra - th re s h o ld  in te n s i t ie s .  The 

voiced  p lo s iv es  / b / ,  I d / , and / g/  becom e the h a rd e s t  to  identify 

w hen the LB is  added at 40 dB SL to  the sam e e a r .

It is  in te re s t in g  to  note tha t F a i rb a n k s  (1958) found the h igh ­

e s t  s c o re s  fo r  the n a s a ls  and h ig h er  s c o re s  fo r  the vo iced  than  the 

v o ic e le s s  p lo s iv e s ,  w h e re a s  House et al. (1965) found the low est 

s c o re s  fo r  the n a s a ls  and h ig h er  s c o re s  fo r  the v o ic e le s s  than  the 

vo iced  p lo s iv es .  H o u se 's  suggestion  that the shaped w hite  no ise  u sed  

in h is  ex p e r im e n t  would have l e s s  e ffect on v o ic e le s s  p lo s iv es  than  

the u n ifo rm  w hite  no ise  sp e c t ru m  u se d  by F a irb a n k s ,  could expla in
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the s im i la r i ty  of the b eh av io r  of the p lo s iv es  in th is  s tudy and 

H o u se 's  s tudy, s ince  the effect of the LB can be likened  m o re  to 

a shaped  w hite  no ise  than to a u n ifo rm  w hite  no ise  sp e c tru m . In 

c o n tra s t ,  how ever, the b eh av io r  of the n a s a ls  in the p re se n t  e x ­

p e r im e n t  is  s im i la r  to th e i r  beh av io r  in F a i rb a n k 's  study. It is  

im p o rtan t  to  r e m e m b e r  that F a i rb a n k s ' r e p o r te d  data  w e re  b ased  

on a -2 dB V /N  ra t io ,  but H o u se 's  r e p o r te d  data w ere  the a v e ra g e  

of six  d ifferen t S/N  ra t io s :  +4, 0, -4 , - 8 , -12 , and -16. House 

expla ined  "(. . . but exam ina tion  of the r e s p o n s e s  in d e ta il  shows 

tha t the g e n e ra l  o rd e r  of su c c e ss fu l  r e s p o n s e s  is  m a in ta in ed  f ro m  

le v e l  to leve l.  )" (p. 163) T h is  s ta tem en t does not s e e m  to  be su b ­

s ta n t ia te d  by the r e s u l t s  of the p re se n t  e x p e r im e n t  w hich  indicate  

tha t th e re  is  a change in the re la t iv e  s tand ing  of " c o r r e c t  r e s p o n s e s "  

a s  the LB is  added  at the d ifferen t in te n s i t ie s .

C o r r e c t  R esp o n ses  

F ig u re s  2-7  p r e s e n t  the c o r r e c t  r e s p o n s e s  fo r  e a c h  co n ­

sonant fo r  ea c h  condition e x p re s s e d  a s  rounded  p e rc e n ta g e s .  The 

g rap h s  co m p are  the e ffec ts  on the H B -alone s c o re  w hen  the LB is 

added to  the HB at d iffe ren t s en sa t io n  lev e ls .  The HB(TH) co n d i­

tion  is a lw ays m o n au ra l .  In F ig u re s  2-7,  the dashed  line  r e p r e s e n t s  

s c o re s  obtained  w hen the LB is added to  the sam e  e a r ,  and the so lid
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line r e p r e s e n t s  s c o re s  obtained w hen the LB is added  to the oppo­

s ite  e a r .  T h is  in fo rm a tio n  w as  obtained f ro m  the confusion m a ­

t r i c e s  in T a b le s  2-8 .

P lo s iv e s

P lo s iv e s  (stops) have m u ltip le  cues ,  s ince  they  a r e  id e n t i ­

fied  both by th e i r  c h a r a c te r i s t i c  b u r s t s  and by th e i r  fo rm an t t r a n ­

s it io n s .  A c o m p a r iso n  of the c o r r e c t  iden tif ica tion  of the v o ic e le s s  

p lo s iv es  in F ig u re  2 and the vo iced  p lo s iv es  in F ig u re  3 shows th a t  

the LB, w hen added at 40 dB SL, p a r t ic u la r ly  w hen added to  the sam e  

e a r ,  e x e r t s  a g r e a t e r  "m ask in g "  effect on the vo iced  p lo s iv es .  The 

v o ic e le s s  p lo s iv es  have m o re  e n e rg y  than  the vo iced  p lo s iv es  in th e i r  

b u r s t s  a s  w ell  a s  in th e i r  t r a n s i t io n s ,  w hich  m ay  exp la in  why the 

v o ic e le s s  p lo s iv es  a r e  m o re  r e s i s ta n t  to  "m ask in g "  than  th e i r  vo iced  

c o u n te rp a r ts .

V o ice le ss  P lo s iv e s  - / p / , I t / , and / k/

The v o ic e le s s  s tops  shown in F ig u re  2 have a v e ry  s im i la r  

p a t te rn ,  showing an im p ro v em en t in the H B -alone s c o re s  w hen  the 

LB is added at th re sh o ld ,  w ith  the m ax im u m  im p ro v em en t o c c u r r in g  

w hen the LB is  added  a t 20 dB SL. The m a x im u m  in c re a s e  over  

the sc o re  ob ta ined  w ith  the HB alone is 35% poin ts  fo r  the / p / ,  30% 

poin ts  fo r  the I t / , and 22% poin ts  fo r  the / k / . T h e re  a r e  neg lig ib le
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d if fe re n c e s  betw een  the s c o re s  w hen the LB is  added to  the opposite  

e a r  and the sam e  e a r ,  both  w hen  the LB is  added a t th re sh o ld  and 

a t 20 dB SL. T h e re  is  a d iffe ren ce ,  how ever, betw een the s c o re s  

obta ined  w hen the LB is added at 40 dB SL to the opposite  and the 

sam e  e a r .  W hen the LB is  added  at 40 dB SL to  the opposite  e a r  

th e re  is  only a s ligh t d e c re a s e  in the m ax im u m  s c o re s  w hich  o c c u r ­

r e d  at 20 dB SL. H ow ever, the  s c o re s  show a su b s ta n t ia l  d e c re a se  

w hen  the LB is  added a t 40 dB SL to  the sam e  e a r ,  w ith  the s c o re s  

fo r  the / t l  and / k /  r e tu rn in g  to  th e i r  H B -alone level.  The /p /  

s c o re  a lso  d e c r e a s e s  but only to  the sam e le v e l  w h ere  the LB w as  

added at th re sh o ld .

V oiced P lo s iv e s  - / b / , / d / , and /g /

The m o s t  no ticeab le  f e a tu re  of the vo iced  s tops  shown in 

F ig u re  3 is  the g re a t  d i s s im i la r i ty  in th e i r  p a t te rn s ,  in sh a rp  co n ­

t r a s t  to the c o n s is te n c y  of the v o ic e le s s  stop p a t te rn s .  Of a l l  the 

phones s tud ied , the / b /  show s the le a s t  im p ro v em en t in the s c o re  

w hen the LB is  added, w ith  the m ax im u m  in c re a s e  of 11% poin ts  

o c c u r r in g  w hen the LB is  added  at 20 dB SL to  the opposite  e a r .  

When the LB is  added at th re sh o ld  the sc o re  is  s ligh tly  h igher  w hen 

added to  the sam e  e a r ,  but w hen  the LB is  added at 20 dB SL the 

s c o re  is s ligh tly  h ig h er  w hen  added  to  the opposite  e a r .  W hen the
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LB is added at 40 dB SL to the opposite  e a r  the s c o re  d e c r e a s e s  

a lm o s t  to the H B -alone leve l,  but fa l ls  w ay below th is  lev e l  when 

added to  the sam e  e a r .  None of the phones p re v io u s ly  d isc u s se d  

had a sc o re  in any  of the six conditions w h ere  the LB w as  added 

tha t w as  low er  than  the s c o re  obtained w ith  the HB alone.

Of a l l  the phones in th is  study, the / d / has  the low est 

s c o re  w hen the HB alone is p re sen ted .  When the LB is added  at 

th re sh o ld  to  the sam e e a r  the sc o re  is  c lose  to i ts  m ax im u m , r e m a in s  

a t th is  lev e l  w hen the LB is in c re a s e d  to 20 dB SL, but fa l ls  s ligh tly  

below the H B -alone lev e l  when the LB is  added at 40 dB SL to the 

sam e  e a r .  When the LB is added  to  the opposite  e a r  at th re sh o ld  

the s c o re  is  10% poin ts  low er  than  when added to the sam e  e a r ,  r e p ­

re se n t in g  the l a r g e s t  d iffe ren ce  found in any phone in the p re se n t  

s tudy betw een  the s c o re s  w hen the LB is  added at th re sh o ld  to the 

s am e  and the opposite  e a r .  When the LB is  added to  the opposite  

e a r  at 20 dB SL, the m ax im u m  in c re a s e  of 27% poin ts  over  the HB- 

alone s c o re  is r e a c h e d ,  and w hen added at 40 dB SL the s c o re  fa lls  

to i ts  H B -alone lev e l a s  did the / b / s c o re  u n d er  the sam e conditions.

The I gl  d if fe rs  f ro m  the phones a l r e a d y  d isc u s s e d  in that 

the / g / r e a c h e s  i ts  m ax im u m  in c re a s e  of 34% poin ts  over  the  HB- 

alone s c o re  w hen the LB is p re se n te d  a t th re sh o ld .  The s c o re s  

begin to d e c re a se  w hen the LB is added at 20 dB SL, w ith  a m o re
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s e v e re  drop  w hen  added to  the  opposite  e a r .  W hen the LB is  added 

at 40 dB SL to  the  opposite  e a r  the sc o re  fa l ls  to the H B -alone lev e l ,  

but w hen added to  the sam e e a r  the s c o re  fa l ls  w ay below th is  leve l ,  

a s  did the / b / s c o re  u n d er  the s a m e  conditions.

N a sa ls  / m l  and  I n/  and Liquid / I /

The n a s a l s  / m /  and /n /  shown in F ig u re  4 behave v e r y  m uch  

like  the v o ic e le s s  s to p s ,  w hich  w ould seem  to  su b s tan t ia te  th e i r  c l a s s i ­

f ica tion  by  M aleco t (1956) and D e la t t re  e t  al. (1955) a s  " s to p s"  

r a th e r  than  a s  "con tinuan ts .  " The n a s a ls ,  like the p lo s iv e s ,  have 

m u ltip le  cues ,  and  a r e  iden tified  by th e i r  n a s a l  r e s o n a n c e s  and  by 

th e i r  fo rm a n t t r a n s i t io n s .  One of the two m a jo r  n a sa l  r e s o n a n c e s  

l ie s  w ith in  the LB, w hich  m a y  exp la in  why the / m /  and / n /  a r e  

r e s i s ta n t  to  "m a sk in g "  w hen the LB is  added a t 40 dB SL. The / I / 

p a t te rn  shown in F ig u re  4 in  no w ay  r e s e m b le s  the p a t te rn s  of the 

/ r /  and / w / ,  the  phones w ith  w hich  the / | / is  u su a lly  c la s s i f ie d ,  

but in s tead  p r e s e n t s  a  p a t te rn  that is  s im i la r  to  the " n a sa ls "  and  the 

" s to p s ,  " a lm o s t  dup lica ting  the p a t te rn  of the / m / .

The s c o r e s  fo r  the n a s a ls  im prove  w hen the LB is added 

a t th re sh o ld  w ith  the m ax im u m  im p ro v em en t o c c u r r in g  w hen  the LB 

is  added a t 20 dB SL. The m ax im u m  in c re a s e  in the s c o re  f ro m  

tha t obtained  w ith  the HB alone is  38% poin ts  fo r  the / m /  and 39%
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poin ts  fo r  the / n / .  W hen the LB is  added at 40 dB SL to  the oppo­

s ite  e a r ,  the s c o re  for the / n /  r e m a in s  at i ts  m ax im u m  point, but 

d e c r e a s e s  s ligh tly  fo r  the / m / .  W hen the LB is  added at 40 dB 

SL to  the sam e  e a r ,  the s c o r e s  d e c re a s e  ap p ro x im a te ly  20% points 

f ro m  th e i r  m ax im u m  point, and a r e  only s ligh tly  b e t te r  than  when 

the LB w as  added  a t th re sh o ld .

The / I / a lso  im p ro v e s  w hen the LB is added at th re sh o ld ,  

w ith  the m ax im u m  im p ro v em en t of 40% poin ts  o c c u r r in g  w hen the 

LB is  added a t 20 dB SL. The s c o re  d e c r e a s e s  w hen the LB is 

added at 40 dB SL, w ith  the d rop  m o re  pronounced  when the LB is  

added to  the s a m e  e a r .  The / I / s c o re  d ro p s  s l ig h tly  m o re  than  

the / m /  s c o re  u n d er  the sam e  conditions.

V o ice le ss  F r ic a t iv e s  - I f /  and / s /

The / f / and / s / shown in F ig u re  5 behave som ew hat the 

sam e , a lthough the p a t te rn  fo r  the / s i  m o re  c lo se ly  r e s e m b le s  the 

p a t te rn  fo r  the / 1/ .  The f r i c a t iv e s  a lso  have m u ltip le  cues  and 

a r e  iden tified  both by a c h a r a c t e r i s t i c  no ise  r e f e r r e d  to  a s  f r ic t io n  

and by th e i r  fo rm a n t  t r a n s i t io n s .  If the f r ic t io n  cue is  r e a l ly  the 

dom inant cue fo r  the iden tif ica tio n  of the  / s / , the w r i t e r  would 

have expected  l e s s  of a "m ask in g "  effect when the LB w as  added 

at 40 dB SL to  the sam e e a r .



71

The / f/ s c o re  shows a s tead y  im p ro v em en t a s  the in ten s ity  

of the LB is  r a i s e d ,  and is  the only phone in the study w hich  r e a c h e s  

i ts  m ax im u m  in c re a s e  of 17% poin ts  when the LB is  added at 40 dB 

SL to the opposite  e a r .  H ow ever, the  s c o re  d ro p s ,  a lm o s t  to the 

le v e l  w h e re  the LB w a s  added a t th re sh o ld ,  w hen the LB is  added 

a t 40 dB SL to the sam e  e a r .  The I s i  s c o re  im p ro v es  w hen the LB 

is  added at th re sh o ld ,  and r e a c h e s  i ts  m ax im u m  in c re a se  of 26% 

poin ts  over  the sc o re  obta ined  w ith  the HB alone when the LB is 

added at 20 dB SL. The / s /  s c o re ,  like  the / 1/ s c o re ,  d e c r e a s e s  

only s ligh tly  w hen  the LB is added a t  40 dB SL to  the opposite  e a r ,  

but r e tu r n s  to the H B -alone lev e l w hen added to  the s a m e  e a r .

Sem i-V ow el /w /  and Liquid / r /

The /w /  and / r / shown in F ig u re  6 do not have any a d d i­

t io n a l cues  such  a s  b u r s t s ,  f r ic t io n ,  or n a sa l  r e s o n a n c e s  to  a id  in 

t h e i r  iden tif ica tion , w hich  m ay  exp la in  the sh a rp  drop in the s c o re s  

w hen the LB is  added at 40 dB SL to  the sam e  e a r .  The w r i te r  

does not have a s a t i s f a c to ry  explanation  fo r  the s e v e re  "m ask in g "  

e ffect noted fo r  the / r /  w hen the LB is added at 40 dB SL to the o p ­

posite  e a r ,  s ince  the / r / is  the only consonant in the s tudy  w hich  is  

a ffec ted  in  th is  m a n n e r .  The t r a n s i t io n  fo r  the /w / m u s t  be e s s e n ­

t ia l  to i ts  iden tif ica tion  s ince  the second  fo rm a n t  w hich l i e s  at 600 Hz
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has been  f i l te r e d  out of the tape and the th i rd  fo rm a n t  l i e s  w ell  above 

the 2040 Hz h ig h -f req u en cy  cut-off.

The /w /  and / r /  r e a c h  a  m ax im u m  s c o re  w hen  the LB is 

added at th re sh o ld .  The m ax im u m  in c re a s e  in the / w / s c o re  of 8% 

poin ts  over  the H B -alone s c o re  is  s ligh t,  a s  would be expec ted  s ince 

the H B -alone sc o re  is  so v e r y  high fo r  th is  phone. The /w /  sc o re  

fa l ls  s l ig h tly  below i ts  H B -alone lev e l  w hen the  LB is  added  at 20 dB 

SL to  the sam e  e a r ,  but w hen the LB is  added  at 40 dB SL to  the 

s am e  e a r  the sc o re  now d ro p s  a d ra m a t ic  59% poin ts  f ro m  the HB- 

a lone s c o re .  T h e re  is  only a  s ligh t d rop  f ro m  the o r ig in a l  sc o re  

w hen the LB is  added at 40 dB SL to  the opposite  e a r ,  r e s u l t in g  in a 

d iffe ren ce  of 53% poin ts  be tw een  the s c o re s  w hen the LB is  added at 

40 dB SL to  the opposite and  the sam e e a r .

The H B -alone s c o re  fo r  the / r / is  r e la t iv e ly  high, second 

only to  the s c o re  fo r  the / w / .  The m ax im u m  in c r e a s e  of 22% poin ts  

is  r e a c h e d  w hen the LB is  added at th re sh o ld  to the sam e e a r ,  and 

the s ligh tly  h igher  s c o re  fo r  the s a m e - e a r  condition r e s e m b le s  the 

b eh av io r  of the / b / and the I d/  u n d er  the s a m e  conditions. When the 

LB is  added at 20 dB SL to the sam e  e a r ,  the / r / s c o re ,  a s  w as  the 

/w /  s c o re  u n d e r  the sam e  conditions, is  a l r e a d y  s ligh tly  below the 

H B -alone leve l.  H ow ever, unlike the / w / s c o re  w hich  is  only 

s lig h tly  a ffec ted  w hen the LB is added a t 40 dB SL to  the  opposite
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e a r ,  the / r /  s c o re s  fa ll  w ay  below the H B -alone le v e l  w hen  the LB 

is  added at 40 dB SL to  the opposite  a s  w e ll  a s  the s a m e  e a r .

G lo tta l - / h/

The changes in the / h /  s c o re  a s  shown in F ig u re  7 a r e  

s ligh t w hen the LB is  added  at the v a r io u s  in te n s i ty  le v e ls  to  the 

opposite  e a r .  T h e re  does se e m  to be som e n o ticeab le  im p ro v e ­

m en t in the s c o re  w hen the LB is  added a t th re s h o ld  and a t  20 dB 

SL to  the sam e  e a r ,  w ith  the m ax im u m  in c re a s e  of 6% poin ts  over  

the H B -alone lev e l  o c c u r r in g  when the LB is  added a t th re sh o ld .  

W hen the LB is added at 40 dB SL to  the sam e  e a r ,  the s c o re  fa l ls  

s ligh tly  below the H B -alone leve l.

P e rc e p tu a l  Confusions 

C onsonan ts  a r e  u su a lly  d e s c r ib e d  in t e r m s  of th re e  d i s ­

tinc tive  f e a tu re s :  (1) p la c e -o f - a r t ic u la t io n  - -  w h e re  the m a jo r  con ­

s t r ic t io n  in the v oca l t r a c t  o c c u rs ,  such  a s  la b ia l ,  a lv e o la r ,  v e la r ,  

e tc . , (2) m a n n e r -o f -a r t i c u la t io n  - -  what type of a r t ic u la t io n  o c c u rs ,  

such  a s  p losive ,  f r ic a t iv e ,  n a sa l ,  e tc . , and (3) v o ic e d -v o ic e le s s  

opposition - -  w h e th e r  the voca l c o rd s  v ib ra te  o r  not. W hen two 

consonan ts  a r e  p e rc e p tu a l ly  confused , th re e  ty p es  of e r r o r s  can r e ­

sult: ( 1) if they  sh a re  a com m on p la c e -o f - a r t ic u la t io n  and v o ca l co rd
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a c tiv i ty  a  " m a n n e r"  e r r o r  has  been  m ade; (2 ) if they  s h a re  a c o m ­

m on m a n n e r -o f -a r t ic u la t io n  and vocal co rd  ac t iv i ty  a "p lace"  e r r o r  

has  been  m ade; and (3) if they sh a re  both a com m on m a n n e r -  and 

p la c e -o f -a r t ic u la t io n  a "voicing" e r r o r  has  been  m ade. A re sp o n s e  

tha t does not sh a re  a d is t in c t iv e  fe a tu re  w ith  the s t im u lu s  could be 

co n s id e re d  a " ra n d o m "  e r r o r .

The a r t ic u la t io n  c u rv e s  for ea c h  sound ind ica te  that when 

the LB is  added a t favo rab le  H B /L B  r a t io s ,  the n u m b er  of c o r r e c t  

r e s p o n s e s  i s  e s s e n t ia l ly  the sam e , r e g a r d l e s s  of w h e th e r  the LB 

is  added to the sam e  o r  opposite  e a r .  It can be a s s u m e d  tha t  the 

sam e kind of in fo rm a tio n  is con tr ibu ted  at favo rab le  H B /L B  r a t io s ,  

s in ce , a s  w il l  be seen , the p e rc e p tu a l  e r r o r s  tha t o c cu r  a r e  s im ­

i la r  fo r  the sam e  and opposite  e a r  conditions. H ow ever, w hen the 

LB is  added at un favorab le  HB / L B  r a t io s ,  the a r t ic u la t io n  c u rv e s  

fo r  ea c h  sound show tha t th e re  is  a g r e a te r  "m ask in g "  effect when 

the LB is  added to  the sam e  e a r ,  and in addition  to red u c in g  the 

num ber  of c o r r e c t  r e s p o n s e s ,  it w ill  be seen  tha t th e re  is  a h ig h er  

incidence of ra n d o m  p e rc e p tu a l  e r r o r s  than  w hen the LB is  added 

to the opposite  e a r .

The a r t ic u la t io n  cu rve  is in te rc e p te d  at the sam e  point 

w hen the H B -alone is p r e se n te d  and w hen the LB is added at 40 dB 

SL to  the sam e  e a r  fo r  the I t / , / k / ,  and / s / ,  and  to the opposite
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e a r  fo r  the / b / ,  / d / ,  and / g / .  T hese  po in ts  on the a r t ic u la t io n  

cu rv e  w hich a r e  equal quan tita tive ly ,  a r e  not a lw ays  the sam e  

q u a li ta t iv e ly ,  s ince  th e r e  a r e  g e n e ra l ly  m o re  vo ic ing  e r r o r s  in 

add ition  to  a g r e a te r  n u m b er  of ran d o m  p e rc e p tu a l  e r r o r s  w hen 

the H B -alone i s  p re se n te d ,  a s  c o m p ared  to  a h ig h er  p e rcen tag e  of 

p lace  and m a n n e r  e r r o r s  at un favorab le  H B / L B  ra t io s .  M il le r  

and N icely  (1954) a lso  noted that h ig h -p a ss  f i l te r in g  p roduced  r a n ­

dom confusions w h e re a s  lo w -p a ss  f i l te r in g  le f t  the  phonem es s im i ­

l a r  in p re d ic ta b le  w ays.

F ig u re s  8-21 p re s e n t  a l l  p e rc e p tu a l  confusions  w hich  

o c c u r re d  w ith  an  incidence of 5% or m ore^ , and a n  a n a ly s is  w as  

m ad e  of the sp ec if ic  in fo rm atio n  - -  p lace , m a n n e r ,  a n d /o r  vo ic ing  

- -  that is  supplied  w hen the LB is  added.

V o ic e le s s  P lo s iv e s  - / p / , / 1 / , and / k /

A s can  be seen  in  F ig u re s  8-10 a lm o s t  a l l  the e r r o r s  a r e  

p lace  e r r o r s :  t / k ,  p / k ,  t / p ,  k / p ,  k / t ,  and p/ t .  The / h/  is  s u b ­

s ti tu te d  fo r  both  the / p / and  / 1/ ,  and it w il l  be se e n  l a t e r  tha t th is  

is  a r e c ip r o c a l  r e la t io n sh ip ,  s ince  the  / p/ and / 1/ a s  w e ll  a s  the

^The w r i t e r  t r e a te d  confusions w hich  o c c u r re d  l e s s  th an  5% 
of the tim e  a s  not s ign ifican t.  The p e rc e p tu a l  confusions w ith  l e s s  
than  a  5% inc idence , in  add ition  to a l l  confusions p re se n te d  in  F i g ­
u r e s  8 -21 , a p p e a r  in the Confusion M a tr ic e s ,  T a b le s  2-8 .
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SAME EAR 
HB ( T H )  

LB ( 4 0  dB S L )

F ig u re  15. P e r c e p tu a l  confusions  for  the s t im u lus  / n / .
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F ig u re  16. P e r c e p tu a l  confusions  fo r  the s t im u lus  / f / .
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F ig u re  17. P e r c e p tu a l  confusions  fo r  the s t im u lus  / s / .
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H B ( T H )  
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OPP. EARS 

HB (T H )  
LB ( 2 0  dB SL)
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SAME EAR 
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C O N D #  6 
OPP. EARS 

HB ( T H )  
LB ( 4 0  dB SL)

C O N D #  7 
SAME EAR 

HB ( T H )  
LB ( 4 0  dB SL )

F ig u re  18. P e r c e p tu a l  confusions  fo r  the s t im u lus  / w / .
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F ig u re  19. P e r c e p tu a l  confusions  fo r  the s t im u lu s  / r / .
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F ig u re  20. P e r c e p tu a l  confusions  fo r  the s t im u lu s  / I / .
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F ig u re  21. P e r c e p tu a l  confusions  fo r  the s t im u lu s  / h / .
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I k /  a r e  often  su b s t i tu te d  for the / h / .

IbL
1. T h e re  is  an  incidence of 26% of h /p  su b s ti tu tio n s  w hen 

the HB alone is  p re se n te d .  W hen the LB is  added  a t th re sh o ld  to 

the opposite  e a r  and  then  to the sam e  e a r ,  the su b s ti tu tio n s  occur 

19% and 23% of the t im e ,  re sp e c t iv e ly ,  but in  conditions #4, 6 , and 

7 th e se  su b s t i tu t io n s  a p p e a r  w ith  a f req u en cy  of only 5-10%.

2. Both the t / p  and k /p  su b s ti tu tio n s  a p p ea r  be tw een  5-10% 

of the t im e  in a l l  conditions, w ith  a s ligh tly  h ig h er  incidence of k /p  

su b s t i tu t io n s  w hen the LB is  added at 40 dB SL to  the sam e  e a r .

3. T h e re  is a 12% incidence of No R esp o n se s  w hen  the HB 

alone is  p re se n te d ,  low ering  to 5% when the LB is added at t h r e s h ­

old. The incidence of No R e sp o n se s  fa l ls  below the 5% le v e l  w hen 

the LB is  added at 20 dB SL and in c r e a s e s  ag a in  to  7% and 12% w hen 

the LB is  added at 40 dB SL to  the opposite  and the sam e  e a r ,  r e ­

spec tive ly .

4. T h e re  does not s e e m  to be a p a t te rn  to the f /p  su b ­

s ti tu t io n s  w hich  o c cu r  w ith  a 6% incidence w hen the HB alone is  p r e ­

s en te d  and a p p e a r  aga in  w ith  a 5-10% inc idence  only in conditions

#2 and #5.
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I t /

1. The k / t  su b s ti tu t io n s  a p p e a r  w ith  an  incidence be tw een  

10-15% in the f i r s t  s ix  conditions and r i s e  to  18% w hen the LB is  

ad ded  a t 40 dB SL to  the sam e  e a r .

2. The p / t  su b s t i tu t io n s  o c cu r  betw een  7-8% of the t im e  

w hen  the HB is  p r e s e n te d  alone and  w hen  the LB is  p r e s e n te d  a t 

th re sh o ld ,  r i s e  to 11-12% in conditions  #4, 5, and 6 , and  in c re a s e  

ag a in  to  14% w hen the LB is  added  a t  40 dB SL to the s a m e  e a r .

3. The h / t  su b s t i tu t io n s  o c cu r  be tw een  9-10% of the  t im e  

w hen  the HB is  p re se n te d  alone and w hen the  LB is added at t h r e s h ­

old but then  do not a p p e a r  aga in  u n ti l  the final condition, w h e re  

t h e r e  is  an  incidence of 6% w hen the LB is  added at 40 dB SL to  the 

s a m e  e a r .

4. The n u m b er  of No R e sp o n se s  i s  12% w hen the HB alone 

is  p re se n te d ,  d e c r e a s e s  to 7% and 5% w hen the LB is  added at 

th re sh o ld  to  the opposite  and the sam e  e a r ,  r e sp e c t iv e ly ,  th e n  fa l ls  

below the 5% lev e l  un til  the final condition w h e re  th e re  is  a 10% 

inc idence  of No R esp o n se s  w hen the LB is  added at 40 dB SL to  the 

s a m e  e a r .

/ k /

1. The t / k  su b s t i tu t io n s  o ccu r  w ith  an  incidence be tw een
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13-19% in a l l  conditions.

2. The p /k  su b s t i tu t io n s  a p p ea r  w ith  a 7% incidence w hen 

-the HB alone is  p re se n te d  but fa l l  below the 5% lev e l  when the LB 

is  added  a t th re sh o ld .  The su b s t i tu t io n s  r e a p p e a r  w ith  a 6% and 

10% incidence w hen the LB is  p re se n te d  a t 20 dB SL to the opposite 

and the sam e e a r ,  r e sp e c t iv e ly ,  and w ith  a 12% incidence w hen the 

LB is  added a t 40 dB SL to  the sam e  e a r .

3. T h e re  is a 10% incidence of No R e sp o n se s  w hen the 

HB alone is p re se n te d .  T h is  ca te g o ry  then  fa l ls  below the 5% lev e l  

fo r  conditions #2 th rough  5 and r e a p p e a r s  w ith  a 6% incidence w hen 

the LB is  added  a t 40 dB SL in conditions #6 and 7.

4. T h e re  does not s e e m  to be a p a t te rn  to the 5% incidence 

of f /k  and  h /k  su b s ti tu tio n s  noted in the Jnnal condition w hen the LB 

is  added  a t 40 dB SL to the  sam e  e a r .

V oiced P lo s iv e s  - / b / ,  / d / , and / g/

A s can  be seen  in  F ig u re s  11-13 the su b s t i tu t io n s  fo r  the 

vo iced  p lo s iv es  a r e  m o re  v a r ie d  than  fo r  the v o ic e le s s  p lo s iv es .  In 

add ition  to the p lace  e r r o r s  of: d /g ,  b /g ,  g /d ,  and b /d ,  th e re  i s  the 

m a n n e r  e r r o r  of m /b  w hich  w il l  be seen  l a t e r  to  be re c ip ro c a l .  The 

inc idence  of b /m  and m / b  su b s t i tu t io n s  is  sh a rp ly  red u c e d  w hen the 

LB is  added at s u p ra - th re s h o ld  in te n s i t ie s .  The su b s ti tu tio n  of / f / 

fo r  / b / ,  w h ich  is  a lso  r e c ip ro c a l ,  can be c o n s id e re d  a m a n n e r  e r r o r
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(not an exac t exam ple  of a m a n n e r  e r r o r  s ince  the two phones do not 

s h a re  a com m on voca l co rd  ac tiv ity ) ,  s ince  both  phones a r e  a r t i c u ­

la te d  in the fro n t of the m outh  and s h a re  a  com m on lo c u s ,  720-800 

Hz. A no ther  m a n n e r  e r r o r  is  the / d j  / fo r  / d / substitu tion . The 

su b s t i tu t io n  of / 1/ fo r  / d/ is  the only vo ic ing  e r r o r  noted in  the p r e ­

sent study. S te inberg  (1929) com m ented  tha t u n d er  v a r io u s  high- 

and lo w -p a ss  f i l te r  conditions, ". . . vo iced  consonan ts  a r e  r a r e l y  

m is ta k e n  fo r  unvoiced  sounds. " (p. 129) An in te re s t in g  su b s t i tu ­

tion  is  tha t of the / s /  fo r  a l l  th re e  vo iced  p lo s iv e s ,  and it w ill  be 

seen  l a t e r  tha t the / s /  fo r  / b /  su b s ti tu tio n  is  r e c ip ro c a l .  The I s /  

sub s ti tu tio n , in add ition  to the su b s ti tu tio n s  of n /g  and h /d ,  cannot 

be expla ined  in t e r m s  of any d is t in c t iv e  fe a tu re s .

Ibl

1. The f /b  su b s ti tu tio n s  o c cu r  in a l l  conditions, b eg in ­

ning w ith  an  incidence of 8% w hen  the HB alone is  p re se n te d ,  r i s in g  

s ligh tly  to be tw een  10-11% w hen the LB is  p r e se n te d  at th re sh o ld ,  

in c re a s in g  aga in  to  13% and 18% w hen the LB is  added at 20 dB SL 

to  the opposite  and  the sam e e a r ,  r e sp e c t iv e ly ,  re a c h in g  a peak of 

21% w hen the LB is  p r e s e n te d  a t 40 dB SL to the opposite  e a r ,  and 

fa lling  aga in  to 17% w hen the LB i s  p re se n te d  to  the sam e e a r .

2. The m /b  su b s t i tu t io n s  o ccu r  betw een  14-18% of the
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t im e  w hen  the HB alone is  p re se n te d  and w hen  the LB is  added at 

th re sh o ld .  T h ese  su b s t i tu t io n s  r i s e  above the  5% le v e l  onfy"once 

m o re  - -  when the LB is  added  a t  20 dB SL to  the s a m e  e a r .

3. The s / b  su b s t i tu t io n s  a p p e a r  w ith  an  incidence b e ­

tw een  6-10% only w hen the LB is  added at both  20 dB and 40 dB SL.

4. The inc idence  of No R e sp o n se s  is  8% w hen the HB 

alone is  p re se n te d ,  f a l ls  below the 5% le v e l  w hen  the LB is  added 

a t  th re sh o ld ,  r e a p p e a r s  be tw een  7-8% w hen  the LB is  added at

20 dB SL, r i s e s  s l ig h tly  to  10% w hen the LB is  added  a t 40 dB SL 

to  the opposite  e a r ,  and r e a c h e s  a peak of 19% w hen  added to  the 

sam e  e a r .

5. T h e re  does not s e e m  to be a p a t te rn  to  the inc idence  

be tw een  7-10% of h /b  su b s t i tu t io n s  w hich  a p p e a r  w hen the LB is  

added  at 20 dB, and  a lso  a t 40 dB SL to the sam e  e a r .

/ d/

1. The r e s p o n s e s  la b e led  " o th e r"  include an  o v e ra l l  

inc idence  of 50% fo r  the / d j  / and 17% fo r  the / z / .  The incidence 

of "o th e r"  r e s p o n s e s  i s  be tw een  5-7% w hen  the HB alone is p r e ­

sen te d  and w hen the LB is  added  at th re sh o ld .  T h e re  is then  a 

g ra d u a l  in c r e a s e  f ro m  10% to  17% a s  the LB is added a t 20 dB and 

40 dB SL, w ith  the peak o c c u r r in g  in the f in a l  condition.
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2. The h /d  su b s t i tu t io n s  a lso  o ccu r  in a l l  cond itions, 

w ith  a m ax im u m  incidence of 18% w hen the HB alone is  p re se n te d ,  

fa lling  to  13% w hen  the LB is  p re se n te d  at th re sh o ld  to the oppo­

s ite  e a r ,  and o c c u r r in g  be tw een  7-8% of the t im e  in a l l  o th e r  five 

conditions.

3. The t / d  su b s t i tu t io n s  occu r  w ith  an  inc idence  betw een 

5-8% in the f i r s t  fc u r  conditions.

4. The s / d  su b s t i tu t io n s  a p p ea r  w ith  a 7% inc idence  w hen 

the HB alone is  p re se n te d ,  fa ll  below the 5% le v e l  w hen the  LB is  

added a t th re sh o ld ,  a p p e a r  ag a in  w ith  a 6% and 10% inc idence  w hen 

the LB is added at 20 dB SL to the opposite  and sam e  e a r ,  r e s p e c ­

tive ly ,  and o ccu r  w ith  a 5% inc idence  w hen the  LB is  added  at 40 

dB SL to  the opposite  e a r .

5. The b /d  su b s t i tu t io n s  o ccu r  only w hen the LB is  p r e ­

sen ted  at 40 dB SL, w ith  an  8% and 13% incidence fo r  the opposite  

and the sam e  e a r ,  r e sp e c t iv e ly .

6. The n um ber  of No R esp o n se s  is  a t  a m ax im u m  of 15% 

in the f i r s t  condition w hen the HB alone is  p re se n te d ,  and  fa l ls  to  

11% and 8% w hen the LB is  added  at th re sh o ld  to  the opposite  and 

the sam e e a r ,  r e s p e c t iv e ly ,  r e a c h e s  a m in im u m  of 6% w hen the LB 

is  added a t  20 dB SL to the opposite  e a r ,  and  r i s e s  aga in  to  an  in ­

c idence  be tw een  10- 11% fo r  the la s t  th re e  conditions.
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7. T h e re  a r e  s e v e ra l  su b s ti tu tio n s  w hich  occu r  w ith  a

5-8% incidence w hich  do not s e e m  to  show a p a tte rn :  the g /d  s u b ­

s ti tu tio n s  in  conditions #3, 4, and 6 , the p /d  su b s ti tu tio n s  in 

condition # 6 , and the su b s t i tu t io n s  of / f / and / r /  fo r  the / d / in the 

l a s t  condition.

LeL
1. The d /g  su b s t i tu t io n s  a r e  the  only ones w hich  o ccu r  

in  a l l  conditions, w ith  a 16% incidence w hen the HB alone is  p r e ­

sen ted , fa lling  to  10% w hen the LB is  added at th re sh o ld  to  the oppo­

s ite  e a r  but r i s in g  to 15% w hen added  to the sam e e a r ,  r i s in g  s h a r p ­

ly  aga in  to  betw een  22-23% w hen the  LB is  added a t 20 dB SL, falling  

aga in  to  17% and then  to 10% w hen the LB is  added at 40 dB SL to 

the opposite  and the sam e  e a r ,  r e sp e c t iv e ly .

2. The b /g  su b s ti tu t io n s  o ccu r  7-8% of the t im e  w hen  the 

LB is  added at 20 dB SL to  the sam e  e a r  and 40 dB SL to  the  oppo­

s ite  e a r ,  re a c h in g  a peak  inc idence  of 22% in the f ina l condition. The 

/ b / and / d / su b s t i tu t io n s  fo r  the / g /  c r i s s c r o s s  sh a rp ly  in  the l a s t  

two conditions showing an  in v e rse  re la t io n sh ip .

3. The incidence of n / g su b s ti tu tio n s  is  5% for the f i r s t  

two conditions and r i s e s  above the 5% le v e l  aga in  only w hen the LB 

is  added a t  40 dB SL.
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4. T h e re  is an  inc idence  be tw een  8-10% of s / g  in cond i­

t io n s  #4, 6 , and 7.

5. T h e re  is an  inc idence  of No R e sp o n se s  of 8% in the 

f i r s t  condition, 5% in condition  #4, and 13% in the final condition.

6. T h e re  a r e  s e v e ra l  su b s t i tu t io n s  w hich  do not s e e m  to 

show a p a t te rn :  the 5% and 13% inc idence  of t / g  and k / g ,  r e s p e c ­

tive ly ,  w hen  the HB alone is  p re se n te d ;  and  the 5% incidence of p /g  

in conditions #4 and #6 and of h / g and f/  g in  condition # 6.

N a sa ls  - / m /  and / n /

A s can be seen  in F ig u re s  14 and  15 the expec ted  place  

e r r o r s  of m / n  and  n /m  o ccu r .  The su b s t i tu t io n s  of / I / fo r  /m /  

w ill  be seen  l a t e r  to  be r e c ip ro c a l .  It should  be noted tha t C ooper 

e t a l.  (1952) a lso  found I /m  su b s t i tu t io n s .  The m a n n e r  e r r o r s  of 

b / m  and f / m  a r e  both r e c ip ro c a l  (the f / m  is  not an  exac t exam ple  

of a m a n n e r  e r r o r  s ince  the two phones do not sh a re  a com m on voca l 

c o rd  ac tiv ity ).  A s w as  noted e a r l i e r  in  the exp lanation  of the f /b  

su b s t i tu t io n s ,  the / f / ,  / b / ,  and / m /  can be co n s id e re d  to sh a re  a 

com m on p la c e -o f - a r t ic u la t io n ,  and  they  have a  com m on lo cu s  of 

720-800 Hz. An in te re s t in g  su b s t i tu t io n  w hich  cannot be exp la ined  

on the b a s is  of any d is t in c tiv e  f e a tu re s  i s  tha t of the / h /  fo r  both the 

/ m /  and the / n / .
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/ m /

1. The only c o n s is ten t  su b s ti tu tio n s  a r e  I /m  w hich  o ccu r  

in  s ix  out of the seven  conditions, w ith  an  inc idence  betw een  6-9% 

w hen  the HB alone is  p r e s e n te d  and w hen the LB is added at t h r e s h ­

old, 6% w hen  the LB is  added at 20 dB SL to  the  sam e  e a r ,  r i s in g  

to  10% and 15% w hen the LB is  added a t 40 dB SL to the opposite  and 

the sam e  e a r ,  r e sp e c t iv e ly .

2. The b / m  su b s t i tu t io n s  o ccu r  6-9% of the t im e  only in 

the f i r s t  th re e  cond itions, th a t  is ,  w hen the HB alone is p r e se n te d  

and w hen the LB is  added  a t th re sh o ld .

3. The n / m  su b s t i tu t io n s  a lm o s t  s e e m  to r e p la c e  the b / m  

su b s t i tu t io n s ,  s ince  the n / m  su b s ti tu t io n s  a p p e a r  in the l a s t  th re e  

out of four cond itions, w ith  a 6% incidence w hen the LB is  added at 

20 dB SL to  the opposite  e a r ,  r i s in g  to  9% and 12% w hen the LB is  

p re se n te d  a t 40 dB SL to  the opposite  and  the sam e  e a r ,  re sp e c t iv e ly .

4. The f /m  su b s ti tu t io n s  o c cu r  w ith  a 12% incidence in  

the H B -alone condition, and w ith  an  8% and  10% incidence w hen  the 

LB is  added at th re s h o ld  to the opposite  and s a m e  e a r ,  r e sp e c t iv e ly .

5. S e v e ra l  su b s t i tu t io n s ,  w ith  a 6- 8% inc idence , o ccu r  

only w hen the  LB is  added  at th re sh o ld .  W hen the LB is  added to 

the opposite  e a r  the add it io n a l su b s t i tu t io n s  w hich  o ccu r  a r e  p /m  

and h / m ,  and  w hen the LB is added to  the sam e  e a r ,  only the h /m



99

su b sti tu tio n s  occur.

6. The incidence of No R e sp o n se s  o c c u r s  betw een 5-6% 

of the t im e  only w hen the HB alone is  p r e s e n te d  and w hen the LB 

is  added at 40 dB SL to  the sam e e a r .

/n /

1. The p red o m in an t su b s ti tu tio n s  a r e  m / n  substi tu t ions  

w hich  c o r re s p o n d  to  M a le c o t 's  (1956) findings tha t th e r e  i s  a t e n ­

dency fo r  a l l  n a s a ls  to be p e rc e iv e d  a s  / m / .  The incidence is 

9% w hen the HB alone is p re se n te d  and in c r e a s e s  w hen the LB is  

added, o c c u r r in g  w ith  a 14-22% inc idence  u n ti l  the peak  of 26% is 

re a c h e d  when the LB is added  at 40 dB SL to  the sam e  e a r .

2. The n u m b er  of No R e sp o n se s  i s  a t  a  m ax im u m  of 21% 

w hen the HB alone is  p re se n te d  and d e c r e a s e s  sh a rp ly  when the LB 

is added, showing an  in v e rse  r e la t io n sh ip  to  the m / n  sub s ti tu tio n s .

3. T h e re  is  an  incidence betw een  6-10% of h /n  su b s t i tu ­

tions  only w hen the HB alone is  p r e s e n te d  and w hen the LB is  added 

at th re sh o ld .

4. T h e re  a r e  s e v e ra l  su b s ti tu tio n s  w hich  o ccu r  w ith  a 

6% incidence w hich  do not s e e m  to show a p a t te rn :  d /n  in conditions 

#1 and #3; s / n  in  the f i r s t  condition; p /n  in the th i rd  condition; and 

both the /w /  and / r /  for  the / n / in the f ina l condition.
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V o ice le ss  F r ic a t iv e s  - / f / and / s /

As seen  in F ig u re s  16 and 17 the expec ted  place  e r r o r s  

of f / s  and s / f  occu r .  The t / s  substi tu tion  is a m a n n e r  e r r o r  and 

m ay be r e la te d  to the t / f  substitu tion . The r e c ip r o c a l  r e l a t io n ­

ship of the b / f  and m / f  m a n n e r  e r r o r s  has a l r e a d y  been  d iscu ssed . 

The sub s ti tu tio n  of the n a s a ls ,  p a r t ic u la r ly  the / m / ,  fo r  both the 

j f j  and / s / a lm o st  d is a p p e a rs  w hen the LB is added at s u p ra -  

th re sh o ld  lev e ls .  The / h/ is su b s ti tu ted  fo r  the / f / and it w ill  be 

seen  la te r  that both  the / s / and / f / a r e  su b s t i tu ted  fo r  the / h / .

The r e c ip ro c a l  re la t io n s h ip  of the b / s  substi tu tion  a lso  has been  

p rev io u s ly  d esc rib ed .

H!

1. T h e re  a r e  no s / f  su b s ti tu tio n s  w hen the HB alone is 

p re se n te d ,  but the su b s ti tu tio n s  a p p e a r  in a l l  conditions w h ere  the 

LB is added. T h e re  is an  incidence of su b s t i tu t io n s  be tw een  8-10% 

when the LB is added at th re sh o ld ,  r i s in g  sh a rp ly  to 22% w hen the 

LB is  added at 20 dB SL to the opposite  e a r  and lo w erin g  sligh tly

to 17% when the LB is  added to the sam e e a r ,  d e c re a s in g  again  to 

betw een 13-14% w hen the LB is added at 40 dB SL.

2. T h e re  is an incidence betw een 11-12% of b / f  s u b s t i tu ­

tions when the HB alone is p re se n te d  and w hen the LB is p re se n te d  

at th re sh o ld . The incidence of su b s ti tu tio n s  d e c r e a s e s  to 6% and
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8% w hen  the LB is  added  a t  20 dB SL to the opposite  and the  sam e  

e a r ,  r e sp e c t iv e ly .  The b / f  su b s ti tu tio n s  a lso  o ccu r  w ith  a 6% 

incidence w hen the LB is  added a t 40 dB SL to the sam e  e a r .

3. The t / f  su b s t i tu t io n s  o ccu r  be tw een  5-6% of the t im e  

in  a l l  conditions excep t the th ird .

4. The m / f  su b s t i tu t io n s  o c cu r  w ith  an  incidence be tw een

6-9% only w hen the HB is p r e se n te d  alone and w hen the LB is  added 

a t  th re sh o ld .

5. T h e re  is  an  inc idence  be tw een  6-7% of No R e sp o n se s  

w hen  the  HB alone is  p r e se n te d  and w hen the LB is  added a t t h r e s h ­

old to  the opposite  e a r .  The inc idence  of No R e sp o n se s  f a l l s  b e ­

low the 5% le v e l  u n ti l  the f ina l condition  w h e re  th e re  is  a 9% in c i ­

dence w hen the LB is  added a t 40 dB SL to  the sam e  e a r .

6. T h e re  is  a  5% inc idence  of h / f su b s t i tu t io n s  w hen  the 

HB alone is  p re se n te d .  T hese  su b s ti tu tio n s  in c r e a s e  to  10% w hen  

the LB is  added a t  th re sh o ld  to the sam e  e a r  and  r e a p p e a r  w ith  an  

inc idence  betw een  6- 8% w hen the LB is  p re se n te d  at 40 dB SL.

7. The p / f  su b s t i tu t io n s  do not show a p a t te rn ,  s ince  

only w hen  the LB is  added  a t 20 dB SL to the sam e  e a r  do th e se  s u b ­

s ti tu t io n s  r i s e  above the 5% leve l.
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I si

1. T h e re  is an  8% incidence of f / s  su b s t i tu t io n s  w hen the  

HB alone is  presented,, and an incidence be tw een  11-19% in a l l  c o n d i­

t io n s  w h e re  the LB is  added.

2. The b / s  su b s ti tu t io n s  a p p e a r  w ith  an  incidence be tw een

5-8% in  five of the conditions: HB alone , LB added at th re sh o ld ,  LB 

added  a t 20 dB SL to  the opposite  e a r ,  and  LB added a t  40 dB SL to 

the s a m e  e a r .

3. The t / s  su b s t i tu t io n s  o ccu r  be tw een  5-9% of the t im e

in a l l  conditions excep t w hen the LB is added at th re sh o ld  to  the oppo­

s ite  e a r .

4. The n a s a ls  / m /  and / n /  a r e  su b s t i tu te d  fo r  the / s /  w ith  

a  7% and  8% inc idence , r e sp e c t iv e ly ,  only w hen  the HB alone is  

p re se n te d .

5. T h e re  i s  a 14% inc idence  of No R e sp o n se s  w hen  the HB 

alone is  p re se n te d .  T h is  c a te g o ry  fa l ls  to  6% w hen  the LB is  added  

a t th re sh o ld ,  o c c u rs  below the 5% lev e l  w hen the LB is  added at 20 

d.B SL, and r e a p p e a r s  w ith  a 7% and 13% inc idence  w hen  the LB is  

added  a t  40 dB SL to the opposite  and the sam e  e a r ,  r e sp e c t iv e ly .

6. The following su b s ti tu t io n s  do not s e e m  to show a 

p a t te rn :  the h / s  su b s ti tu tio n s  r i s e  above the  5% le v e l  only in  co n d i­

tio n s  #3 and #7, and the p/ s su b s t i tu t io n s  o c cu r  only in the final
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condition.

S em i-V ow el - /w /  and L iqu ids - / r /  and  / I /

A lthough the b eh av io r  of the  liqu id  / I / w hen  the LB is  

added  r e s e m b le s  the n a s a l s  / m /  and / n / ,  the p e rc e p tu a l  confusions 

of the I I / belong m o re  to  the sem i-v o w e l and l iq u id  c a te g o r ie s .  

F ig u re s  18-20 show the ex p ec ted  p lace  e r r o r s :  w /l  , r / 1 , r / w ,

I / r ,  and w / r .  The only n on-p lace  e r r o r  is  the m / l  sub s ti tu tio n , 

and the I /m  su b s t i tu t io n  h as  a l r e a d y  been  d e sc r ib e d .  It is  i n t e r e s t ­

ing to  note th a t  the / I / h a s  c h a r a c te r i s t i c s  of both  the n a sa l  and  the 

se m i-v o w e l  and liqu id  c a te g o r ie s .

/w /

1. The only su b s t i tu t io n s  w hich  o ccu r  w ith  any r e g u la r i ty  

a r e  the r /w  su b s t i tu t io n s ,  w ith  an  incidence be tw een  5-6% in co n d i­

t ions  #1, 3, and  5, r i s in g  sh a rp ly  to  19% in the f ina l condition  when 

the LB is added  at 40 dB SL to  the sam e  e a r .

2. S e v e ra l  su b s ti tu tio n s  w hich  do not s e e m  to show any 

p a t te rn  a p p e a r  only in the f ina l condition when the LB is  added  at 

40 dB SL to  the sam e  e a r ;  an  incidence of 5% fo r  d / w,  11% f or  b / w,  

12% fo r  I / w,  and an  8% incidence of No R esp o n ses .

Ivl

1. The l / r  su b s t i tu t io n s  a p p e a r  in a l l  conditions, w ith  a
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7% incidence w hen the HB alone is  p re se n te d .  The incidence r i s e s  

to  12% w hen the LB is p r e s e n te d  a t th re sh o ld  to  the opposite  e a r  

and fa l ls  s l ig h tly  to  7% w hen  p re se n te d  to  the sam e  e a r ,  r i s e s  to  

15% and 18% w hen the LB is  p re se n te d  a t  20 dB SL to the opposite  

and the sam e  e a r ,  r e s p e c t iv e ly ,  fa l ls  s l ig h tly  aga in  to 15% w hen 

the LB is  p r e s e n te d  at 40 dB SL to the opposite  e a r ,  but r e a c h e s  

a peak of 29% w hen  p re s e n te d  to  the sam e  e a r .

2. The w / r  su b s t i tu t io n s  o c cu r  in a l l  conditions excep t 

the th i rd ,  w ith  a  14% inc idence  w hen the  HB alone is  p re se n te d ,  and 

an  incidence be tw een  8-10% w hen the LB is  p r e s e n te d  a t th re sh o ld  

to  the opposite  e a r  and a t 20 dB SL to  both  the opposite  and  the sam e 

e a r .  The in c idence  r i s e s  sh a rp ly  to 32% w hen the LB is  p re se n te d  

a t 40 dB SL to  the opposite  e a r  and fa l ls  sh a rp ly  to  16% in the f ina l 

condition  w hen  the LB is  p r e s e n te d  to the sam e  e a r .  The w / r  and

I / r  su b s t i tu t io n s  exhib it an  in te re s t in g  p a t te rn  of c r i s s c r o s s in g ,  

w ith  the in v e r s e  r e la t io n s h ip  m o s t  p ronounced  in the la s t  two co n d i­

tions.

3. S e v e ra l  su b s t i tu t io n s  w hich  a p p e a r  w ith  a 5% incidence 

do not s e e m  to exhib it any  p a t te rn ;  m / r  in the f i r s t  condition, s / r  

in  condition  #5, and  n / r  in  the final condition. T h e re  is  a l s o  an  

inc idence  be tw een  6 - 8% of No R e sp o n se s  in the f i r s t  condition and 

ag a in  in the l a s t  th re e  conditions.
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/ I /

1. The only su b s t i tu t io n s  w hich  o ccu r  in a l l  conditions 

a r e  the w /l  su b s t i tu t io n s ,  w ith  a 21% incidence w hen the HB alone 

is  p re se n te d ,  the  inc idence  fa lling  s ligh tly  to  17% and 19% w hen 

the LB is  added at th re sh o ld  to the opposite  and the sam e  e a r ,  r e ­

sp ec tiv e ly ,  fa l l in g  s h a rp ly  to 14% and 9% w hen the LB is  added at 

20 dB SL to the opposite  and the s a m e  e a r ,  r e sp e c t iv e ly ,  r i s in g  

s h a rp ly  aga in  to  21% w hen  the LB is  p re se n te d  a t  40 dB SL to the 

opposite  e a r ,  and  fa lling  s ligh tly  to  17% when p r e se n te d  to the sam e  

e a r .

2. The r / 1 su b s t i tu t io n s  o ccu r  betw een  11-14% of the t im e  

only w hen the HB alone is  p re se n te d  and w hen the LB is added  at 

th re sh o ld .

3. The m /l su b s ti tu t io n s  o ccu r  w ith  an  incidence betw een

6-7% in  the sam e  th re e  conditions  in  w hich  the r / 1 su b s t i tu t io n s  a r e  

found.

4. T h e re  does not s e e m  to  be a p a t te rn  fo r  the 7% and

13% incidence of No R e sp o n se s  found in the f i r s t  and the la s t  condition, 

o r  fo r  the b /  I su b s t i tu t io n s  found only in the final condition.

G lotta l - I hi

The / h / has  no locus  of i ts  own but ta k e s  on the fo rm a n t  

s t r u c tu r e  of the ad jo in ing  vow els. It is  u n d e rs ta n d a b le ,  th e r e fo re ,
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why the su b s ti tu t io n s  fo r  the / h / ,  a s  shown in F ig u re  21, include 

the v o ic e le s s  p lo s iv es  / p / ,  I t / , and / k / ,  and the v o ic e le s s  f r i c a ­

t iv e s  / f /  and / s / .

1. The t / h  su b s t i tu t io n s  occur in a l l  conditions, w ith  an  

11% inc idence  w hen the HB alone is  p re se n te d .  The incidence 

fa l ls  s ligh tly  to  8% w hen the LB is  added a t th re sh o ld  to the oppo­

s ite  e a r  and r i s e s  s lig h tly  to  13% when the LB is  added to  the sam e 

e a r ,  p eaks  a t  21% w hen the LB is  added a t  20 dB SL to the opposite  

e a r ,  and  fa l ls  aga in  to  be tw een  12-15% fo r  the l a s t  th re e  conditions.

2. The f / h  su b s ti tu t io n s  a lso  o ccu r  in a l l  cond itions, w ith  

a 9% inc idence  w hen the HB alone is  p re se n te d .  The incidence 

r i s e s  to  15% w hen the LB is  added  at th re sh o ld  to  the opposite  e a r  

but f a l ls  to 8% w hen  added to the sam e  e a r ,  then  r i s e s  slow ly f ro m  

10% to 16% in the l a s t  four conditions. T h e re  is  an  in te re s t in g  in ­

v e r s e  re la t io n s h ip  o c c u r r in g  in a l l  conditions be tw een  the / f / and 

the / t /  su b s ti tu tio n s  fo r  the / h / .

3. The k / h  su b s t i tu t io n s  do not a p p e a r  above the  5% lev e l  

un ti l  the LB is  added, w ith  a 6% incidence w hen the LB is  added 

a t  th re sh o ld  to the opposite  e a r ,  an  11% and 6% inc idence  w hen the 

LB is  added a t 20 dB SL to the opposite  and the  sam e  e a r ,  r e s p e c ­

tive ly ,  and w ith  a 7% and 13% incidence w hen the LB is  added  at

40 dB SL to the opposite  and the sam e e a r ,  r e sp e c t iv e ly .
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4. The p /h  su b s t i tu t io n s  o c cu r  be tw een  6-10% of the t im e  

only w hen  the LB is  added a t 20 dB and 40 dB SL.

5. T h e re  is a 14% incidence of No R e sp o n se s  w hen  the 

HB alone is  p re se n te d ,  and  a 5-9% inc idence  in  a l l  o th e r  conditions 

excep t #5.

6. The su b s t i tu t io n s  w hich  do not s e e m  to fo rm  a p a t te rn  

a r e  the 5-7% incidence of s / h  in conditions #2, 3, and 6 , and m / h  

in  the f i r s t  condition.

G e n e ra l  D iscu ss io n

The av e ra g e  a r t ic u la t io n  s c o re  fo r  in it ia l  consonan ts  w as  

40% w hen the h ig h -p a ss  band of 1020-2040 Hz w as  p r e s e n te d  at 

th re sh o ld  to  one e a r .  P a lva  (1965) r e p o r te d  only a 1% d i s c r im in a ­

tion  s c o re  fo r  the 240-480 Hz band, and p r e - t e s t in g  in the p re se n t  

study a lso  ind ica ted  that th is  lo w -freq u en cy  band con ta ins  neglig ib le  

consonant in fo rm a tio n  w hen p re se n te d  alone. H ow ever, the o b se rv e d  

im p ro v em en t in the H B -alone a r t ic u la t io n  s c o re ,  a s  m uch  a s  21-22% 

points w hen  the lo w -freq u en cy  band of 240-480 Hz w as  added at 20 

dB SL, would s e e m  to  ind icate  that th is  lo w -fre q u e n c y  band adds to  

in te l l ig ib il i ty .  At favo rab le  HB / L B  r a t io s ,  the n u m b er  of c o r r e c t  

r e s p o n s e s  is e s s e n t ia l ly  the sam e , r e g a r d l e s s  of w h e th e r  the LB is 

added to  the sam e  o r the opposite  e a r .

The LB does not have the sam e effect on ea c h  of the fo u r teen
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consonan ts  in th is  study, s ince  the m ax im um  a r t ic u la t io n  sc o re  

o c c u r re d  w hen the LB w as  added to  the HB at:

1. th re sh o ld ,  e i th e r  to the sam e o r  opposite e a r ,  for 

the / g/ , /w /  , and / r /

2. 20 dB SL, e i th e r  to the sam e o r  opposite  e a r ,  for the 

/ p / , I t / ,  / k / ,  / b / , I d/ ,  / g l ,  / m l ,  I n / ,  / I / ,  / s / ,  a n d / h / ,  and

3. 40 dB SL to the opposite  e a r  fo r  the / f /

At unfavorab le  H B /L B  r a t io s  the LB s e e m s  to ac t  a s  a 

" m a s k e r .  " At favorab le  H B /L B  r a t io s ,  the p e rc e p tu a l  e r r o r s  that 

o c cu r  a r e  s im i la r  fo r  the sam e and opposite  e a r  conditions, but at 

un favorab le  H B /L B  r a t io s ,  th e r e  is a h igher  incidence of random  

p e rc e p tu a l  e r r o r s  w hen the LB is added to the sam e  e a r .  When the 

LB is added at 40 dB SL to  the sam e e a r  the a r t ic u la t io n  sc o re  d rops  

f ro m  61%, (LB added at 20 dB SL to the sam e ea r )  to  38%, 2% points 

below the H B -alone level. The "m ask ing"  effect w a s  not the sam e  

fo r  ea c h  consonant, and the sounds seem  to  fa ll  into two d is tinc t 

c a te g o r ie s  w hich  the w r i te r  has  d es igna ted  Group I and Group II. The 

s c o re s  fo r  the sounds in G roup I - - the v o ic e le s s  p lo s iv e s  / p / ,  / 1/ ,  

and / k / ,  the v o ic e le s s  f r ic a t iv e s  / f/ and / s / ,  the n a s a ls  / m /  and  /n /  

and liquid  / I / - - d o  not d rop  a s  m uch  a s  the s c o re s  for the sounds 

in G roup II - -  the voiced  p lo s iv es  / b / ,  / d / ,  and I g l , the  sem i-v o w e l 

/ w / ,  and the liquid  / r / .
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The d iffe rence  betw een the two g ro u p s  could be exp la ined  

on the b a s is  of freq u en cy , in tensity ,  a n d /o r  m u ltip le  cues . If 

f req u en cy  w as  the p red o m in an t f a c to r ,  e a c h  se t  of s to p s ,  / b / and 

/ p / , / d /  and / 1/ , and / g / and / k / , should be in the sam e group 

since  they  have the sam e  fo rm a n t  s t r u c tu re ,  j.. e. , the f req u en cy  

a r e a s  in w hich  the a c o u s t ic  en e rg y  is c o n c en tra ted  a r e  the sam e .

If in ten s ity  w as  the p red o m in an t f a c to r ,  / p / and / f / should  be in 

G roup II, and / r /  in Group I, s ince  the / p / and  / f / a p p e a r  a t the 

end of F l e t c h e r 's  (1929) l i s t  r a t in g  the consonan ts  in t e r m s  of th e i r  

r e la t iv e  phonetic  pow er, w h e re a s  the / r /  is  a t  the top of the l i s t .

The w r i t e r  su g g es ts  that s ince  the consonan ts  in Group I a r e  c h a r ­

a c te r iz e d  by m ultip le  cu es ,  such  a s  b u r s t s ,  f r ic t io n ,  o r n a sa l  

r e s o n a n c e s ,  it is  th is  redundancy  in the sp eech  s igna l w hich  is  the 

p red o m in an t fa c to r  enab ling  th ese  sounds to  m a in ta in  som e iden tity  

desp ite  the "m ask in g "  effect of the LB at high in ten s ity  le v e ls  r e l ­

ative  to  the HB.

Im p lica tio n s  of the Study 

P a lv a  (1965) ex p e r im e n te d  w ith  v a r io u s  low - and h ig h -p a ss  

band com binations  s e le c te d  f ro m  those  f req u en cy  a r e a s  tha t contain  

the e s s e n t ia l  fo rm a n ts ,  400-1000 Hz and 1200-3000 Hz, and obtained 

an a r t ic u la t io n  s c o re  fo r  e ach  com bination. It r e m a in s  fo r  P a lv a 's
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study to  be r e p e a te d  in t e r m s  of a quantita tive  and q ua li ta t ive  a n a l ­

y s is  of individual sounds fo r  ea c h  se t  of low - and h ig h -f req u en cy  

band com binations.

B ased  on th is  type of r e s e a r c h ,  the w r i te r  su g g e s ts  tha t,  

in the fu tu re ,  h e a r in g -a id  ev a lu a tio n s  could co n s is t  of se le c t in g  

those  two fre q u e n c y  bands that p rov ide  m ax im u m  d isc r im in a t io n  

fo r  e ach  h e a r in g - im p a i r e d  individual. Specific  f req u en cy  bands 

could then be com bined e i th e r  m o n a u ra l ly ,  o r  each  e a r  could be 

f i t ted  w ith  a  h e a r in g  a id  w hich  w il l  am plify  one of the two se le c te d  

bands. F o r  exam ple ,  w hen a h e a r in g  a id  is  w o rn  by those  ind iv id ­

u a ls  who have c o n s id e ra b ly  m o re  h e a r in g  at 2 50 and 500 Hz than  in 

the r e s t  of the sp eech  ra n g e ,  th e re  is  the p o ss ib i l i ty  of the low f r e ­

q u en c ies  m ask in g  the r e s t  of the sp eech  signal. If the f req u en cy  

s p e c t ru m  w e re  to  be sp lit  so  tha t lo w -freq u en cy  a m p lif ica t io n  could 

be supp lied  to one e a r ,  w ith  am p lif ica t io n  of a l l  o r  p a r t  of the r e ­

m ain in g  sp e e c h  ran g e  supp lied  to  the o th e r  e a r ,  th is  would allow 

fo r  independent ad ju s tm en t of the gain  on ea c h  - -  th e re b y  prov id ing  

am p lif ic a t io n  over  a w id e r  ran g e  of an  in d iv idua l 's  r e s id u a l  hearing . 

T h is  type of h e a r in g -a id  f it t ing , in  addition  to  p o ss ib ly  red u c in g  the 

gain  r e q u i re d ,  m igh t a lso  e l im in a te  o r red u ce  the effect of r e c r u i t ­

m en t w hich  often o c c u rs  a t  sp ec if ic  f req u en cy  a r e a s ,  a s su m in g  that 

r e c ru i tm e n t  w as  sp ec if ic  to  a  f req u en cy  o r f re q u e n c ie s  not e s s e n t ia l  

to  d isc r im in a t io n .



CH APTER IV

SUMMARY AND CONCLUSIONS

The w o rd s  in the F a i rb a n k s  Rhyme te s t ,  spoken by a t ra in e d  

m a le ,  w e re  f i l te r e d  into two bands, ea c h  w ith  ap p ro x im a te ly  60-70 

d B /o c tav e  a ttenuation: (1) a lo w -p a ss  band (LB) of 240-480 Hz, and 

(2) a h ig h -p a ss  band (HB) of 1020-2040 Hz. The HB, chosen  because  

of i ts  high in fo rm atio n  content, w as  p re se n te d  at th re sh o ld  (0  dB SL) 

to  one e a r ,  and the LB, chosen  because  of its  high e n e rg y  and low 

in fo rm atio n  content w hen used  in iso la t ion , w as  added at th re sh o ld ,

20 dB SL, and 40 dB SL, e i th e r  to  the e a r  r e c e iv in g  the HB (sam e 

e a r )  o r  to  the opposite  e a r .  E ach  s u b je c t 's  th re sh o ld s  fo r  a 1500 and 

a 360-Hz pu lsed  tone w e re  u sed  to e s ta b l is h  0 dB SL for the h igh- and 

lo w -p a ss  bands , r e sp e c t iv e ly .  L is t s  I, II, and  IV, each  co n s is t in g  

of fifty d iffe ren t co nsonan t-vow el-consonan t (CVC) w o rd s ,  w e re  p r e ­

sen te d  in ra n d o m iz e d  sequence to each  of th i r ty - s ix  n o rm a l-h e a r in g  

college s tu d en ts ,  ag e s  sev en teen  to  tw en ty -fou r .

The a v e rag e  a r t ic u la t io n  sc o re  (the F a i rb a n k s  t e s t  is  co n ­

c e rn e d  only w ith  consonan ts  in the in it ia l  position) w as 40% w hen the 

h ig h -p a ss  band of 1020-2040 Hz w as  p re se n te d  alone to one e a r .  The

111
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co n s is te n t  im p ro v em en t in the a r t ic u la t io n  sc o re  w hich  o c c u r re d  

w hen the lo w -p a ss  band of 240-480 Hz w as  added (except at 40 dB 

SL to the sam e e a r )  would se e m  to  indicate  tha t th is  lo w -freq u en cy  

band con ta ins  consonant in fo rm ation . W hen the LB is added to the 

HB at th re sh o ld  and at 20 dB SL, th e re  is  a negligible d iffe rence  

be tw een  the a v e rag e  a r t ic u la t io n  s c o re s  w hen the LB is added e i th e r  

to the sam e  e a r  o r  to the opposite  e a r .  When added at th re sh o ld  

th e re  is an  in c re a se  of 15 and 13% po in ts ,  r e sp e c t iv e ly ,  over  the 

H B -alone s c o re ,  and w hen added at 20 dB SL th e re  is an  in c re a se  

of 21 and 22% po in ts ,  r e sp e c t iv e ly ,  over the H B -alone sco re .  How­

e v e r ,  w hen the LB is added at 40 dB SL to  the sam e e a r  the a r t i c u l a ­

tion  s c o re  d ro p s  f ro m  61% (m axim um  sc o re  obtained) o c c u r r in g  when 

the LB is added at 20 dB SL to the sam e e a r ,  to 38%; but w hen the 

LB is added at 40 dB SL to the opposite  e a r ,  the sc o re  d rops  only 

to  54%. The LB thus  s e e m s  to act a s  a " m a s k e r "  at unfavorable  

H B /L B  r a t io s  w hen supplied  to the sam e e a r .  The 7% d e c re a se  

f ro m  the m ax im u m  sc o re  obtained  that o c c u r s  w hen the LB is added 

at 40 dB SL to the opposite  e a r  could be the r e s u l t  of " c e n t r a l  m a s k ­

ing. "

The "m ask in g "  effect, how ever, w as  not the sam e fo r  each  

consonant. When the LB is added at 40 dB SL to the sam e  e a r ,  the 

sounds se e m  to fa ll  into two d is t in c t  c a te g o r ie s  w hich  the w r i t e r  has  

des igna ted  G roup I and G roup II. The s c o re s  fo r  the sounds in
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Group I - -  the v o ic e le s s  p lo s iv es  / p / , / t / ,  and / k / ,  the v o ic e le s s

f r ic a t iv e s  I f /  and  /s . / ,  the n a s a ls  / m /  and /n /  and  liqu id  / I / —

do not d rop  a s  m uch  a s  the s c o re s  fo r  the sounds in Group II - -  the 

vo iced  p lo s iv es  / b / ,  / d / , and / g l , the se m i-v o w e l  / w / ,  and the 

liqu id  / r / .  It w as  su g g es ted  by the w r i t e r  tha t the sounds in Group 

I a r e  c h a r a c te r iz e d  by m ultip le  cu es ,  such  a s  b u r s t s ,  f r ic t io n ,  or 

n a sa l  r e so n a n c e s ,  and th is  redundancy  m ay  enab le  th e se  sounds to 

m a in ta in  som e iden tity  desp ite  the "m ask in g "  effect of the LB at 

high in ten s i ty  le v e ls  r e la t iv e  to the HB.

The LB does not have the sam e  effect on each  of the fo u r ­

te e n  consonan ts  s tud ied , and th e re fo re  a quantita tive  a n a ly s is  w as  

m ade  of changes f ro m  the H B -alone sc o re  w hen the LB is added at 

the th re e  se n sa t io n  lev e ls :

1. V o ic e le s s  p lo s iv es  - / p / , / 1/ , and / k/

The p a t te rn s  of the th re e  a r e  s im i la r ,  w ith  m a x i ­

m um  im p ro v em en t o v e r  the H B -alone s c o re  o c c u r r in g  w hen the LB 

is added a t 20 dB SL, f ro m  29% to  64% and 64% fo r  the / p / , f ro m  

41% to  71% and 68% fo r  the / 1/ ,  and f ro m  48% to  70% and 64% for 

the I k / , fo r  the opposite  and sam e e a r ,  r e sp e c t iv e ly .  W hen the LB 

is  added  a t 40 dB SL to the opposite  e a r ,  the s c o re s  r e m a in  at or 

n e a r  th e i r  m ax im u m  le v e ls ,  but w hen the LB is  added to  the sam e 

e a r ,  the s c o re s  drop  c o n s id e rab ly ,  w ith  the I t /  and I k /  s c o re s  r e -
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tu rn in g  to  th e i r  H B -alone level.

2 . V oiced p lo s iv es  - / b / , / d / , and /g /

The p a t te rn s  of th e se  sounds a r e  not s im i la r .  The 

m ax im u m  im p ro v em en t over  the H B -alone sc o re  o c c u rs  w hen  the 

LB is  added at 20 dB SL, f ro m  38% to  49% and 41% for the / b / ,  and 

fro m  25% to 52% and 49% fo r  the / d / ,  fo r  the opposite  and sam e  e a r ,  

r e sp e c t iv e ly .  H ow ever, the m ax im u m  im p ro v em en t over  the HB- 

alone sc o re  fo r  the / g/ o c c u rs  when the LB is  added at th re sh o ld ,  

f ro m  38% to 72% and  70%, for the opposite  and sam e  e a r ,  r e s p e c ­

tively . When the LB is  added at 40 dB SL to  the opposite  e a r ,  the 

s c o re s  fo r  a l l  th re e  sounds r e t u r n  to  the H B -alone lev e l,  but when 

the LB is added to  the sam e  e a r ,  the s c o re s  fa ll  su b s ta n t ia l ly  below 

th e i r  H B -alone leve l.

3. N asa ls  - / m /  and In /  and L iquid  / I /

The / I / s c o r e s  a r e  s im i la r  to  the n a sa l  s c o re s

w hen the LB is  added, a lm o s t  dup licating  the / m /  p a t te rn .  The m a x i ­

m um  im p ro v em en t over  the H B -alone sc o re  fo r  a l l  th re e  sounds 

o c c u r s  w hen the LB is  added at 20 dB SL, f ro m  47% to 85% and 84% 

fo r  the / m / ,  f ro m  32% to 69% and 71% fo r  the / n / , and f ro m  36% to  

74% and 76% fo r  the  / I / ,  fo r  the opposite  and sam e e a r ,  r e s p e c ­

tively . W hen the LB is  added a t 40 dB SL to  the opposite  e a r ,  the

Jn/  s c o re  is  not a ffec ted , w h e re a s  the / m /  and / I / s c o re s  drop
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som ew hat, but when the LB is added to the sam e  e a r ,  the s c o re s  

fo r  a l l  th re e  drop  c o n s id e rab ly ,  a lthough n ev er  a s  low as  th e i r  

H B -alone level.

4. V o ic e le s s  f r ic a t iv e s  - I f /  and / s /

The m ax im u m  im provem en t o v e r  the H B -alone 

s c o re  fo r  the / s /  o c c u rs  w hen  the LB is added at 20 dB SL, f ro m  

29% to 52% and 55%, fo r  the opposite  and sam e e a r ,  re sp e c t iv e ly .  

W hen the LB is  added at 40 dB SL to the opposite  e a r ,  the s c o re  

r e m a in s  at i ts  m ax im um , but when the LB is added to the sam e  e a r ,  

the s c o re  r e tu r n s  to i ts  H B -alone level. The / f / is  the only sound 

in the study fo r  w hich  a m ax im u m  sc o re  is obtained w hen  the LB is 

added  at 40 dB SL to the opposite  e a r ,  f ro m  the H B -alone sc o re  of 

35% to 56%, but the sc o re  fa l ls  to 44% w hen the LB is added to  the 

sam e  e a r .

5. S em i-vow el - /w /  and L iquid  - / r /

The H B -alone s c o re  fo r  both sounds is high, p a r t i ­

c u la r ly  the / w / ,  a s  co m p a re d  to the o th e r  sounds. Both sounds 

showed m ax im u m  in c re a s e  o v er  th e i r  H B -alone lev e l  w hen the LB 

is added a t th re sh o ld ,  f ro m  52% to 65% and 74% fo r  the / r / ,  and 

f ro m  85% to 93% and 93% fo r  the / w / ,  fo r  the opposite  and sam e  e a r ,  

r e sp e c t iv e ly .  The /w / s c o re  d ro p s  s ligh tly  w hen the LB is  added at 

20 dB and 40 dB SL to the opposite  e a r ,  but when the LB is added at

40 dB SL to the sam e  e a r ,  th e re  is a d ra m a t ic  d rop  of 59% points 

f ro m  its  H B -alone leve l.  The / r /  s c o re  r e tu r n s  to its  H B -alone lev e l
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when the LB is  added at 20 dB SL, and fa l ls  c o n s id e ra b ly  below the 

H B -alone le v e l  when the LB is added at 40 dB SL. The / r /  is the 

only sound in the s tudy fo r  w hich  the s c o r e s  d rop  c o n s id e ra b ly  w hen 

the LB is  added at 20 dB and 40 dB SL, r e g a r d l e s s  of w h e th e r  the 

LB is added to the s a m e  o r  opposite  e a r .

6. G lo tta l  - I h/

The changes  in the / h / s c o re  a r e  s ligh t,  w ith  m a x i ­

m um  im p ro v em en t o v er  the H B -alone s c o re  o c c u r r in g  w hen the LB 

is  added to the sam e  e a r  at th re sh o ld ,  f ro m  35% to 51%, r e tu rn in g  

to its H B -alone le v e l  w hen added at 40 dB SL to the  sam e e a r .  The 

s c o re s  w hen the LB is  added to the opposite  e a r  do not change enough 

f ro m  the H B -alone s c o re  to fo rm  a m eaningfu l p a t te rn .

A q ua lita tive  a n a ly s is  of the p e rc e p tu a l  confusions  indicated  

that m o s t  of the su b s t i tu t io n s  w hich  o c c u r re d  w ith  an incidence of 

5% o r  m o re  can  be exp la ined  on the b a s is  of the d is t in c tiv e  f e a tu re s  

of voicing, m a n n e r ,  and p la c e -o f -a r t ic u la t io n .  At fav o rab le  H B /L B  

r a t io s ,  the p e rc e p tu a l  e r r o r s  tha t o ccu r  a r e  s im i l a r  fo r  the sam e 

and opposite  e a r  conditions, but at un favorab le  H B /L B  r a t io s ,  th e re  

is  a h ig h er  incidence of ran d o m  p e rc e p tu a l  e r r o r s  w hen the LB is 

added to  the s a m e  e a r .  The following w il l  be l im i te d  to p lace  and 

m a n n e r  e r r o r s ,  s ince  the t / d  su b s t i tu t io n  w as  the only vo ic ing  e r r o r  

noted in the study.
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1. V o ic e le s s  p lo s iv es  - I p i , I t / , and / k /

A lm o st a l l  the e r r o r s  a r e  p lace  e r r o r s :  t / k ,  p /k ,

t / p ,  k / p ,  k / t ,  and p / t .  The su b s ti tu t io n  of the  / h / fo r  the / p / and

I t /  cannot be exp la ined  on the b a s is  of d is t in c tiv e  fe a tu re s .

2. V oiced p lo s iv es  - / b / ,  / d/  , and / g/

T h e re  a r e  m o re  v a r ie d  su b s t i tu t io n s  fo r  these  

sounds than  fo r  the v o ic e le s s  p lo s iv e s ,  w ith  both  place  e r r o r s :  d/ g,  

b / g ,  g / d ,  a n d b / d ,  and m a n n e r  e r r o r s :  m / b ,  f / b ,  a n d d j / d ,  o c c u r ­

r in g .  The incidence of b /m  and m /b  su b s t i tu t io n s  is  sh a rp ly  red u c e d  

w hen  the LB is  added a t s u p ra - th re s h o ld  in te n s i t ie s .  The s u b s t i tu ­

tion  of / s /  for  a l l  th re e  vo iced  p lo s iv es  cannot be exp la ined  on the 

b a s is  of d is t inc tive  f e a tu re s .

3. N a s a ls  - / m /  and / n /

A lm o st a l l  the e r r o r s  a r e  e i th e r  p lace  e r r o r s :  m / n

and n / m ,  o r m a n n e r  e r r o r s :  b / m  and f / m.  The I / m  su b s ti tu tio n s

a r e  not exp la inab le  on the b a s is  of d is t inc tive  f e a tu re s ,  but the / I / 

does  behave like  a n a s a l  w hen the LB is  added. A no ther  substi tu tion  

w hich  cannot be exp la ined  in t e r m s  of d is t in c tiv e  f e a tu re s  is  / h / for  

/ m / and / n / .

4. V o ic e le s s  f r i c a t iv e s  - / f / and / s /

The ex pec ted  place  e r r o r s  of f / s  and s / f  occur.

The b / f  and m / f  m a n n e r  e r r o r s  a lso  o c c u r ,  and the t / f  substi tu t ions
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m ay  be r e la te d  to the t /  s m a n n e r  e r r o r .  The sub s ti tu tio n  of the 

n a s a ls ,  p a r t ic u la r ly  the / m l , fo r  both  the I f /  and / s / a lm o s t  d i s ­

a p p e a r s  w hen the LB is  added at s u p ra - th re s h o ld  in te n s i t ie s .  Again, 

the / h / is  su b s ti tu ted  fo r  the / f / and / s / , a p e rc e p tu a l  e r r o r  w hich 

cannot be exp la ined  on the b a s is  of d is t inc tive  fe a tu re s .

5. Sem i-V ow el - /w /  and L iqu ids - / r /  and / I /

A lthough the behav io r  of the / I / w hen the LB is 

added r e s e m b le s  the n a s a ls ,  the p e rc e p tu a l  confusions belong m o re  

to  the se m i-v o w e l - liqu id  ca teg o ry . Except for the m /l  s u b s t i tu ­

t ions ,  a l l  the e r r o r s  a r e  p lace  e r r o r s :  w /l , r / 1 , r / w ,  l / r ,  a n d w / r .

6. G lottal - / h /

The su b s ti tu tio n s  include the v o ic e le s s  p lo s iv es  

/ p/ , I t / , and I k / ,  and the v o ic e le s s  f r ic a t iv e s  I f /  and  I s / .

Two fu r th e r  in te re s t in g  phenom ena w e re  noted in  the p r e ­

sent study: (1) the / I / s e e m s  to  have p ro p e r t i e s  of both  the n a sa l  

and the se m i-v o w e l - liqu id  c a te g o r ie s ,  and  (2) the a r t ic u la t io n  

s c o re s  w e re  h igher  fo r  the r ig h t  then  the left e a r ,  a finding in a c ­

c o rd  w ith  the w o rk  of M iln e r ,  K im u ra ,  and Shankw eiler.

A p o ss ib le  p r a c t ic a l  app lica tion  of th is  study c o n c e rn s  those  

h e a r in g - im p a i r e d  indiv iduals  who have c o n s id e ra b ly  m o re  h e a r in g  in 

the low f re q u e n c ie s  than  in the high f re q u en c ie s .  In a t ra d it io n a l
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h e a r in g  a id , the gain  is  not su b s ta n t ia l ly  d iffe ren t a t  e ach  frequency , 

and  u n le s s  the low f re q u e n c ie s  a r e  e l im in a ted , th e r e  is the p o s s i ­

b il i ty  of the low f re q u e n c ie s  "m ask in g "  the high f re q u e n c ie s .  How­

e v e r ,  if lo w -fre q u e n c y  am p lif ica t io n  w e re  to be supplied  to  one e a r ,  

w ith  h ig h -f req u en cy  am p lif ica t io n  to the o ther  e a r ,  the in ten s i ty  

le v e l  of the two could be a d ju s te d  independently. The r e s u l t s  of 

th is  s tudy indicate  tha t  the low f re q u e n c ie s  do con ta in  in fo rm atio n  

tha t  co n tr ib u te s  to in te ll ig ib il i ty ,  and thus  th is  type of b in a u ra l  h e a r ­

ing a id  f itting  m ight im prove  an  in d iv idua l 's  d is c r im in a t io n  by  p e r ­

m it t in g  use fu l  am p lif ica tio n  over a w id e r  freq u en cy  range .
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Table  10. F a i rb a n k s  Rhym e te s t  - l i s t s  I, II, and IV.

LIST I LIST II LIST IV

hot
pay
top
peel
wake
law
vile
neat
look
fil l

Colum n A 
got 
m ay  
hop 
r e e l  
take 
saw 
m ile  
sea t 
cook 
k ill

pot
way
m op
heel
cake
paw
tile
heat
took
t i l l

Colum n B

t i r e
m a le
sent
m oon
kick
sam e
wide
r ip
so re
bang

h ire
ta le
re n t
noon
sick
fam e
tide
dip
bore
hang

f ire
pale
bent
boon
tick
cam e
r id e
hip
m o re
gang

C olum n C

m en
p a rk
coil
big
ra g e
cas t
gain
n es t
gun
heel

den
b ark
foil
wig
cage
past
pain
w est
nun
deal

pen
m a rk
so il
fig
sage
la s t
r a in
b es t
sun
zeal
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Table  10. Continued

LIST I LIST II LIST IV

C olum n D

sin win din
bust jus t ru s t
fine m ine nine
m ink link wink
sold told cold
hit s it fit
led bed wed
tend send lend
r id bid did
back lack jack

Colum n E

ta i l s a il nail
fight light m ight
to rn w o rn horn
rod God sod
dock m ock lock
bump pump dump
date ra te la te
w ell fe ll be ll
set le t yet
luck tuck suck



123

T able  11. Age, sex and h e a r in g  l e v e l s 1' fo r  each  sub jec t.

Subjects  Who R ece iv ed  HB inl R ight E a r

SEX AGE LB(TH) HB(TH)
F 17 15 dB 5 dB
M 21 15 5
F 21 15 5
M 23 10 5
F 24 15 5
F 18 15 5
F 19 10 5
F 20 10 5
F 21 5 0
F 18 5 0
M 20 15 10
M 17 10 5
M 18 15 0
F 20 15 0
F 20 15 5
F 19 10 0
F 22 10 0
F 19 15 0

S ubjects  Who R ece iv ed  HB in Left E a r
F 19 15 5
F 17 5 5
F 18 10 5
F 20 15 5
F 21 15 5
F 18 20 10
F 20 10 5
F 21 10 5
F 17 5 0
F 20 5 5
M 19 15 10
M 23 10 5
M 17 10 0
M 21 10 0
M 20 10 5
F 18 5 0
F 19 10 0
F 19 10 0

'‘'T h e  th re sh o ld s  p r e se n te d  a r e  a u d io m e te r  d ia l read in g s .



Table  12. S u m m ary  of te s t  o rd e r  p re se n ta t io n s  fo r  e ach  subject.

KEY

H igh-frequency  band HB 
L o w -frequency  band LB 
T h re sh o ld  (TH) 
Right e a r  R 
Left e a r  L

I. RIGHT EAR

A. 3 l i s t s ,  
3 l i s t s ,  
3 l i s t s ,

HB-R(TH)
HB-R(TH); L B -L : one l is t - (T H ) ,  one l i s t - (2 0  dB SL), 
HB-R(TH); LB -R : one l is t - (T H ) ,  one l i s t -(20 dB SL),

one l is t - (4 0  dB SL) 
one l i s t -(40 dB SL)

LISTS and INTENSITIES fo r  the LB

SUBJECT
I II IV

#1 (TH) 20 dB SL 40 dB SL
#2 20 dB SL 40 dB SL (TH)
#3 40 dB SL (TH) 20 dB SL

II I IV
#4 (TH) 20 dB SL 40 dB SL
#5 20 dB SL 40 dB SL (TH)
#6 40 dB SL (TH) 20 dB SL

IV I II
#7 (TH) 20 dB SL 40 dB SL
#8 20 dB SL 40 dB SL (TH)
#9 40 dB SL (TH) 20 dB SL
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Table  12. Continued

B. 3 l i s t s ,  HB-R(TH)
3 l i s t s ,  HB-R(TH); LB -R : one l is t - (T H ) ,  one l is t - (2 0  dB SL), one l is t - (4 0  dB SL) 
3 l i s t s ,  HB-R(TH); L B -L : one l is t - (T H ) ,  one l is t - (2 0  dB SL), one l i s t - (4 0  dB SL)

LISTS and INTENSITIES fo r  the LB

SUBJECT
I IV II

#10 (TH) 20 dB SL 40 dB SL
#11 20 dB SL 40 dB SL (TH)
#12 40 dB SL (TH) 20 dB SL

II IV I
#13 (TH) 20 dB SL 40 dB SL
#14 20 dB SL 40 dB SL (TH)
#15 40 dB SL (TH) 20 dB SL

IV II I
#16 (TH) 20 dB SL 40 dB SL
#17 20 dB SL 40 dB SL (TH)
#18 40 dB SL (TH) 20 dB SL
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Table  12. Continued

II. L E F T  EAR

A. 3 l i s t s ,  HB-L(TH)
3 l i s t s ,  HB-L(TH); LB -R : one l is t - (T H ) ,  one l is t - (2 0  dB SL), one l i s t -(40 dB SL) 
3 l i s t s ,  HB-L(TH); L B -L : one l is t - (T H ) ,  one l is t - (2 0  dB SL), one l i s t -(40 dB SL)

LISTS and INTENSITIES fo r  the LB 

SUBJECT
I II IV

#19 (TH) 20 dB SL 40 dB SL
#20 20 dB SL 40 dB SL (TH)
#21 40 dB SL (TH) 20 dB SL

II I IV
#22 (TH) 20 dB SL 40 dB SL
#23 20 dB SL 40 dB SL (TH)
#24 40 dB SL (TH) 20 dB SL

IV I II
#25 (TH) 20 dB SL 40 dB SL
#26 20 dB SL 40 dB SL (TH)
#27 40 dB SL (TH) 20 dB SL
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Table  12. Continued

B. 3 l i s t s ,  
3 l i s t s ,  
3 l i s t s ,

HB-L(TH)
H B -L (T H )jL B -L : one l is t- (T H ),  
H B -L (T H );L B -R : one l is t- (T H ),

one l is t - (2 0  dB SL), 
one l is t - (2 0  dB SL),

one l i s t -(40 dB SL) 
one l is t - (4 0  dB SL)

LIST and INTENSITIES fo r  the LB

SUBJECT
I

#28 (TH)
#29 20 dB SL
#30 40 dB SL

II
#31 (TH)
#32 20 dB SL
#33 40 dB SL

IV
#34 (TH)
#35 20 dB SL
#36 40 dB SL

IV
20 dB SL 
40 dB SL 

(TH)

IV
20 dB SL 
40 dB SL 

(TH)

II
20 dB SL 
40 dB SL 

(TH)

II
40 dB SL 

(TH)
20 dB SL

I
40 dB SL 

(TH)
20 dB SL

I
40 dB SL 

(TH) 
20 dB SL
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Table  13. S c o re s  fo r  su b jec ts  re c e iv in g  HB in r ig h t  e a r .

SUBJECT

ONE EAR 

HB(TH)

O P P . EARS SAME EAR O P P . EARS SAME EAR O P P . EARS SAME EAR

HB(TH) HB(TH) HB(TH) HB(TH) HB(TH) HB(TH) 
LB(TH) LB(TH) LB(20 LB(20 LB(40 LB(40

dB SL) dB SL) dB SL) dB SL)

# 1 60% 68% 72% 72% 72% 58% 30%
# 2 41 36 56 66 72 60 42
# 3 56 66 72 74 74 74 44
# 4 34 48 40 62 52 44 28
# 5 45 60 64 68 54 68 46
# 6 55 80 70 72 68 74 60
# 7 41 34 46 64 56 58 36
# 8 45 62 68 58 58 74 38
# 9 39 60 54 56 54 62 36
#10 47 68 60 80 68 54 36
#11 61 56 58 76 74 72 50
#12 38 30 34 46 46 50 36
#13 43 46 62 60 54 70 42
#14 34 56 68 56 50 54 34
#15 26 46 44 58 54 50 42
#16 40 72 58 68 64 68 54
#17 47 64 66 48 54 46 28
#18 48 56 70 54 70 54 38

MEAN
ARTIC.
SCORES

44. 4% 56. 0% 59. 0% 63. 2% 60. 8% 60. 6% 40. 0%



Table  14. S c o re s  fo r  su b jec ts  re c e iv in g  HB in left e a r .

SUBJECT
ONE EAR 

HB(TH)

O P P . EARS

HB(TH)
LB(TH)

SAME EAR O PP,EA RS

HB(TH) HB(TH) 
LB(TH) LB(20 

dB SL)

SAME EAR O PP.EA RS

HB(TH) HB(TH) 
LB(20 LB(40 
dB SL) dB SL)

SAME EAR

HB(TH) 
LB(40 
dB SL)

#19 36% 38% 60% 62% 64% 50% 24%
#20 41 36 40 68 68 44 34
#21 41 58 56 58 62 60 46
#22 35 38 50 62 56 44 36
#23 27 42 34 56 62 48 42
#24 24 30 40 36 36 18 20
#25 54 64 72 72 80 66 44
#26 25 50 50 58 60 40 52
#27 31 42 48 58 58 40 24
#28 34 54 50 46 54 38 20
#29 33 54 60 70 64 48 32
#30 37 48 40 64 66 62 44
#31 37 50 48 52 60 60 * 40
#32 36 70 54 62 76 48 34
#33 28 52 62 68 60 28 24
#34 45 46 52 70 56 62 52
#35 48 70 54 68 66 66 40
#36 34 42 36 60 54 36 34

MEAN
ARTIC.
SCORES

35. 9% 49. 1% 50. 3% 60. 6% 61. 2% 47. 7% 35. 7%
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