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Whers may be more to lipreading...than meety the eye W

Hoho Leeper (1969),
after A.8. House (ca 1967)




GENERAT, TNTRODUCTION

STATEWVENT OF PROBLEM

any investigations have ghown that provision of amp=
lified acousbtic cues to hearing-impaired children who watch
the face of a4 talker results in higher worderecognlition scores
than does lipreading alones These dats were obtained mainly
in gqulet laboratories, although tyvical learalng environments
are nolsys

Adults with nommal hearing are Limited In thelr abilitiss

to extract acoustlc specch informnation from bsckground nolses

Children wlith impaired auditory mechanisms may be even more

o

k)

restricved in this capacity. The goal of thla research was to
detennine some of the noise condltions under which amplified
scoustic cues for speech can be beneficial to hearinge-lmpalred
childrens

The findings of three sibudies of speech reception in

noise arc reported. The first experinment compares llistening

alone with listening and lipreading combined for recognition of

e

words in nolisz by nomalehsaring advlis. “he second study com=-

parsg detection of words in noise by normal<hearing a ults and
profoundly deafl childrene The third investlgabtlion conpares
noruel~hearing, scverely hearing-impalrsd, and profoundly deaf
children on tasks requiring auditory detection, auditory re-

sins

)

sudio=-visual recognitlon of words in

[ol]

L4

cognition, and com

noise




REVIEY OF PRIOR RESEARCH

AUDITORY RECEPTION OF SPERECH IN NOJISE

| students of human communication have recognlzed for a
long time that scoustic noise can seriously degrade the ine
telligibility of speech. MNany investigators have attempted
to quantify the masking effects of noise on specch signalse.
in the basiec experiment, speech material is presented acousti-
cally in noise bto listeners who are required to respond to
some aspect of the speech stimulus. The decibel ratio between

speech power and overall nolse power 1is specified (dB S/N),

!

and perfbrmance usually is described with respect to the s /N
conditions under which the signales were presentéds ‘Most pube
lished date indicate rapid decrements in the intelligiblility
of speech as S/N ratio is diminished,

4 vaper by Hawkins and Stevens (1930) was one of the
firat to specify masked threcholds fcr spesche. They pre-
sented wide~-band nolse &nd continuous speech over earphones
to listeners, who adjusted an attenuator in the speech clrcuit.
At noise sensation levels between 40-90 dB, the threshold of
detectlon for speech (50%) was noted at =17 dB S/N, and the
threshold of intelliglbility (50%) was reached at =8 dB 8/,
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fluence of context on the intelligibility of simple speech

stimuli in noise. Spcech level was held constant at 90 4B 3PL,
while wide-band noise was varled in intenslty. For monosyl-

intelligibility was systematically
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lable words, the threshol




lowered about 18 dB 8/N by decreasing the size of the message
set from 1000 words (%4 dB S/N) through 256 words (-4 dB S/N)
esebo 2 words (=14 dB S/N)e The intélligibility of words
spoken alone was compared with that of the same words prem
sented in the contekt of a sentence. Placing a word in a
sentence reduced its masked threshold for intelligibility
about 6 dB S/Ne

Hirsh and Bowman (19563) measured the masking effect of
12 different noise bands: wide-band and 11 others with center
Trequencies sgeparated by eqgual pnitch intervals. White noise
was a more effective masker for spondalc words than was any
narrower band tested, giving a threshold 8/N ratio of aboub
~15 dBe.. The most effectlive masking band was 670~-1000 Hz
(-25 dB §/N), with less masking resulting at similar levels
for higher or lower frequency bends.

Hirsh, Reynolds, and Joseph (1954) obtained intelli-
gibility scores in wide-band noise for nonsense syllaﬁles and
for multisyllabic words. The authors manipulated not-only
the 8/W ratio but also the cuboff frequency of low-pass and
high-pass filters in the speeéh circuit. 'Eliminating the fre-
quenciez in speech elther above or below 1800 Hz did not im=
”ﬁair greatly the intelliﬁibility of speech materlsls. Word
intelligibility was related to the number of syllables in the
word, and monosyllabic words were more intelligible than were
nonsense syllables under similar masking conditions.

111ller and Nicely (1955) analyzed the consonant substi-




tutions made by obsérvers listening in a severe acoustic en~
vironment. Sixteen English-consonanﬁs (in combination with
/a/) were spoken over communication systems with frequency.
distortion and with wide~band nolse. Iisteners were forced
to guess at every speech sound, and a count was made of all
the errors that resulted when the spoken sound was confused
with pfherse Pive articulatory dimensions were used to des-~
cribeé%he 16 consonants: voicing, nasality, affrication, dura-
tion, and place of artliculation. Place cues were affected
most by lowepzss and nolsy systems, while volcing and nasality
cues were quite resistant to these unfavorable conditionse
These initial experiments served to define the major
variables that limit bransmission of speech information over
a nolsy communication channel. Shortly thereafter, a serles
of papers by J.M, Pickett and I. Pollack appeafed, in which
the authors described their attempts to extend these limits.
Pickett (1956) studied the influence of vocal effort

on the intelligibility of monosyllabic words presented in

-

wide~band noise. The range from 36~90 db 3PL at 1 m was

examined. For constant 8/N conditions, the range from 5578

dB resulted in less than 5% change in intelligibllity, while
extremes of effort severely reduced communication effectiveness.
The gains in §/N ratic achieved with voice levels above 80 dB

were cancelled by the deterloration in intelllgibility as-

sociated with the vocal distertlons of shouting.

193]

Pollack and Pickebt (16

8) investigated the receptlon
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of speech throughout a range of intense noise conditions.
For censtant §/N ratio, deterioration of word intelligibllity

.

occurred at nolse levels above about 100 dB SPL. Word In-
telligibility in the qulet was found to be independent of speech
level (99% corresct from 80-125 dB SPL)e Control tests demon-
strated that the source of distortion was not the equipment
and suggested that overloading of the auditory system by high
noise levels was the determining factore.

Pollack {(1958) speculated that veilce communicavion in
noise might be improved by prbper design of communication

procedures. Several techniques were compared under extremely

unfavorable noise conditions (=12 to =22 dB 8/N), and they
were evaluated in terms of the chamnel time used in communl-
cating at a given 1ev§l of proficiency. A network procedure
(in which successlive binary selections were made) waslcomv
pared with a repetitlion procedure (in which each word was re=-
peated until received correotly); In terms of the joint
time-accuracy criterion, the results clearly favored the
network procedure, whose relative superiority increased as
S/N deterliorated.

Pickett and Pollack (19568) even tested a small méga-
pnone for use in direct volcs compunicatlon sgalnst backgréunds
of noise. Word intelligibility was determined for talkers |

speaking with and wilthout the megaphone over a range orX field
L] O I

velce levels (70-100 dB at 1 m)es Nearly the sntire overall

acoustic gain produced by the megaphone (9.5 dB) was realized




*

in improved intelligibility in noise. The acoustical gain
of the megaphone permitted a lower voice level and delayed
the deterioration in intelligibility asgsociated with distor-
tion due to shoutinge.

AUDTO=VISUAL RECEPTION OF SPEECH IN NOISE

In general, the preceding studies demonstrated that
the human auditory system has certain limitations for the
reéeption of acoustlc cues for speech in a noise background.
Further, the deficiencies of the ear can be overcome only
partly by communication procedures that depend upon manipulae
tion of stinulus paramebters in the auditory mode. Recognizing
these limitations, several investigators have examined the
potential of visusl cues (lec., lipreading) for enhancement
of oral speech communication in nolse.

OtNelll (1954) determined the relative intelligibility
of several units of speech under 5 conditions of S/ ratio
and through 2 modes of reception: auditory only and combined
audio~visuale For normal-hsaring adults, the COmbinéd method
was superior to auditory reception alone under all s/ con-
ditions tested. vVislon contributed most to the identification
of consonants, less to the recognition bf vowels and single

words, and least to the comprehension of phrases,

nermal-hearing adults under several 8/N conditions and via

voth auditory and eudio-visual channels. Their data indicated

that visual cues are relied upon to an increasing extent as




the 8/N ratio becomss poorer. Subjectst performance improved
greatly when they were allowed to supplement their auditory
input with visual cues.

Neely (19568) also investigated the conbtribution of
lipreading to face~to~face communication in noise, examining
the influence of angle and distance between observer and
talker. The addition of visual cues 1lmproved speech intelli-
gibility in noise. A 90° observation angle resulted in lower
scores than did angies‘of 459 or OO, but the viewing distuance
did not significantly influence audio-visual performance
within the 3«9 £t limits tested.

Each of these studies clearly illustrated the ad-
vantages of providing visuvual cues to observers in environe
ments that are unfavorable for auditory reception of speech,
The superiority of a combined audio-visual method for speech
communication in noise is most apparent under severe 8/N ratio
conditions in which acoustic cues for speech are effectively

masked, and the ear is rendered useless as a channel for pro=-

cessing informatlon.
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STUDY I: AUDITORY AND AUDIO-VISUAL RuC OGmeTON OF SPONDATC

WORDS IN WIDE-BAND NOISE BY ADULTS WITH NORMAL HEARING

INTRODUCTTON

.L

When one observes a talker in quiet surroundings, he
recelves suditory and visual cues for speech that are closely
related (legs; prarticular oral configuratiocns emit expected
speech sounds). Under these conditions; audition and vision

.

provide yedundanb information, and visual cues are superiluous
for most individuels with normal hearing. When the acoustic
s/ ratic is less than ideal, weaker phonemes are masked and
they become inaudible, In this situation, the observer nust
rely relatively more on visusl cues for satisfactory message
receptions VWhen one must decode speech under extremely poor
s/N conditions where no meaningful qud tory cues are avallable,
lipreading can be uho only source of information.

Favers by 0tNeilll (1954) and Sumby and Pollack (1984)
have provided data to support thece gssumpticns. Their
findings indicate that audio-visual (A=V) recognition of

2

single-word speech stimull is more resistant ©o nolse then

1s recogniticn under auditicn-only (A-only) conditions.

That is, the observer always recelves more specech information
in noise when he watches the talker than when he doeS not.

Fach author also suggested that decrements in /N ratio in-

sreace the visual conbtribution to £~V speech receptlon in

noise In each case, thls trend was determined by conparing




A~V scores with A-only performence at succéssively poorer
8/N ratios. |

However, the results of these investigations did not
clearly indicate minimum S/ ratios at Which audlitory cues
might benefit an observer in a nolsy environment. Also,
neither study reported estimates of the variabllity in response
between subjects. The present experiment repeated a portion
of the Sumby and Pellack (1954) study to clarify these points.
and to ggther édditional data on modes of specch reception
in accustic noise.

A test vocabulary of 250 words witb.spohdaic stress
pattern was selected for its familiarity to subjects end its
Jack of syllable repetition (i.es, 500 different syllables
appeared in the sample)e The vocabulary was divided arbi=
trarvily into ten 26-word lists. AL each of 10 btesting ses=-
sions, each list was presented by the talker under a Adifferent
condlition. These conditions weres A=V at =36, =30, =24, =18,
-12, and -6 4B §/N; A=only at -18, 12, 6, and 0 4B 8/N.

Words within ts were scrambled belwecn sesslions, end the

o
jo3

A
10 condltions of observation were counterbalanced in order
to distribute posslible learning effects.

A trained femele talker monitored a VU meter as she
spoke the words into a condenser microphone, Her speech was

amplified, mixed elccetrically with white nolse (low~pass

filtered at 6000 Hz), amplified again, and then presenied




binsurelly to observers via TDH-4$ earphones in KX-41/AR
cushions. An attenuator in the speech channel controlled

the s/W ratio pfesented to the subjects. 8Speech level was .
defined 28 the average of the peaks indicated on & VU meter
by the stimulus words. Overall nolse level was maintalned at
20 dB 8P, in the ear during all conditions. An opague screen
was placed belween the talker and the subjects during A-only
conditions,.

No carrier phrase was used by the talker. Instead, a
warning light flashed 1 sec before presentation of each word.
Subjects were allowed 10 sec in which to responde.

Five young adults (3 female, 2 male) of age fange

20~23 years served as subjects. Rach had normal hearing and

jo 2}

correchbed visual aculbty. None was an expsrienced lipreader.
. They sat in £ rows, facing the talker from a distance of
6«8 £t The test room was well-lighted, qulet, and none
reverberant.

rach subject was supplied with an alphabetical list of
the test vocabulary (Appendix 1), to whicihi he was vermitted
to refer at any time. uubJSCuﬁ wrote thelr responses on
answer sheets, snd they were required to write onily Words

]

contained in the 250=-word list, They did not score their own
papers and received nc knowledge of results until conclusion
of the;experimente

A response was scored Ycorrect" if it matched phonenee

ES

timulus word that WaH presentedes MiSe

for-phonene with the s




spelled words were not considered errors if they were phonemi-
cally correct. The raw data were converted into per cent
Words correctly recognlzed under each condition of observation.
Group means and standard deviatiéns are displayed graphically

in Figure 1 and numerically in Appendix 2.

RESULTS AND DISCUSSION

Several compariscns can be mede bebtween A«V and A-only
recegnition of spondaic words in acoustic noise. Whereas
A-only yields & shacrply fallling curve that descends from 80%
to 204 within a range of 11 4B /N, combined cues result in
a function that alsc is high for favorable §/N ratics bub does
not drcp abruptly under poorer acoustlic. condltions., Instead,
A=V performance becomes asymptoblc at about 504 for low signal
levels, reflecting the éase with which this particular talker
and vocabulary can be lipread in noise. These 2 curves ape=
vrozimete those oblained by Sumby and pPollack (1854) under
gimilar conditions, 1f allowances are made for differences in
talker and in noise bandwidthe

As S/ ratio is made legss favorable, the variability
betweecn ﬁwonly gcores increases slightly feor moderats speech
levels but dimlnishes again under more severe g/N conditionse o

However, bthe varlisbility between observersf! A=~V responses

steadily increases to aoympitote (S.G.= 15%) from an inltial

s Y

magnitude that is comparable to the variability in A-only

o

scores (8.de=6%). It 1s suggested that the greater vari-
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a function of differences in lipreading sk111 among untralned
subjects. If that is truey; then this result would support
the notlon that observers rely more on visual information ag
the acoustic speech signal 1s degraded.

The data indicate that acoustic §/N ratics below aboutb
~18 dB S/ are insufficient for A=only recogniticn above the
chance level. Yet A«V recognition of the same speech material
beging to rise above its asymptotic level (le.eesy, lipreading
in neise) at about ~24 4B 8/, and it conbtinues to improve
systematically under more favorable §/N conditions. Ab =18 8B
s/N, for example, listening alone yields near-wchance per-
formance (2% correct), while the same S/N ratio results in =
124% improvement above the A=V asymptcte when sudition sup-
plements vislone

It iS‘suggested that at very low levels of {The acoustic
speech signal, the observer exploits his auditory channel ror
gross temporal information as well ag for minimal discriminge
tive cuese That is, the just=detecitable voﬁsl pulses may in-
‘dlcate to the observer the syllabic pattern of the speech
stimulus and cue him to search the visuallfield (or short-

term memory) for consonant information immediately following

(or preceding) those buratg,




-

STUDY II: AUDITORY DETECTION OF SPONDAIC WOMDS IN WIDE-BAX

O

NOISE BY ADULYS WITH NORMATL HEARING AND BY CHIL)EDT'WITH

L e ] St

PROFOUND HEARING LOSSES

INTRODUCTTION

The data pregented by several authors (Millewr, Helse,

we

and Lichten, 1951L; OtNeill, 1954; Sumby and Pollack, 1954
Hirsh, Reynolds, and Joseph, 1¢b4; Miller and Nicely, 1¢85)
indicaté;that for a wlde-band random-noise masker, acoustic
s/N retics below aboub =15 to =20 dB can provide very little
discriminative speech information to listeners with normal
hearing. That is, poorer S/N ratios result in recognition
performance near the chance levele
Study I also showed that acousbic s/W ratics.below

aboul «18 dB were insufficient for auditory recognition of

spondaic words. Yet S/N ratios this low systemabtically lu-

proved observerst combined audlo-visual recognitlon of the

same wordz (Figure 1)e It was concluded that obzsrvers with
normal hearing can supplement lipreading with acoustic cues
for speech that contain by themselves very little discrimie-
native information. Similarly, Johnson (1963) d@mOHSu:JtBQ
improvements in lipreading by normalehsaring adults when
acoustic cues wers amplified and delivered to thelr forearms

by a btactile vibrator. . .

ault (1928), Numbers and Hudgluns (1848), Ven Uden

(1960), and Pickett (1963) all showed how the lipreading
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performance of deaf children can be improved also if amplified
speech is made available to them via a hearing aid or a tace |
tile vibrator. They demonstrated these improvements even for
children whose recognition of simple WOrds through thelr ears
or skin alone was very poors

The exact nature of the speech information available
at low acoustic levels 1s unknown. Study I sﬁggesfed that
detection of vbwel-peak energy in the stimulus words might be
the minimal acoustlic cue that improves lipreading under white-
noise masking conditionse Perception of vowel pulsés might
assist fhe lipreader by indicating to him the syliabic pattern
of the speech stimulus, thefeby cuing him to search the.talkerts
face (or his own short-term memory) for consonant‘infonmation
following (or preceding) those bursts.

This study determined whéether improvement in.éggig-

visual performance at low S/N ratios can be related to the

detectability of similar speech stimuli presented under simi-
lar conditions of noise. If detection of burst patterné is
indeed the source of lipreading imprbvement at low S/N ratios,
then normal listenerst! auditory detection of words in npise
should begin to improve above éhance at a simi}ér poinﬁ'on
the 8/N dimension (i.es, about -22 dB‘S/N)s
In general, profoundly deaf children are unable to

‘recognize simple words by ear alone. The temporal and amﬁli—

tude features of speech may be the only discriminative acoustic

cues avallable to them, and these patterns must be clearly
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detectable to be used effectively (leeey in combination with

_lipr@ading)e The masking effeclts of nolise on'speech have
never been determined quantitatively for profoundiy deaf sube
jectgs Because of deficiencies in thelr sensory mechanisms,
deafl observers may require greater 8§/N ratios than do nomals
for comparable detection performance, TFor these reasons,
this study also obtained preliminary data on 8/N ratios re=
guired by deaf children fbr vhe detection of words presented
in noises
SUBJRCTS
Ten subjects participated in the study. Hall of these
were young adults (1 female, 4 male) of age range lB-23 years,
213 demonstrated normal hearing as indicated by less than
20 dB HL at each of the audlometric octave test fPEGUSﬁClCSe’
The other 5 subjects were deal children (4 female,
4 male) enrolled in clesses at Cpntx al Institute for the Deal,
They ranged in age from 9«12 years. Each had profound sensorie
neural hesring losses bilaterally (Table 1), and each had exe=
perienced amplified sound via grouap and wearable heafing alds
for at lzast 4 yearse

MATERIALS ANDL EQUIPMENT

fixteen common words with spondalc stress pattern were

selected that were familiar to all subjects (Appendix 3).
- Bach word wes recorded onto a separate Bell‘and Howell

Language Master stimulus card (#111005) by the same female

talker of 8tudy Te Her specch was delivered to the recording
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device through a condenser microphone and amplifiere.

4]

The Language Masbter (#7L1B) thet was used in this
study had been modified by the attachment of zvmicroswitchesa
Insertion of a stimulus card caused the firsﬁ of these to
trigger a signel light that alerted the subjects about 1 sec
before thelr observation interval. Deflection of the second
switch gated onn a burst of nolse for the duration of the
cardts movement past the magnetic tape head (about 4 sec),
This noise burst constituted the observation interval Tor the
subjectse.

The emplified output from each stimulus card was mixed
electrically with the noise (low=-pass flltered at 6C00 Hz),
amplified again, and then presénted binsurally to the obe-
servers vie TDH=49 earphones in MX~41/AR cushions. .Overall
noliss level was held constant at 70 dB SPIL in the ear for the
normal=hearing suvbjects and at 120 dB SPL for those with pro=-
fourd hearing impalrments. Both speech and noise levels were
monitored on a VU meter (Daven #81l0=pA). An attenuator in the

- speech channel controlled the 8/ ratic presented to the sube

3]

chh Jevel was defined as the average of the peaks

o

jectse 8pocd

A

indicated on the VU mebter by the 32 syllables in the stimulus
vocabulary.

- A block diagram of experimental egulipment 1s shown in
Figure 2.

PROCEDUSE:

Al each test session, the 16 stimulus cards were
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Figucee 2, Block diagram of apparatus used to present

recorded auvditory speech stimuli in Study 171,
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shuffled with 16 blank cards and the deck of 32 was pre=
sented cne abt & time to observers under the folloﬁiag cone
ditions: =28, =25, =22, =19, =16, =13, and =10 dB §/N for
normal=hearing subjects; -13, =10, =7, =4, =1, and 42 dB §/N
for deaf subjects. The 2 groups were tested separately.

The S/N ratio was held constant within each block of

32 trials. Cards were shuffled between blocks of trials.

P
b

s/N conditions were presented to subjects in quesi-random
OI\l\ J. °
During each test session, subjects were raguired to

“judge each 4=sec noise burst for presence or absence of a

{223
&)

ch signal (Spondaic Word) and to check elther yes or no

[\ Ne

pe
accordingly on their answer sheets., Subjects later scored
thelr own responses.
All subjects were given practice for 1 week before

formal testing began. Each §/N condition was presented 4
times during the experiment, and the 4 scores were averageds
The raw data were converted into per cent items identifie
correctly as aignal or noise alone under each s/N condition.

RESULIS AND DISCUSSTON

Detection of words in noise by normal-hearing adults
is described in Figure 3, along with the curvé from gtuvly I
“that represents =V racagnition in noise for similar ghimulus
material. A comparison between the 2 curves indicabtes that

cavditory detection and A~V recognitlion of words in nolse re-

suit im very similar functions at low 8/N ratios. Each curve
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begins to rise above its asymptotic level at about the same
point on the S/¥ dimension’ (=22 dB 2/M)s This result suge

ests that A=V improvement at low 8/N ratios is closely ree
28 J

+
fo

lated to the @SM&EE%QE of acoustic speech signals, and it
implies that merc detection of speech can provide suffilcient
supplemnentary information to improve lipresding performances.

However, compariscns between these 2 curves must bé
viewsd with cauvticn because thpy describe the resulits of 2
separate experiments. 'Although the talker was the sawme in
both cases, different word lists and different listeners were
employeds Also, in one experiment the speech sduroe was &
live telker, while in the other study a ILenguage Masber re
produced the stimuli.

Detection of words in nolse by the 5 deaf children is
compared with that of the b norvmal-hearing adults in Pigure 4
(see Appendix 4 for numerical data). Several relations be-
tween the 2 sets of curves may be noted: (1) the deaf subjects
required about 8=9 dB greater S/N ratio than did the normals
for 75%-correct detection performance; (E)Athere is no overlep
between the Z groups of datu points; (3) the slopeg of the
2 se¢tbs of functions are very similar. Another resullt, less

was able

o
[€s4

formally obtained, was that none of the deaf subjec

L.

gnize through ear alone (in cuiet, at a comfortable

listening level of 120 dB SPL) greater than a chance number

imulus words, Por this btask, each child was sup-

ci-

of the 156 =

plied withh a list of the test vocabujary for réference.




.
i ¥ [}
& 100 |- b
o .
O :
o -
w
o) L .n
(4
o
= - .
e
Z u o
Ll
o
(i H i i 1
Ll -40
) SPEECH - TO-NOISE RATIO (DB)
DETECTION BY DETECTION BY
NORMAL - HEARING PROFOUNDLY DEAF
ADULTS CHILDREN
S—l>  RB G MH
=i SE | . o—1 ON
OO JF O—=©O TS
37 RH V7  MS

Dy JS : L——ity IS

Filgurs 4. Detection of 16 snondaic words in wide-band noise
’ by 5 nomal-heasring adults and by & profoundly deaf children.




«Bde

A_diract compariscn bebween the 2 sets of detection
.data may be questioned, as the profoundly deafl subjects ree-
ceived a 80 dB greater level of masking noise than the normals
dido This difference in nolse level was an unavoldable by
product of amplifying the stimuli to scoustlic levels appro-

.

priate for the deafl subjects. The normal-hearing subjects

..

probably would have detected words less well if they too had
been presented nolse at 120 4R SpPL, due Lo overloading of
thelr auditory systenms (Pollack and pickett, 19£8).

SUPPLEMENTARY DATA

shortly after these data were collected, the CID hearing
clinlc referred & subject (N.T,, female, age 26) with a normal
ear and a prefoundly deaf ear (etiology unknown)e. Her sudioe
sric data are shown in Table 2. During purs=tone testing
of her impalred ear (with adeguate contraleteral mesking),
N.T. reported no sensation of hearing at any level of stimule-
tion at any audiometric frequency. She did report feeling a
vibration deep within her ear canal during testing, however,
and her detection of these vibratory stimuli are indicated by
the audiogran for that eare Later, each ear was evaluated
separately for its ability to detect words in noises The pro=
cedure that was ussd has been described previously. Noise
was pregented to The noxmal ear at 70 dB 8pI, and to the deafl

ear at 120 dB SPL. While the deafl esar was bested, the novmal

sar was masked by spseck-chaped random noise (110 dB SPL)
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The results of these tests are shown in Pigure 5,
along with those obtained earlier from the 5 normal and the
5 deaf subjects. The performance of NoTo'é normal ear
parsllels closely that of other normal ears, while her deafl
ear detechts words in noise as poorly as the ears of the b
prefoundly deaf children. During the evaluation of her deafl
ear, N 'e reported that she heard nothing bub Instead felt
the wa a8 as increments of background vibratlione.

This comment suggested that the deafl children also
night have responded %o tactile stimulaticn. To test this

pogsibllity (indirectly), the words and noise (120 dB SPL)
weve presenbed over earphones Lo vhe hands of b different

adults with normal hearing (see Nober, 1968 for a dirsct test

of tactile response)e. Stimuli were not presented to.the hands
of the desf children then selves, because their palms wers Too

small bo ssal the earphone cushion properlye To prevent these
normal-nearing subjects from recelving signal cues through\
their ears also, speeche-shaped random masking nolse (90 dB 8PL)
wa.s delivered bilnaurally via earvhones from a separate source,.
Thé resulbs of this ftactlile experiment are shown aleo
in Pigure 5. Detection of signals by hands and by profoundly
deafl ears both begin to rise above the chance level (50%) at
ebous the same point on the /N dimension, bubt the dats from
hands follow a shallower slope. The shallower slope of de=-

tection by hands suggests greater varlsbility in response by

-

those subjects, They did report that occasionally they were
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unable to perceive even the noise burst because of hand
movement or imprbper eaxphone pqsitiono Acoustle leaks may
have occurred between the earphone cushion and the skin of
the subjectst palms also. After a more suitable toupling
devide is developed for presentingracoustic signals both to

an ear and to a skin surface, this experiment should be re-

[}

&

peatbed.

Three other CID pupils with less severe sensorineural
hearing losses also served as subjects. Their audlograms
are given in Table 2. Words were presented in nolse to them
also as described before. The results are shown in Pigure 6,

along with detectlon data from the original 10 subjecta,

Dehes whose pure~tone sensitivity indicates only a

ta

moderate hearing loss, 1s éble to detect wordg in noilse

(20 dB SPL) nearly as well as subjects with normal hearing
do. He recognized all 16 test words when they were presented
in quiet at 90 &B SPL.

Wed. ond JW.s whose hearing losses are séveré, detect
words in nolise (110 dB SrL) a 1little better than did the 5
CID children with profound hearing losses. These 2 subjects
also could identify 9 ahd.7 Words;'respectively, when the

et at 110 dB SPLe

e

vocabulary was presented in qu
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STUDY TT1: AUDITOEQ AND AUDIO=-VISUAL BECE E;ON OF WORDS

IN LOW-FREQUENCY NOISE BY CHILDHEN WITH NORMAL HEARING AND

BY CHILDHEN WLTH INPATRED HEARING

. B N e i s orerans

INPRODUCT TON

I gencral, educabtors of Tthe oral deaf favor the pro-
vigion of amplified acéustic cues for épeech to all hearing-
impaired children, even to those whose hearing 1is go poor
that they must rely primarily upon lipreading for comprshensions
Helder {1943), Numbers and Hudgins (1948), Hudglns (1953a,b),
Hopkins snd Hudgins (1953), Clarke (1957), Prall (1057},
Hubtton (1852), and Vvan Uden (1960) all have investigated the
effect of combining multiple cued, and in general thelr resulis
demonstrate the superiority of sudio-visusl (A=V) reception
over lipreading alonee In each of these studies, those sub-
jects who possessed bebtter sensitivity for pure tones and
greater ablility to recognlze words by ear also achleved mors

substantial gains by combining amplified ascoustic infommation
with visual cues. The increm nts were generally smaller for
subjects whose profound hearing losses prevented them from
recognizing amplified words by ear alone.

Bazing their judgement on the above results; many
suthors (Hudsing, 1953b, 19543 Prall, 1957; OtHeill and Oyer,
1981; Watson, 1961; Whitehurast, 1964) have recommended a

combined audloe-visual approach for oral instruetion to hearings

ssed the employment of group

o

impaired children. They have stre




amplification in the classroom and the use of wearable hearing
alds at all other times.

Past research 1n qulet laboratorlies has demonstrated
clearly that provision of amplified acoustic cues can improve
the lipreading comprehehsibn of speech material by children
with severe hearing dilsorders However, 1t 1s more common
for those who depend upon hearing alds to use them under less
ideal acoustlic conditions (eeg8e, In classrooms, homes, or
automoblies ). The ambient noise in these everyday situatlons
may have a seriously disrupting effect on the auditory ree-
ception of amplified speech by hearing-impaired childrehe

0t¥elll (1954) and Sumby and Pollack (1954) have indi-
cated some of the auditory and visual limitabions of normale

et s S YRR

hearing adults under unfavorasble levels of background nols

Although Dale (1967), Watson (1964), and ILing (19564, 1966)
have dlscussed the disruptive effects of noise on spsech ree

ception by hearing-impaired children, 1ittle quantitative

redcarch with this group has been reported. For this reason;
very little is known about the lﬂflUPTuC of embient nolse on
the audit very receplion of amplified speech by chiidren wib
severe hearing losses or about thelr abllity to inbtegrate
visual Ilnfomation with acoustlc cues for speech that ave ro-
celved under pocr envirommentbal conditions.

VSevere hearing loss in children frequently involves

“a diminished range of scnsitivity (Wabson, 1961), & limited

frequency bandwidth (Ling, 19564), underdeveloped listening




@ZDen
. skills (whetnall, 1964), and incomplete knowledge of linguistic
featurcs (Hart and Rosensteln, 1964). Because of these limi-
tabions, thers may be 1little relation between the abllities
of normal=hearing and hearing-impalred children to extract
acoustic gpeech informatlion from & noise background. Defini-
tiom}of pinimum 8/N requirvements for hearing-impaired children

i essential. These data are necessary for aconsticlans to

o?

LW

provide proper acoustic control of their listening and leamming
envirorments and Tor téachers to sxploit maximally each childts
regldual sensitivit

Seversl studies (Lightfool, carhart, and Gaeth, 19563

Jergor, Tillmen, and Peberson, 1960) have indicated small

S

differences in debection of nolse-=masked tones beiween aua¢u

with normal hearing and “duIUm wlth moderate hearing impaire
mentas. &tudy IT described large group differences in masked

ndaic words (75% correct detection) between

ot
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d_W1Lh normal hearing and children with profound hearing

A A ST e D

The present study compared the abliities of children
with rormal snd imopalred hearing to percéiva orally presented
speech stimuli vnder a range of s/N conditions, both through
com olone and through the ear and eye simalianeouslye.

The Folleowing variables were investigated: (1) how auditory

detection eand recognition of upﬁech stimull vary for each
group as a function of &/N ratio; (2) with visual observation

' of the talker permlitted, bcw A=V recogultion of speech stimull




o ) ys
varies for each groun as & Puacuﬁcn of u/N ravioy (3) how

each groupts lipresding perﬁormance (no acoustic input) cone
pares with 1ts A=V performance in nolse; (éj within each
groupsvhgw these several measures of speech receptlon relate
to one another.

To summarize, the goal of this study waz to define
some of QXY conditions under which provision of amplified

sound can improve the reception of speech by hearing-impaired

chilldren who rely priwmarily upon lipreading. The investigation

o

examined the interaction of severzl variasbles (degree of hear
ing loss, mode of observatlon, acoustic 8/N ratio) and their
resultivg effects upon the reception of orally presented spesch

stimulie

DESCRIFTION OF PERSONNEL

T 111\.}*: R

b TS Tk

.,

A& gingle female talker (age 22) presented the spesc

stimuli throughout the study. She spoke gencral American

\J

ity In volce (f = : 166 ﬂé) or

[

English with no gross abnorms
judged by & ressarch “udmolowlsb and & clinical

speech pathologist. Her specech also was considered to be very

intelligible and easy to lipread. 8he was pre-trained to time

tterancos with signals from an indicator lamp and Lo peak

& VU meter within a maximum range of 6 dB.

Three children from esach of the following sudlometric

cipated as observers: normsl hesring (10 dR HBL I80

e
v

groups parv




or better at esch of the audiomstric octave'fréquencies);
severely hearing impalred (average HIL at 500; JO00, and
2000 H2z between 75 and 85 dB I80):; profoundly deaf (average
HL at 500, 1000, and 2000 Hz greater than 95 dB IS0)e Only
each subjectts better ecar Was‘evaluated during the studye
Thelr pure-tone audiograms and speeche-dlscrimination scores
are shown in Table 3. For the 6 hearing-impaired children,
the pure-tone data ropresent‘an average of thelr 3 most
recent audiograms. Subjects were chosen to achleve

high auvdiometric homogenelity within grovps.

The children with normal hearing were elemenbary school
students of age range 9 yr - 4 mo to 10 yr - 9 mo. The
severely hearing-lmpalred subjscva ranged in age from 9 yr -
O mo to 11 y»r = 2 mo, while the profoundly deafl group ranged
in age from 10 yr - 11 mo to 12 yr - & mo. The children
with abnormal hearing‘had sustained their hearing losses
before speech devalopmeﬁt and had been taught orally at Central
Institute for the Deaf for at least the past 4 yearse. All
of theae CID students had been presented amplified speech
sounds through group and wearable hearing aids for atrleast
5 years prior to thelr parbicipation in this studyg Before
this ihvestigationﬁ none of the subjects was experlenced at
auditory or visual igﬁggiggzlrtasks.

" With appropriate tests, all of the children were

gscreened for normal visual aculbty and for normal binocular

e

Tusion. ALl sub

jeets possessed normal or above-average ine-

2
b
"
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telligence, es indicated by thelr respective school recordse

SPEECH STIMULI

The stimulus vocabulary consisted of 240 common
nouns bthat had been selected from & preliminary list of
about 1000 simple words., Of the final 240 words, 80 were
monosyllabic, 80 were trochalc (l.e¢, with gtress only
the first of 2 syllables), and 80 wers spondalc in stress
pattern (Appendix 5)e rach stressed syllable appeared only
once within the vocabulary, in order to minimize possible
auditory and visual ambiguitye The chosen stimulus words
could be defined by all subjectse

No overt abttempt was made to phonemically balance
the list with respect to avallable phoneme-count data ob-
tained from samples of written material (Dewey, 1923).
Neverbheless, the phonemic content of this large test vo-
cabulary approximated closely thab bf the Dewey data (T np=
0778}

Ease of lipreadebility was nobt considered in the

final selection of stimulus words. Rether, a wide range of

difiiculty emong individual words was assumed to existe

PROC ?DUYL

R T e T

PREPARATION OF STIMULUS MATERIALS
e

A videohope recorder (fmwpex VR-7000) and camera (Ampex
CcC-326Y, a microphone (Shure 545), end a 21" TV receiver

(Ampex TR 821) were ascembled for simultaneous audlo and video

recording. The camerat!s zoom lens was adjusted so that the




image of the talkerts face appesred life-gize on the 21" 7V
monitor screen during playbacke. The recoraing studio was
brightly lighted, gqulet, and noan-reverberant for satisfactory
aqdio and video recording.

The stimulus vocabulary was divided into elght 30-word
Sublistse An oscillator, electronic timer, transformer, and
PDRﬁlO transducer (mounbted on the microphone case) were used

[
to’ﬁéesenﬁ an scoustic tone pulse (7000 Hz, 250-msec duration)
every 13 sec., A light flash (l-sec duretion) followed each
tone pulse by 10 sec.. While facing the camera (0° angle,
&=t distance), the btalker spoke one word from the list during
each signal from the lighte She spoke with nommal vocal
efffort and rhythm, as shé menitored vowel peak levels on a
VU meter {Daven #QlOmA)e’ No carrier phrase was employede
The talker spoke all 240 words (8 sublists) 8 separate times,
scrambling the order of words within sublists each times
These 8 sessions were recorded on video tapce

Table 4 describes the combinabions of observation mode
anad S/ﬂ ratio under which each group of Rubgwobﬁ was tested
later. These ranges of 8/N ratio were determined from the
results of Studies I and IT and other less formal observations.
The'fest procedure reguirsd cach grounts A=V performance to
be sampled st 8 differcnt points along the &8/N dimension. The

S/N ratios specified for each group were assigned in counter-

balanced crder to the 64 pre~rccerded sublists of stimulus

WO ras
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In order to provide identical acouvstlic speech signels
to subjects under both A~detection and A=V ro cognition cone

-

ditions, asccondary A-detection tapes were prépared from the
original video btapes. This provision insured that the results
describing subjectst! A=-detection and A=V recognition per-
formance could be. compared directly.
The 32 pre~recorded A«V blocks were identified thab

had been assigned 8/N conditions scheduled also for A=detection
testing. A~detectlon stimuli were prepared by recording the
audio channels of these 32 blocks of video tape onbo 2% mage
netic tape with a full-treck audio tape recorder (Ampex Model
300} An additional 960 tone.pulses were recorded also. The.
' , 32 recorded blocks of stimulus words and the tape containing
only recorded tone pulses were outmandwsplice& to create 4
audic tapes, each conteining 8 blocks of thirby S-alternative
forced=choice items. Half of the signals (ie€ey words) ap»

red in the Tirst position and half occurred as the second
alternative (in random sequence). These saudio tape r9001'irgs

"also were used during pressentation of stimulus words for Ae

recognition teshing.

PRESENTATTION OF STIMULUS MATHRTALS
fi videotapc recorder (Ampex VR~7000) was used to play

back recorded stimulil during A~V reccgnition testing, while

1

-

an audiotape recorder (Ampex Model 300) was used bo play back

s,

vapes during A-deteclion and A-recogniiion scessions. Visual

[

. stimuli were presented over a 21% TV monitor (ampex TR 821)




placed 10 £t before the observers and 1 ft.above their eye
level. A small indicator lamp was placed atop the TV menitor.
The observabtion area was dimly lighted for comfortable visual
_receptionc

The wrecorded 7000-Hz tene pulse that preceded the cneetb
of each stimulus word by aboubt 1 sec triggered the gating of
a d=gec light flash (on the indicabtor lemp) to define for ob-
servers each observation interval (Figure 7)¢ Except during
visuval Uesting without acoustic input (lee.y, Veonly), each
tone pulse also triggered the gating of a 3-sec burst of
random noise that was low=pass filtered sccording to the
Spectzmm indicated in Figure 8. Thess octévembandrlevels ap e
proximates closely the Y"iypical® ocutside noise spectrum desw
cribed by Niemoceller  (1968), and they are very similar also
to the levels measured in CID classrooms and play areas.

Monsural presentation of the masking burste and the
gtimulus words was through TDH-49 earphones mounted in MX-41/AR
cushionsd. The noise was not on continuously during & block
of trials to minimize auditory fatigue to subjects. S8peech
level was defined as the average of the peaks indicated on a
VU meter by the recorded stimulus words. Overall noise level
remained constant for each group throughout all blocks (excopt
V-only) s for nommal-hearing, 70 4B SPL; for severely hearing-
impaired, 110 dB SPL;‘for profoundly deaT, 120 4B 8PL. An

attenuator in the spesch circult controlled the 8/N ratio

presented to subjects during each block of trials. The
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efifective range of the audio channel wag 50=5000 Hz. A block
diagrem of the eqguipment is given in Figure 9.

At each of the 16 test sessions, 8 recorded sublists
were presented to observers under S/N conditions that had
been counterbalanced to distribute possible learning effectss
Equipment availability dictated the following sequence of
testing: (1) A-detection, (2) A=recognition, (3) A=~V recoge-
nition. ERach group of subjects was tested separatelye.

During each of ‘4 A-detectlion sesslons, a different
forced=choice stimulus teape was used Lo present by earphone
240 pairs of 2=sec nolse bursts-(each indicated by a 3=gec
light flash)es Subjects were required to select from each
palr the noise burst that contained the recorded word and to
check thelr responscy 1lst or 2nd, accordingly, on their |
answer sheets. They were given 10 sec in which to respond
to each trial,

During each of 4 A~-recognition and 8 A=V recognition

segslong, observers received by earphone 240 3=sec noise

word thaet was presented during ecach maslking burst (with or
without the aid of wvisuel cues on the TV menitor screen,
depending upon mode of observation). For blocks during

3

which subjects were required to lipread only (Ve-only), both

«Q
o

D

audic channrels (lsc0, N0

L,

e and specch) were swiltched off,

and subjects were allowed only to view the indicator lamp
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and the TV monitor screen. As before, they were gilven 10 sec
in which to respond to each trial,

At all times during recognition sessions, subjects

were allowed to refer to typed lists of the 240 stimulus words,
which had been subdivided by stress pattern and alphabetized

(Appendix 5). They were encouraged to respond to each

{

[
1

presentation with a word from thils vocabulary and to guess
if ngcessarye Before each test session began, subjects were
required to read the word list to remaéquaint themselves
with the stimulus vocabularye.

A'ggzpction response wasg scored “correct" if it properly

selecved which of 2 paired nolse bursts conteined a stimulusg

word. A recognitlon response was scored “correcet" il 1t

matched phonemewfornphonéme with the stimulus word that was
presented. -Misspelled words were not considered crrors if they
were phonemically correct. Subjects were allowed to exemine
their scored answer sheelts following each test session. All.
data were converted into per cent items correctly detected or
correctly recognized under each 8/W condition.

The results of Study III are summarized in Figure 10,
Figure 102 indicates that the 3 groups are dissimilar in their
detectlion thresholds for scoustic speeéh signals (il.e., words)

in low=I'requency acoustic nolilse. Whereas children with normal

henring can detect words correctly 75% of the time at a §/N

ratlio of =22.5 to =25,5 dB,; severely hearing-impaired children
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key to symbols

. R o
NORMAL - HE ARING o—0a
CHILDREN JK O——0
LM A—A
- SEVERELY KB B—-—8
HEARING - IMPAIRED SH 6—-—0
CHILDREN o A
> | o
PROFOUNDLY DEAF :
CHJLDREN LS_@- -9
‘ JT A———-A

-~

Figure 10. Auditory and audio-visual reception of 240 words
in low«frequency noise by 3 normal-hearing children, 3 severely
hearing~impaired children, and 3 profoundly deaf children.

continued on next page
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score ?5% correct at =16 to =18 dB §/W, and profoundljvdeaf
children require a S/N ratio of -8 Ho «1l1 4B for similer dee
tection performance. The 3 sets of data points do not overe
lap, and the slopes of these curves ave all very similar.
One-way analysis of variance indicates significant group
~differences (p<«<.001) in 8/N ratio req juired for 759 correct
detection (lees, threshold)e.
Figure 10b displays auditory wofdmrecognition‘scores
for the 5 groups as a funetion of §/NW ratic. The group with
'normal hearing recognizes words near the chance level for
8/N ratios below about =25 dB, but their A~recognition pere
formance improves with increasing 8 s/N ratio, and they recoge
nize’ correctly 90-83% of the stimulus words at «10 dB 8/Ne
These results are comparable to Lhose reported by Hirsh and
Bownen (1953) for speech discrimlnation in low~frequency
- noilse by listeners with normal hearing. The severely hearing-
impeired children cannot recognize words above the chance
level ot 8/N ratibs below about ~15 dB, but their scores ime
~prove to 49-65% words correctly recognized at O dB §/Ne In-
sﬁactien of their errors at h gher 8/ rétios suggests dife
ficulty in discriminating between phonemes with high =frequency
omponenis. They confuse mainly unveiced consonants: vowel
substitutlons ‘are less common. In contrast, the group of
profoundly deaf children are unable to identify words core

rectly by ear alone above the chance level Tor any 8/N ratio

tested, although a slight up;rcnd in scoresg 1ls apparent for




higher 8/N ratios. At higher 8/N ratios, this groupts erroré
are unpredictable, and they seem unsble to distinguish even
vowel sounds reliablye
A=V word-recognition scores for the 3 groups of children

are shown in Figure 10c as a function of 8/l rabio. In this
diagram, each curveig low asymptote describes that subjectts
lipréading performance in noise. Eoch curve!s high apvtntote

‘5 i
reflects the limlb on A~V recognition imposed by that sube
jectis hearing impailrmente The A«V §, sres of normal=hearing
children rise from a low asymphtobe (%0-52%) for 8/N ratios
below about =30 4B to nearly perfeet recognition (91-97%) ab
=10 dB $/H. The severely hearing-inpaired children improve

from a low asynmiotbe (aPmb 7%) below about =15 dB 8/% to a high

=3

asymptote (about 88«=06%) above about 0 dB S/We 'The profoundly

cdeal childéren, however, do nct demonsbtrate such large galns

through addition of accustic cues to lipreading in nolse

AN
L3

R

Thelr A=V scores rise gradually from o low esymptobe (33«=62%)
below aboubh =5 dB 8/N to a high asympbotbe (about 48-749) for
8/N ratics above +5 dB. Siwilar A=V performance has beson

obtained from the 2 groups of hearing-impaired children by

Numbers and Hudgins (1948), who varied the geunsation level
of stimwlus words and presented thewm in the guiese
During f-detection and A~recognibion sessions, each

group received speech stimuli only at levels that were adequate

for 100%-corrcct datection or near- wax i recognition, re-

T S S AP

spectlvely, for those words in the quiet. Therefore, one can




be reasonably certain that the data deSGPlbﬁ masking functiong.

st e B 2

Bach group of children received acous tic stimull at a
different sound pressure level (leeo,; nomalehearing: noise
at 70 dB 8SPL; séverely hearing~impaired: noise at 110 4B 5PL:
profoundly deaf: ncise at 120 dB SPL)e Thege differences in
noise level were unavoldable by=products of amplifying the
stimuli to acoustic levels that arve appropriate for each
groupe The normal-hearing children might have performed less
woell if they also had received words in nolse of 110 or 120
dB 8PL, because of overloading of their auditory systems
(Pollack and pickett, 1958).

A 2=way analysis of variance comparsd the lipreading
scores of all 3 groups under the 2 background conditions that
were investigated (le.ee., quiet and noise)e. Scores obtained
under the Veonly condition were taken as lipresding in quiet,
while the mean scores for the 2 lowest S/N watios examined
for each group (i.es,; low A=V asymptotes) were taken az 1ip-

in noise (Figure 10c)e Group differences in lip=

reading perfcommance were found significant (p-<.05) for
scores pocled across quiet and noise conditions. However,
neither the effect of background nor the interaction between

group and background was shown to be slgnilicanbe.

DISCUSETON

A cleose relatlion exists between the S/N ratic at which

eacn group'!s A~V recognition performancs begins to improve

*

above low ssymplobe (l.eo., lipreadi

ng in noise) and the 8/N
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ratio at which its corresponding A-detection performence

begins to rise above the chance level (50%). Acoustic cues

for speech must be debectable to supplement lipreading, and
the results do demonstrate Tor all groups. that A=V improvemsant
at low S/J ratios is dependent upon the deﬁfﬁiifﬂ of acoustic
speech signals (Figure 1l0a,c)e It 9ppcaru also Lhat the
poofcr the pure=tone sensitivity of the group, the mors de-
tectable speech must be in noise for those observers to come
bine acoustic cues with lipreading for A=V improvement,

A comparison between each groupts A=V recognition
scores and its A=recognition scores reveals that each groun
con Jwprove 1ts lipreading performance at low 8/N rvabios with

A

acoustic information that by itself is insulficient for

Aerecognliion above the chance level (0e4%)e Tt was suggested

’J-

8 I and 1T that an cbserver might use jusi-detectabl

in gtudid
acoustic cues to Indlicate the syllabic pattern of the gpeech
stimulus and to direct his search of the talkerts face (or

his own sherteterm memory) for discriminative information

“lmmedlately following (or preceding) those minimal cuese

The data shown in Pigure 10b indicate that both
normal-hearing and severely hearing-impaired children can

3 *

digseriminative speech information through their

i
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ears alcne, if only appropriate amplification, adequate 8/
conditions, and many years of prior audlitory experience are

provided., In conbtrast, the profcundly deaf groupts A-reccge

.

nition scores remaln near the chance level tlhiroughout the
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renge of S/N ratios testede Because deaf children recognlze

v

words so poorly by ear a¢onef Figure 10b does not demonstrate

EAI A

clearly the influence of &/N ratio on speech discrimination

by the 3 groups. To provide another kind of datse for this

comparison, the stress pattern of each regponse word was dewe

e

termined and tallied according to the stress pvattern of the

.

'stimélus word that had been presenteds; monosyllabic, trochaic,
b ,
spondaic, The resulting confusion matrices (Table 5) 1le
Instrate the errors in S-way categorization made by each
group at each of the 8/% r&ﬁioﬁ tested,

Figure 11 depilcts these dava plotted as per cent word

s g

correctly categorized by each subject at several S/N rebios.

Por betterethan~chance Amcategorizaticn of stimuvlus words by
streas patlbern, nommalmheéring children require about =20 4B S/,
geverely hearing-impaired children need about =10 dB 8/N, and
profoundly deafl children require about =5 dB 8/Ne. Both the
normalmhaarlng (97=08%) and the severely hearing-impsired
(84=20%) children achieve setisTactory wor dmcathboriZétiCn at
higher S/N ratios; and under these same conditions they also
can rocognize by ecar alone a large per cent of the stimulus

vocabvulary (Figure 10b). The group of profoundly deaf children,

who cannob recognize these words by ear alone, also are rela-

inguishing them by stress patbern (59=677

tively poor at dist
at «5 dB 8/N). However, they achieve nearly 86% correct in

dividing these words only belween monosyllabic and disyllabic

o

(is.e0s; trochalc and spondaic combined) categories., Ab higher
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8/ ratics, their errors consist mas inly ef monosyllabic ree
sponses Lo trochalec stimulus words end trochalc responses to
spondalic stimuli (Table B)e
Ling (1966) also found that profoundly deaf children
are poor at discerning by ear the stress pattern of multisyle
labic words or phirascse He reported that syllable omissions

s o ekt e A AR

0ceC 20 frequently for speech stimuli that contalned an une

SLPC@S@d vowel (\0899 07ak@u or contained voiced "boundary!
consonants (eogey, rellrold)e. It-is unknown why pro fo1nﬁly

deaf children cannct percelve stress relisbly by dlctlon&rs
standards (leeo, as defined by persons with normal hearing),

even la clearly debecthable speech sbimulil,

fude

e

Exbtensive %urrvv‘vare reguired to determine the d
criminative limits of both the aﬁditory anG visual syuucmé‘of
proféundly'deaf children. 'The sults of those studiecs wounld
indicate which phénemia (and linguistic) distinetlons arel
posgible Lfor that group through either receptor alone, and
they might alsgo suggest how amplified acoustic cues can be

delivered most effectively to deafl chiidren for maximum cone

tribution to lipreading.

TS CST MBS o B G A 1 O

The point on ths S/N dimension at which each groupts
A=V recognition performance reaches high asy obe (Figure 10c¢)

defines the lowest 8/N ratic under which each g?ﬁvp can make

-t

maximum uvse of acoustic cues in combinabtion with lipreading.

Tn this investigetion, severely hearing-impaired and profoundly

deafl children reguired about 0 and «5 dB 3/N, respectively,




for maximum A-V recognition of words in noise. However,
because of the limited scope of this study, these /W ratios
canmot yet be considered adequate acocustic conditions for
A=Y reception of speech by hearing-impsaired children.

The data reported here are based upon responses o
single=word stimuli. Conversatlonal speech consists of
senﬁémces and sentence fragments. Miller, Helse, and Lichbten
(19$i) have indlcated that listenera with nomnal hearing rew
guire higher 8/N ratiocs to recognize words prescnbed alone
than they do to identify words given in a sentence conbtext.

It is guestionable whether this relation would hold alse for
hearinge-impalred children whose language competence 1 much
legs sophisticated. Wiﬁh regard to this problem, MNorris (1944,
cited by 0tHelll and Oyei"9 1961) reported thatv deaf. subjects
find words harder to lipread when the werds are placed in long
sentences than when they occur in‘shorter ones e

It is unknown how noises of other frequency spectra
would influence A~V reception of speech by observers with
normal or impeired hearing. TFer a given S/N ratio, word-

intelligibility scores for nommal-hearing adulbs vary cone

siderably as a funcilon of the masker spectrum (Miller, 1047

e

Hirsh and Bowman, 1053), Hewever, fragmentary evidence
(studies T and I1T) suggests that for a given 8/N ratio, word-
detection by profoundly deaf children varies relatively little

when the spectral characteristies of the mesker sre changed,

provided that its bandwidth is not extended beyond the limits




of the subjectst frequency range. Pickebu and Martin (1968)
also have reported that subjects with severe hearing impalre

5

ments are poorer than normal at discrimins ting differences
between nolse spectra.

The low-pass filtered random noise used in this study
wag conbtinuous during masking bursti. Niller (1847) has
demonstrated for normal-hearing adults that a noise background
of 1 or 2 rival voices (whose level and frequency content varj
with time) is a less effectlve masker Lor desired speech than
i1s the relatively contiruous magking of 6 or 8 interfering
“talkers. Although they often must receilve speech In competing-
volce situations (ee.gs, at home or in the classroom), little
data Js available on the reception of speech by deafl chiidren
under background conditions that fluctuate in an unpredictable
way (Watson, 1964).

In this study, each group of subjects listened to words
in noisoe of only one level. Hawkins and Stevens (1950) have
shown that the 8/N ratio required by normel<hesring adulis fop

detection of speech remains constant over s wide range of

{3

for

¢

masking levelse Tt 18 unkmown whether gimilar resulis
several nciserlevsls can be obtained from hearing~impalred
children, whese range of sensitivity is much narrower tlhian
normale

Different speakers are heard with varying degrees of

intelligibllity both by aduli listeners with normal hearing

(Egan, 1944, cited by Dale, 1667) and by hearing-impaired




chlldren listening through hearing sids (Dale, 1967). 0O'Nelill

(1951, cited by OtNeill end Oyer, 1961) reported diffe: rences
in both the aunditory and visual (iecee, lipreading) fntellie
g$bility off a group of talkers for normal-heariung adulbs.
The present data are based upon responses to the anditory

and visual stimuli of a single talkers Whether tolker 4ife-

ferenccs would be reflected mainly in the asymplobes For AeV
L

word recogniticn, cr whether the relations invelving &/N ratio

would be affected also are questions for further researche
Leonard (cited by Oyer, 1964) reported bhat the 1lip=-

»

reading perfozm nee of trained subjects is poorer in ambient
noise, speech, or music then 1t is in the quiet. That similer
esults were not obthnod in the present study may be atbri-
buted to the presentatioﬁ cf masking nolse in 3-sec. bursts,
Several subjects stabed that the onset of both nolse burst
and signal light (a8 in all masking brials) was superior to
that of the light alone (as in all Vveonly btrials) as an alerting
stimulus. This effect may have depressed liprcaﬁiggm nequiet
scores or elevated lipreading=-in-noise sgcores tc obscure any
veal differences bebween them (Filgure 10c)e
Murray (1251) and Lowell (1960) also compsared the lip-
reading abllitles of groups with unlike hoaring levels, snd
both of thelir gtudies indicated similarly tha®t observers with
moderate~to=severe hearing losses are betber lipreaders than

are elther normal~hearing or profoundly deafl subjects. TLowell

attributed that group s superior performance to a combination




of “leefnLng opporbunity" and "language facility". He dese
cribed "lecaming opporbunity' as a function of "motivatipng
rpractice, and knowledge of results". FHis datas suggested alsc
Vthat group differences in lipreading skill are not fixed and
may changé with the age snd experience of the subjects.
Hudgins (1954) described the gaing achieved by a group
of Bearing-impaired children in auditory, visual, and avdio=

i
. ¥
‘visual recognition of words throughout 6 yeazrs of oral ine

struction at Clarke School for the Desaf. He attributed these
gaing'mainly'ﬁo the increments in receptive vocabulary aand
in discriminative skill that result from intensive auditory
traininge The présent study sampled performahce during only
a»l«ﬁanth period. It israssumad vhat eny learning to recoge
nize wof&s in noise that.occurred during the test seszicns

4

small relative to the leonge-term impro mec v that may be

m

was
possible over a lifetime of practices It is unlikely, how=-
ever, thalt similar improvements in detection (€eZos PUre-tcne
thresheld) performance occur over a long period of time
(W7liot§; 1967%.

CORCLUSRION

The results of this investigation were cbtalned under

the ccmbined influence of msny variables whose effects arc
omiy*bquIV'undo“°uoodg Therefore, it would be unwise %o
propose at this time minimum $/N ratlos {(or maximum noise

.

levels) for the learning environments of children with hearing

lossese  Until other corrcborative studies are completed; one
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can only estimalbe thalt hearing-impaired cb1¢or n-require
at lesst about a 10=15 dB greater 8/ ratic (isees aboub
0 to +5 dB 8/N) than normalehearing children need (Lece,
about «10 4B 8/W) for deLmum Intelligibilitvy of speesch

through fmv reception in JOVufroquency noisee.

In a lowe{requency nolge environmcnf of 70 dB SPL
overall, a classrcom teacher who uses a group hearing aid
shotld have little difficulty satisfying these S/¥ require-
ments 1f she speaks consistently within 6-9 inchos of the

.

micfophenee In a siwilar noise background, a @arent or
teacher who spealks to & child wearing the microphone within
his individual hearing ald czin meet these criteria only
marginelly, even when he 1s as near asg 3«4 feet from the
childe Under these conditions, that child may recelve
acoustic cues foz opeeck intermit entiyo Tor cither greaber
noige levels or graater distances between the talker and the
hearing-zid microphone, the child may be aware of amplified
noisge oniyﬁ’ Favorable S/N ratios usually can be achieved
by limiting the nolse at its sourcé or by decreasing the

distancs bebweon the talker and the microphone (Niemoeller,

1968)




Bl

This paper describes o stud& of auvditory and visval
reception of speech in the presence of background noisee
The report is divided intce four chaptoerse.

Chapter I reviews, in chronclogical order, some prior
studies that have examined the receptlon of speech In noisy

environments, The initlal Investigations were mainly desge-

crjptlvop while later ones attempted to overcome the 1imi-

taticns lmposed by nolise through manipulating acougtic
variables. The most recent papers have investigated the
L3

potential value of visual cues (ie.ee, lipreading) for lme

a

proving spesech reception under unfavorable azcoustic condibions.
Chapter IT describes a preliminary investigation of

reception of spondaic words in wilide-band nolse by adults wi th

noxmai hearing. 4t different times, the subjects were ra-

quired to listen to a talker or to 1isten to her and waltch

h&r face simultsencously. Combined audio-visusl (&-V) recoge

nition was found to be superior to auditory recognition

alene; and a relatlon was suggested between,improvcment of

A=V recognltion of words at low /N ratios and avditory de=

tection of those words,

BT EA e ettt

Chaptor 17T preseuts & follow-up study in which auvditory
detection of spondalic words in wide=band neise wes measured

for both normale-hearing adults and for profoundly deaf childe

r3rie Fer those with rormal hearing, & cleose relaticn was

found between the S/N‘ratio required for A~V recognition of
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words (i.e., data from Lh? previous expewriment) end the 8/N
ratio required for auditory detection of similar i materials.
This result SugﬂC@LO that the mere dGbCGLLOﬁ of speech
patterns may provide sufficient information to improve an
observerts lipreading performance.  The deaf subjects required
a greéter 8/ retio for 75% correct detection of words than

did the nommals. This finding implicd that maxinum commurle

i
catlicn effectiveness might occur for deaf children only at a

higher 8/ ratio than that required by normalse

Chapter IV describes 2 more inclusive gtudy whose gosal
wag to define some of the 8/N conditicns under which Pros

vision of amplified sound can improve speech reception by

hearing=-impaired children over 1ip reading alone. Common words

(lece, monesyllables, bty chees, and spendees) were presented

3

in low=frequency noise to children whose tesk was Lo detect

or to recognize them under o range of 8/N conditions and

.

through several senscry channels (Leeo, listen ing alone, lip-
eading alcne, simultarcous ligtening and 1igreading);
Pindings indicsted thatl both profoundly deaf and severely
hearing-inpalirsd children require higher 8/W ratios for 75%
correct auditory detection of words than do childreh with
wimal hoaritg. The nommal group was s superior o the several‘y'
hearing-impaired group in auditory recognltion of words in

noise, while the deaf group was unable to recognize words by

ear elonve A supplementary analysis of the data revealed

that the dear group was relatively poor even ai categorizing




the stimulus words by stress pattern. Provision of acoustic
cues was found to lmprove gréatly'the linreading perfomance
of normalehearing and severely hearingmimpaired childrens
but profoundly deal children did not demonstrate such large
gaing in A~V scores. Maximum A=V rvecognition resulbed for
the profoundly deaf group at a higher 8/N ratlo than thatb
for the severely hearing-impsaired group, who reguired a
higher 8/N ratio for maximum A=V performance then did the
normal-hearing group. Improvement in A=V recognition at

low S/N ratios was shown for all groups»to depend upon the
detection of acoustic cues for speech. Several Lopics for

subsequoent research were suggested, and tentative recom=

mendations for minimum tolerable /N ratios for A=V communie

cation were proposedeo




airplane
ll right
anthill
armehalr
bagpipe
banlk note:

barbed wire

aseball
bathtub

ay leaf
bear hug
bedsheet
beehlve
billfold
birthday
bl ..»Lf*ksm Lth
blind date

bloodatresm

blowgun
blue jay
bobwhite
bonfire
bootstrap
boxcar.
briefgase
broadcloth
buckwheat
bullfrog
cake mix
cardboanrd
catnip
CavVenan
cellbloek
chalk dust
checkmate
childhood
chipmunk
clembake

clothealine

ccal bin
cockplth
coln waree
COTNCoD
-cough drop
cowboy
rabgrass
creampull
erew cuh
culf link

Y

Appendix le

cub scout;

dead end
aial tone
dime store
dish towel
doormat
doughnut

downstalrs
drain plug
drawbridge
dry dock
duck pond
earmmflf
ecerthauake
eggplant
eyebrow
fan belt
farpyard
fence post
Tilms ‘tr"*
flags hlp
footprint
forecaat
Fort Knox
fox hunt
French fry
fullback
gangplank
gas tenk
gearshiflt
girl friend
gold mine
goll club
grand slam
grapefrult
great dane
greenhorn
grayhound
grindstone
grommdhog
h@lWSEOﬁn'
halmet
21
handshaks
nall
e
hatbal“ 4
hayatack
hOﬁd savart
hes Qt Di.'c« G

mast

The stimulus vocabulary
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hindsight
heme run
hoot owl
hopscoteh
hot dog
hourglass
housefly
hubcap
ice cube
inchworn
infield
inkwell
jeckknife
Jailbreal
J jawbone
Jigsaw

joyride

June bug
keevse ko
key punch
kinfolk
King Myp
knlekknack
mcekoud
Kool Aild
lamb chop
lempshade
landlord
lawsuld
leap year
light bulb
lip=read
livestock
Tokevary
matchaticlk
meat hook
milkweed
meonshing
an' tr&p

nc:uh ba
,nec};uj.

'1]1 r .’ 1 :“‘s»\"‘ ey

n OA? b}l‘;,' e3 ll
nursomald
cztmeal

okivy

old ege

one wWay
cxbow
padlock
paintbrush
pantgleg
password
Pawvnahop
payiroll
pea pod
phone booth
pickaxe
piccrust
pilgpen
pinecone
Ping~Pong
l)Lllwlib! 1
pltehfork
vole vault
pup btent
racehcrae
rag doll
railr006
l't '371;&
ey }11 de
Red Qroes
relnde c,'l"
rib cage
roast bsef
root heo
rosebud
round stesk
rys bread
saleguard
Ste Panl
sandbar
goapegoat
scarecrow
sea gull
shauar ock
sheepakin
shirtalesve
shoebench -
shortstop
sidewalk
ski 1’ ki
g1id '\ll@
slingshot
slipknob
gnare drum

of study 7T,

snowplow
soapsuds
goup bowl
southeasat
S0Y¥ bean

spare tlre
spearmint

square dance
sterfialb
steamboat
sunhu s
swarn dive
Swisce cheese
switchblade
tallspin
tekeol
teacuy
teamwork
test tube
textbook
throw rug
thumbtaclk
tightrope
time bowdb
tin can
toadetbool
topsoll
aoothQ@te
Q‘ 71 hf. ..,,;‘

o brack
i;z*l demnanl
train track
turnpike
upsed
visVno:
wardyrobe
warpa th
Thilplag?
vhirlpool
wilisl broom
wholesgale
wigwem
wildlife
windmi il
V7 O_l -P I: HER A 7{

oodehuck
wPJ“LW”L(h
X & Yy
cvuletide
zZigzag
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Appendix 2. Audlo-visual and auditory recoguibtion of 250 :
spondalc words in wids«band noige by 5 normmal-haaring adulis.
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calrplane
baseball
bathtub
birthday
blackboard
boy scout
flegoole

' | girl Lfriend
hot dog
ice cresam
lunchroom
paintbrush
playground
school Bus
gidewalk

toothpasite

|
—t
L

Appendix 3. The stimulus vocabulary of Study
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MONOSYLIABIC
VORDS

dluh
dooar
. duck
“fire
_L] xO‘f*

heart
hill
hols
houss
king
knife
.L 3 L;',e-

Tunah

18 €S0 e

maan

month
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won

mouth
nell
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nest
night
nose
page
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pipe
late
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voloe
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Appendix b.
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TROCHATC
WORDS

address
answer
apple
Fpril
LrIrow
August
baby
barber
Bible
body
bottle
breaklast
brother
building
button
camel
candy
chicken
chilidren
chimne y
Chriatms
circle
city
color
cotuon
cousin
dismond
doctor
ellhow
faethor
finger
Flower
forest
garden
hushband

2 Y ,{,

[ P

July
kitten
languoge

Jemoint

The stimulug

letter
meney
morning
mother
mountain
naplkin
necdlie
nelghbor
nothing
numbor
oGEeon
office
onlon
orenge
1;9 Moy
Feop. ile
piCu““ﬂ
pLlilow
gquoz sion
wenhit
river
rithber
saliiocr
galad
sclence
sister
oldisr
Spid@:
& qu 1w
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o X1 ¥
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supper
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taneher
wagoen

urm'Fr\-o
L ANPRARSHIN §

weguher
P s s
Winoaow

o 4 - W . c
winber

Vil

SPONDAYC
VORDS

sirplane
bageball
bathitud
birthizay
blackboard

bulllrog
CaVemEn
chipmunk
clothexl
cough dy
COWDOY
cub scoud
doughnut
downstairs
earphong
cariblhguaks
Fpt»ncwi
eyebrow
fa°?vird
JJd»ﬂng
foﬁnU
French va
2 ﬁ”ﬁﬁ

w;

grapel
groyhound
grouncghoz
halreuy

hoadachs

home anm

e
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i

oo
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g

muashroon
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nobotuok

P1nvvreu5
playground
pelereletenisel
pﬂwh chop
e ue};u«» uCr

o
& T

16!

&

te*cup
thumbback
Lootnnas e
tuv &uu“k
y tx YELR
wnipped crean
windmill ‘
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Appendix 6as Auditory detectlion (leoe; 2=alternative forced-
cholce) of 240 words in low-freguency noisc by & normal-hearing
children, 3 severely hearing-impaired children, and 3 pro-
foundly deaf childreno
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Appendix 6b, Auditory recognition of 240 words in low=
frequency noise by 3 normal-hearing children, 3 sev§rsly
hearing-impaired children, and 3 profoundly deaf children.

study III

* ' ‘

Even at the highest S/N ratios examined, the auditory-

recognition scores. of the 3. severely hearing-impaired subjects
are lower than one might have predicted from their speech '
discrimination scores in the quiet (Table 3), Some possible
causes for this discrepancy are: (1) unsqual size of the re-
Sponse vocabulary (ie.ee., 240 vs 25 words, respectively) (Miller,

' ' Heise, and Lichten, 1951); (2) subjectst greater familiarity
with the smaller 1list; (3) presentation by different talkers
(Dale, 1967); (4) overload of the auditory system by high
noise levels (Pollack and Pickett, 1958),.
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