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EFFECTS AND INTERACTIONS OF AUDITORY AND VISUAL 

CUES IN ORAL COMMUNICATION

CHAPTER I 

INTRODUCTION

Although i t  i s  tru e  th a t  sev e ra l senses are  used to  

keep man in  communication w ith h is  environment, the sensory 

avenues u t i l iz e d  in  re ce iv in g  o ra l communication are audi

t io n  and v is io n . A uditory im pressions or p a tte rn s  r e fe r  to  

what i s  heard, and include not only those meanings con

sc io u sly  perceived , hu t a lso  many sublim inal cues which r e 

s u l t  from having heard the speaker. Sublim inal cues, such 

as the p itc h  and in f le c t io n  of the vo ice , the pauses between 

words, and the rhythm of speech, have something to  add, over 

and above th a t which i s  being communicated by the  words 

a lo n e .

The v isu a l cues u t i l i z e d  in  o ra l communication may 

include an observation  of the speak er's  o ra l movements, body 

a t t i tu d e ,  g es tu re s , f a c ia l  expression , and of general s i t u 

a tio n a l cues. In ad d itio n , sublim inal cues which r e s u l t  

from haying v is u a lly  observed the speaker may add meaning to  

verbal communication. The customary meaning o f a word can
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be a lte re d  by a simple g es tu re , which may give a  d i f f e r e n t  

nuance to  the word meaning. The non-auditory  messages 

received by the l i s te n e r  may. re in fo rc e , modify, or even

co n trad ic t the words the individusuL has spoken.

Ind iv iduals working with the  a c o u s tic a lly  handi

capped must, th e re fo re , concern themselves with these  two 

components of o ra l communication. With the hard of h ear

ing , as well as w ith normal h ea re rs , the a b i l i ty  to  under

stand the speaker is  re la te d  to  the degree to  which the 

av a ilab le  v isu a l and au d ito ry  cues o f speech are  u t i l i z e d .

Conventional l ip re a d in g  t e s t s  evaluate the in d i

v id u a l 's  a b i l i ty  to  make use of only the v isu a l cues of 

speech; audito ry  s tim u la tio n  i s  absen t. Conversely, te s t s  

of auditory  d isc rim in a tio n  evaluate  the a b i l i ty  to  make use

of only the aud ito ry  cues of speech; in  these in s tan ces  the

v isu a l s tim u li are unavailab le  to the  l i s te n e r .

For the profoundly deaf, th e re fo re , speechreading 

te s ts  are a r e la t iv e ly  r e l ia b le  index of the a b i l i t y  to  

understand speech. However, the same i s  not tru e  fo r  the 

hard of hearing . Compared w ith the deaf, the hard of hear

ing  receive a g re a te r  amount of au d ito ry  s tim u la tio n . Con

sequently , the recep tio n  of speech f o r  the hard of hea rin g  

i s  an aud io -v isual p rocess, and i t  becomes apparent th a t  

n e ith e r  lip read in g  te s t s  nor t e s t s  o f aud ito ry  d iscrim ina

tio n , used s in g ly , provide an accurate  assessment of the 

a b i l i ty  of the hard of hearing  to understand speech.
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An eva lu a tio n  can te  made, then , of a p e rso n 's  a b i l 

i t y  to  make use of the pure au d ito ry  component o f speech 

(au d ito ry  d isc rim in a tio n  sc o re s ) . Estim ates can a lso  he 

made, o f the  a b i l i t y  to  make use of the pu re ly  v is u a l aspec ts  

of speech (speechreading sc o re s ) . I t  i s  of considerab le  

importance to  le a rn  how the i n t e l l i g i b i l i t y  of speech i s  in 

creased as a r e s u l t  of combining the v isu a l cues with the  

au d ito ry  cues. The e f fe c t  of combining the au d ito ry  and 

v isu a l components of speech i s  not e a s ily  seen, since the 

in te n s i ty  of the au d ito ry  stim ulus reaching the l i s t e n e r  

v a r ie s  from moment to  moment. At low in te n s i ty  le v e ls  speech 

may be e n t i r e ly  u n in te l l ig ib le ,  while a t  h igher le v e ls  i t  

may be com pletely i n t e l l i g ib l e ,  even without v isu a l cues.

In study ing  b isenso ry  re cep tio n  of speech, i t  would be im

p o rta n t to  note how the  ro le  of v isu a l s tim u la tio n  changes 

as a fu n c tio n  of the in te n s i ty  le v e l of speech.

Furtherm ore, the improvement in  i n t e l l i g i b i l i t y  which 

r e s u l t s  from combining v isu a l and aud ito ry  s tim u li may vary 

with the in d iv id u a l. Some in d iv id u a ls  may depend more upon 

the v isu a l cues of speech than  o th e rs . I t  appears reason

able to  assume th a t  those who must depend upon v isu a l cues 

fo r  understanding  speech may have learned  to  u t i l i z e  them 

more e f fe c t iv e ly . This would suggest th a t  hard of hearing  

in d iv id u a ls , who are  more dependent upon v is io n  in  communica

t io n , may make more use of the v isu a l component of speech 

than  do normal hearing  in d iv id u a ls . I t  would be o f in te r e s t .



4

th e re fo re , to  compare the normal hearing  w ith the  hard  of 

hearing  in  regard  to  the degree of improvement in  the  in 

t e l l i g i b i l i t y  of speech re s u l t in g  from the a d d itio n  of 

v isu a l cues.

When words presen ted  a t  a given in te n s i ty  le v e l  are  

d i f f i c u l t  to  d is tin g u ish  on the b as is  of au d ito ry  p a tte rn s  

alone, a premium may be placed upon the help a ffo rded  by 

the v isu a l components. Conversely, when words are  e a s ily  

id e n tif ie d  by a u d ito ry  p a tte rn s  alone, v isu a l s tim u li would 

not appear to  be as im portant. I t  would seem lo g ic a l ,  in  

th is  l ig h t ,  to ask i f  the c o n tr ib u tio n  of v isu a l cues v a r ie s  

according to  the type of speech m ate ria l p resen ted .

Speechreading a b i l i ty  i s  u su a lly  taken  to  mean the 

a b i l i ty  to id e n tify  speech samples from v is u a l cues in  the  

absence of aud ito ry  s tim u la tio n . I f  the a b i l i t y  to  make use 

of the v isu a l cues of speech in  the absence of the au d ito ry  

p a tte rn s  of speech d if fe r s  from th a t  a b i l i t y  when the  aud i

to ry  cues a re  a v a ila b le  to  the l i s te n e r ,  then we may need 

to  re-examine some of the techniques used in  teach in g  speech- 

read ing  to the h ea rin g  im paired. At the p re sen t tim e, many 

in s tru c to rs  i n s i s t  th a t  speechreading d r i l l  be c a rr ie d  on 

w ithout voice, while o thers i n s i s t  th a t  a l l  speechreading 

exerc ises be given with vo ice . The use made of the v isu a l 

cues of speech in  the  absence of au d ito ry  s tim u la tio n  may be 

one phenomenon, w hile the use made of the v isu a l cues in  the  

presence of a u d ito ry  s tim u li may be something a lto g e th e r  

d if f e re n t .  I f  th i s  i s  t ru e , in s tru c to rs  of speechreading



may need to  re -ev a lu a te  th e i r  stand  regard ing  the  use of 

voice in  lip re a d in g  in s tru c t io n  or d r i l l .

I t  i s  a lso  tru e  th a t  i f  the a b i l i t y  to make use of 

the v isu a l cues of speech v a r ie s  with the presence or ab

sence of the au d ito ry  component, th e re  may be ra m ifica tio n s  

r e la te d  to  the recommendation of hearing  a id s  fo r  the severe

ly  hard of hearing  and deaf, Hearing a ids may provide the 

severe ly  hard of hearing  and the deaf with d is to r te d , fra g 

mentary, incom plete, or minimal au d ito ry  p a tte rn s  of speech. 

These b i t s  of au d ito ry  inform ation  may then supplement the 

v isu a l cues av a ilab le  to  the deaf, r e s u l t in g  in a consider

able degree of improvement in  the Understanding of speech. 

Thus, i t  i s  a lto g e th e r  p o ss ib le  th a t  the hearing  a id  should 

be considered an ad junct to  lip re a d in g , and i t s  e f fe c tiv e 

ness evaluated  from the p o in t of view of providing the l i s 

ten er w ith the to o ls  with which to  ob ta in  a maximum under

stand ing  of speech. I t  appears im portant, th e re fo re , not 

only to  evaluate  independently  th© ro le  of v isu a l cues and 

the ro le  of au d itio n  in  the understanding of speech, but 

a lso  to  study th e i r  combined e f fe c t  upon the i n t e l l i g i b i l i t y  

of speech.

In  an e f f o r t  to  c la r i f y  the r e la t iv e  importance of 

v isu a l cues and aud ito ry  cues in  the i n t e l l i g i b i l i t y  of 

speech and to  assess  the p o ss ib le  in te ra c tio n  of these  two 

components, the  p resen t study was designed. I t  was designed 

to  explore the follow ing sp ec if ic , questions;
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1 . How much does speech i n t e l l i g i b i l i t y  improve as a 

r e s u l t  of combining the aud ito ry  and v is u a l s tim u li 

as compared to  performance \ndien the s tim u li are 

only av a ilab le  independently?

2. How does the co n trib u tio n  of v isu a l cues to  the

i n t e l l i g i b i l i t y  of speech vary as a fu n c tio n  of the

type of speech m a te ria l presented  to  the l i s te n e r?

3. What e f fe c t  does hearing  acu ity  and con fig u ra tio n  

of hearing  lo s s  have upon the use made of b isensory  

cues of speech?

4. How does the co n trib u tio n  of v isu a l cues vary as a

fu n c tio n  of the in te n s i ty  le v e l of the aud ito ry  cues

w ith which they  are combined?

To answer these  questions, th ree  groups o f su b jec ts  

were used . One group had normal hearing , a second group had 

moderate hearing  lo sse s  of a r e la t iv e ly  f l a t  co n figu ra tion , 

and a th ird  group consisted  of persons with moderate hearing  

lo sse s  w ith a s lop ing  con figu ra tion . Each su b jec t responded 

to  two types of word l i s t s :  p h o n e tica lly  balanced word l i s t s

and a m u ltip le  choice i n t e l l i g i b i l i t y  t e s t .  A word l i s t  of 

each type was presen ted  to  each su b jec t a t  e igh t aud ito ry  

sen sa tio n  le v e ls  ranging from -6 to  +15 db. At each sensa

t io n  le v e l ,  the experim ental su b jec ts  responded to  speech 

samples under two cond itions: an aud ito ry  and a b isensory

p re se n ta tio n  of a word l i s t .  Under the au d ito ry  p re sen ta 

t io n , only the  au d ito ry  p a tte rn s  of speech were a v a ila b le  to
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the l i s te n e r ,  while under the  h isensory  p re se n ta tio n , both 

the aud ito ry  and v isu a l cues of speech were a v a ila b le . A 

th ird  cond ition , a pu re ly  v isu a l p re se n ta tio n , provided the 

l i s te n e r  with only the v isu a l component. I t  would be ex

pected th a t  an ev a lu a tio n  of the d iffe ren ce s  in  v isu a l, 

aud ito ry  and b isensory  perform ances among su b jec ts  with 

varying degrees of h earing  a c u ity  and with d if fe re n t  type's 

of audiom etric co n figu ra tions would y ie ld  a g re a te r  under

standing of the r e la t iv e  importance o f the v isu a l and audi

to ry  components of speech and of the in te ra c tio n s  between 

them.



CHAPTER I I  

HISTORY

When working w ith a c o u s tic a lly  handicapped in d i

v id u a ls , the teacher or c l in ic ia n  o ften  p laces  a g re a t deal 

of emphasis upon the a b i l i t y  of an in d iv id u a l to  make use 

of the v isu a l cues of o ra l  communication. I f  the  person 

possesses a small degree of re s id u a l hearing , communication 

may be b isensory  even though i t  may be predom inantly v is u a l .  

As im portant as v isu a l cues appear to  be, th e re  i s  only a 

lim ite d  amount of re sea rch  which compares the au d ito ry  r e 

cep tio n  of speech w ith the  b isensory  (au d io -v isu a l) recep

t io n  of speech of a c o u s tic a lly  handicapped in d iv id u a ls .

The research  repo rted  in  the l i t e r a tu r e  w ill  be reviewed a t  

th is  tim e.

One of the e a r l i e s t  s tu d ie s  comparing th e  au d ito ry  

recep tio n  of speech to  an au d io -v isu a l re cep tio n  i s  repo rted  

by Ewing.^ In th a t  study , i n t e l l i g i b i l i t y  sco re s , based 

upon the  co rrec t re co g n itio n  of sen tences, were obtained 

under various conditions fo r  92 a d v e n titio u s ly  hard  of h e a r-

^ I . Ewing, lip re a d in g  and Hearing Aids (M anchester: 
Manchester U n iversity  Jhress, ig4b ),

8



9
ing  su b jec ts  ranging in  age from 17 to  72 y ea rs . N either 

the  range of s e v e r i ty  of hearing  lo s s  nor the average hear

ing  lo s s  fo r  the group was rep o rted . Under o rd inary  l i s 

ten ing  cond itions, w ithout lip re a d in g  and w ithout the  use 

of a hearing  a id , the average i n t e l l i g i b i l i t y  score fo r  the 

group was 21)G c o r re c t. The type of speech m a te ria l used 

and the in te n s i ty  le v e l  a t  vdiich the speech m aterial"w as 

presented were not rep o rted . When speechreading was used 

sim ultaneously w ith re s id u a l h ea rin g , the group c o rre c tly  

id e n tif ie d  64?G of the speech san ç le s . When speech was am

p l i f ie d  with a  th re e -s ta g e  hearing  a id , and the su b jec ts  

p ro h ib ited  from v is u a l ly  observing th e  speaker, a score of 

64-9?> was obtained. Under the f in a l  cond ition  of l is te n in g  

with a th re e -s ta g e  hearing  a id , to g e th e r with speechreading, 

a score of 909̂  was earned. These r e s u l t s  in d ic a te  th a t  both 

speechreading and the am p lifica tio n  of sound, when accom

p lish ed  independently of each o th er, enhance the  i n t e l l i 

g ib i l i t y  of speech. In  ad d itio n , th e re  seems to  be a fo r tu 

nate in te ra c tio n  between these two components of v erb a l com

m unication which allow s fo r maximum understanding of speech 

when they are p resen ted  sim ultaneously .

From these fin d in g s , i t  appears th a t  the ac o u s tic a lly  

handicapped make use o f both the  v isu a l and au d ito ry  cues o f 

speech. Although i t  i s  tru e  th a t  normal hearing  in d iv id u a ls  

smke much use of the  aud ito ry  component o f speech, the  degree 

to fto-ich they are  able to  u t i l i z e  the v isu a l cues of speech
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may be a m atter of sp ecu la tio n . O 'N eill, who was aware of 

the importance of both the v is u a l  and aud ito ry  components of 

speech s ta te s :

Speech i s  u su a lly  regarded as an o ra l-a u d ito ry  pro
cess. I t  has v isu a l c h a ra c te r is t ic s ,  however, th a t  the 
deaf and hard of hearing  may employ in  the  understand
ing  of speech through lip re a d in g , and th a t  may co n trib 
u te  to  normal communication. Since most verbal communi
c a tio n  i s  d i r e c t ,  fa c e - to -fa c e , o ra l send ing -receiv ing , 
the percep tio n  of speech might be regarded as a b i 
sensory  (a u d ito ry -v isu a l)  phenomenon.

As a r e s u l t  of h is  in te r e s t  in  the problem, O 'N eill 

assessed  the r e la t iv e  co n trib u tio n  th a t  speechreading makes 

in  p erson -to -person  communication using  vowels, consonants, 

words, and phrases as speech m a te r ia ls . Thirty-tw o su b jec ts  

l is te n e d  to  an au d ito ry  p re se n ta tio n  and an au d io -v isu a l p re

s e n ta tio n  of speech under four speech-to -no ise  r a t io s .  Under 

the au d io -v isu a l condition , the su b jec ts  were allowed to  

view the speaker as he presented  word l i s t s  a t  the four 

speech-to -no ise  r a t io s .  Under the  aud ito ry  cond ition , the  

su b jec ts  were not perm itted  to observe the speaker as the 

word l i s t s  were p resen ted . The speech-to -no ise r a t io  was de

scribed  as the d iffe ren ce  in  dec ib e ls  between the, ijx ten sity  

of the speech s igna l and the in te n s i ty  of the n o ise . A 

speech-to -no ise  r a t io  of 0 db in d ica ted  th a t both s tim u li 

were of the  same in te n s i ty , while a p o s itiv e  speech-to -no ise 

r a t io  in d ica ted  th a t  the in te n s i ty  le v e l  of the speech s ig n a l

^John J . O 'N eill. "C ontribu tions of the V isual Com
ponents o f Oral Symbols to  Speech Comprehension," Journal of 
Speech and Hearing D iso rders . XIX (1954), 429.
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was g re a te r  than  th a t  of the n o ise . Conversely, a negative 

speech-to-noise r a t io  in d ica ted  th a t  the in te n s i ty  of the 

speech was le s s  than  th a t  of the  n o ise .

The noise le v e ls  employed were 36 dh (-20 db 

speech-to-noise r a t i o ) ,  76 db (-10 db speech-to -no ise  r a t io ) ,  

66 db (0 db speech -to -no ise  r a t i o ) ,  and 56 db (10 db speech- 

to -n o ise  r a t i o ) .  A ll speech and noise le v e ls  were measured 

re .0002 m icrobar. The noise was uniform  spectrum random 

noise with frequencies above 10,000 cps f i l t e r e d  out. The 

mean speech le v e l ,  as co n tro lled  by v isu a l m onitoring with 

the a id  of a magnetic th ro a t microphone lead ing  to  a v o l t 

m eter, was 66 db when measured a t  a d is tan ce  of two fe e t  in  

fro n t of the speaker. The su b jec ts  were normal hearing  un

dergraduate s tuden ts  grouped in to  four l i s te n in g  panels of 

e ig h t members each. Each panel was sea ted  in  a sem i-c irc le  

e i ^ t  fe e t from the speaker.

There was no re p o rt of the use of earphones, nor was 

i t  sp ec if ie d  th a t  t e s t in g  was performed under f r é e - f ie ld  

cond itions. However, since speech le v e l  measurements were 

made a t  a d istance of two fe e t  from the speaker, and since 

a panel of e ig h t l i s te n e r s  was te s te d  a t  one tim e, i t  i s  

assumed th a t a l l  t e s t s  were made under f r e e - f ie ld  cond itions. 

A b asic  assumption of the  study  was th a t  the  score obtained 

a t the -20 db speech to  no ise r a t i o  (when the l i s t e n e r  viewed 

the speaker), would in d ic a te  the  speechreading score of a 

v is u a lly  observed o ra l s tim u lu s. Obtained in  th i s  manner.
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the mean speechreading scores were 44.59^ fo r  vowels, 72^ fo r  

consonants, 64.1# fo r  words and 25.9# fo r  p h rases . However, 

the t e s t  r e s u l ts  a lso  showed th a t  the co n trib u tio n  of v isu a l 

cues to  the t o t a l  number of words which were c o r re c t ly  iden

t i f i e d  decreased as the speech -to -no ise  r a t io  v a r ie d  from 

-20 db to  10 db. For example, a t  the -20 db speech -to -no ise  

r a t io  (speech below noise le v e l ) ,  the mean au d ito ry  word 

reco g n itio n  score (number of words c o rre c tly  recognized) was 

5.44#, and the mean au d io -v isu a l (b isensory) sco res 13.4#. 

This improvement a t  the -20 db speech-to -no ise  r a t i o  can be 

compared to th a t  a t  the 10 db speech-to -no ise  r a t i o  (speech 

le v e l h igher than  noise le v e l ) ,  where the mean a u d ito ry  

score was 17.5# and the b isenso ry  score 18.6#. O 'N eill then 

mentions th a t :

I t  appears, in  e f f e c t ,  th a t  when v is io n  and au d itio n  
jo in t ly  co n trib u te  to  the amount of in form ation  received , 
they  supplement each o th e r. But the combined e f fe c tiv e 
ness of the two, wden q u a n tif ie d , i s  le s s  than  the sum
mation of th e i r  in d iv id u a l co n trib u tio n s  to  re co g n itio n . 
Prom the vocabulary of inform ation  theory , an o th er de
s c r ip t io n , or exp lanation , of th i s  is  th a t  th e re  i s  a 
redundancy in  the re co g n itio n  of sensory s ig n a ls ;  th a t  
each sensory  m odality  i s  c o n tr ib u tin g  s im ila r  inform a
tio n .^

I t  i s  not c le a r  why the  in v e s tig a to r , when summariz

ing h is  f in d in g s , considered the mean re co g n itio n  score a t  

the -20 db speech -to -no ise  r a t io  as the  c o n tr ib u tio n  of 

v isu a l cues to  speech in  view of h is  re p o rt of d iffe re n c e s  

in  the co n trib u tio n  of v isu a l cues as a  fu n c tio n  of the

^ Ib id . 434.
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speechi-to-noise r a t i o .

The v ir tu e  of considering  conventional lab o ra to ry  

a r t ic u la t io n  t e s t s  as in d ic a tio n s  of the p e rso n 's  perform

ance in  many p ra c t ic a l  work s i tu a t io n s  was questioned by 

Sumby and P o llach .^  They f e l t  th a t  the standard  lab o ra to ry  

a r t ic u la t io n  t e s t s  may be m isleading as a r e s u l t  o f seve ra l 

fa c to rs , two of which were; " . the inform ation  asso c ia ted

with the c la ss  of p o ssib le  messages and the c o n tr ib u tio n  of
2v isu a l fa c to rs  to  speech i n t e l l i g i b i l i t y . ” F i r s t ,  i f  only 

a sm all number of possib le  messages may be communicated, 

h igher no ise in te rfe re n c e  le v e ls  can be to le ra te d  than  i f  

the c la ss  of p o ss ib le  messages is  la rg e . Secondly, i f  

v isu a l cues of speech supplement the au d ito ry  p a tte rn s , a 

h igher noise in te rfe re n c e  le v e l  can be to le ra te d  than  i f  

v isu a l cues are  not u t i l i z e d .  The experiment they  conducted 

considered the in te ra c tio n  o f these  two fa c to rs . More spe

c i f i c a l ly ,  they  examined the co n trib u tio n  of v isu a l cues to  

speech i n t e l l i g i b i l i t y  as a fu n c tio n  of the speech-to -no ise 

r a t io  and the s iz e  of the p o ss ib le  vocabulary.

In  th a t  study, the speech samples employed were 256 

spondaic words randomly c la s s i f ie d  in to  s ix  groups. Each 

group contained a d if fe re n t  number of spondaic words and

1W. H. Sumby and I .  J .  P o llach , "V isual C ontribu tion  
to  Speech I n t e l l i g i b i l i t y , "  Jou rna l o f th e  A coustical Society 
o f America, XXVI (1954) 2 1 2 -3 7 : -----------------

^ Ib id . 212.
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■became known as a "vocabulary c la s s ."  Thus, vocabulary 

c la sse s  of 8, 16, 32, 64, 128 and 256 words were e s tab lish ed . 

From each of these  vocabulary c la s se s , t e s t  l i s t s  of from 

25 to  50 words were constructed . In  ad d itio n , t e s t s  of 

m onosyllabic words and t r i s y l la b ic  phrases were developed, 

with the t r i s y l l a b ic  phrase co n sis tin g  of a spondaic word 

plus a m onosyllabic word. The speech samples were b inau- 

r a l l y  presen ted  to  normal hearing su b jec ts  by m onitored l iv e -  

voice through earphones. The no ise, p resen ted  sim ultaneously 

with the speech, was uniform in  le v e l  per cycle in  the f r e 

quency range of 20-10,000 cps. To a t t a in  the speech-to -no ise 

r a t io s ,  which ranged from -30 db to  0 db, the noise le v e l 

was held  constan t and the speech le v e l v a ried . The noise 

le v e l  was not re p o rte d . P rio r  to  p re sen tin g  each l i s t ,  the 

speaker r e c i te d  the t e s t  vocabulary in  order to  define the 

words under t e s t ,  and a p rin ted  re ference  l i s t  of the  vocab

u la ry  under t e s t  was then  given each su b jec t. The sub jec t 

se lec ted  h is  response from the p rin te d  r e s t r ic te d  vocabulary. 

Performance was evaluated  under two t e s t  cond itions: f i r s t ,

when only au d ito ry  cues were a v a ila b le , and secondly, when 

both the au d ito ry  and v isu a l cues of speech were presented  

to  the l i s t e n e r .  The re s u l ts  of the study can be summarized 

as follow s :

1 . Under the  cond ition  of l is te n in g  only (no v isu a l 

cues), the i n t e l l i g i b i l i t y  of speech increased  as 

the speech-to -no ise  r a t io  decreased from -30 db 

(speech 30 db lower than noise le v e l)  to  0 db
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(speech and noise a t  the same in te n s i ty  le v e l ) .

For example, w ith  the 8-word vocabulary c la s s ,  the 

approximate in crease  was from 15% to  98% c o rre c t.

2. Under conditions of l i s te n in g  only, the  i n t e l l i g i 

b i l i t y  of speech a t  a given s ig n a l- to -n o ise  r a t io  

decreased as the  s ize  of the vocabulary c la ss  in 

creased from 8 words to  32 words. L i t t l e  change in  

the i n t e l l i g i b i l i t y  of speech was observed as the 

s ize  of the vocabulary c lass  was increased  beyond 

64 words. For example, a t  the -18 db speech -to - 

noise r a t io ,  i n t e l l i g i b i l i t y  scores decreased from 

38% fo r  the  8-word vocabulary c la s s , to  15% fo r  the 

64, 128 and 256-word vocabulary c la s s e s .

3 . Under the b isenso ry  cond ition  (au d ito ry  and v isu a l 

cues a v a ila b le ) , the i n t e l l i g i b i l i t y  of speech a lso  

varied  as a func tion  of the speech -to -no ise  r a t io  

and the s ize  o f the vocabulary in  much the same 

manner as i t  had under the aud ito ry  p re se n ta tio n s . 

The s t r ik in g  d iffe re n c e , however, was in  the h igher 

re s is tan c e  to  noise in te rfe ren ce  fo r  th e  b isensory  

p re se n ta tio n s . As an example, a t  a speech -to -no ise  

r a t io  of -30 db, the score fo r  the 8-word vocabulary 

c la ss  was 15% c o rre c t when only au d ito ry  cues were _ 

a v a ila b le , as compared to an i n t e l l i g i b i l i t y  score 

of 90% fo r  the  b isenso ry  p re se n ta tio n s . F u rther

more, a t  the speech-to -no ise  r a t io  of -24 , the p e r-
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centage c o rre c t scores decreased from 9896 fo r  the 

8-word vocabulary c lass  to  44^ fo r  the 128-word 

vocabulary c la s s .

4. Under â n o ise -f re e  cond ition  (the  le v e l of speech 

not re p o rte d , but assumed to  be 66 db re  .0002 

m icrobar), th e re  was no appreciab le d iffe ren ce  in  

i n t e l l i g i b i l i t y  scores fo r the two t e s t  cond itions 

(aud ito ry  v s . b isen so ry ). Furthermore, in  the 

absence of n o ise , the s iz e  of the  r e s t r ic te d  vocab

u la ry  did no t m a te r ia lly  a f f e c t  the i n t e l l i g i b i l i t y  

sco res .

5. For the b isenso ry  p re se n ta tio n s , no r e a l  v a r ia t io n  

in  i n t e l l i g i b i l i t y  scores re su lte d  as a  fu n c tio n  of 

the word len g th .

6. For the au d ito ry  p re se n ta tio n s , higher scores were 

obtained fo r  the b is y l la b ic  and t r i s y l la b ic  vocabu

la r i e s  than fo r  the m onosyllabic vocabulary.

The study was a d e sc rip tiv e  one, and no attem pt was 

made to  eva lua te  the r e s u l ts  in  s t a t i s t i c a l  te rm s. However, 

i t  c le a r ly  po in ted  out th a t  normal h ea rin g  su b jec ts  can u t i l 

ize  the, v is u a l  component of speech to  increase the under

standing of verba l communication.
1 ?Noting the work of Sumby and Pollach , Neely

^Sumby and P o llach , op. c i t .
2
K. K. Neely, "E ffec ts  of V isual Factors on the In

t e l l i g i b i l i t y  o f Speech," Journal of A coustical Society of 
America. XXVIII (1956), 12'75- 1277. ----------------- --------
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emphasized the f a c t  th a t  many times voice communication must 

he ca rried  on in  high in te n s i ty  noise environments. More

over, since th e  i n t e l l i g i b i l i t y  of speech i s  a d ire c t  func- --- 

t io n  of the speech -to -no ise  r a t io ,  high in te n s i ty  no ise 

tends to  lower the i n t e l l i g i b i l i t y  of speech heard in  such 

a background. I t  was h is  fe e lin g  th a t  the knowledge of how 

the i n t e l l i g i b i l i t y  of speech is  a ffec ted  by combining the 

v isu a l cues w ith  the aud ito ry  s tim u li would be extrem ely 

valuable in  developing or a ssess in g  voice communication pro

cedures. Sumby and Pollach^ evaluated  the e f fe c t  of v isu a l
2cues in  high no ise  le v e l environments, while Neely was in 

te re s te d  in  ev a lu a tin g  the e f fe c t  of v isu a l cues on l i s te n e r  

i n t e l l i g i b i l i t y  in  terms of d istance  and angle from which 

the l i s te n e r  observed the speaker.

The 35 normal hearing  males used by Neely^ in  the 

study l is te n e d  to  the m u ltip le  choice i n t e l l i g i b i l i t y  l i s t s
4

developed by Black. The response to  each of the  27 t e s t  

items was se lec te d  by the l i s te n e r  from a choice of four 

words. Speech samples were presented  to  the l i s te n e r s  with 

monitored liv e -v o ic e  th r o u ^  earphones, vdiile the n o ise , 

generated by a random-noise generato r, was in troduced in to

^Sumby and P o llach , op. c i t .
2Neely, op. c i t .

^Neely, op. c i t .

^J. W. Black, "M ultiple-Choice I n t e l l i g i b i l i t y  Tests," 
JoTrrnal of Speech and Hearing D iso rders . XXII (1957), 213- 
235.
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the t e s t  room through loudspeakers a t  an o v e ra ll le v e l  of 

approxim ately 100 db re  .0002 m iorobar. The noise le v e l 

was high enough to  ensure th a t  the only aud ito ry  speech 

p a tte rn s  heard by the l i s te n e r s  were those received  th ro u ^  

the earphones. At the ea r, the p ressure le v e l  of speech 

was approxim ately 80 db re  .0002 m icrobar. The speaker, 

toge ther w ith the l i s t e n e r s ,  were in  a t e s t  room where a l l  

l i s te n e r s  could be te s te d  a t  the same tim e. To allow  each 

person to  rece iv e  each trea tm en t, sub jec ts  ro ta te d  p o si

t io n s . Under the f i r s t  th ree  t e s t  cond itions, the sub jec ts  

s a t  a t  an angle of 90 degrees to  the speaker, and a t  d is 

tances of 3, 6, and 9 fe e t  from the speaker. For the second 

th ree  t e s t  cond itions, the l i s te n e r s  sa t a t  an angle of 4-5 

degrees, and a t  d is tan ces  of 3, 6, and 9 f e e t ,  while in  the 

th ree  f in a l  t e s t  p o s i t io n s , the l i s te n e r s  d ir e c t ly  faced the 

speaker a t  the d is tan ces  of 3, 6, and 9 f e e t .  The r e s u l t s ,  

sub jected  to  a s t a t i s t i c a l  an a ly s is , in d ica te  th a t :

1. The b isensory  p re sen ta tio n s  re su lte d  in  s ig n if ic a n t  

in c reases  in  word i n t e l l i g i b i l i t y  when compared with 

performance under a pure aud ito ry  p re se n ta tio n  of 

speech.

2. The angle from which the l i s t e n e r . observed the 

speaker had an in fluence  on i n t e l l i g i b i l i t y  sco res . 

For in s tan ce , a t  a d istance  of 9 f e e t ,  the mean 

i n t e l l i g i b i l i t y  score fo r the group was when 

the  speaker was observed a t  an angle of 90 degrees.
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while a t  the 45 degree angle , the mean score was 

62^. A fu r th e r ,  a l th o u ^  s l ig h t  in c rease  to  649̂  

was recorded under the fa c e - to -fa c e  cond ition .

3. The d istance  from l i s te n e r  to  speaker did not have 

a s ig n if ic a n t  e f fe c t  upon the  i n t e l l i g i b i l i t y  scores 

w ith in  the  range of 3 to  9 f e e t .

I t  was concluded from the r e s u l t s ,  th a t  the  amount 

which v isu a l cues con tribu te  to the i n t e l l i g i b i l i t y  of speech 

i s  dependent, to some ex ten t, upon the angle from which the 

l i s te n e r  observes the speaker.

The research  ev a lua ting  the co n trib u tio n  of v isu a l 

cues to  speech d iscrim in atio n  was reviewed by H utton,^ who 

poin ted  out th a t  th e re  was l i t t l e  in form ation  on how the 

d isc rim in a tio n  of ind iv id u a l speech sounds was a ffec ted  by 

combining the v isu a l cues with the au d ito ry  p a t te rn s .  He 

then  designed a study enabling him to  o b ta in  i n t e l l i g i b i l i t y  

scores on consonants and vowels under th ree  co n d itio n s. Un

der the f i r s t ,  a v isu a l cond ition , only th e  v isu a l cues of 

speech were av a ilab le  to  the l i s t e n e r .  The speaker was ob

served by the su b jec t th ro u ^  a double g la ss  window which 

connected a s u ite  of two sound tre a te d  te s t in g  rooms. Under 

the second, or the aud ito ry  cond ition , only the  au d ito ry  

p a tte rn s  of speech were av a ilab le  to  the l i s t e n e r .  The audi

to ry  s tim u li were presen ted  by monitored liv e -v o ic e  by means

^Charles Hutton, "Combining Auditory and V isual 
S tim uli in  Aural R e h a b ilita tio n ."  Volta Review, IXI (1959). 
316-319.
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o f a speech audiom eter and were received  by the  l i s te n e r  

th r o u ^  h is  own hearing  a id  or an au d ito ry  t r a in in g  system.

I t  was not rep o rted  whether the au d ito ry  s tim u li  received 

through the au d ito ry  tra in in g  u n it  were rece ived  b in au ra lly  

o r monaurally by the l i s te n e r ,  although i t  i s  assumed th a t 

fo r  su b jec ts  using  th e i r  own h ea ring  a id s , speech was re 

ceived m onaurally. No mention was made of a ttem pts to con

t r o l  or measure the in te n s i ty  of speech reach ing  the  ea r of 

the  su b je c ts . Under the th i rd ,  or b isensory  cond ition , both 

the  v isu a l and au d ito ry  cues of speech were av a ilab le  to  the 

l i s te n e r s .  The su b jec ts  l is te n e d  through th e i r  own hearing 

a id s or through the  au d ito ry  t r a in in g  u n it  and sim ultaneously 

observed the speaker through the double g lass  window con

nec ting  the s u ite  of two te s t in g  rooms.

Speech m a te ria ls  were m u ltip le -ch o ice  word l i s t s ,  

each item  co n s is tin g  of fou r words e x h ib itin g  as l i t t l e  

phonemic co n tra s t as p o ss ib le . Twenty-five r e h a b i l i ta t io n  

p a tie n ts  with mild to profound hea rin g  lo sse s  served as sub

je c t s .  In p re se n tin g  the  t e s t  items to  the  l i s te n e r s ,  sev

e ra l  d if fe re n t  speakers were used. The fo llow ing  i s  ar sum

mary of the f in d in g s .

1 . When the consonants were evaluated , the  mean value 

(percentage of words c o rre c t)  in d ica ted  th a t ,  as a 

vËole, about 50$G more in form ation  was received from 

aud ito ry  s tim u li than  from v is u a l s t im u li .  The mean 

score of the  b isenso ry  p re se n ta tio n s  was approxi
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m ately double the mean of the v isu a l sco re s . How

ever, the b isensory  mean score was considerab ly  le s s  

than  the sum of the  au d ito ry  and v is u a l  mean sco re s .

2. There were la rg e  d iffe ren ce s  among the  various pho- 

— nemes in  i n t e l l i g i b i l i t y  gains as a r e s u l t  of com

b in ing  s tim u li. For in s tan ce , the i n t e l l i g i b i l i t y  

of [b] and [v] b en e fited  s u b s ta n t ia l ly  from the ad

d i t io n  of v isu a l cues to  the  au d ito ry  p a tte rn s , 

whereas, w ith the [1] and [m], l i t t l e  b e n e fit was 

seen from combining the s tim u li .

3. There was no apparent re la tio n sh ip  between the v isu a l 

i n t e l l i g i b i l i t y  scores and the degree of improvement 

in  i n t e l l i g i b i l i t y  re s u l t in g  from the  bisensory  r e 

cep tion  of speech.

4. I t  was found th a t the mean aud ito ry  i n t e l l i g i b i l i t y  

scores fo r  vowels was considerab ly  h ig h er than  th a t  

of the  consonants. However, the v is u a l  score means 

fo r  the vowels and consonants were about the same.

This was f e l t  to  in d ic a te  th a t  au d ito ry  s tim u li played 

a much la rg e r  ro le  in  the b isensory  re co g n itio n  o f 

vowels than they  did  in  the b isenso ry  re co g n itio n  of 

consonants.

The study suggests th a t  the i n t e l l i g i b i l i t y  of pho

nemes v a r ie s  depending upon the sensory avenue u t i l i z e d  in  

t h e i r  re c e p tio n .

I t  must be po in ted  out again , however, th a t  the le v e l  

o f speech presen ted  to  the  su b jec ts  was not mentioned. More-
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over, the amount o f ga in  a ffo rded  by the aud ito ry  t r a in in g  

u n i t  or the hearing  a id  was not considered. F in a lly , sev

e r a l  d if fe re n t  speakers were used in  te s t in g  the su b je c ts . 

Each of the th re e  mentioned v a r ia b le s  would have an e f fe c t  

upon the i n t e l l i g i b i l i t y  of speech, but did not seem to  be 

co n tro lled  adequately  in  the study .

In b r ie f ,  th e re  are  r e la t iv e ly  few s tu d ie s  which 

attem pt to compare au d ito ry , v is u a l, and bisensory  word re c 

ogn itio n  sco re s ; th u s , the s ig n if ic a n t  find ings provided by 

the s tu d ies  mentioned can be summarized in  the follow ing 

manner:

1 . The ad d itio n  of the v is u a l cues of speech to  the a l 

ready p resen t au d ito ry  s tim u li enhances word i n t e l 

l i g i b i l i t y  sco res . The improvement occurs whether 

the l i s te n e r  i s  in  a noise-environm ent or in  a 

r e la t iv e ly  q u ie t environment.

2. In a noise-environm ent, the r e la t iv e  in te n s i ty  of 

speech has an in fluence upon the  con trib u tio n  of 

v isu a l cues to  word i n t e l l i g i b i l i t y .  In general, 

as the le v e l of speech i s  increased  in  r e la t io n  to  

the no ise  le v e l ,  the co n trib u tio n  of v isu a l cues 

decreases.

3. In a noise-environm ent (-20 db speech-to-noise 

r a t io ) ,  speechreading co n trib u te s  most to  the under

s tand ing  of consonants, and le s s  to the understanding 

of words, vowels, and ph rases , in  the order named.
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4. In  a noise-environm ent, the angle from which the 

l i s t e n e r  observes the speaker a f fe c ts  the  word 

reco g n itio n  sco re s . The g re a te r  the angle from 

vdiich the face of the speaker i s  observed, the 

poorer are the v isu a l word reco g n itio n  sco res .

5. When the  l i s te n e r  i s  in  a noise-environm ent, the 

s iz e  of the vocabulary from which he must choose

a response a f fe c ts  the word reco g n itio n  sco re . In  

genera l, as the s iz e  o f the vocabulary in c reases , 

the i n t e l l i g i b i l i t y  o f speech decreases. However, 

when speech is  p resen ted  a t  a m oderately in tense 

le v e l ,  and the l i s t e n e r  is  in  a r e la t iv e ly  qu ie t 

environment, the  s iz e  of the  vocabulary from which 

he must choose h is  response has no e f fe c t  upon the 

i n t e l l i g i b i l i t y  of speech.

6. In  a qu iet-environm ent, vowel sounds are  more e a s ily  

id e n tif ie d  than  are  the consonants through aud ito ry  

cues alone.

7. In  a quiet-environm ent, a l l  phonemes do not b en e fit 

equally  (in  terms of increased  i n t e l l i g i b i l i t y )  

from a b isensory  mode of p re se n ta tio n . .

8. There i s  no apparent re la tio n s h ip  between speech- 

read ing  a b i l i ty  and the  degree of improvement in  

i n t e l l i g i b i l i t y  when the  v isu a l cues are  combined 

w ith the  aud ito ry  cues of speech.

I t  i s  f e l t  th a t  the  previous s tu d ie s  were r e la t iv e ly  

lim ited  or wanting in  one of more re sp e c ts . Per those

/
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s tu d ie s  employing hard  of h ea rin g  su b je c ts , the population  

in  which we are  most in te re s te d , the v a r ia b le s  a f fe c tin g  the 

word reco g n itio n  sco res were not well c o n tro lle d . The v a r i

ab les  which d id  not appear well co n tro lled  included the 

in te n s i ty  le v e l  of th e  speech p resen ted  to  the su b jec t, the 

s e v e r i ty  of hearing  lo s s  among the  su b je c ts , and the degree 

of am p lifica tio n  obtained through the hearing  a id s  or au d i

to ry  tra in in g  u n i ts .

In those s tu d ie s  employing normal h earing  su b jec ts , 

the v a ria b le s  appeared b e t te r  c o n tro lle d . However, the 

s tu d ie s  considered only the performance of normal hearing  

su b je c ts , and used only one type of speech m a te r ia l.

I t  appears th ere  is  a need fo r  fu r th e r  study of the 

re la tio n sh ip  between the v isu a l and au d ito ry  cues of speech. 

More s p e c if ic a l ly , s ince the in te n s i ty  of speech v a rie s  con

tin u o u sly , c lo se r  a t te n t io n  must be paid  to  the changing r e 

la tio n sh ip  of the v isu a l and au d ito ry  components of speech 

as a func tion  of the in te n s i ty  o f the au d ito ry  s ig n a l. Fur

thermore, ad d itio n a l inform ation is  needed regard ing  the 

performance of normal hearing  in d iv id u a ls  as compared to  

th a t  of hard of hearing  in d iv id u a ls . In a d d itio n , a com

p ariso n  of the performance of two groups of in d iv id u a ls  with 

the same degree of h earing  lo ss  bu t w ith lo sses  of d if fe r in g  

co n fig u ra tio n  would add to  the  body o f knowledge a t  hand. 

F inally ,, knowing th a t  speech m a te r ia ls  d i f f e r  in  terms of 

d iscrim ina to ry  d i f f ic u l ty ,  i t  is  necessary to  explore the
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problem with more than one type of speech sample.

The p resen t study, then , i s  an attem pt to  con tro l 

some o f the v a r ia b le s  a f fe c tin g  the i n t e l l i g i b i l i t y  of speech 

and to  ob tain  fu r th e r  inform ation  regard ing  the co n trib u tio n  

of v is u a l and au d ito ry  cues to  speech i n t e l l i g i b i l i t y .



CHAPTER I I I  

SUBJECTS, APPAHATUS AND PROCEDURES 

In troduc tion

Three groups of su b jec ts  were used in  the presen t 

study . Group I consisted  of e ig h t su b jec ts  with normal hea r

ing . Group I I  was composed of e ig h t su b jec ts  w ith moderate 

a i r  conduction hearing  lo s se s ;  lo sse s  fo r  th is  group were 

r e la t iv e ly  f l a t .  Group I I I  was a lso  composed of e ig h t sub

je c ts  with moderate a i r  conduction h ea rin g  lo s se s , but in  

th is  group the su b jec ts  had poorer h ea rin g  fo r  the higher 

frequencies than  did those su b jec ts  in  Group I I .

Each su b jec t responded to  two types of speech sam

p le s . One was a p en c il and paper m u ltip le -cho ice  t e s t  of 

word reco g n itio n , and the o ther a word reco g n itio n  te s t  

which requ ired  th a t  the su b jec t m erely re p ea t aloud what he 

considered to  be the stim ulus word. Both types of speech 

samples were p resen ted  under th ree  experim ental conditions. 

The f i r s t  was an au d ito ry  re co g n itio n  cond ition , in  which 

only hearing  was used in  ob tain ing  a re co g n itio n  sco re . An 

au d ito ry  reco g n itio n  score wras the t o t a l  number of words 

c o rre c tly  recognized by the  su b jec t when a word l i s t  was 

p resen ted  w ithout v isu a l cues through an earphone. The

26
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second cond ition  was a v is u a l  recogn ition  con d itio n , under 

which only the  v isu a l cues of speech were a v a ila b le . The 

v isu a l reco g n itio n  score was the nmber of c o rre c t responses 

made to  the word l i s t s  when only the v isu a l cues of speech 

were a v a ila b le . The th ird  condition was b isen so ry , in  which 

both hearing  and v is io n  were used, A bisensory  re c o g n itio n  

score was the t o t a l  number of words c o r re c tly  id e n t i f ie d  

when a word l i s t  was p resen ted  with both  v isu a l and au d ito ry  

cues.

Under both the au d ito ry  and b isensory  p re se n ta tio n s , 

word l i s t s  were p resen ted  a t  e ig h t sensation  le v e ls :  -6  db,

-3 db, 0 db, 3 db, 6 db, 9 db, 12 db and 15 db. A word l i s t  

of each type was p resen ted  a t  each in te n s ity  le v e l ,  and audi

to ry  and b isensory  scores were recorded a t  each in te n s i ty  

le v e l .

Subjects

A to t a l  of tw enty-four subjects l iv in g  w ith in  the 

m etropolitan  area  of Oklahoma C ity , Oklahoma, took p a r t  in  

the study. All su b jec ts  were adu lts who had acquired  speech 

and language in  the  normal manner through h ea rin g , and each 

used the spoken language as the  primary means of communica

t io n . None had v isu a l d efec ts  which would preclude adequate 

observation of the experim enter a t  a d is tan ce  of e ig h t f e e t .  

With a standard S nellen  Eye C hart, each su b jec t earned a 

b inocu lar v is io n  score of a t  l e a s t  20/20 as measured when 

the sub ject was p laced  20 fe e t  from the c h a rt. In  a d d itio n .
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each sub jec t was asked to  read a p o rtio n  of a word l i s t  when 

the m a te ria l was 12 to 15 inches from h is  eyes.

None of the su b jec ts  presen ted  a h is to ry  of ce reb ra l 

hemorrhage, s troke or ap h asia . Also, none had received  

p sy c h ia tr ic  or psycholog ical therapy , nor did any ex h ib it 

in c o n s is te n t responses to  audiom etric t e s t s  or d isp lay  be

hav io r p a tte rn s  which would suggest the p o s s ib i l i ty  of a 

non-organic hearing  lo s s .  Each su b jec t was se lec ted  in  ac

cordance with the c r i t e r i a  e s ta b lish e d  fo r  one of the th ree  

groups of e igh t su b jec ts  used in  the study.

Group I

Subjects in  Group I  had normal hearing  ac u ity  b i

l a t e r a l l y .  The c r i te r io n  fo r  normal hearing  was the  a b i l i ty  

to  hear a i r  conducted pure tones b i l a t e r a l ly  a t  a l l  octave 

in te rv a ls  from 125 to  8000 ops a t  a hearing  le v e l of 20 d b ,\ 

re ference  USPHS norm. I t  was f e l t  th a t  i f  a person could 

respond to  pure tones a t  the  20 db le v e l ,  th ere  should be no 

d i f f ic u l ty  in  hearing  everyday speech. The average speech 

recep tio n  th resho ld  hearing  le v e l  fo r  the group was -6 db or 

23 db re : .0002 m icrobar. The group contained two males

and s ix  females ranging in  age from 22 to  34 y ea rs , with a 

mean age of 31.5 yea rs .

Group I I

Group I I  consisted  of su b jec ts  having an a i r  conduc

t io n  hearing  lo ss  o f moderate degree and showing a r e la t iv e ly
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f l a t  audiom etric co n figu ra tion . A f l a t  audiom etric con

f ig u ra tio n  was defined as one in  which hearing  a c u ity  varied  

no more than 10 dh among any of the pure tones in  the speech 

range (500, 1000 and 2000 cps). The c r i t e r i a  es tab lish ed  

fo r Group I I  requ ired  th a t  each su b jec t ex h ib it a minimum 

hearin g  lo ss  of 30 db in  e i th e r  e a r , and a maximum lo s s  of 

65 db in  the ear under t e s t .  The degree of hearing  lo ss  

was sp e c if ie d  as the average lo ss  fo r  the frequencies 500, 

1000 and 2000 cp s . The mean hearing  le v e l  a t  each t e s t  f r e 

quency fo r  th is  group i s  shown in  Figure 1. The average 

hearing  lo ss  fo r  the th ree  frequencies in  the  speech range 

(500, 1000 and 2000 cps) was 46 db. Among the su b je c ts , the 

average lo s s  fo r  pure tones in  the speech range v aried  from 

32 db to 52 db. The mean speech re cep tio n  th resh o ld  hearing 

le v e l  fo r  the group was 45 db.

D uration of hearing  lo ss  among su b jec ts  ranged from 

10 years to  50 years, w ith an average d u ra tio n  fo r  the group 

of 23.9  y ea rs . Three su b jec ts  in  the group possessed con

ductive-type  hearing  lo s se s , th ree  had percep tiv e-ty p e  lo ss 

e s , and two had mixed-type hearing  lo s s e s . The c r i te r io n  

fo r  a conductive-type lo ss  was th a t  bone conduction lo sses  

not exceed 10 db a t  more than  one frequency in  the  speech 

range. The c r i te r io n  fo r  a predom inately percep tive  lo ss  

was th a t  the bone conduction acu ity  be no more than  10 db 

b e t te r  than the a i r  conduction a c u ity  fo r  two of th e  th ree  

frequencies in  the  same speech range. Subjects not meeting
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Figure 1, Mean hearing lev e l in decibels re: USPHS norm for 
Croup II (Q ) end Croup III
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e i th e r  of the above c r i t e r i a  were considered to  have mixed 

perceptive-conductive hearing  lo s se s .

A ll e ig h t su b jec ts  of Group I I  were females ranging 

in  age from 36 to  69 years of age, w ith the group having a 

mean age of 46.6 y ea rs . Four wore hearing  a id s , and th ree  

had received a to ta l  of approxim ately e i ^ t  hours of speech- 

reading  in s tru c tio n  during the two months immediately pre

ceding the te s t in g . Of the e ig h t su b je c ts , two f e l t  they 

could speechread adequately , four f e l t  they obtained only a 

lim ited  amount of he lp , and two f e l t  they received no help 

from speechreading.

Group I I I

Group I I I  contained su b jec ts  a lso  having a i r  conduc

t io n  hearing  lo sse s  of moderate degree, but w ith s lop ing  

audiom etric co n fig u ra tio n s . The c r i t e r i a  e s tab lish ed  fo r  

the group requ ired  th a t  each su b jec t have an a i r  conduction 

hearing  lo ss  o f a t  l e a s t  30 db in  the b e t te r  e a r , the degree 

of hearing  lo ss  being the average of the pure tones in  the 

speech range. I t  was fu r th e r  req u ired  th a t  each su b jec t have 

an a i r  conduction hearing  lo ss  not g re a te r  than 65 db in  the 

ea r to  be used in  the word reco g n itio n  t e s t ,  as averaged from 

the pure tone lo sses  a t  500, 1000 and 2000 cps. F in a lly , the 

c r i t e r i a  demanded th a t  the hearing  lo s s  a t  2000 cps be a t  

l e a s t  15 db g re a te r  th an  the hearing  lo ss  a t 500 cps.

Thus, the su b jec t s e le c tio n  c r i t e r i a  fo r  Group I I I  

d iffe re d  from th a t  of Group I I  only in  terms of th e  shape of
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the audiometi’ic  co n fig u ra tio n . Subjects in  Group I I  had 

r e la t iv e ly  f l a t  audiom etric c o n fig u ra tio n s , vAiile those in  

Group I I I  had a slop ing  c o n fig u ra tio n . The mean hearing  

lo ss  fo r  the group fo r a l l  frequ en c ies  te s te d  i s  shown in  

Figure 1. Among su b jec ts  of Group I I I ,  th e  average lo ss  

fo r  pure tones in  the speech range v a ried  from 30 db to  65 

db. For the group the average h ea rin g  lo s s  fo r  pure tones 

in  the speech range was 46 db and th e  mean hearing  lo s s  fo r  

speech was 38 db.

D uration of hearing  lo sse s  ranged from 2 years to  

40 years, w ith an average d u ra tio n  of 15.8 y ea rs . As evalu 

a ted  by the c r i t e r i a  e s tab lish ed  fo r  type of h ea rin g  lo s s , 

seven su b jec ts  in  the group had p e rcep tiv e -ty p e  lo sse s  and 

one had a m ixed-type, predom inantly p e rcep tiv e . Four of the 

su b jec ts  were males and four were fem ales. The age range 

was from 26 years to  58 y ea rs , w ith a mean age o f 46 y ea rs . 

Only two of the su b jec ts  wore h earing  a id s , and none had r e 

ceived speechreading in s tru c t io n . Of the e ig h t su b je c ts , 

only one f e l t  he could speechread adequately , f iv e  f e l t  they  

obtained only lim ite d  help , and two f e l t  they received  no 

help from speechreading.

Apparatus 

Test Rooms

All te s t in g  was conducted in  the sound-proofed rooms 

o f the  Speech and Hearing C lin ic  of the U n iv e rsity  of Okla



33
homa. A s u i te  of two rooms was employed, w ith one room 

serv in g  as the  t e s t  room fo r  the sub jec ts  and the  o th er as 

the  co n tro l room fo r  the  experim enter. A three-paned  sound

proofed window ju s t  above the instrum ent panel o f the  speech 

audiom eter allowed v isu a l communication between the  rooms. 

The window (15” x 38") did not d is to r t  v is io n  or adversely  

a f fe c t  the  recep tio n  of the  v isu a l cues of speech. A 100- 

w att lamp was s i tu a te d  so as to  r e f le c t  l i ^ t  o ff  the w all 

in  f ro n t  of the experim enter, thus e lim ina ting  th e  s l ig h t  

shadow c rea ted  by the overhead l ig h tin g .

Audiometric Equipment

The i n i t i a l  pure tone te s t s  used to  s e le c t  su b jec ts  

fo r  groups was performed w ith a commercially av a ilab le  pure 

tone audiom eter (Audio Development Company, Model 530) feed

ing e i th e r  of two earphones (Telephonies 39-102) or a h ea r

ing  a id  type bone conduction o s c i l la to r .  The earphones were 

mounted in  MX-41/AR cushions and were held in  a standard  

headband.

Before te s t in g ,  the aco u stic  output of th e  a i r  con

duction system of th is  instrum ent was c a lib ra te d  w ith an 

audiom eter c a lib ra tin g  u n i t  (A llison , Model 3A), to  the 

USPHS norm. The c a lib ra tio n  of the bone conduction u n it  

was c l in i c a l ly  evaluated  by comparing the bone conduction 

th resh o ld s  to the a i r  conduction th resho lds o f seven sub

je c ts  who, according to  c l in ic a l  records and previous exam

in a tio n , were held  to  e x h ib it  percep tive  lo s se s . The bone
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conduction th resho ld s of these  su b jec ts  were c o n s is te n tly  

superimposed upon the  a i r  conduction th resh o ld s , and since 

no co n sis ten t v a r ia tio n  occurred between the two th re sh o ld s , 

the bone conduction c i r c u i t  was considered adequately  c a l i 

b ra ted  fo r the purposes of th is  study.

All speech samples were presen ted  by m onitored l iv e -  

vo ice , using a p a r t i a l ly  t r a n s is to r iz e d  custom b u i l t  fo u r-  

channel speech audiometer e sp e c ia lly  designed fo r  use in  

the audj\)logy la b o ra to r ie s  of the U niversity  of Oklahoma.

The output of the speech audiom eter was ad justed  to  produce 

a 29 db SPL re :  .0002 m icrobar, with the h ea rin g  le v e l  of

the audiometer se t to  zero . The aco u stic  output was tra n s 

duced by e i th e r  of two earphones (Telephonies, Type 39-102) 

housed in  MZ-41/AR cushions.

Procedures

P re - te s tin g  Procedures 

Before te s t in g , i t  was necessary to  s e le c t  the speech 

m a te ria ls  to be used and to s e le c t  the sen sa tio n  le v e ls  a t  

which the speech s tim u li were to  be p resen ted . I t  was a lso  

necessary to  randomize the p re se n ta tio n s  of the speech sam

p les  in  such a way as to  minimize the occurrence of consis

te n t  e rro rs  in  the experim ent.

Two types of word l i s t s  were se lec ted  fo r  t e s t in g  

a l l  su b jec ts . The f i r s t  was the P honetica lly  Balanced Word 

L is ts  (PB l i s t s )  developed by the Psycho-Acoustic Laboratory
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of Harvard U n iversity . The second type of speech sample 

was the M ultiple-Choice I n t e l l i g i b i l i t y  Tests developed by 

Black.^ A dm inistration  of the  Black L is ts  req u ires  the sub

je c t to choose a response from words which are a u d i to r i ly  

s im ila r and o ften  confused w ith one another through hearing  

alone. Thus the e f fe c t  of the  ad d itio n  of v isu a l cues could 

be observed in  in stances where au d ito ry  d iscrim in a tio n  be

tween words was r e la t iv e ly  d i f f i c u l t .  The PB L is ts  presen ted  

the sub jec t with the ta sk  of responding to a l i s t  o f  words 

with a wider range of au d ito ry  d i f f i c u l ty .  'H ere the ad d itio n  

of v isu a l cues could be observed in  instances where the 

speech sample presen ted  a range of aud ito ry  d i f f i c u l ty .

C h a ra c te r is tic s  of the  P h o n e tica lly  Balanced Word 

l i s t s . —Davis^ considers the PB L is ts  one of the b es t to o ls  

fo r measuring aud ito ry  d isc rim in a tio n  a b i l i ty .  There are 

20 l i s t s ,  each contain ing  50 m onosyllabic words. Seventeen
4

l i s t s  were used in  the p re sen t study . Each o f the l i s t s  

has the follow ing c h a ra c te r is t ic s ;

1 . A ll words are m onosyllabic in  s tru c tu re  and in  com

mon usage.

^ J . P. Egan, "A rtic u la tio n  Testing  Methods, ” Laryn
goscope, 17111 (1948), 955-991.

^J. W. Black, "M ultiple-C hoice I n t e l l i g i b i l i t y  Tests," 
Journal of Speech and Hearing D iso rders, XIII (1957), 213-235.

^H. Davis, (e d .)  Hearing and Deafness. New York: 
Murray H ill Books, 1947.

^Egan, op. Pit. ,  l i s t s  1 through 17.
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2. L is ts  are of the same average d i f f i c u l ty ,  have an 

equal range of d i f f ic u l ty ,  and a re  of equal phonetic  

com position.

3. Each l i s t  includes a l l  the common speech sounds of 

the E nglish  language in  approxim ately the same pro

p o rtio n  in  which they occur in  o rd inary  speech.

The PB L is ts  were se lec ted  as speech samples fo r  sev

e ra l  reasons. F i r s t ,  they are  one o f the few t e s t s  of d is 

c rim ination  having a s u f f ic ie n t  number of l i s t s  of equal d i f 

f ic u l ty .  Secondly, since the phonemes of the English la n 

guage are rep resen ted  in  equal p rop o rtio n  from l i s t  to  l i s t ,  

the v isu a l cues of speech would appear a lso  to  occur in  

equal p rop o rtio n  from l i s t  to  l i s t .  F in a lly , the adm in istra

t io n  of the PB L is ts  req u ires  the su b jec t to  respond to  words 

with a r e la t iv e ly  wide range of au d ito ry  d i f f ic u l ty .

C h a ra c te r is t ic s  of the Black M ultiple-Choice I n t e l l i 

g ib i l i t y  L i s t s . —The m ultip le-cho ice  l i s t s .  Forms C and B, 

developed by Blaok^ co n s titu te d  the second type of speech 

sample. In t o t a l ,  th e re  are 24 m u ltip le -ch o ice  l i s t s ,  each 

l i s t  contain ing  27 m ultip le-cho ice  t e s t  item s. These l i s t s

were designed p rim arily  to  provide measurements fo r  a sse ss in g
2m ili ta ry  communication equipment. Each of the  17 l i s t s  used 

in  the study have the  follow ing c h a ra c te r is t ic s :

^Black, op. c i t .
2
Black, op. c i t . .  L is ts  used were: lA, 5A, 6a, 8a ,

10, llA , 12A, 13, l U ,  14A, 15, 16, 17, 19A, 22A, 23 and 24.
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1. Each word contains e i th e r  one or two s y l la b le s  and 

is  in  common usage.

2. Each word f a l l s  w ith in  a range of 15 to  85)G i n t e l l i 

g ib le  in  both q u ie t and in  sim ulated p ro p e lle r- ty p e  

a i r c r a f t  no ise  wdien presented  by means o f an a i r 

c r a f t  intercom m unication system.

3. The t e s t  item s (words) are confused one with another 

on the b asis  of au d ito ry  cues a lo n e .

4. On the sco rin g  sh ee t, each t e s t  item  con tains four 

words from vAich the  sub jec t s e le c ts  only one as h is  

response.

5. Each of the l i s t s  is  equated with re sp e c t to  the 

mean le v e l  of d i f f i c u l ty  of the t e s t  item s .

The m u ltip le -ch o ice  t e s t s ,  Forms C and D, were se

le c te d  because th e re  were s u f f ic ie n t  l i s t s  of equal average 

d i f f i c u l ty  to  allow  each l i s t  to  be used once fo r  each of 

the 17 t e s t  cond itions of th is  study. Furtherm ore, p re se n ta 

t io n  of these l i s t s  requ ired  th a t the su b jec t choose a r e 

sponse from words which were s im ila r and o ften  confused one 

w ith another through hearing  a lone . I t  was f e l t  th a t  these 

l i s t s  would provide an estim ate of how v isu a l cues a id  in  

the  co rrec t re co g n itio n  of words which are d i f f i c u l t  to  d is 

tin g u ish  on the b as is  of au d ito ry  p a tte rn s  a lone.

E s ta b lish in g  the sen sa tio n  le v e ls  fo r  the  p re sen ta 

t io n  of word l i s t s . —In o rder to  e s ta b lis h  the minimum and 

maximum sen sa tio n  le v e ls  a t  which speech samples were to  be
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presented  to  the su b je c ts , two fa c to rs  were considered .

F i r s t ,  i t  was im portant that the minimum sen sa tio n  le v e l  

provide the sub jec t w ith su f f ic ie n t  aud ito ry  cues to  stim u

la t e  him to  respond to  the stim ulus word. Secondly, i t  was 

necessary th a t  the maximum sen sa tio n  le v e l fo r  au d ito ry  p re 

sen ta tio n s  be low enough to prevent sub jec ts  from ob ta in ing  

a p e rfe c t word re c o g n itio n  sco re . I f ,  a t  maximum au d ito ry  

sen sa tio n  le v e l su b jec ts  were allowed to  earn p e r fe c t  sco res, 

th e re  would be no opportun ity  fo r  the v isu a l cues of speech 

to improve word recogn ition  sco res . Consequently, each l i s t  

type was presen ted  a t  sensation  le v e ls  of -6 db, -3 db, 0 db, 

3 db, 6 db, 9 db, 12 db'and 15 db.

Randomizing the p re se n ta tio n s . —In order to  minimize 

the  e f fe c ts  of experim ental e r ro rs ,  the experim ental condi

tio n s  and th e i r  o rder of p resen ta tio n  were randomized. The 

order of p re se n ta tio n  according to  type of word l i s t  was 

f i r s t  randomized. S pecific  word l i s t s  were then  assigned  to  

the  schedule of p re sen ta tio n s  fo r  each type of word l i s t .

The condition  of p re se n ta tio n  (aud ito ry  cues or b isenso ry  

cues) was then assigned  by chance. And f in a l ly ,  the  sensa

t io n  le v e l a t  which each p resen ta tio n  was to  be made was 

randomly assigned . The l i s t s  to  be used fo r the two v isu a l 

p re se n ta tio n s  were then  randomly in se r te d  in to  the o rder of 

te s t in g .  Only one v isu a l p re sen ta tio n  of each type of word 

l i s t  was made to  each su b jec t. Furtherm ore, the word l i s t s  

used were the same fo r  each su b je c t. This was necessary  to
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ensure th a t  speechreading te s t s  (v isu a l p re se n ta tio n s )  were 

of equal v isu a l d i f f ic u l ty .

The re s u l t in g  te s t in g  order was c a lle d  the " te s t in g  

schedule." The te s t in g  schedule thus consisted  of 34 ran

domized experim ental treatm ents or p re se n ta tio n s . P rin ted  

forms of the in d iv id u a l word l i s t s  were then  arranged ac

cording to  the te s t in g  sequence s e t  fo r th  hy the te s t in g  

schedule and were l a t e r  used hy the experim enter in  p resen t

ing the word l i s t s  to  the su b jec t. In  ad d itio n , the answer 

sheets fo r  the m ilt ip le  choice t e s t s  were arranged in  se

quence fo r  l a t e r  use by the su b jec t.

P relim inary  Audiometric Procedures

Each sub jec t received a l l  t e s t s  and treatm ents in d i

v id u a lly , in  a s in g le  experimental se ss io n . F i r s t ,  an a ir  

conduction t e s t  of hearing  acu ity  was performed fo r  each 

ea r. Thresholds fo r  pure tones were obtained with a stand

ard commercial audiom eter. Thresholds were es tab lish ed  in  

the follow ing manner; The 1000 cps tone was f i r s t  presented 

a t  a hearing  le v e l  of 40 db to  50 db. The sub jec t was re 

quested to  ra is e  h is  hand when he heard a tone . I f  the tone 

was not heard, the in te n s i ty  was increased  in  10 db steps 

u n t i l  the sub jec t ind ica ted  he did hear i t .  The tone was 

presented a t  the d is c re tio n  of the experim enter, with short 

periods of s ile n c e  between p resen ta tio n s  o f the tone. Fol

lowing a response, the in te n s i ty  was reduced in  5-db steps 

u n t i l  the sub ject fa i le d  to  respond. The in te n s i ty  was then
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increased  10 db and decreased again  in  5-db s tep s  u n t i l  the 

su b jec t again  fa ile d  to  respond. The in te n s i ty  was then  in 

creased 10 db and decreased again  in  5-db s tep s  u n t i l  the 

su b jec t again  fa i le d  to  respond. The in te n s i ty  was once 

again  increased  10 db, and fo r  the th ird  time decreased in  

5-db s tep s  u n t i l  the su b jec t once again  f a i le d  to  respond.

The low est in te n s i ty  le v e l e l i c i t in g  two responses out of 

th ree  p re se n ta tio n s  was taken  as the th resho ld  fo r the tone. 

The pure tones were te s te d  in  the follow ing o rder: 1000 cps,

2000 cps, 4000 cps, 8000 cps, 500 cps, 250 cps and 125 cps.

Once the a i r  conduction th resho lds were es tab lish ed  

fo r each ea r, bone conduction th resho lds were obtained fo r  

the pure tones 250 cps, 500 cps, 1000 cps, 2000 cps, and 

4000 cps. Bone conduction th resho lds were obtained using  

the same technique employed in  e s ta b lish in g  a i r  conduction 

th re sh o ld s . Masking through a i r  conduction re c e iv e rs  was 

employed only when the t e s t  tone la te r a l iz e d  to  the ea r con- 

t r a - l a t e r a l  to  the one under t e s t ,  in  which case the  le v e l 

of masking was ra ise d  only to  the lev e l req u ired  to  re tu rn  

the t e s t  tone to  the ear under t e s t .  In in stan ces  where the 

t e s t  tone could not be re tu rn ed  to  the ear under t e s t ,  the 

maximum masking le v e l  a v a ila b le  on the audiometer was used.

Upon completing th e  pure tone t e s t s ,  the su b jec t was 

p ositioned  in  a tab le t-a rm  ch a ir in  fro n t of the sound

proofed window which separa ted  the con tro l room and t e s t  

room. The experim enter then  s a t  next to  the su b jec t and
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in s tru c te d  him in  the follow ing manner;

You are going to  hear many l i s t s  of words. There 
w ill he two kinds of l i s t s .  With one kind of word l i s t  
you need only re p ea t the  l a s t  word I  say. For in stance , 
i f  I should say, ' Say the word house. '  a l l  you need to  
do i s  to  repea t the  word house, i f  I should say, ' Say 
the word cow.' a ï l  you need to  do is  to  say the  word 
cow. We w ill c a l l  these word l i s t s  the ' say the  word 
l i s t s . '

The o ther kind of word l i s t s  we w ill c a l l  the 
' sc ra tch  out l i s t s , ' because in s tead  of saying the word 
you ih in k  I s a id ,y o u  merely sc ra tc h  out the word you 
th ink  I  sa id . On the  sc ra tch  out l i s t s  I w ill  f i r s t  
say a number, and th en  th ree  words, l ik e  th i s :  ' Number 
One, v ir tu e ,  blend, f o r t . '  The f i r s t  word I  say w ill 
always be found in  the f i r s t  column of your sc ra tc h  out 
answer shee t, and w ill  be one of these four words, ( in 
d ic a tin g  by p o in tin g  to  the group of four words from 
which the f i r s t  word i s  to  be chosen), the second word 
w ill always be one of these fou r words ( in d ic a tin g  by 
p o in tin g  to  the group of four words from which the sec- 
one i s  to  be chosen) and the l a s t  word w ill  always be 
one of the fo u r words in  the l a s t  column. You are  to 
l i s t e n  to a l l  th ree  words in  each s e r ie s ,  and then  
sc ra tch  out the th re e  words you th in k  I  s a id . Remember, 
the f i r s t  word w ill  be in  the f i r s t  column, the second 
word in  the second column, and the th ird  word I  say 
w ill be in  the  l a s t  column. When we f in is h  w ith s e r ie s  
number 1, we w ill  go to  s e r ie s  number 2 and then  a l l  
the way down the l i s t  through s e r ie s  number 9.

Sometimes the words w ill sound so s o f t  you may not 
hear them w ell, and a t  o ther tim es a l i s t  may sound com
fo r ta b ly  loud to  you. Sometimes you w ill be ab le  to  
hear me and to  see me, and sometimes I w ill  allow  you 
only to  hear me. I f  I  t e l l  you th a t  you are  to  look and 
l i s t e n ,  you are  to  look a t  me while I  say the  words. I f  
I  t e l l  you th a t  you are  to  l i s t e n  only, you are  to  tu rn  
in  your cha ir and look a t  th is  w all (p o in tin g  to  the wall 
to  the s u b je c t 's  r ig h t ) .

Before saying a word l i s t  I  w ill  t e l l  you th ree  
th ings : F i r s t , the type of l i s t  we w ill u s e , th a t  i s ,
whether i t  w ill  be a ' Say the Word L is t ' o r a ' Scratch 
Out L i s t ' ;  Secondly, whether you can l i s t e n  only , or can 
look and l i s t e n ;  and T hird ly , I  w ill  t e l l  you whether i t  
w ill be louder, s o f te r ,  or about as loud as the  previous 
l i s t  p resen ted .

I f  the su b jec t was unsure of what to  do, the  proce-
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dure was again  explained, and more examples were g iven . The 

sub jec t was then to ld  in  which ear he would hear th e  ex p e ri

menter, and the headphones were placed over the e a rs .  The 

experim enter then  en tered  the control room and the  speech 

recep tion  th resh o ld  was obtained.

Speech th resho ld s were obtained fo r  only the  ea r to  

be used in  the word reco g n itio n  te s t s ,  which was the  same 

ear th a t  met the su b jec t se le c tio n  c r i t e r i a  e s ta b lish e d  fo r  

a group.

For the noriml hearing  su b jec ts , the f i r s t  spondaic 

word was p resen ted  a t  an in te n s i ty  lev e l approxim ately 15 db 

above th resho ld  fo r  speech (44 db re .0002 m icrobar). With 

each co rrec t response the in te n s i ty  of speech was reduced 

2 db u n t i l  the sub jec t missed a word. At th is  le v e l ,  s ix  

to  ten  spondaic words were presented . I f  the su b jec t fa ile d  

to  recognize c o rre c tly  50 p er cent of the words, the in te n 

s i ty  le v e l was increased  4 db, and 6 to  10 more words were 

given. The in te n s i ty  was then  decreased in  1 db s tep s  and 

6 to 10 words given a t  each level u n t i l  a word re c o g n itio n  

score of 50 per cent was obtained.

For the hard of hearing  su b jec ts , speech re c e p tio n  

thresho lds were e s tab lish ed  in  e s s e n tia lly  the same manner 

as fo r  the normal hearing  su b jec ts . The sing le  excep tion  

was th a t  the f i r s t  spondaic word was presented  a t  a sensa

tio n  le v e l approxim ately 15 db above the s u b je c t 's  average 

hearing  lo ss  fo r  pure tones in  the speech range, r a th e r  than
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a t  a le v e l of approxim ately 15 d t above the normal th re sh 

old fo r  speech.

The speech recep tio n  th resho ld  was then  used as the 

reference po in t fo r  measuring in te n s i ty  le v e ls  fo r  the  p re 

se n ta tio n  of the word l i s t s  under experim ental co nd itions.

Experimental Testing Procedures 

Immediately a f t e r  e s ta b lish in g  the s u b je c t 's  speech 

recep tion  th resh o ld , te s t in g  under the  experim ental condi

tio n s  began. Before a l i s t  of words was read , the sub jec t 

was given the follow ing inform ation: F i r s t ,  the sub jec t

was informed of the^type of word l i s t  to  be communicated, 

th a t  i s ,  whether i t  would be a PB L is t or a Black L is t .  I f  

a Black L is t was to  be given, the  l i s t  number on the experi

m enter's te s t in g  schedule was checked with the answer sheet 

in  fro n t of the su b je c t. This was to  make c e r ta in  th a t  both 

the sub jec t and the experim enter had the l i s t s  in  the same 

order. Secondly, the sub jec t was informed of the condition  

of p re sen ta tio n , th a t  i s ,  whether i t  would be an aud ito ry , 

v isu a l, or b isensory  t e s t .  I f  the te s t in g  schedule ca lled  

fo r  an aud ito ry  p re se n ta tio n , the su b jec t was in s tru c te d  to  

tu rn  in  h is  ch a ir and face the w all of the t e s t  room. This 

prevented him from observing the experim enter through the 

window which connected the  two rooms. Under the  aud ito ry  

cond ition , then, no v isu a l cues of speech were av a ilab le  to 

the l i s te n e r .

I f  the te s t in g  schedule in d ica ted  th a t  a b isensory
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p re se n ta t io n  was to  be made, the sub jec t  was in s t ru c te d  to  

face the experimenter and to  watch him as well as to l i s t e n  

to him as he sa id  the  words. Under the b isensory  condition , 

both the v isu a l  and aud ito ry  cues of speech were a v a ila b le  

to  the l i s t e n e r .

F in a lly , when the pure ly  v isu a l  p re se n ta t io n  was to  

be made, the sub jec t  was required  to  take  o ff  the earphones 

and to watch the experimenter through the window as the 

word l i s t  was p resen ted . In  add ition , the microphone feed 

ing the speech audiometer was turned o f f .  Therefore, under 

the v isua l condition , no aud ito ry  cues of speech were a v a i l 

able to the su b je c t .

The f i n a l  b i t  of inform ation given the su b je c t  p e r 

ta ined  to  the r e la t iv e  in te n s i ty  lev e l of the p re se n ta t io n .  

Each sub jec t was to ld  whether the p re se n ta t io n  of a word 

l i s t  would be a t  a le v e l  s o f te r ,  louder, or about as loud 

as the previous p re se n ta t io n . In the case of the f i r s t  ex

perim ental l i s t ,  the spondaic words presented to  e s ta b l i s h  

the speech re cep tio n  th resho ld  were considered to  be the 

previous p re se n ta t io n .

Once the inform ation regarding the type of l i s t ,  

condition  of p re se n ta t io n , and r e la t iv e  in te n s i ty  le v e l  was 

given the su b je c t ,  the a tten u a to r  was s e t  fo r  p re se n ta t io n  

of the speech m a te r ia l .  Speech samples were presented  

t h r o u ^  a s ing le  channel of the speech audiometer, and in 

s t ru c t io n s  were presented  through a second channel a t  a
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sensa tion  lev e l  which provided easy and accurate  communica

t io n  with the su b je c t .

A c a r r i e r  phrase or m onitoring phrase , "Say the Word

______ __, " was used when p re se n tin g  the p h o n e tica l ly  balanced

l i s t s .  The monitoring phrase and stimulus word were p resen t

ed by the experimenter and the sub jec t merely repeated  the 

word. I f  the response was in c o r re c t ,  the experimenter pen

c i le d  through the stim ulus word appearing on the word l i s t  

before him. When a Black L is t  was presented , the experiment

e r  s ta te d  the number of the s e r i e s ,  and then presented  the 

sequence of th ree  stim ulus words. The sub jec t was given 

ample time to p en c il  through the th ree  words he se lec ted  

from the m ultip le  choice l i s t  before him. A fter a l l  word 

l i s t s  were presented, each l i s t  was scored fo r  co rrec t r e 

sponses. The raw scores were then  recorded on a record sheet 

prepared fo r  each su b jec t .

Summary

The purpose of the study was to  evaluate the ro le  of 

v isu a l  and auditory  cues in  verba l communication. To make 

th i s  evaluation , th ree  groups of sub jec ts  were used. One 

group contained su b jec ts  with normal hearing . A second 

group was composed of su b jec ts  with mild hearing  lo sses  and 

r e la t iv e ly  f l a t  audiom etric con figu ra tions , and the th i rd  

group was made up of in d iv id u a ls  who had mild hearing  lo sses  

with sloping con figu ra tio ns .

Testing was conducted in  the sound-proofed rooms of
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the Speech and Hearing C lin ic  of the U niversity  of Oklahoma, 

with the a id  of a commercial pure tone audiometer, and a 

custom b u i l t  p a r t i a l l y  t r a n s is to r iz e d  speech audiometer. 

Phonetica lly  balanced word l i s t s  and m ultip le-choice  word 

l i s t s  were used as speech m a te r ia ls .

All su b jec ts  received a prelim inary  a i r  conduction 

and bone conduction t e s t  of hearing acu ity , and in s t ru c t io n s  

were then given regarding  the experimental te s t in g  proce

dures. Each type of word l i s t  was presented  under th ree  ex

perim ental conditions: aud ito ry , v isu a l  and b isensory . Un

der the aud ito ry  condition , the sub jec t was presented with 

aud ito ry  cues only, while under the v isu a l condition, o-nly 

v isu a l  cues were av a ilab le  to  the su b jec t.  F in a lly , under 

the bisensory  condition, the sub jec t was presented with both 

the v isua l and aud ito ry  s t im u li .  The auditory  and b isensory  

p resen ta tion s  of speech samples were n^de through the speech 

audiometer a t  e i ^ t  sensa tion  le v e ls ,  ranging from -6 db 

through 15 db in  3-db s tep s . Only one v isu a l  p re se n ta t io n  

was made fo r  each l i s t  type. Using th is  procedure, word 

recogn ition  scores were obtained fo r  an aud ito ry , a v isu a l  

and a b isensory  p re sen ta tio n  of speech.
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CHAPTER IV 

RESULTS 

In troduc tion

In th i s  study, word reco g n itio n  scores (number of 

words c o r rec t ly  recognized) were obtained fo r  th ree  groups 

of su b jec ts .  Group I consisted  of su b jec ts  with normal 

hearing^ Group I I  sub jec ts  with f l a t  hearing  lo s se s ,  and 

Group I I I  sub jects  with s lop ing  hearing lo s s e s .  Eadi sub

je c t  responded to two tsrpes of word l i s t s  (the PB l i s t s  and 

the Black L is ts )  under th ree  d i f f e re n t  experimental condi

t io n s .  Under the f i r s t ,  only the aud ito ry  cues of speech 

were ava ilab le  to the l i s t e n e r ,  while under the second, 

word recogn ition  scores were obtained when both the aud i

to ry  and the v isua l cues were a v a i la b le . Scores fo r  the 

aud ito ry  and bisensory p re sen ta tio n s  (see Table 1) were ob

ta ined  a t  e igh t sensa tion  lev e ls  ranging from -6  db through 

15 db. A d iscussion  of the r e s u l t s  reported  below w il l  ap

pear in  the following chapter.

Results Obtained ^ t h  the P honetica lly  
Balanced Üorà. l i s t s

Auditory, Bisensory and Visual Scores

47
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In  Figure 2 are p lo t te d  the mean au d ito ry , b isensory  

and v isu a l  re co g n itio n  scores fo r  the PB L is ts  fo r  Groups I ,  

I I  and I I I .  Since sen sa tio n  le v e l  does not a f f e c t  the v isu a l  

score, and since  only one v isua l p re se n ta t io n  was made fo r 

each l i s t  type, the v isu a l  score is  shown as a s t r a ig h t  l i n e .

Auditory re co g n itio n  sco re s . —The minimum mean au

d ito ry  re co g n itio n  scores for Groups I ,  I I  and I I I  were sim

i l a r ,  ranging only from 7.5% to  8.2%. The maximum mean au

d ito ry  scores f o r  Groups I  and I I  were id e n t ic a l  (85%), 

while the h ighest mean score fo r Group I I I  was somewhat low

er (64.5%). Group I I I  not only d if fe re d  in  terms of the 

maximum i n t e l l i g i b i l i t y  scores, but in sp ec tio n  of Figure 2 

w ill  a lso  rev ea l th a t  fo r  Group I I I  the i n t e l l i g i b i l i t y  o:  ̂

words increased le s s  ra p id ly  as a func tion  of in t e n s i ty  than 

i t  did fo r  Groups I and I I .  I t  can be seen th a t  the d iver

gence of the scores of Group I I I  from those of Groups I  and 

I I  becomes apparent a t  the -3 db sensa tion  l e v e l .

Visual reco g n itio n  sc o re s .—The v is u a l  reco g n itio n  

scores earned with the PB L is ts  are a lso  shown in  Figure 2.

I t  i s  re a d i ly  seen th a t  Group I I I  earned the lowest word 

i n t e l l i g i b i l i t y  score of the th ree  groups when only the v i s 

ua l cues of speech were a v a i la b le .  The score of 5.3% fo r  

Group I I I  can be compared to  scores of 11% fo r  Group I and 

9.3% fo r  Group I I .  A t - t e s t  of d iffe ren ces  between means 

of the groups in d ica ted  th a t  a d iffe rence  of s t a t i s t i c a l
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TABLE 1

MEAN NUMBER AND PER CENT OF WORDS FROM PB LISTS REPRODUCED CORRECTLY 
BY THREE GROUPS OF SUBJECTS UNDER THREE CONDITIONS OF 

PRESENTATION (VISUAL, AUDITORY, BISENSORY)

Sensation Level
Group of Auditory Visual Auditory Bisensory

Stimulus in DB No. io No. No. fi

5.5 11.0
-6 4 .0 8 .0 l 4.4 28.8
-3 8.8 17.5 21.1 42.3

0 12.9 215.8 28.8 57.5
I 3 19.4 38.8 33.2 66.5

6 29.6 59.2 37.2 74.5
9 . 35.0 70.0 42.8 85.5

12 38.1 76.2 44.8 89.5
15

4 .6  9 .3
42.5 85.0 47.2 94.5

-6 4 .1 8 .2  , 15.0 30.0
-3 7 .1 l 4 .2 21.1 42.2
0 14.8 29.5 28.8 57.5

II 3 22.0 44.0 35.6 71.2
6 30.9 61.8 4o . l 80.2
9 34.4 68.8 42.6 85.2

12 40.2 80.5 44.8 82,5
15

2 .6  5.3
42.5 85.0 47.2 94.5

-6 3.8 7.5 14.8 29.5
-3 6.5 13.0 22.1 44.2

0 — 9 .1 18.2 26.8 53.5
III 3 13.6 27.2 30.9 61.8

6 19.1 38.2 35.5 71.0
9 24.8 49.5 4o . i 80.2

12 31.2 62.5 41.5 83.0
15 32.2 64.5 44.5 89.0
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Sensation Level of Auditory Stimglus In Decibels ______

Figure 2, Auditory, v isu a l and 'bisensory word recognition scores for 
groups of subjects when presented with PB word l i s t s .
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s ig n if ican ce  (.02 .05) occurred only between the means of

Groups I  and I I I .

Bisensory recogn ition  sc o re s . —The minimum mean b i 

sensory i n t e l l i g i b i l i t y  scôres were s im ila r  fo r  the th ree  

groups, having values of 28.8% for Group I ,  30.0% fo r  Group

I I ,  and 29.5% fo r  Group I I I .  The maximum mean b isensory  

i n t e l l i g i b i l i t y  scores fo r  Groups I  and I I  were the same 

(94.5%), while a lower score of 89.0% was earned by Group

I I I .  For the bisensory p re sen ta t io n s , as in  the case of

the auditory  p re se n ta t io n s ,  the i n t e l l i g i b i l i t y  of words in 

creased more ra p id ly  as a function  of in te n s i ty  fo r  Groups I 

and I I  than i t  did fo r  Group I I I .  Here, too, i t  can be ob

served th a t  the dev ia tion  in  the performance of Group I I I  

from th a t  of Groups I  and I I  begins a t  the CT db sen sa tion  

le v e l .

When the aud ito ry  and bisensory scores were compared, 

c e r ta in  fe a tu re s  of group performance became ev iden t. I t  i s  

e sp ec ia l ly  important to point out th a t  Group I I I  earned con

s iderab ly  poorer aud ito ry  scores than Groups I  and I I ,  p a r

t i c u l a r ly  a t  sensation  lev e ls  above 3 db, although the  b i 

sensory scores of the th ree  groups did not deviate from one 

another to  as g rea t an extent as did the aud ito ry  sco re s .

I t  appears, then , th a t  Group I I I  was able to  make g re a te r  im

provement in  the i n t e l l i g i b i l i t y  of speech owing to  the use 

made of the combined v isu a l  and auditory  cues than were 

Groups I and I I .
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A c le a re r  p ic tu re  of d iffe ren ces  in  group perform

ance can be made by comparing the aud ito ry  re cep tio n  of 

speech to  the bisensory  recep tio n  of speech a t  each sensa

t io n  le v e l .  The degree of improvement provided by the in 

c lusion  of v isu a l  cues was assessed  by su b trac tin g  the audi

to ry  score a t  a given sensa tio n  le v e l  from the b isensory  

score of the same le v e l .  The d iffe ren ce  score thus obtained 

was in te rp re te d  as the r e la t iv e  amount of improvement in  

i n t e l l i g i b i l i t y  over the aud ito ry  p re se n ta t io n  as a r e s u l t  

of having made v isu a l  cues a v a ilab le  to  the l i s t e n e r .

The d iffe rence  between the aud ito ry  scores and the 

bisensory scores (d iffe rence  scores) are p lo t te d  in  Figure 3. 

The d iffe rence  scores between the auditory  and b isensory  pre

sen ta tions  are s im ila r  fo r  Groups I  and I I .  For Group I I I ,  

however, g re a te r  d iffe rences  occurred between the au d ito ry  

and bisensory  scores than fo r  the o ther two groups. A fe a 

ture  common to a l l  three groups, however, is  the c u rv i l in -  

e a r i ty  of the parameter rep re sen tin g  the d iffe rence  in  in 

t e l l i g i b i l i t y  of speech between the auditory  and bisensory  

p re sen ta t io n s . As an t ic ip a te d , the g re a te s t  d iffe rences  

were p resen t a t  or near au d ito ry  th resho ld  le v e ls .

Not only did the au d ito ry  and bisensory performances 

vary as a func tion  of the sen sa tio n  le v e l  of the aud ito ry  

p a t te rn ,  but there  were a lso  group d iffe ren ces . For Group I , 

the l e a s t  amount of improvement in  i n t e l l i g i b i l i t y  was ap

proximately S% a t  the 15 db sen sa tio n  le v e l .  For Group I I ,
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•the l e a s t  improvement in  i n t e l l i g i b i l i t y  of speech a lso  

amounted to  approximately 9/  ̂ a t  the 12 dh and 15 dh sensa

t io n  l e v e l s .  And fo r  G-roup I I I ,  the l e a s t  amount of im

provement was a t  the 12 db sen sa tio n  le v e l .

The maximum improvement in  i n t e l l i g i b i l i t y  fo r  

Group I was 32^ and for Group I I ,  28%. For Group I I I ,  the 

g re a te s t  improvement in i n t e l l i g i b i l i t y  (b isensory vs . audi

to ry  recep tio n  of speech) was 36%. For a l l  th ree  groups, 

the g re a te s t  d iffe rences  between the aud ito ry .and  b isensory  

scores occurred a t  the zero decibel sen sa tio n  le v e l .

I t  becomes apparent from these r e s u l t s  th a t  the ex

pected in te r a c t io n  between the aud ito ry  and v isu a l  cues of 

speech provided fo r  a varying degree of improvement over 

the i s o la te d  aud ito ry  or v isu a l  recep tio n  of speech, de

pending upon the in te n s i ty  le v e l  of the aud ito ry  s tim ulus . 

The varying e f fe c t  of the in te ra c t io n  of the v isu a l  and 

aud ito ry  components of speech makes i t  impossible to  a ss ig n  

an abso lu te  q u an ti ta t iv e  value to  the co n tr ib u tio n  of e i th e r  

of the two components to  a b isensory re cep tio n  of speech. 

Thus, the d iffe ren ce  scores shown in  Figure 3 may be taken 

as the e f fe c ts  of the in te ra c t io n  between v isu a l  and audi

to ry  cues. I t  i s  th is  in te ra c t io n  which provided fo r  the 

maximum understanding of speech a t  a given sensa tio n  l e v e l .

I t  has been pointed out, then, t h a t  the b isensory  

word re co g n itio n  scores were b e t t e r  than  the au d ito ry  scores 

of the same sen sa tio n  le v e l ,  and th a t  improvement in  the
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Figure 3, Difference scores (bisensory score minus auditory score ) for 
three groups of subjects when presented with PB word l i s t s .
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i n t e l l i g i b i l i t y  of a b isensory  p re sen ta t io n  over an aud ito ry  

p re se n ta t io n  of speech varied  depending upon the sensa tion  

le v e l  of the aud ito ry  component. However, the e f fe c ts  of the 

in te ra c t io n  of v is io n  and aud ition  in  the recep tion  of 

speech can a lso  be looked a t  from another po in t of view. I t  

i s  possib le  to  compare the bisensory  word reco g n itio n  scores 

with the sum of the v isu a l  and the aud ito ry  scores . Such 

a comparison can be ^ade on the hypothesis th a t  i f  no i n t e r 

a c tio n  took place between the two components under s t W ^  

the bisensory scores a t  a given sensa tion  le v e l  should ap

proximate the sum of the v isu a l  score and the aud ito ry  score 

a t  the same sensa tion  le v e l .

Figure 4 i s  a graphic re p resen ta tio n  of the d i f f e r 

ences between the sum of the aud ito ry  and v isu a l  scores and 

the bisensory score. The parameters in  the f ig u re  were de

r iv ed  by su b trac ting  the a r ith m etic  sum of the aud ito ry  and 

v isu a l  scores from the bisensory d iscrim ination  score . Us

ing  th is  procedure, a p o s i t iv e  value in d ica tes  th a t  the b i 

sensory score exceeded the a r ithm etic  sum of the aud ito ry  

and v isu a l scores, while conversely, a negative value in 

d ica te s  the opposite to  be t ru e .  Figure 4 shows th a t  the 

b isensory  scores (with the exception of Group I a t  the 15 db 

le v e l  and Group I I  a t  the 12 db le v e l)  are always g re a te r  

than  the sum of the v isu a l  and aud ito ry  scores. When the 

PB L is ts  are used as the speech samples, the general e f fe c t  

of the in te ra c t io n  between the v isu a l  and aud ito ry  components
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Figure U, Comparison of bisensory performance with arithmetic sum of 
auditory and visual performances of three groups presented with PB word l i s t s .
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i s  to  improve the i n t e l l i g i b i l i t y  of speech beyond the value 

derived by simply summing the v isu a l  and aud ito ry  d isc rim in 

a t io n  scores .

S t a t i s t i c a l  Analysis 

In  an e f f o r t  to  explore the  d iffe rences  among the 

various word recog n ition  scores, the data were analyzed with 

an an a ly s is  of variance technique. The f i r s t  design used 

was a complex mixed f a c to r i a l  design containing th e  v a r ia b le s  

of (1) conditions (aud ito ry  and b isensory ), (2) in t e n s i ty  

(the e igh t sen sa tio n  l e v e l s ) , (3) groups ( th ree  groups) and 

(4) word l i s t s  (PB L is ts  and Black L i s t s ) .  In  the an a ly s is ,  

the main e f fe c ts  of each of the  v a r iab le s  were not c le a r  be

cause of the f i r s t  and second order in te ra c t io n s  among the 

v a r ia b le s .  Table I  is  a summary of th is  complex a n a ly s is .

The r e s u l t s  ind ica ted  th a t  no statem ent regard ing  the  i n t e r 

a c tio n  of v isu a l  and aud ito ry  cues could be made without 

f i r s t  considering  the in t e n s i ty  le v e l  of the au d ito ry  cues, 

the hearing  acu ity  of the  su b jec ts ,  and the type of speech 

m a'terial p resen ted  to the su b jec ts .  This f ind in g , based up

on a s t a t i s t i c a l  a n a ly s is ,  was to be expected a f t e r  review

ing the graphs of the d a ta .

I t  was necessary to  re -ev a lu a te  the da ta  i n  an e f 

f o r t  to  study in  a more re f in e d  manner the e f fe c ts  of com

bined v is u a l  and aud ito ry  cues of speech on i n t e l l i g i b i l i t y  
%

of o ra l  communication. In  t h i s  a n a ly s is ,  each of the word 

l i s t s  was considered sep a ra te ly .  In  ad d itio n , each sen sa tio n
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le v e l  was considered sep a ra te ly  fo r  each, word l i s t .  Thus, 

an analysis  of variance with a model suggested hy Edwards,^ 

was made a t  each sen sa tio n  le v e l  fo r  each word l i s t ,  the 

va r iab le s  being: (1) conditions and (2) groups. Table 3

i s  a summary of the find ings revealed  by the an a ly s is  of 

variance fo r  groups and fo r  conditions when su b jec ts  were 

presented with the PB L is ts .

Inspection  of Table 3 po in ts  out th a t  s t a t i s t i c a l l y  

s ig n if ic a n t  d iffe rences  between groups occur a t  sen sa tio n  

lev e ls  of 3 db, 6 db, 9 db, 12 db and 15 db. R eferring to 

Figure 3, i t  can be seen g raph ica lly  th a t  the dev ia tion  of 

d iffe rence  scores of Group I I I  from those of Groups I  and II 

i s  most apparent a t  the  sensa tion  le v e ls  of 3 db and above.

I t  can a lso  be observed (Figure 2) th a t  beginning a t  the 3 db 

sensation  le v e l ,  both the aud ito ry  and the bisensory  recog

n i t io n  scores were c o n s is ten t ly  poorer fo r  Group I I I  than  for 

Groups I and I I .  The poorer aud ito ry  and b isensory  scores 

fo r  Group I I I  may account fo r  the s t a t i s t i c a l l y  s ig n i f ic a n t  

d iffe rence  among group means a t  the 3 db, 6 db, 9 db, 12 db 

and 15 db sensation  l e v e l s .

Inspection  of Table 3 also  shows th a t  fo r  every sen

sa tio n  le v e l  te s te d ,  the d iffe rences  between the aud ito ry  

recognition  scores and the b isensory recogn ition  scores were 

s t a t i s t i c a l l y  s ig n i f ic a n t .

L. Edwards, Experimental Design in  Psychological 
Research (New York: Rinehart and Co. In c . ,  155o;, Ûhapter
W l



TABLE 2

A SUMMARY OF THE ANALYSIS OF VARIANCE FOR COmiTIONS, 
WORD LISTS, INTENSITY LEVELS AND GROUPS

Source Sum o f Squares Mean Squares Degrees o f Freedom F. Value S ign ifican ce

Group 1694.0 847.00 2 2.19 N.S.
Subjects -within groups 8113.0 386.33 21
In ten sity 47498.0 6785.43 7 303.05 **

I  X G 644.0 46.00 l 4 2.05 *
I X S 3291.0 22.39 147

L is ts 20481.0 20481.00 1 242.87 *
L X G 249.0 124.50 2 2.48 N.S.
L X S 1771.0 84.33 21
L X I 9971.0 1424.43 7 105.50 **
L X I X G 219,0 15.64 l 4 1.12 N.S.
L X I X S 2004.0 13.63 147

Conditions 12610.0 12610.00 1 229.06 **
C X G 227.0 113.50 2 2.06 N.S.
C X S 1156.0 55.05 21
C X I 1002.0 143. l 4 7 13.69 **
C X I X G 220.0 15.71 l 4 1 .50 N.S.
C X I X S 1536.0 10.45 147
C X L 2120.0 2120.00 1 99.81 **
C X L X G 248.0 124.00 2 5.84 **
C X L X S 446.0 21.24 21 2.54 *
C X L X I 310.0 44.29 7 5.30 **
C X L X I X G 117.0 8.36 l 4
C X L X I X S 1262.0 8.59 147

Total 117216.0 152.82 767
N.S.
*

Not S ign ifican t  
S ig n ifica n t beyond 5^ le v e l  
S ig n ifica n t beyond V ja le v e l

VJ1VO
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TABLE 3

SUMMARY OF THE FINDINGS OF THE ANALYSIS OF 
VARIANCE FOR GROUPS AND CONDITIONS 

FOR THE PB LISTS
4 ^

Sensation
Level -6 db -3 db 0 db 3 db 6 db 9 db 12 db 15 db

Groups
I ,  I I ,  and I I I ) N.S. N.S. N.S. * # * * **

Conditions 
(Auditory and 
bisensory) ** ** ** ** ** ** ** **

In te rac tio n :  
Groups X 
Conditions N.S. N.S. N.S. N .S .' ** * N.S. **

N.S. Not S ig n if ic an t  
* S ig n if ic an t  beyond the 59̂  le v e l
** S ig n if ic an t  beyond the le v e l

F in a lly , a trend toward in te ra c t io n  of groups and 

conditions is  observed a t  the sensa tion  le v e ls  of 6 db and 

above. R eferring  now to  Figure 3, the trend  toward i n t e r 

ac tion  can be seen g ra p h ic a lly .  The parameter rep resen tin g  

d iffe rence  scores fo r  Group I I I  f a i le d  to  p a r a l l e l  the para

meters fo r  Groups I and I I .  This lack  of p a ra l le l ism  of 

the parameters i s  a graphic in d ic a t io n  of an in te ra c t io n  be

tween groups and cond itions . The in te ra c t io n  of groups and 

conditions, which reaches s t a t i s t i c a l  s ig n if ic an ce  a t  the 

6 db, 9 db and 15 db sensa tio n  le v e ls ,  may be in te rp re te d  to  

mean th a t  a t  these  le v e ls  the e f fe c ts  of conditions on the
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performance of the groups was s im ila r  a t  the sen sa tio n  

le v e ls  of 3 dh and below, but th a t  a trend  toward d i f f e r 

ences in  performance was apparent a t  le v e ls  of 6 db and 

above. I t  means, fu r th e r ,  th a t  in  d iscussing  the e f fe c ts  

of cond itions , i t  i s  necessary to  know the in te n s i ty  le v e l  

of the aud ito ry  cues and, in a d d it io n , to  id e n t i fy  the group 

of su b jec ts  under considera tion .

R esults  Obtained with thé Black 
M ultiple-6koice l i s t s

Auditory, Visual and Bisensory Scores 

In Table 4 are reported the aud ito ry , v isu a l  and b i 

sensory reco g n itio n  scores fo r  the Black L is ts .  As in  the 

case o f the PB L is ts ,  the b isensory  scores fo r the Black 

L is ts  were appreciab ly  b e t te r  than  the auditory  sco res . In 

general, d if fe ren ce s  in  i n t e l l i g i b i l i t y  between the aud ito ry  

and the b isensory  re cep tio n  of speech tended to become le s s  

and le s s  as the in te n s i ty  of speech was increased . The 

trend was le s s  apparent, however, fo r  Group I I I  than fo r  

Groups I and I I .

Auditory recogn ition  s c o re s . —The minimum mean audi

to ry  reco g n itio n  scores (Figure 5) were 20.8# fo r  Group I 

and 19.0# fo r  Group I I ,  as compared with 31.0# fo r  Group I I I .  

The maximum mean aud ito ry  recog n ition  scores were 83.3# fo r  

Group I ,  89.8# fo r  Group I I  and 68.5# fo r  Group I I I .  With 

the Black L is t s ,  as in  the case of the PB L is ts ,  sub jec ts
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Figure 5* Auditory, Visual and bisensory word recognition scores for
three groups of subjects when presented with multiple-choice word tests.
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in  Group I I I  f a i l e d  to  a t t a i n  maximum audito ry  scores com

parable  to  those of Groups I  and I I .  I t  was a lso  noted th a t  

the increase in  word i n t e l l i g i b i l i t y  as a  fu n c tio n  of in 

te n s i ty  was not as rap id  foi^ Group III. as i t  was fo r  the 

o ther two groups.

When the aud ito ry  re cep tio n  of speech i s  considered, 

i t  i s  seen th a t  a l l  three groups earned higher word i n t e l l i 

g i b i l i t y  scores fo r  the Black L is ts  than fo r  the PB L is ts ,  

with the b e t te r  i n t e l l i g i b i l i t y  fo r  the Black L is ts  most 

apparent a t  the sensation  le v e ls  of -6 through 9 db. For 

in s tance , a t  the -6 db sensa tion  le v e l ,  Group I earned an 

i n t e l l i g i b i l i t y  score of only 8 .0^ with the PB L is ts  as com

pared to  20.8fo with the Black L is ts .  Group I I  had a score 

of 8/2# with the PB L is ts  and 19.0# with the Black L is ts .  

F in a lly , Group I I I  obtained an i n t e l l i g i b i l i t y  score of 

7.5# with the PB L is ts ,  as compared to 31.0# with the Black 

L is ts .  At the 15 db sensation  le v e l ,  where i n t e l l i g i b i l i t y  

scores earned with each l i s t  were s im ila r .  Group I  earned 

a score of 85.0# with the PB L is ts  compared to 83.3# fo r  the 

Black L is ts .  Group I I  a lso  earned a score of 85.0# with the 

PB L is ts ,  but 89.8# with the Black L is ts .  Group I I I ,  with 

the lowest aud ito ry  i n t e l l i g i b i l i t y  scores, obtained 64.5# 

co rrec t with the PB L ists  and 68.5# with the Black L is ts .

In  genera l, when auditory  p re sen ta tio n s  are made to  a given 

group of su b jec ts ,  the d iffe ren ces  in  i n t e l l i g i b i l i t y  be

tween the PB L is ts  and the Black L is ts  are g re a te r  a t  the
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TABLE 4

MEAN NUMBER AND PER CENT OF WORDS FROM BLACK LISTS REPRODUCED CORRECTLY 
BY THREE GROUPS OF SUBJECTS UNDER THREE CONDITIONS OF PRESENTATION 

(VISUAL, AUDITORY, BISENSORY)

Sensation Level
Group of Auditory Visual Auditory Bisensory

Stimulus in  DB No. ib No. I0 No. I0

10.9 40.3
-6 5.6 20.8 15.0 55.6
-3 8.2 30.6 17.9 66.2

0 10.8 39.8 18.1 67.1
I 3 15.0 55.6 72.7

6 16.0 59.3 21.9 81.0
9 20.5 T'5'9 23.4 , 86.6

12 22.1 81.9 23.6 87.5
15 22.5 83.3 25.4 94.0

9.9  36.6
15.4-6 5.1 19.0 57.0

-3 9.9 3 6 .6 - 15.2 56.5
0 13.4 49.6 18.1 67.1

II 3 16.8 62.0 20.1 74.5
6 16.6 61.6 20.5 75.9
9 20.1 74.5 23.2 86.1

12 22.1 81.9 24.0 88.9
15

5.5 20.4
24.2 89.8 24.6 91.2

-6 8.4 31.0 13.0 48.2
-3 8 .2 30.6 l 4 .6 54.2

0 12.2 45.4 18.2 67.6
III 3 12.5 46.3 16.8 62.0

6 15.8 58.3 18.8 69.4
9 17.8 65.7 21.4 79.2

12 17.4 64.4 22.0 81.5
15 18.5 68.5 22.4 82.9
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lower sen sa tio n  le v e ls  (-6 db and -3 db) than  a t  the h igher 

sensa tion  le v e ls  (12 db and 15 db).

Visual re co g n itio n  sc o re s .—The mean v isu a l  recogni

t i o n  scores fo r  the th ree  groups of sub jec ts  when presented  

with the Black L is ts  are a lso  shown in  Figure 5* In spec tion  

of the figu re  po in ts  out th a t  with the Black L is ts  (as in  

the case of the PB L is t s ) ,  Group I I I  earned the lowest mean 

v isu a l  score . In terms of percentage of words c o r re c t ,

Group I  earned a score of 40.3%, Group I I  35.5% and Group I I I  

only 20.4%. In  view of these large d iffe ren ces  among the 

mean scores of the th ree  groups a t - t e s t  of the d iffe rence  

between means was computed. The r e s u l t s  of the t - t e s t  in 

d icated  th a t  a s t a t i s t i c a l l y  s ig n if ic a n t  d iffe ren ce  e x is ts  

between the means of Groups I  and I I I  (.001 .01) and

Groups I I  and I I I  (.02 .05).

When comparing the v isu a l  recogn itio n  scores ob

ta ined  with the Black L is ts  to  those recorded f o r  the :ÇB 

L is ts ,  c e r ta in  fe a tu re s  can be noted. For one th ing , the 

i n t e l l i g i b i l i t y  scores fo r  the Black L is ts  were h igher fo r  

a l l  three groups than  the scores fo r the PB L is t s .  For the

PB L is ts ,  scores of 11.0%, 9.3% and 5.3% were earned by

Groups I ,  I I  and I I I  re sp e c t iv e ly ,  while with th e  Black

L is ts ,  i n t e l l i g i b i l i t y  scores of 40.3%, 36.6% and 20.4% were

recorded fo r  Groups I ,  I I  and I I I .

A second fe a tu re  worthy of note was th a t  although 

the i n t e l l i g i b i l i t y  scores of the groups varied  from one
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type of word l i s t  to  another, the r e la t iv e  p o s i t io n  of the 

group scores did not change. In each in s tance , Group I I I  

obtained the lowest v isu a l  recog n ition  scores and Group I 

t l ^  h ighest, leav ing  the performance of Group I I  somewhere 

between th a t  of Groups I and I I I .

Bisensory reco g n itio n  sc o re s . —When the Black L is ts  

were presented w ith b isensory s tim u la tion . Group I earned 

a minimum mean score of 55.6% arid Group I I  a score of ap

proximately "the same value, 57%. However, Group I I I  ob

tained  a somewhat poorer minimum score of 48.2%. The maxi- 

mun mean scores fo r  the b isensory p re sen ta t io n s  were 94% 

for Group I ,  91.2% fo r Group I I  and 82.9% fo r  Group I I I .

At sen sa tio n  le v e ls  of -6 db through 0 db, the in 

t e l l i g i b i l i t y  scores of the three groups obtained from the 

bisensory p re se n ta t io n s  of the Black L is ts  were h igher than 

those of the PB L is ts .  Inspec tion  of Figure 2 shows th a t  

a t  the -6 db sen sa tion  le v e l ,  the b isensory  i n t e l l i g i b i l i t y  

scores for the th re e  groups ranged from 28% to  30% when the 

PB L is ts  were .used, as compared to  the performance on the 

Black L is ts  (see Figure 5), where the lowest b isensory  

scores ranged from 48% to 55% fo r  the same th ree  groups.

This trend continued through the 3 db sensa tion  le v e l .  How

ever, a t  sen sa tio n  le v e ls  above 3 db, the i n t e l l i g i b i l i t y  

scores obtained with a bisensory p re se n ta t io n  of the Black 

L is ts  were e i th e r  comparable to , or s l ig h t ly  l e s s ,  than 

those obtained with the PB L is ts .
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With the Black L is ts ,  as with the PB L is t s ,  a com

p a r iso n  of the b isensory  recep tion  of o ra l communication 

with the aud ito ry  recep tio n  was made. Figure 6 shows the 

«difference scores (b isensory  scores minus aud ito ry  scores) 

fo r  Groups I ,  I I  eind I I I .  Here i t  can be seen th a t  when 

the Black L is ts  were used, there  was a r a th e r  progressive 

decrease in  d if fe ren ces  between the b isensory  and auditory  

performances as the  in te n s i ty  of speech increased . The d i f 

ference scores obtained with the Black L is ts  d if fe re d  from 

those of the PB L is ts  in  two re sp ec ts .  F i r s t ,  the cu rv i-  

l i n e a r i t y  of the param eter (d ifference scores) observed 

when the PB L is ts  were used (see Figure 3) was not seen fo r 

the Black L is ts  (see Figure 6). Secondly, the devious per

formance of Group I I I ,  in  terms of la rg e r  d if fe ren ces  be

tween the bisensory and aud ito ry  p resen ta tion s  of the PB 

L is ts ,  was not apparent when the Black L is ts  were employed.

An in te r e s t in g  co n tra s t  appears in  the re la t io n sh ip  

of the auditory , v isu a l  and bisensory scores fo r  the Black 

L is ts  when compared with the re la tio n sh ip  of the same word 

re co g n itio n  scores obtained with the PB L is t s .  I t  w ill  be 

re c a l le d  th a t  fo r  the PB L is ts ,  the bisensory  scores fo r  a l l  

th ree  groups were, in  genera l, higher than the sum which r e 

su lted  from simply adding the v isua l scores and the auditory  

score . With the Black L is ts ,  however, the b isensory  recog

n i t io n  scores were, in  genera l, lower than the sum of the 

aud ito ry  score p lu s  the v isu a l  score. Figure 7 shows the
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Figure 6 , .  Difference scores ('bisensory score minus auditory score) for

three groups of subjects when presented with multiple-choice word tests.
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d iffe rences  between the b isensory  performance and the sum 

of the v isu a l  and au d ito ry  scores fo r  the Black L is ts .  I t  

seems, then, th a t  when m ultip le -cho ice  word l i s t s  l ik e  the 

Black L is ts  are  employed, the e f fe c ts  of the in te ra c t io n  of 

the v isu a l  and aud ito ry  cues of speech d i f f e r  from the e f 

fe c ts  when the PB L is t  a re  used (see Figure 4). A ffec ting  

the in te ra c t io n  is  the f a c t  th a t  the v isu a l  and aud ito ry  

scores were h igher fo r  the Black L is ts  than fo r  the PB 

L is t s ,  and th e re fo re ,  the sum of the v isu a l  and aud ito ry  

scores more o ften  exceeded the b isensory  sco res . One fe a 

tu re ,  however, remains s im ila r ,  namely th a t  the dev ia tion  

in  performance of Group I I I  from th a t  of the other two 

groups i s  observed fo r  both L is t  types.

S t a t i s t i c a l  A nalysis

As with the PB L i s t s ,  d iffe rences  among groups and 

between conditions of p re se n ta t io n  of the Black L is ts  were 

evaluated a t  each in te n s i ty  le v e l ,  u t i l i z i n g  an ana lys is  of 

variance technique. Table 5 summarizes the findings fo r  

each in te n s i ty  le v e l .

As can be seen, the mean aud ito ry  reco gn ition  scores 

d if fe red  s ig n i f ic a n t ly  from the mean bisensory  recogn ition  

scores a t  every sensa tion  le v e l  t e s te d .  Thus, when speech 

was presented  a t  sen sa tio n  le v e ls  of from -6  db to +15 db, 

the supplemental v isu a l  cues r e s u l te d  in  an appreciable in 

crease in  the word reco g n itio n  sco res . When considering 

groups, however, a s t a t i s t i c a l l y  s ig n i f ic a n t  d iffe rence
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among groups occurred only a t  the 15 db sen sa tio n  le v e l .  

The d iffe ren ce  in  performance between groups a t  the 15 db 

le v e l  may have occurred as a r e s u l t  of the scores of Group 

I I I  dev ia ting  from those of Groups I and I I .  I t  can be 

seen in  Figure 5 th a t  fo r  Groups I and I I ,  the aud ito ry  

scores continue to increase in  magnitude through the 15 db 

sensa tion  l e v e l .  However, fo r  Group I I I ,  the increase  is  

not as ev ident a t  sensa tion  le v e ls  above 9 db.

TABLE 5

SUMMARY OF THE FINDINGS OF THE ANALYSIS OF 
VARIANCE FOR GROUPS AND CONDITIONS 

FOR THE BLACK LISTS

Sensation
Level -6  db -3  db 0 db 3 db 6 db 9 db 12 db 15 db

Groups
I ,  I I ,  and I I I N .S. N.S. N .S. N.S. N .S. N.S. N.S. **

Conditions 
(Auditory v s .  
b isen sory) ** ** ** ** ** ** * **

In tera c tio n ;  
Groups X 
Conditions * N .S. N .S. N.S. N.S. N .S. N.S. N.S.

N.S. Not S ign if ican t 
* S ig n if ic an t  beyond the 59̂  lev e l
** S ig n if ican t beyond the  I 9& lev e l

At only one sensa tion  le v e l  did the in te ra c t io n  be

tween conditions and groups prove to  be of s t a t i s t i c a l  s ig 

n if ican ce . The in te ra c t io n  occurred a t  a sensa tio n  le v e l

of -6  db, and was apparently  the r e s u l t  of Group I I I  ob-
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ta in in g  a considerably  b e t te r  aud ito ry  score than  Groups I 

and I I  a t  th is  one le v e l .  At a l l  o ther sensa tion  le v e ls ,  

Group I I I  f a i le d  to  earn aud ito ry  reco g n itio n  scores equal 

to , or h igher than, those of Groups I  and I I  (see Figure 3).

Summary

Performance scores fo r th ree  groups of e igh t sub

je c ts  each were obtained with two types of word l i s t s  a t  

eigh t sensation  l e v e l s .  Words were presented  under three 

conditions: aud ito ry , v isu a l  and bisensory . The r e s u l t s

can be summarized in  the following manner;

1. The bisensory recep tion  of speech allows g re a te r  

i n t e l l i g i b i l i t y  than does an auditory  or v isu a l  

recep tion  of speech. This su p e r io r i ty  of the b i 

sensory re cep tio n  holds true  fo r  a l l  th ree  groups 

of sub jec ts  and from in te n s i ty  lev e l  to  in te n s i ty  

le v e l  of the aud ito ry  component.

2. The understanding of speech was a f fec ted  by the in 

te n s i ty  le v e l  of the aud ito ry  cues in  the following 

manner:

a. When the PB l i s t s  were used, the g re a te s t  

degree of improvement in  word i n t e l l i g i b i l 

i t y  r e s u l t in g  from the in te ra c t io n  of v isu a l  

and au d ito ry  cues occurred a t  th resho ld  

l e v e l s . This was tru e  fo r  a l l  th ree  groups 

of su b jec ts .

b. For the  Black l i s t s ,  however, the g re a te s t
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improvement in  speech i n t e l l i g i b i l i t y  re

s u l t in g  from the in te r a c t io n  of the v isua l 

and au d ito ry  cues occurred a t  the -6  dh 

sen sa tio n  le v e l  fo r  Group I  and I I ,  and a t  

the -3 dh sen sa tio n  le v e l  fo r  Group I I I .

c. In  genera l, the d iffe ren ces  in  i n t e l l i g i 

b i l i t y  of speech between i t s  aud ito ry  and 

b isensory  re cep tio n  became le s s  marked as 

the in te n s i ty  of the au d ito ry  component in 

creased .

3. The lowest mean au d ito ry  reco g n itio n  scores fo r  a 

given word l i s t  were of s im ila r  magnitude from group 

to group. However, the maximum au d ito ry  scores d i f 

fe red  in  magnitude, with Group I I I  earning scores 

f a l l i n g  sh o r t  of those earned by Groups I  and II .

4. The lowest mean b isensory  reco g n itio n  scores when 

using a given word l i s t  were comparable in  magnitude 

from group to  group. In c o n tra s t ,  the h ighest bi

sensory scores of Group I I I  f e l l  sh o r t  of those 

earned by Groups I and I I .

5. The dev ia tion  in  performance of Group I I I  from th a t  

of Groups I and I I ,  in  terms of word recogn ition  

scores, was more pronounced fo r  the au d ito ry  scores 

than fo r  the bisensory  sco res . This was tru e  for 

both types of word l i s t s .

6 . With both word l i s t s .  Group I I I  made a g re a te r  im-
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provement in  word i n t e l l i g i b i l i t y  as a r e s u l t  of 

the in te ra c t io n  of v isu a l and aud ito ry  cues than 

did Groups I  and I I .

7. The b isensory  recogn ition  scores cannot be consid

ered as the simple summation of the aud ito ry  and 

the v isu a l  recogn ition  sco res . For the PB L is ts ,  

the bisensory  scores were g re a te r  than the sum of 

the aud ito ry  and v isu a l  scores . Conversely, the 

b isensory  scores fo r  the Black L is ts  were sm aller 

than the sum of the v isu a l  and the aud ito ry  recog

n i t io n  scores.



CHAPTER V 

DISCUSSION 

In troduc tion

In th is  chapter the r e s u l t s  of the study, reported  

in  Chapter IV, w il l  he compared with those of other in v e s t i 

ga to rs .  In ad d itio n , some of the fa c to rs  which contribu ted  

to  the findings w il l  be discussed and f in a l ly ,  some of the 

im plications of these find ings w il l  be considered.

Auditory Recognition Scores 

The speech i n t e l l i g i b i l i t y  scores fo r  Groups I and 

I I  obtained with the PB L is ts  are in  keeping with those r e 

ported  by Egan.^ A r e la t iv e ly  l in e a r  increase in  word re c 

ognition  scores occurred as a r e s u l t  of increases in  the in 

te n s i ty  of speech (w ithin  the sen sa tio n  le v e ls  te s te d ) .

Q uan tita tive ly , the increases  amounted to approximately 12%
\

per 3 db in te n s i ty  gain when a l in e  of best f i t  was applied  

to the auditory  a r t i c u la t io n  func tion .

Group I I I  (s lop ing  lo ss )  obtained: poorer auditory

^J. P. Egan, "A rticu la tio n  Testing Methods I I , "  ' 
Laryngoscope LXII (1952), pp. 955-991.

75
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recogn ition  scores with, the PB L is ts  than  did Grroups I  

(normal hearing) and I I  ( f l a t  l o s s ) .  These find ings  cor

roborate those of Davis,^ who s ta te d  th a t :  ' ' . ' . . a  man with

a severe high-tone nerve deafness w ill  always f a i l  to  hear 

c e r ta in  sounds and never make a p e r fe c t  a r t i c u l a t i o n  s c o re .” 

The re la t iv e  i n a b i l i t y  to  hear the  h igher frequency sounds 

of speech when presented  a t  a given sensa tion  le v e l  i s  f e l t  

to  account fo r  the poorer aud ito ry  re co g n itio n  scores of 

Group I I I .  The increase  in  word i n t e l l i g i b i l i t y  of approxi

mately 896 per 3 db gain  in  in te n s i ty  for Group I I I  can be 

compared to  the 1 2 f  increase per  3 db gain in  in te n s i ty  fo r  

Groups I and I I .  I t  appears, then , th a t  the r e l a t i v e  in 

a b i l i t y  to  hear high frequency sounds of speech a f fec ted  not 

only the maximum audito ry  i n t e l l i g i b i l i t y  scores but a lso  

the slope of the a r t ic u la t io n  func tion .

The r e la t i v e ly  slower r i s e  in  the a r t i c u l a t i o n  func

t io n  of Group I I I  (see Figure 2) i s  important fo r  two rea 

sons. F i r s t ,  i t  could account f o r  the s t a t i s t i c a l l y  s ig 

n if ic a n t  d iffe rences  among groups which are apparent a t  the 

sensation  lev e ls  of 6 db, 9 db, 12 db and 15 db (see Table

I I I ) .  Secondly, the more slowly r i s in g  a r t i c u l a t i o n  func

t io n  of Group I I I  seems to  be responsib le  fo r  the in te ra c t io n  

of Groups X Conditions reported in  Table I I I .

Since the bisensory a r t i c u l a t i o n  func tion  o f Group

^Hallowell Davis, (ed.) Hearing and Deafness (New
York: Murray H il l  Books, Inc .,  1$47), p. 151.
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I I I  more c lo se ly  sim ulated th a t  of Groups I and I I ,  i t  is  

suggested th a t  the dev ia tio n  of the au d ito ry  a r t i c u la t io n  

function  of Group I I I  i s  responsib le  fo r  the  observed in te r 

a c tio n  of groups and conditions. Figure 3 may more c lea r ly  

show the e f f e c t s  of the dev iation  of the au d ito ry  a r t ic u la 

t io n  func tion  of Group I I I .  Reference to  th a t  f ig u re  r e 

veals th a t  the param eter rep resen tin g  d iffe ren ce  scores for 

Group I I I  diverges most widely from those of Groups I  and 

I I  a t  the sensa tion  le v e ls  of 6 db and 15 db. I t  i s  pre

c is e ly  a t  these two sen sa tio n  le v e ls  th a t  the Groups X Con

d it io n s  in te ra c t io n  a t t a in s  s t a t i s t i c a l  s ig n if ic a n c e .

The Black L is ts  a lso  produced aud ito ry  i n t e l l i g i b i l 

i t y  scores in  keeping w ith the f ind ings rep o rted  in  the l i t 

e ra tu re .  Black^ repo rted  an increase  in  i n t e l l i g i b i l i t y  

scores of approximately 99̂  per 4 db gain in  in te n s i ty .  This 

can be compared with the increase of approximately 8 -  9% 

per 3 db gain fo r  Groups I  and I I  of the p re sen t study. For 

Group I I I ,  the increase  was approximately 6^ per 3 db gain 

in  in te n s i ty .

Group I I I  again  fa i le d  to  improve in  i n t e l l i g i b i l i t y  

to  the same degree as Groups I and I I  as a r e s u lt  o f in 

creases in  in t e n s i t y .  This strengthens the b a s ic  concept 

d iscu ssed  p r ev io u s ly , namely, th a t hearing lo s s e s  o f a slop 

in g  co n fig u ra tio n  tend to  l im it  not on ly  th e maximum auditory  

r e c o g n it io n  sco res  but, in  a d d itio n , tend to  a f f e c t  the slope

1 J. W. Black, op. c i t .

y
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or steepness of the a r t i c u la t io n  func tion .

In  genera l,  the auditory  i n t e l l i g i b i l i t y  scores

earned w ith  the Black L is ts  were h igher than th ose  earned

w ith the PB L is t s ,  The higher au d itory  sco res obtained

w ith  the Black L is ts  appear as a r e s u lt  o f two fea tu r es  of

the l i s t s .  F i r s t ,  the vocabulary from which a response was

drawn was q u ite  lim ite d . Sumby and Pollach^ p o in ted  out

th a t the sm a ller  the vocabulary from which a response i s

drawn, the h igh er the i n t e l l i g i b i l i t y  sco re . Secondly, the
2Black L is t s  con ta in  many tw o -sy lla b le  words. Mason's

study, designed  to  p red ic t the i n t e l l i g i b i l i t y  of speech ,

revea led  th a t a word was more i n t e l l i g i b l e  i f  i t  contained

more than one s y l la b le .  Black^ corroborated the work o f  
4

Mason, and reported  th a t tw o -sy lla b le  words are more e a s i ly  

understood than are o n e -sy lla b le  words.

C erta in  fea tu res o f the au d itory  performance among 

groups, however, were found to be s im ila r  fo r  the two types  

o f  word l i s t s .  F ir s t ,  with each o f the l i s t  ty p e s , the  

au d itory  a r t ic u la t io n  fu n ction  of Groups I and I I  were sim -

^Sumby and Pollach , op. c i t .
2H. M. Mason, Phonetic C h a ra c te r is t ic s  of Words as 

Related to  Their I n t e l l i g i b i l i t y  in  A irc ra f t- ty p e  Noise.
ÔRéi) feeport 4&81. (Office of Technical Services Depart- 
ment, PBL 12160). 1945.

^J . W. Black, Accompaniments of Word I n t e l l i g i b i l 
i t y , "  Journal of Speech and Hearing D isorders , XXII (1952) 
pp. 409-41«.

ason, op. c i t .
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l i a r .  Secondly, the a r t i c u l a t i o n  func tion  of Group I I I  d if 

fered from th a t  of Groups I and I I  with re spec t to  i t s  slope 

or steepness. The e f fe c t  of the  slower r i s e  in  the a r t i c u 

la t io n  function  of Group I I I  i s  evident in  Table 5, where 

the d ifferences among groups a re  s t a t i s t i c a l l y  s ig n i f ic a n t  

a t the 15 db sensa tion  le v e l .  The d iffe rence  among groups 

may be a t t r ib u te d  to  the l im ite d  maximum aud ito ry  i n t e l l i 

g i b i l i t y  scores earned by Group I I I .  The 'bisensory recog

n i t io n  scores of a l l  th ree  groups tended to inc rease , a l 

though to a more l im ited  degree a t  the h igher sensa tion  lev

e ls ,  as a function  of in te n s i ty  gain. I t  i s  apparent, then, 

th a t the f a i lu re  of the au d ito ry  a r t i c u la t io n  curve of 

Group  ̂ I I I  to  continue to  r i s e , as did the curves of Groups 

I and I I ,  accounts fo r  the d iffe rence  among groups. With 

the Black L is ts ,  as in  the case of the PB L is ts ,  the audi

tory  a r t i c u la t io n  func tion  appears to be the bas is  of d i f 

fe re n t ia t io n  among groups.

V isual R ecogn ition  Scores 

I t  may be r e c a lle d  th a t the v is u a l  re co g n it io n  

scores of Group I I I  d iffe r e d  to  a s t a t i s t i c a l l y  s ig n if ic a n t  

degree from those o f Groups I and II  when the Black L is ts  

were p resen ted , and th a t when the PB L is ts  were p resen ted , 

a d iffer en ce  o f s t a t i s t i c a l  s ig n if ic a n c e  occurred between 

v isu a l scores o f Groups I and I I I .  These f in d in g s  in d ica te  

that with re sp ect to  speechread ing a b i l i t y ,  a sam pling error  

was not avoided in  the s e le c t io n  o f su b jec ts  fo r  Group I I I
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o f the study.

The occurrence o f such a sampling error was not com

p le t e ly  unexpected, s in ce  a l l  su b jec ts  in both hearing  im

paired groups were s e le c te d  from the f i l e s  o f th e  U n iv ers ity  

o f Oklahoma Speech and Hearing C lin ic . I t  i s  to  be remem

bered th a t Groups I I  and I I I  d if fe r e d  only in  terms o f the  

shape o f the audiom etric co n fig u r a tio n . The co n fig u ra tio n  

of Group I I  was r e la t iv e ly  f l a t ,  w hile that of Group I I I  was 

s lo p in g . The f l a t  co n fig u ra tio n  o f Group I I ,  to g eth er  with  

the fa c t  th a t the m ajority  o f the su b jects in  t h is  group ex

h ib ite d  p rim arily  con d uctive-typ e hearing lo s s e s ,  would 

suggest that in d iv id u a ls  w ith  s im ila r  con figu ra tion  and type 

of hearing lo s s  should make good use of a hearing  a id . In

d iv id u a ls who make good use of a hearing a id  do not u su a lly  

seek the s e r v ic e s  o f a speech and hearing c l in i c .  In fa c t ,  

a su b sta n tia l number o f members from the experim ental Group 

II  were, in  r e a l i t y ,  re ferred  to  the hearing c l in i c  fo r  

routine audiom etric t e s t s  because they were b ein g  considered  

as candidates fo r  some form o f m iddle-ear su rgery .

With re feren ce to  Group I I I ,  however, the s lo p in g  

con figu ra tion , combined w ith  the fa c t  that the m ajority  o f  

the group ex h ib ited  sen so r i-n eu ra l type hearing lo s s e s ,  sug

g e s ts  a somewhat lim ite d  a b i l i t y  in  auditory d iscr im in a tio n . 

I t  i s  not a lto g e th e r  in con ce ivab le  th a t in d iv id u a ls  who ex

perience d i f f i c u l t y  in  the au d itory  d iscr im in a tio n  o f  speech , 

and who in  a d d itio n , may be poor speechreaders, represent
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the population  of ind iv idua ls  who seek the se rv ic e s  of 

speech and hearing  c l in ic s  in  an e f f o r t  to  improve th e i r  

communication s k i l l s .  Conversely, in d iv id u a ls  possessing  

hearing  lo sses  s im ila r  to  those of the su b je c ts  of Group 

I I I ,  and who are good speechreaders, may communicate more 

re a d i ly  than the poorer speechreaders, and th e re fo re ,  may 

not seek c l in i c a l  he lp .

B isen sory  R ecognition  Scores

The mean b isensory  reco g n itio n  scores were s i g n i f i 

can tly  b e t t e r  than the aud ito ry  sco res . This was tru e  fo r  

each group of su b jec ts  and a t  each sen sa tio n  le v e l  te s te d  

when the PB L is ts  were used. The find ings  are in  keeping

with those reported  in  the s tud ies, of O 'Neill^  and of Sumby 
2and Pollach.

When the PB L is ts  were p resen ted  i t  was found th a t  

a t  the sensa tion  le v e ls  of -6  db to  6 db, the in c rease  in  

i n t e l l i g i b i l i t y  r e s u l t in g  from the ad d it io n  of v isu a l  cues 

had the same e f f e c t  on Groups I and I I  as did the  ad d it io n  

of approximately 6 db of in te n s i ty  to the pure aud ito ry  

p re se n ta t io n s .  For Group I I I ,  however, the a d d it io n  of 

v isu a l  cues had the same e f fe c t  on word re co g n itio n  scores 

as did the ad d it io n  of 9 db of in t e n s i ty  to  the pure audi

to ry  p re sen ta tio n s  of -3 db to  3 db se n sa tio n  l e v e l s .  These

^O 'N eill, op. c i t .
2Sumby and Pollach, op. c i t .
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r e l a t i v e l y  co n s is ten t re la t io n s h ip s  imply th a t  the use made 

of the  h isensory  cues of speech i s  more c lo se ly  re la te d  to 

the use made of the aud ito ry  cues of speech than  to  th a t  

made of the pure v isu a l  cues of speech. In sh o r t ,  the de

gree of improvement^at a given sensa tion  le v e l  a r i s in g  from 

a b isensory  p re se n ta t io n  was not constant or in  keeping 

with the magnitude of the v isu a l  word reco g n itio n  score, but 

r a th e r ,  va r ied  as a func tion  of the in te n s i ty  le v e l  of the 

aud ito ry  component of speech. Thus, i t  was impossible to  

predetermine bisensory  performance by simply adding the v i s 

ual score to  the aud ito ry  sco re . However, a reasonable ap

proximation of the bisensory  performance a t  a given sensa

t io n  le v e l  (w ith in  l im i t s  te s te d )  would be the aud ito ry  

score a t  a sensa tion  le v e l  6 #b h igher fo r  Groups I and I I  

or 9 db fo r  Group I I I .  I t  i s  q u ite  apparent, then , th a t  the 

b isensory  performance is  a r e s u l t  of an in te r a c t io n  between 

the v isu a l  and aud ito ry  cues of speech.

D ifferen ces  among groups lend fu rth er  support to  

the n o tio n  th a t the in te r a c t io n  between v is io n  and a u d itio n  

i s  more c lo s e ly  r e la te d  to  a u d ito ry  than to  visual^  perform

ance. Group I I I ,  i t  w i l l  be r e c a lle d , showed th e g r e a te s t  

improvement w ith the b isen so ry  p resen ta tio n  and d iffe r e d  

from Group I I  in  th a t the audiom etric co n fig u ra tio n  was s lo p 

ing ra th er  than f l a t .  I f  the in te r a c t io n  were n o t more 

c lo s e ly  r e la te d  to  au d itory  perform ance, we would not expect 

Group I I I  to  make a su p erior degree of improvement in  i n t e l -



83

l i g i b i l i t y  going from an aud ito ry  to  a "bisensory p re sen ta 

t io n , e sp ec ia l ly  s ince those in  Group I I  were sup erio r  

speechreaders.

I t  may be impossible to s t a t e  s p e c i f i c a l ly  the fac 

to rs  which allowed Group I I I  to  make s ig n i f i c a n t ly  g re a te r  

improvement than Groups I  and I I  in  the i n t e l l i g i b i l i t y  of 

speech under a cond ition  of b isensory  s t im u la t io n  as opposed 

to a purely  aud ito ry  p re sen ta t io n  of the speech s t im u li .  

Nevertheless, the re  i s  reason to believe  th a t  a l e s s e r  de

gree of redundancy in  the bisensory  s ig n a l  may be one of 

the fac to rs  working in  favor of Group I I I .  By r e f e r r in g  to 

Figure 4, i t  can be seen th a t  as the in te n s i ty  of the audi

to ry  component of the bisensory s ig n a l  i s  increased , the 

d ifference between the a r ithm etic  sum of the au d ito ry  and 

v isu a l  scores and the bisensory score dim inishes, in d ic a t in g  

th a t  each of the sensory s igna ls  (aud ito ry  and v is u a l)  are 

supplying, in  p a r t ,  id e n t ic a l  inform ation. I t  appears, then, 

th a t  as the aud ito ry  d iscrim ination  in c reases , the v isu a l  

cues of the b isensory  s ig n a l become r e la t iv e ly  le s s  impor

ta n t  in  determining the maximum i n t e l l i g i b i l i t y  of language 

presented a t  a given sensa tion  le v e l .  Since the aud ito ry  

d iscrim ination  of Group I I I  i s  c o n s is te n t ly  poorer than th a t  

of Groups I and I I ,  i t  follows th a t  the v isu a l  s ig n a l  is  

able to  continue to  supply a g re a te r  amount of a d d i t io n a l  in -  

- formation to  the in d iv idua ls  in  Group I I I .

The aud ito ry  and v isu a l  reco g n itio n  scores obtained
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w ith the Black l i s t s  were always h igher than those obtained  

w ith the PB L is t s .  In the case o f the b isen sory  p resen ta 

t io n s ,  however, the b isen so ry  sco res earned with the Black  

L is ts  were b e tte r  than those o f the PB L is ts  only a t the  

lower in te n s ity  l e v e l s ,  but tended to  equal scores of the  

PB l i s t s  a t the h igh er  se n sa tio n  l e v e l s .  I t  w ill  be r e c a lle d  

that the mean b isen so ry  sco res  obtained w ith the Black L is ts  

were never appreciab ly  la r g e r , and most o ften  considerab ly  

l e s s ,  than the sum o f the au d itory  p lus the v isu a l recogn i

t io n  sc o r es . Follow ing O 'N e ill's^  l in e  o f th in k ing , i t  i s  

suggested  th a t there i s  a grea ter  degree o f  redundancy in  

the reco g n itio n  of sensory  s ig n a ls  which are a v a ila b le  when 

the Black L is ts  are presented  than occurs when the PB L is ts  

are presentedrr -Redundancy, as the term i s  used h ere , means 

that g iven  sounds may be id e n t i f ie d  through th e ir  au d itory  

p attern  in  is o la t io n  as w e ll as by th e ir  v isu a l movements. 

Thus, the v is u a l cues and the au d itory  cu es, each in  i s o l a 

t io n , provide for  adequate re co g n it io n  o f the speech sounds, 

and th ere fo re , a b isen so ry  p resen ta tio n  o f the same sound 

can do no more in  terms o f a llow in g  fo r  a correct i d e n t i f i 

ca tio n  than can an is o la te d  v is u a l or aud itory  p resen ta tio n . 

The Black l i s t s  rep resen t a m u ltip le -c h o ic e  type o f t e s t ,  

in  which the su b ject must s e le c t  h is  answer from only four  

p o s s ib i l i t i e s .  Since the vocabulary from which the choice

^O'Neill, op. c i t .
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is  made is  l im ited , the amount o f  aud ito ry  or v is u a l  in fo r 

mation needed to  make a c o r re c t  id e n t i f i c a t io n  i s  consider

ably reduced. I t  appears th a t  the l im ited  vocabulary gf the 

Black L is ts  tends to  fo s te r  redundancy, s ince r e l a t i v e ly  

fewer v isu a l  or aud ito ry  cues are  needed to  make a co r rec t  

response than when using a r e l a t i v e l y  u n re s t r ic te d  vocabu

la ry .  Figure 7 might be considered a graphic in d ic a t io n  of 

the r e la t iv e  degree of redundancy fo r the Black L i s t s .  Here 

the sum of the v isu a l  and au d ito ry  scores are  compared with 

the bisensory  scores , and the d iffe ren ces  between them 

p lo t te d .  As can be seen, the a r i th m e tic  sum of the v isu a l  

and aud ito ry  scores is  most o ften  g rea te r  ( in d ica ted  by neg

a tive  q u a n t i t ie s )  than the b isensory  sco re . When the d i f 

ferences observed in  Figure 7 (Black L is ts )  are compared to  

those of Figure 4 (PB L is ts )  i t  i s  noted th a t  the bisensory  

scores fo r  the PB L is ts  are most o ften  g re a te r  than the 

arithm etic  sum of the v isu a l  and aud ito ry  scores, implying, 

there fo re , th a t  th e re  is  considerably  le s s  redundancy oper

a tin g  in  the recogn ition  of sensory s ig n a ls  when p resen ting  

the PB L is ts .

There i s  another aspect in  which the b isensory recog

n i t io n  scores obtained with the Black L is ts  d i f f e r  from those 

obtained with the PB L is ts .  I t  i s  in  the steepness or slope 

of the b isensory  a r t i c u la t io n  curve. The a r t i c u l a t i o n  func

t io n  of the Black L is ts  i s  considerably  f l a t t e r  than  th a t  

of the PB L is t s .  This may be due in  p a r t  to  the f a c t  th a t
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the minimum h isen so ry  sc o res  are h ig h er  ( in  percentage of 

words co rrect) for  the Black L is ts  than fo r  the PB L is t s .

The h igher minimum sco res are f e l t  to  be p a r t ia l ly  due to  

the p r o b a b ility  o f  s e le c t in g  by chance the s in g le  correct  

response out o f four p o s s ib le  resp o n ses. The h igher word 

r e co g n itio n  sco res fo r  th e lim ite d  vocabulary o f four word 

(Black L is ts )  than fo r  the com paratively u n lim ited  vocabu

la r y  c la ss  (PB L is ts )  i s  in  keeping with f in d in g s  o f Sumby 

and P o llach .^

For the hearing im paired p op u la tion  which seeks the 

help  o ffered  by lip r e a d in g  in s tr u c t io n  and aud itory  tr a in 

in g , these f in d in g s have p r a c t ic a l  im p lic a t io n s . I t  appears 

th a t in  the r e h a b il i ta t io n  o f the a c o u s t ic a l ly  handicapped 

through lip rea d in g  and a u d itory  tr a in in g , the two types of 

tr a in in g  should be combined in to  a u n if ie d  in s tr u c t io n a l  

p ro cess . To teach  lip r e a d in g  in  i s o la t io n  and to  e s ta b lis h  

au d itory  tr a in in g  as a sep ara te  e n t i ty  seems unreasonable 

in  l ig h t  o f  the fa c t  th a t most a c o u s t ic a l ly  handicapped in 

d iv id u a ls  r e ta in  some r e s id u a l h earin g , and th ere fo re  func

t io n  w ith the a id  of a u d io -v isu a l cues o f speech . Further

more, s in ce  the purpose o f tr a in in g  i s  to  develop the maxi

mum a b i l i t y  to  r e c e iv e  v erb a l communication, advantage 

should be taken of the fo r tu n a te  in te r a c t io n  which occurs 

between the au d itory  and v is u a l  cues o f  speech .

To make the assum ption th a t tr a in in g  in  the auditory

^Sumby and Pollach, op. c i t .
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d iscrim ina tion  of speech sounds apart from t ra in in g  in  the 

v isu a l  recogn ition  of speech sounds w il l  enable the in d iv id 

ua l to achieve a le v e l  of performance equal to  th a t  a t ta in e d  

by b isensory  t r a in in g  seems hazardous. This i s  tru e  because 

of the find ing  th a t  the bisensory  performance of the hearing  

impaired i s  not the simple a r ithm etic  sum of the v isu a l  and 

aud ito ry  performances measured in  i s o la t io n .

The p resen t findings ra is e  an important p o s s ib i l i t y  

fo r  fu r th e r  re search . I t  may be re c a l le d  th a t  in d iv id ua ls  

in  Group I I I  exh ib ited  a mean hearing  loss  fo r  pure tones 

which dropped a t  a r a te  of approximately 12 db per octave 

in te rv a l  in  the frequency range 500 cps -  2000 cps. What 

i s  not known, however, i s  the magnitude of the drop in  hear

ing acu ity  per octave in te rv a l  th a t  must e x is t  before the 

performance between ind iv idua ls  with f l a t  hea rin g  lo sses  

and those with sloping losses would d i f f e r .



CHAPTER VI 

SUMMARY

The p re sen t study explored the ro le  of' v isu a l and 

auditory  cues of speech and th e i r  in te ra c t io n  in  the recep

t io n  of verbal communication. Previous work in  th is  area 

was e i th e r  u n re la ted  to the c l in ic a l  popula tion  with im

paired  hearing , o r  when aimed in  th i s  d i re c t io n ,  was poorly 

con tro lled . In  e i th e r  case, previous inform ation  fa i le d  to  

c la r i f y  the e f fe c ts  of such var iab les  as hearing  acu ity , 

type of speech sample, and in te n s i ty  of the aud ito ry  compo-, 

nent upon the recep tion  of speech.

The p resen t study endeavored to  c l a r i f y  the e f fe c ts  

of these v a r iab le s  by seeking inform ation regarding the 

following sp e c if ic  questions;

1. How much does speech i n t e l l i g i b i l i t y  improve as a 

r e s u l t  of combining the v isu a l  cues of speech with 

the aud ito ry  cues of speech?

2. How does the con tribu tion  of v isu a l  cues to the in 

t e l l i g i b i l i t y  of speech vary as a fu n c tio n  of the 

type of speech m ateria l presented  to  the l i s te n e r ?

3. What e f f e c t  does hearing a c u ity  and configuration

8 8
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o f  h earin g  lo s s  have upon the use made o f "bisensory 

cues o f speech?

4. How does the co n tr ib u tio n  o f v is u a l cues vary as a 

fu n c tio n  o f the in te n s i ty  le v e l  of the au d itory  

cues w ith which th ey  are combined?

These questions were explored through an experimen

t a l  design involving th ree  groups of su b jec ts .  Group I  con

s is te d  of ind iv idua ls  with normal hearing  a c u ity ,  Group I I  

contained sub jec ts  with moderate hearing lo sses  with r e la 

t iv e ly  f l a t  audiometric con figura tions , and Group I I I  was 

composed of l i s t e n e r s  with moderate hearing  lo s se s  with 

slop ing  co n fig u ra tions . V isual, aud ito ry  and b isensory  word 

i n t e l l i g i b i l i t y  scores were obtained fo r  each l i s t e n e r .  Un

der the v isu a l  p re se n ta t io n , only the v isu a l  cues of speech 

were a v a ilab le  to the l i s t e n e r ,  while under the aud ito ry  

p re se n ta t io n , only the aud ito ry  cues were a v a i la b le .  Under 

the b isensory  condition , both the v isu a l  and aud ito ry  cues 

of speech were av a ilab le  to  the l i s t e n e r .  The aud ito ry  and 

bisensory p resen ta tio n s  were made a t  d isc re te  sensa tio n  le v 

e ls  ranging from -6  db through 15 db in  3-db s te p s .  Word 

recogn ition  scores were obtained fo r  two types of speech 

m ateria ls  ; p h o n e tica l ly  balanced l i s t s  of words and m u lti

p le-choice  i n t e l l i g i b i l i t y  l i s t s .

The data were analyzed in  terms of group d if fe r e n c e s ,  

d iffe r en ce s  in  performance on various types o f  speech m ater

i a l ,  d if fe r e n c e s  in  performance r e s u lt in g  from v a r ia tio n s  in
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the in te n s i ty  lev e l  of the aud ito ry  component of speech, 

and d iffe rences  among methods of p re sen tin g  the speech mate

r i a l .  The ana ly s is  revealed  the fo llow ing information:

1. For the aud ito ry  p re se n ta t io n s ,  the performance of 

the th ree  groups was s im ila r  a t  the lower sensa tion  

le v e ls  te s te d .  However, a t  the h igher sensa tion  

le v e ls ,  the performance of Group I I I  (s lop ing  lo s s )  

was appreciab ly  poorer than th a t  of Group I (normal 

h ea rers)  and Group I I  ( f l a t  l o s s ) .

2. For the b isensory  p re se n ta t io n s ,  the th ree  groups 

responded s im ila r ly  a t  the lower sensation  le v e ls  

te s te d .  At the h i ^ e r  sen sa tio n  le v e ls ,  the per

formance of Group I I I  (s lop ing  lo ss )  was only 

s l ig h t ly  poorer than  th a t  of Groups I (normal hear

e rs)  and I I  ( f l a t  l o s s ) .

3. The bisensory word re co g n itio n  scores earned w ith *  

the p h o n e tica lly  balanced l i s t s  of words were always 

g re a te r  than the a r i th m e tic  sum of the v isu a l  score 

p lus the au d ito ry  sco re .

4. The bisensory  word re co g n itio n  scores earned with 

the m ultip le  choice i n t e l l i g i b i l i t y  t e s t s  were most 

o f ten  le s s  than  the a r i th m e tic  sum of the v isu a l  

score plus the au d ito ry  sco re .

5. When the pure v is u a l  p re se n ta t io n s  were made. Group 

I I I  earned poorer word re co g n itio n  scores than did 

Groups I and IF.~ '
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6 . When the performance on the ‘bisensory p re sen ta t io n s

was compared to  tha t of the aud ito ry  p re se n ta t io n s ,

Group I I I  made g re a te r  improvement than  Groups I 

and I I  in  the understanding of speech r e s u l t in g  

from the a d d it io n  of v is u a l  cues. This g re a te r  

improvement cannot be a t t r ib u te d  to  su p e rio r  l i p -  

reading a b i l i t y .

7. The amount of improvement in  i n t e l l i g i b i l i t y  when

going from an aud ito ry  to  a b isensory  re cep tio n  of

speech, v a r ie s  depending upon: (1 ) the type of

speech m a te r ia l  used, (2 ) the con fig u ra tio n  of hear

ing acu ity  of the l i s t e n e r ,  and ( 3 ) the in te n s i ty  

le v e l  of the auditory component.

I t  i s  apparent, then, tha t there i s  an in te ra c t io n  

between the aud ito ry  and v isua l cues of speech, since bisen

sory scores were not co n s is ten tly  equal to  the sum of the 

v isu a l and aud ito ry  scores . The degree of improvement in  

i n t e l l i g i b i l i t y  owing to th is  in te ra c t io n  was g re a te r  for 

sub jec ts  with s lop ing  lo sses  than  fo r  normal h ea re rs  of those 

with f l a t  lo s se s .  Moreover, the amount of in form ation  re 

ceived from the v isu a l  and auditory  cues in  i s o la t io n  w ill  

vary depending upon the type of speech m a te r ia l  p re sen t,  

with g re a te r  redundance in  the m ultip le-cho ice  m a te r ia l .

These find ings seem to warrant the use of a b isensory 

approach in  the t r a in in g  designed to  improve communication 

s k i l l s  among the hearing  impaired.
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