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IN ORDER TO TEST THE HYFOTHESIS THAT ACCITIONAL LOW
FREQUENCY AHMFLIFICATION WOULD CONTR!BUTE SIGNIFICANTLY TO THE
AUDITION OF SFEECH, 12 CHILDREN WITH LOW FREQUENCY RESIDUAL
HEARING WERE STUDIED, USING TWO INDIVIDUAL HEARING AIDS--AN
EXPERIMENTAL MODEL WITH A FREQUENCY RANGE OF £0-3500 CYCLES
PER SECOND (CPS) AND A STANDARD MODEL WITH A FREQUENCY RANGE
OF 250-3500 CFS. THE SUBJECTS RANGED IN AGE FROM 7-16 YEARS
AND WERE OF AVERAGE INTELLIGENCE. ALL HAT, HEARING LOSS FROM
BIRTH IN EXCESS OF 65 DECIBELS AT 500 CFS AND RESIDUAL
HEARING ONLY FOR LOW TONES. FOLLOWING 1 WEEK OF TRAINING IN
THE USE OF THE TWO HEARING AIDS, SIX TESTS OF AUDITION WERE
GIVEN AND STATISTICALLY ANALYZED USING THE MANN WHITNZY TEST.
THE SUBJECTS' AUDITION OF CONSONANTS WAS FOOR WITH EITHER
AID, BUT SIGNIFICANTLY (.Gf LEVEL) BEYTER RESULTS WERE
OBTAINED WITH THE EXPERIMENTAL AID ON TESTS DESICNED TO
MEASURE THE RELATIVE AUDIBILITY OF VOICED PHONEMES,
AUDIBILITY OF SYLLABIC STRUCTURE, AWARENESS OF STRESS, AND
DISCRIMINATION OF VOWELS. OBTAINED FROM TWO QUESTIONNAIRES
(ANALYZED BY THE 2-TAILED SIGN TEST), INGEFPENDENT JUDGEMENTS
OF THE PARENTS ALSO DEMONSTRATED THE SUPERIORITY OF LOW
FREQUENCY AMPLIFICATION IN TERMS OF THE GREATER RANGE OF
SOUNDS TO WHICH THEIR CHILDREN RESPONDED, THE GREATER
DISTANCES AT WHICH THEY COULD ATTRACT THEIR CHILDREN'S
ATTENTION, BETTER CONTROL OF FITCH IN CHILDREN'S VOICES, AND
GREATER EASE OF COMMUNICATION. MORE GENERAL USE OF HEARING
AIDS OF THE EXPERIWENTAL TYPE, WHICH AMPLIFY A WIDE RANGE OF
SOUND FROM 80 CPS UPWARD, WAS RECOMMENDED FOR AUDITORY
REHABILITATION WORK WITH DEAF CHILDREN WHO HAVE LOW-TONE
RESIDUAL HEARING. THE REFERENCE LIST CITES 429 ITEMS. (JB)
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INTRODUCTION

- Purpose of the Research

Up to the present time it has been customary for

"hearing aids to reprodﬁce épproximatgly the same range of

frequencies as the telephone (300 - 3000 cps). The aim
of this investigation was to determine whether additional

low frequency amplification, achieved by the provision of
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hearing aids with a frequency‘range from 80 - }000'cps,
would contribute significantly to the audition of.speech
among children with low-tone residual heafing.

In some earlier work the writer (Ling, 1963) had
observed that the amplification of low frequéncy components
of speech (ach;gved by coupliné a‘high'quality microphone
externally to a conventional hearing aid) substantially
improved the sbontaneous voice and speech patterns of some
children'with residual hearing whom he was teaching. It
was clear that this improvement was due in some way to
better audition of speech. The present study examines in
detail some of the rélationships between low frequency |
amplification and the audition of voice and speech patterns
among dhild£en.with fesidual hearing.

For the purpose of this research, experimental hearing
aids were developed to the writer's specifications by the
Zenith Radio Corporatioﬁ. They were identiéal in appearance
with stanhard model hearing aids_and could be identified
visually only by their serial numbers. - To ensure that the
alds possessed the required characteristics and adequaiely
xeproduced low frequency csmwpnents of speech, a preliminary
" study of the hea:ri'ng oids was made. This part of the |
research has been fully reported (Ling, 1964b).  The
~ frequency response characteristics of the two models and

their effect on the transmission of low frequency components
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of speech are shown in Figure 3 (p. 30) and by Ling
(1964b).

General Review
Hearing Loss Pound in Schools for the Deaf

Recent surveys (Huizing, 1959; Watson, 1961) show
that at least 95 to 97 percent of the children enrolled in
special schools for the deaf have some measurable hearing.
“Bwing (1962), in reviewing reports on the hearing levels of
children receiving special educational treatment for
deafness in Hollend, New Zealand and Britain, remarked tha’,
among children with defective hearing, the proportion of
those haviné'a profound hearing ldés*was greater than that
found among adults with défective hearing. Ewing stressed
that schools for the deaf have highly selected populations.
Of 1336 cases that he reviewed, 16 percent had hearing
losseé avéraging less than 60 dgcibels, 31 percent had
hearing losses averaging between 60 and 90 decibels and
53 percent had heafing losses averéging more than 90
decibels (British étandards).‘ Oniy one case had 10
" measurabie hearing. Public Heglth Service (1964) data
confirm similar incidence in the Unitgd'Sta%es.




Hearing Aids Used ¢ Their Characteristics

Four main types of hearing aid are presently
available for use with deaf children. These are (1) the
group hearing aid, (2) the speech training aid, (3) the
loop induction system and (4) the individual ﬁearing aid.

Each is discussed below,

The group hearing aid is used in schools where

several pupils may be taught simultaneously by one teacher,
Group hearing aids are generally mains operated. The power
delivered to each pupilts phones is usually controlled
by wiring the output of the amplifier through attenmators
attached to each child's desk., The number of microphones
Jeeding fhe ampiifier varies from school to school, from
one per class to one per speaker.

Group hearing aids are capable of delivering a
high level of intehsity. In ﬁheoiy, since headphones and
microphones can be chosexn without too much regard for size,

almost any deslred frequency response characterlstlc ‘can

..~~-
,n»_-,‘ - = . S e e e

be made avallab1e° In practlce, the frequenoy range is
generally limited. In England group hearing aids were
-produced by leading manufacturers with no significant
response below 300 cps end Charon (1962)reports that the

low frequency response of group heafing aids at the Central
Institute for the Deaf is dellberately reduced "{to minimize
ambient classroom noise", Few studies in.whlch group hearing
aids have been used report the charactexstics of the

apparatus,




The speech fraining aid is’similar to the group

hearing aid but is designed for use with individual children.
1t is generally portable. It mayzbe either battery or
mains operated énd usually consists of a microphone feeding
en amplifier, which in turn feeds a pair of headphones.
Controls for the adaustment of gain, and often frequency
responsc, are available. A4s with the group aid, size of
components is of minor impertance within the limits of

portability, and instruments with any desired frequency

_charscteristic can easily be designed. While this type of

oid is in common use (Ewing and Ewing, 1964) it .is seldom
mentioned in the iiterature. A speech. training aid |
répprtéd by Guberina (1963) differs from others in this
category in that it is not portable; it employs filters, is
used for both the measurement and the training .of hearing

and has "linear transmission along with the possibility of
various rates of attenmation from 1 cps sd as to.include the
frequency'range of the vibrations of the body". Guberina
also uéeé'%ibration'transducers in conjuﬁcticn with earphones
and works with these to.the exclusion of body-worn individual

iﬂstruments.. Since only the intermodulatory products of

" speech occur below the fundamental of voice, the use of

frequencies from 1 cps is of qnestlonable value. The

amplifier of a group hearing aid or a speech iraining aid ma ay

be used %o power e loop induction system.




The loop induction system, which is commonly used iz

schools for the deaf, requires a teacher'simicrophone and ar
amplifier, the output of which is fed into a loop of wire
circling the classrqom. The current created by the output

from .the microphone goes to the amplifier and flows into

this loop, creating a magnetic flux within the room. This

flux, crossing a coil housed 1n an individual hearing aid,
induces the same pattern of current, thus permitting the

child %o hear the teacher equally well whatever their

reSpective positions in the classroom. It is particularly

suitable for group lessons of an active type.

The intensity and frequency response available to
each child depends on the characteristics of the loop ampli-
fier, the transformer coupling and the individual hearing ai
As the induction circuit by-passes the microphone of the
individual aid, better low frequency and high frequency
responsés can be obtained from any type of individual aid

when it ' is used in‘a loop induction system. The. response

could, indeed, range from less than 100 cps to over 8000 cps

Used in Burope for more thaﬁ teh.years,'this systen

has been described in the American literature by Davis and

* Silverman (1962), by Calvert (1964) and evaluated by
" Bellefleur and McMenamin (1965). Tocps operating on radio

frequencies are in use, but have not yet been described in

the literature.
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The individual hearing aid is either a head-worn or

body-worn jnstrument. Early ingtruments, a8 described by
watson and Tolan (1949) were cumbersome since they
employed'thermionin tubes and therefore neeued at least two
patteries, which could not 5e'ingorpqrated in the aid.
Modern instrumenxs,.such as those used in this study, are
transistprized and, together with the one battery required,
weigh 2% ounces and measurs 2% x 2 X L inches. While there

are many.makeé and models available, individual hearing aids

,differ more in the amount of gain provided than in frequency

response oOr range. Gain on one model may be as little as
30 decibels, and on another as mach as 80 decibels. The
frequency range generslly extends from 300 cps (t 50 ¢ps)
to0 3000 cps (t 1000 cps) for body-worln aids, and less for
head-worn instruments, (Frequency response above 3000 c¢ps
may not be recorded sccurately at present due to the
characteristics of the standard 2 cc coupler employed.)

Dale (1958), in describing the frequency response'characteris-

‘tics of the individuel aids used in his study, reported only

one with a significant response below 250 cps. Some degree

- of conformity in manufacture arose following the lMedical

"Research Council's Report 261 (1947) in England and the Study

of Design Objectives made in the United States by Davis et el .
| ,
(1947).  The subjects in both of these studies were adults.
(
That hearing aids designed for adults were not necessarily




adequate for deaf children was poinfed out by Silverman.
(1957) and later by Ewing and Ewing (1960). Both
recommended an extended high frequency raﬁge so that most
ampiification was provided where hearing loss was greatest,
in the pope that unvoiced consonants would be heard and |
inteliigibility of' speech thus improved. This récommenda—
tion is in marked contrast to the theory underlying the
present study. Here, amplification is recommended for the
frequency range over which the child hears best.
:Amplelcaf ion of voiced rather than unvoiced phonemes and
improved audibility of voice patterns are stressed by the
writer as the factors most likely to.contribute optimum |
information on speech to proioundly deaf children.
The‘broposal to use the low frequency residue of
hearing among deaf cﬁildren by extending the frequency range
down to 80 cps, the lowest fundamental of the male voice,

appears to havé originated with the writer (Iing, 1956).

The Use of Hearing L e

Phere is an apparent dichotomy between the views of
. workers in special schools and classes on one hand, and workers
in rehabilitation an@‘research clinics_on the other, as to the
extent to which residual hearing éan be used and what role it
should play in the acquisition of speech and language amdng
children with defective hearing. Those who.work with deéf




children in schools tend to consider hearing aé a poor
supplement to vision, while those.whb work with deaf children
in the clinic situation often regard audition as the most
important of the sense modalities. This abparent divergence
of opinion may be acoownted for, at least partially, by the
age of the child dealt with, the type of hearing aids used

and the structure of the programmes offered.

Hearing as a supplementary modality. Hardy (1954),

who emphasized hearing as a supplement to lipreading, stated

that: .
" There is incontrovertible evidence that the child

who is introduced very egfly to sound learns to use it and

to adapt to it. The idea that a deaf child must somehow learn
what language is before he ié permitted to use his residual
hearing is consistently reiterated by some educators of the
deaf. This idea lacks basis in fact - physiologic, neurologic,
pathologic or psychologic. The deaf child will learn so-called
tratural languege! best with the earliest poséible use of
sound, as does every bther child" '

Goldstein* introduced the Urbantschitsch auditory
tfaining method in the Central Institute for the Deaf in the
late 1890s, but this method stressed the dominance of vision,
.using aundition as a suppleménxary communication

channel, Similarly, Hudgins (1954 ) stressed

* gee Goldstein, M.A. Problems of the Deaf

St. Louis. Iaryngoscope Press, 1933.
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the advantages of the auditory training techniques he had -

developed in the Clarke School. Hudgins measured
progress in‘the use of audition "in terms of the degree to
which auditory perception supplements visual perception."
To this end, scores obtained by pupils through lipreading
were compared wi'tﬁ gcores obtained through lipreading plus

hearing. What Hudgins recommended in the United States,

Ewing (1957, p. 7) also recommended in England: thatl
audition be used, but as a supplement to vision and other

sense modalities. In work directed by Ewing, Clarke (1957)

g A L Lol R e
* -
.

jinvestigated the effect of using a group hearing aid in a

" school for the deaf. As in many other schools for the deaf,

ST T

not all the children had individual hearing aids, and the

=

group aid was shared between ten classes of children and a
pmaximum of 1% hour§ group training per week was available
to any one child. His results, which supported the

conéept of "1ipreading plus hearing", showed better scores

O by hea;';;xéha.u.one. B These c}nldreﬂ; -however, had no
opportunity to learn by hearing alone. Clarke's study may
be contrasted with wérk later reported by Ewing (1962) in

" which hearing aids were worn by the children every minute
of each day aend hearing was the :xp_g_i_;_g gense avenue exploited

I in teaching. Though profoundly deaf, these school children

"taught by I.ady. BE.G.. Ewing in Manchester, by Mrs. 3.I. Ingall

“» -
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in Woodiord and by the writer. in Reading, understood and
controlled their use of everyday colloquial speech through
hearing. Amplification in all cases was provided by
individual body-worn hearing aids and through loop
induction systems. In the case of the children tat;ght by
Ingall and by Ling, group hearing aids‘, available in each
élassroom, were also used in the course of teaching, some of

-

which was "unisensory" (Ling, 1956).

Hearing as the dominant modality. The movement !

" away from regarding vision as the most important (or only

possible) sense modality was begun by Wedenberg (1951). -

His method was "built primarily and principally upon the

auditory sense with the visual sense as a complement, in

[ -

contrast to other methods based on the visual sense first
with the auditoxry sense as a complement.," The object of
nis work was "to create a natural synergy between the hearing

sense and the seeing sense ... 80 that the child is unable

‘to say 'I heé.r' or 'I see?, but rather 'I perceivet",
‘Wedenberg's programme was based on data provided by
Pant (1948) on the properties of Swedish speech and on the
. Barczi system of word presentation for deaf children, in
which words which are considered easies?t $0 hear are
presented before those with con;ponents outside the childt's
auditory rexge. (Wedenberg's method was to present the '.

words "ad concham®, .He later realised this was not purely
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auditory since it permitted the chi.ld to perceive tactile
gensation from the direct breath stream on the pinna).
| Support for Wedenberg's auditory .emphasis.in
teaching deaf children was quickly provided in Hollend, by
Huizing (1953), who found that lipreading tended to divert

_ the child from optimum use of residual hearing. He, there-

fore recommended the exclusion of iipreading from the early

stages of training. Further support for Wedenbérg's work

was pxovic?.ed in England by Whetnall (1953), Fry and Whetnall

.'.(1954) and Ling (1956), also in France by Perdoncini (1954;

1959). All of these workers emphasised the use of audition
and suppressed visual cues in the .course of training. |

While the cases seen by Huizing and Whetnall were mainly

pre-sch061 children who were taught by means of individﬁal

“hearing aids, the pupils of Ling and Perdoncini were of

school age and both group and individual hearing aids were
used in their {raining. The communication ékills in
general, and the voice quality in particular, of children
reported in these studies were remarkauly better than those

of children taught by traditional methods emphasizing vision.

" Current Views on the Use of Audition

The benefits reported from the emphatic and

| sysiematic use of residual hearing have not yet changed the

thinking in many schools or teacher training centres. Thus

N
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- DiCarlo (1964, pp. 106-107), whose views seem to represent
those of many contemporary educators, generalised as if
residual hearing could be ignored when he stated,

' "Since the deaf cannot use the auditory modality ...

even the modern, most powerful transistor hearing aids can
only be poor supplements to the eye of the deaf child."

In contrast, unisensory (auditory) programmes have
been recommended by Stewart, Pollack ard Downs_(l964) and
¢riffiths (1964). ¢ Results of these programmes have shown
‘hat unisensory training, with present gtandard type
hearing aids can certainly be effective with many yéung
deaf children. However, the limitations of these aids in
tgnns'of fr?éuency range render this approach open o
criticism when applied to children with extremely limited
residual hearing. Auditory cues available to these children
through standagﬁ model aids are likely to be inadequate for
the gcquisition of speech and language pattérns without the
help of éther sense modalities. |

" ks previously stated by the writer (ILing, 1964a)

"The unthinking reductionism of a general unisensexy apprbadh

on one hand and the blind op?imism of a general multi- '
'sensory approach on the other, are both likely to yield many
E failures., | Indeed, the success of an auditoiy approach to

the education of deaf children depends on our abilities as

teachers to think critically, flexibly and constructively on

* t
S I

]
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the role of audition in our work and to recognise fully

its possibilities and its llmltaxlons."

Rationale

The hypothesis examined in this study was that
amplification of additional low frequencies, from 80 cps,
would contribute significantly to the audition of speech
among deaf children with low-tone residual hearing., This

hypothesis was based on the following observations:
l. Iow Frequency Residua;.Hearing in‘Deaf Children

Responses to low frequency stimuli are very common

among even the most severely handicapped children %0 be

. found in schocls for the deaf (Bwing, 1962; Huizing, 1959;

Watson, 1561), That this "elassieal residual hearing for
low tones, perhaps up to a limi¥ of 1000 cps ... should be
-exp101ted early and exp101ted fully" has been recommended
by Davis (1964, p. 129) While four major types of

- amplification are available for deaf children (see pp. 4 - 8)

the frequency range and frequency response required for the

. full "exploitation" of low-tone residual hearing has not

been seriocusly questioned.
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the range from 400 to 3000 cps is sufficient."

15

o, Individual Aids and the Frequency Range of Spesecn

The bandwidth 300 - 3000 cps is traditionally
regarded &8s the "speech range" since it conxains the major
components of all phonemes (Silverman and Taylor, 1947,

Pe 212). However, speech components occur as low in the
frequency scale as 80 cps or S0, the fundamental pitch of a
deep bass voice, and go up to well over 8000 cps, the upper
partials of both voiced and unvoiced phonemes (pavis, 19623
Denes and Pinson, 1963; Fletcher, 1953; Licklider and
Miller, 1951; ©Piexrce and David, 1958; Potter, Kopp and
Green, 1947T). |

Davis (1962, p. 5é) in discussing the frequency
range of gpeech, stateé{
nSpeech is a mixture of complex tones, wide-band noise and
transients. Both the intensities and frequencies of speech
sounds chenge continually and rapi@ly. Tt is difficult to
measure them and iogically impossible to plot them precisely.” |

Davis continues, "For good understanding of everyday speech

Many individual hearing gids, designed to give "go0d
understanding of everyday speech" conform %o Davist! range of
400 to 3000 cpse. Silverman, Taylor and Davzs (1962, D. 295)
discuss such an ald. Many hearing aids, as stated earlier
(p. 7) provide a slightly wider frequency range, ' The | |
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objectives of these aids, as forﬁulated by Silverman,
Taylor and Davis (1962, p. 265) are (1) "to make speech
intelligible" and (2) "to deliver sounds loud enough to
be heard éasily, but without discomfort." The authors
. are;thus concerned with two factors: first, intelligi-
| bility of speech, and second{ its audibiiity. In the
rationale of the present study the assumption that
intelligibility rather than audibility is of primary
fmportaﬁcg to deafychildren who have only a low frequency
. residue of hearing will be challenged and the possible
contribution of frequencies below 300 cps.to the anaition

of speech by such children will be examined,
3. The Suitability of Standard Type Aids for Adults

The conventional hearing aid was designed not for
profoundly deaf children, but for adults (Davis et al, 1947;
Medical Research Council, 1947; Silverman, 1957). Unlike
déaf éhildren, deafened adults have uéually acquired épeech
and language patterns through hearing and in general have
.retained some hearing over the complete "speech ran:a® of |
frequencies. The amplification of frequencies below
" 300 -.400 ¢ps could introéuce noise problems for such
jeople and.thus adversely affect the audibiiity of high
frequency sounds by masking {(Fletcher, 1953; Mﬁ;lins and
Bangs, 1957). .Furthermore, the inpluéion of low frequendie
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§ would coniribute little when hearing is present over a
wide range of frequencies, since information on voice
factors ( pitch, intonation, duration, stress, etc. ),
would be available in the speech range. This is
demonstrated by our everyday experience with.the telephone.
While the true fundemental cannot be heard within the speech
renge it can be inferred from the overtone structures of

-

~speech ( Schouten et al.,1962),

4+ The Limitations of the Standard Type Aid

Hearing aids which amplify- over the range
300 - 3000 cps expend much of their energy over several
octaves to which the child with only low-tone residual
‘hearing is completely deaf. With a high frequency cut-off
imposed by deafness at, say, 1000 cps and a low frequency
cut-off imposed.by the hearing aid at 300 cps, the child
with low frequency hearing has to0o narrow a bandwidth available J
to hear adequately either distinct phonemes or even voiée
) SR patterns. . The ﬁigh freduency cut--0off imnosed.:by deafness
prevents the adequate audition oi consonants and thus

limits the intelligibility of'speéch regardless of

"hoﬁ loud the speaker talks or how much amplification

is introduced" (Dafis et al.,1962,p191). The low
frequency cut-off imposed by the lower Limit of the
hearing aid prevents tﬁe transmission of voice componénts

below 300 cps end thus limits the audibility of

speech.,
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9. The Contribution of Frequencies below 300 eps

Since the children in question have low-tone
residual hearing, end sirce information of some kind is

contained in any part of the speech spectrud (Miller, 1951),

-theré is a prima facie case for the extension of the

frequency range amplified for these children downwards to
80 cps, the fundamental pitch of‘a deep male voice, ..The
contribution of this frequency range would probably be
primarily in terms of the audibility of sounds and only
secondarily in terms of their intelligibility. However,
French and Steinberg (1947) have demonstrated that there. is

& slight but significant drop in articulation scores for

normal listeners when components of speech below 300 cps

. were rejected by means of high pase filters. In other

words significant informaticn-bearing components of speech

exist below 300 cps.
,Ling, Rigeult and Frydman (1965) in experiments with

4 .
low pass filters, 6bserved that the speech components below

300 cps allowed them to discriminate male and female speech,

the relative intensity and duration of voiced phonecaes,

. the pitch and intonation patterns of phrases and sentences;

to identify the nasal.or plosive characteristics of some

~ voiced consonants and to hear the low ffequency formants of

some vowels. While such filtered speech was unintelligible,

1t was quite audible and the information available was of

t:-\
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the type that is completely lacking in lipreading., It
was concluded that such information could be made available
to deaf children with low-tone regidual hearing if they
were provided with hearing aids offering low frequency

amplification and trained in their use.
6. Masking Problems and Low Frequency Amplification

Masking problems were menticned in item 3 of this
rationale, where evidence was quoted which suggested that
. low frequency amplification.in certain cases could detract
from intelligibility. However, masking of high frequency
sounds by low frequency amplification is a problém only for
those who have high frequency hearing, Furthermore,
ambient noise, which could be introduced by frequencies
below 300 cps, is a problem only when it conflicts with the
signal, thus reducing the signal/noise ratio. This ratio
can, however, be controlled by adjusting the.gain of a
hearing aid and modifying speaker distance, voice level or
both (ILing, 1964). Masking of speech by speech which
apparently occurs in cases of éevere high tone loss (Mullins
and Bangs op. cit.), can also be overcome by ensuring that
" the frequency response of the ﬁearing aid falls at 6db/Sve

or more below 200 cps.
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7. The Effect of Low Frequencies on Speech and Language

Learning

The gudibility of these low frequency components
of speech should accelerate the language growth of deaf
children. Studies of early language acquisition indicate

that young children respond primarily to the "perceptually

salient" cues such as pitch, intonation, stress, duration
and rhythm (Carhart, 1947; Kagan, 1964; Lees, 1964;
Miller and Ervin, 1964). These perceptually'salient

" components of speech are generally missing from the speech

of deaf children (Calvert, 1964) which suégests not only.
that they are inaudible, but that they cannot be perceived
by the child through any other sense modality (Lenneverg,

1964)
8. The Coniribution of Low Frequencies to Speech Feedback

~ Hearing aids with a wider frequency range would not
only permit a deaf child to hear other people's voices
vetter; it would permit him to monitor his own voice and

speech patterns more effectively. The importance of

4
. providing the best’possible feedback for deaf children so

that they can more easily establish and control their voice
and speech patterns through hearing has been discussed by
Fry (1950), DiCarlo (1958) and Huizing (1964). The role
of feedback in learning, monitoring and perceiving speech
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in normally hearing persons is discussed by Iiberman (1957)
and by Postman and Rosenzweig (1957) The w1der 1mp110a~
tions of feedback on human behavxour are treated extens1ve1y

by Miller, Galanter and Pribram (1960)

9. The Avoidance of Possible Dangers of Narrow Band,
High Intensity Ampllflcatlon .

In the course of work with very powerful hearing

eids with the standard type frequency response, the writer

.had noted progressive loss of hearing among his pupils.

Investigating this phenomenon, Lockett and Ling (1964)
concluded that the deterioratior of Learlng in the cases
studied was probably related to the use of high gain,

narrow bandiheéring aids. The use of less powerful aids,
with wider frequency range, was suggested by the writer
(Ling, 1964a) as a possible way of avoiding the risk of
auditory fatigue while at the sane time providing equivalent

or improved transmission of auditory cues.




THE PRESEN? RESEARCH

The aim of this investigation was to study the

effect of low Pfrequency amplification on the audition

Jf speech by twelve deaf children with classical low-tone

hearing residue. The investigation involved six tests and

two questionnaires. The su'bject. of each was as follows:
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3 Test 1 Relative audibility of certain phonemes.

Test 2 Audibility of the syllabic structure of words

. : . and phrases,

Test 3 Audibility of stress within phrasese'

Test 4 Audibility of pitch and intonation patterns.

| : .

|  Test 5 Ability to discriminate between vowels.

fest 6 Ability to discriminate between consonants

Questionnaii'e I Data on the children's responses to
of amplification. Parents'! reports.

|
|
|
E
?[‘ ‘ ' ~~  standard and experimental frequency range
|
;
|
|

Quesfiomlaire II Data comparing results using standard
f") ‘ and experimental frequency range. Parents!

ratings.

i

f

E

| . Lo ~

’ Standardized speech tests of hearing (Davis and

§ Silverman, 1962; Kendall, 1953; . Watson, 1957; ‘ztson and
E Polan, 1949; Williams and Iing, 1958) were inappropria‘he

i
E

for this study because they were designed for more
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-§; sophisticated subjects and were, in‘addition, more
concerned with intelligibility than audibility of speech.
The tests and the questionnairés @sed &ere therefore
designed specifically for this investigation. Test 1 was
derived from a.procedure used by Darbyshire and Pee (1963)
and Tes% 5 from work reported by Miller (1956).

‘Method | ‘

In order to avoid repetition, the subjects, materials
| "and procedures common to the whole investigation are
R described at the outset, The rationale, method, results
and discussion for each of the six tests and the two

\ ' questionnaires are then presented separately.

Subjects

Twelve subjects were selected from the fiffy—eight
children éttendingrthe Montreal Oral School for the Deaf.,
Those.-children with the most severe hearing impairment were
chosen. All had hearing loss dating from birth in excess

. of 65 db at 500 cps, and residual hearing oﬁly for low tones

" as tested by discrete pure-tqné audiometry. Pure~tone
audiograms for each of the subjects are presegted in Fig. l.
Pulsed~-tone Bélkésy audiograms were later otvained for each

of the subjects both to check the accuracy of discrete
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4 ¢

. pure-tone thresholds and to measure possible residual
hearing lying outside the range of the school's audiometer,*
These are presented in Fig. 2. - A1l subjec.s were noted

P as "of at least aversge intelligence®, found to have
normal, EEG responses and considered to have no additional
handicaps in the course of diagnoétic reviews carried out
by the Conference on Hearing and Language Disorders of the
Children's Nemorial Hospital (McHugh, 1962). .Other .

relevant background data are given in Table 1.

Apparatus

. Exberimental and standard model hearing aids,
identical in appearance, were used to provide amplification
from 80 - 3500 cps and 300 - 3500 cps respectifely
(see Fig. 3, p. 30). | | |

Twenty éxperimental model ﬁeariné aids were made
available to the writer for this research. Response
characteristics wefe obtained for each and all conformed
cigéely to the required specifications. The five aids
finally selected for this study (serial numbers 275, 413,
418, 430 and 760) conformed in both low frequency range

and gain to within I 5 cps and t 5 db respectively with

¥y thanks are due to Mrs. il. Stephens of the Royal
Victoria Hospital and INiss B. Brown of the Childrents
Memorial Hospital for assistance with this work.
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Table 1

Background Data on the Twelve Subjects

! Used in This Study

Case -|Age | Years | Sex| Cause of Deafness | Vesti- | School
No. Aid . bular Grade
Worn Response
(ENG)
1 10 3 £ | Unknovn Normal 3
2 8 5 m | Maternal rubella None 2
3 |12] 6 | £ | Toxaemia in Normal ! 4
pregnancy ,
4 71 2 m | Maternal goitre Normal @ 1
5 9| 1 m | Virus infection None 2
at birth?
6 |16 2 m | Genetic Normal '@ 6
(recessive)
11| 6 | £ |Genetic (+ anoxia?)| Normel | 3
8 9' 1 m | Maternal rubella None 2
9 11 9 m | Unknown Normal. 4
10 | 8| 2 .| £ | Maternal rubella | Nome 1
11 |1 2 £ | Genetic ' Normal 6
(recessive)
12 8 1 m | Maternal rubella Normal 1
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the characteristics of the reference' model presented in
Figure 3. Twelve standard model aids were évailable, of
which three conformed to the rei‘erence'mod:el within
éomparable limits., These models (serial nu:mbers 182, 264
and 273) were éelected for the study.:

'In Test 1, which measured the distance over which
phonemes were audible, the hearing aid was worn by the
subject on the chest and maximum available gain was used.

In the remaining tests the hearing aid was held by the

_tester at a distance of six inches from the mouth of the

speaker with the hearing aid adjusted to provide optimum
gain. Optimum gain was determined by testing with the |
three vowels /a/, /u/ and /i/ and the c_ons.onahfs /f /, and
/s/, the gain being adjusted to permit the subject to hear

" the quieter sounds as well as possible without the louder

sounds causing discomfort or pain. This technique
permitted the operation of the aids at gain l'evels. of

30 - 40 av. Sincc'e speech level at six inches was approxi-
mately_ 80 db, at least 25 to 30 db abovs the ambient noise
level, adequate output with a high signal/noise ratio was

thus ensured.

—— -

Procedure

Tests were designed to permit the relationship

between the frequency range available tu the subjects and
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Fig.. 3. The frequency response charactaristics of
(a) the experimental model aid and

(b) the standard mode! &id.
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¥
Table 2
Experimentalcnesign to Provide a Counterbalanced -
'Order of Presentation' for Hearing
Aids and Test Sexries )
Groups Initial Assessment |. Final Assessment
Hearing Test | Hearing | - Test -
Aid Used | Series Aid Used| Series
o - . N : | .
~ L 1 Exp. 1 1 std. 2
2 Exp. 2 Stde | 1
s | sta 1 | B | 2
5 "
4 Std. "2 Exp. 1
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the audieion of wvoice patterns to be examined. Subjects

were divided inco four groups of three and both the use
of hearing aids and the presenﬁation of test series was
varied s&stematically as shown in Table 2.

The division of subjects into four groups of three
Was arranged so that the average age of subjects in each
group, was comparable. Attention was given to this variable
because Whetnall (1955) and others consider that ability
to use residual hearing decreases with age. Since four
of the subjects had already worn experimental aids before
the study was begun (Cases 1, 5 8 and 11), each of the
four was assigned to a different group.” Sex could not
be distributed equally between.groups. |

‘ With the °xception of Test 1, which was a measure

of threshold, each test was made up of two different series
of items of equivalenp difficulty. These tests are
described in detail in subsequeht pages. All tests were
administered in such a way that the child received only
auditory cues. All children proved able to perform
adequately'in each test session without undue fatigue
and without extrinsic reinforcement since the.children
were already well adjdsted to the school situation.

A one week period of training with each of the
hearing aids was given prlor to the tests. This period was

considered adequate to permit any major differences
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to becone evidenﬁ. Since the schoél's routine was
organized around a weekly timetable, a weekly testing
schedule was also the most convenient. Training and
testing with one of the hearing aids was immediately followed
by training and testing with the other model. During the
onedweei period subjects wofe their hearing aids every
waking hour, with the exception of approximately ten hours
weekly when the child participate&'in lessons on the group

hearing aid in his classroom. Individual speech and

‘hearing training work with both teachers and parents was

conducted using each of.the gids as a matter of routine both
in school and at home, Hearing and speech tfaining in |
school deliberately encompassed all items tested in this
study so that bizs due to practice efizcts was minimised.
The experimenter could tell which type of aid was
being wora at an& time by its se:ial number and also simply
by listening to it. However, neither the child, his
teachers nor his parents could identify the standard or
experimentai models as such by any means and néne'was told

which model was being worn by the child at any time.

" Statistical Methods Employed

The basic statistical problen involved in this study
was to determine whether differences in scores or ratings

obtained by the children when using (a) the experimental aid
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and (b) the standard aid reached a significant level.
As these differences could not necessarily be regarded
as samples drawn from a normally distributed population,

non paramgtr‘.c methods were employed throughout.

Statistical analysis of test results. The

Mamn-Whitney teé‘b ( Walker and Lev, 1953, PpD. 43.4-435)
was selected for.analyzing the results of all six tests.
This "Sum of Ranks" test was used to guard against the
two-sided alternative P(X>Y) =} at a .01 level of

. confidence, When N1 and N2 are 8 or larger, this statistic

eggert

- ' has a distribution which is approximately normal:

2R1-H (¥ + 1) |

‘/"ﬁ'l\le (Tﬂn

The z scores obtained ( which majf be verified by reference

to the’tables of raw scores in the text) are presented with

- .- the:resulte of each test.

Statistical ana1v81s of Questionnaire results.

Unlike the results of the tests, tabular data obtained from ,
the administratica of the questionmaires are mainly in the

form where only the presence or absence of a difference
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and its direction can be'shown. In the analysis of data’
from questionnaires, therefore, a two-tailed Sign Test
(Walker and Lev, 1953, p. 430) was used to verify whether
differences between aids reported By parents reached a

. .01 level of significance. The results obtained are
reported in the text. |

Indepéndent Verification of Results
In an experiment such as this, it is notoriously easy
for the experimenter, in good faith, to bias a whole set of
results simply by small unconscious changes in the manner in
which vocal material is presented. To check whether such
bias occurred, the study was partially replicated with both
live and pre-recorded material under conditions which did
not permit the examiner to identify the aid used. Test 1

was carried out using the same éﬁbjects. The order of aids
and presentation of live and pre-recorded material was again
counterbalanced. A Sony Model TC102M tape recorder was used
for both recording, during which the sound pressure level for
each phoneme was monitored by reference to a VU meter, and for
playback. During playback, each of the aids was suspended
at a constant distance (6 inches) from the loudspeaker, the
examiner adjusting the volume control of the recorder te
determine thresholds by a method of limits. The relative

9 audibility of phonemes was recorded in terms of the volume
required for each child to hear individual phonemes. The
results of this pgro}al'replication are reported on page bLk.

PV O S SR TS N

N,
\
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Test 1. Relative Audibility of Certain Phonemes

5 In order for speech to 5ecome méaninéful to
dhildrén it must, first of all, be heérd. Some phonenes
have censiderably more power than others (Fletcher, 1953,
Ch. 4) and are therefore audible over greater distances.
for normally hearing persons. However, since only those
phonemes with gcbustic.eneggy within the deaf child's

frequency range of hearing are audible to the child,

N7
‘

whatever their power may be, and since the frequency range

of the hearing aid changes the child's effective range of
hearing, a @ifference in audibility of phonemes could be

expected between children using standard and experimental

model hearing aids. Indeed, preliminary trials using the
two types of hearing aid indicated that the experimental aid

effectively increased the distance over which voiped speech

sounds were audible to them. This result might be

rww-:v T e T T AR ST R ST e TR T gy
. - - - o
S .

predicted from consideration of the line spectra in Fig. 4

which indicates that the low frequency range of the experi-

- T T TR AT T e

mental aid encompas~es the lower formants of fu/ and /i/

"W TV

and the lower harmonics of /a/, while the standard model

TR

P4

fails to transmit some important powerful componenxs of the

vowels Ju/ and /i/.f
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~—  Low frequency range of experiﬁental aid.
e— LOW frequency range of standard aid.

F*-Approximate upper limit
of residual hearing range.

] | l 'l | /8/ 8s in father

l 2 'y (]

| | I R B B /P/ ?s ?2;?h°? ——t 21

| | I'I |

/i/ as in see l l I I
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Fig 4 Line Spectra showing the energy distribution of the
vovels fa/, /u/ and /i/ in relation to the frequency

range of the standard and ekperimenbal hearing aids
and the approximate upper limit of the residual

PR bearing renge.
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RIS Method

-~

Apparatus and Materials

The stimuli used for this test were the flve
speech sounds /a/ /u/ /i/s[§/ and /s/. The method

{ of presentation employed was an adaptation of the

technique normally used in'obtaining pure tone threSho}ds
E - in audiometry with very young deaf children. This method
was selected because tﬁe children concerned were familiar
;‘ with the proéedure through periodic hearing tests and
\ daily checks on heariﬁg aids, Thus.tﬁe children were trained
to respond when the sound was Just audible by making some
definite movement such as placing a peg in a peg-board,
posting a shape in a fofm box or simply raising a finger,
The stimuli were presenied at intgrvals of predeternined
irregularity to establish threshold in terms of disiance
“for each sound° The distance was increased or decreased

by the examlner moving towards or from a p01nt where the

M -..- Q.—c—. - e - e e i - - PR
L

child was seated.

The stimuli were presented in the order given
.. and, in each case, the distance at which responses were
obtained to 50% of the presentations was recaded as
representing threshold., . .
The sound levels of stimuli were monitored by
constant reference to 2 VU meter incorporated into a

! : | Grason-Stadler type 2603 amplifier fed by a microphone held
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at o constant distance of six inches from the mouth of
the speaker. Each of the sounds was spoken with the
seme amount of effort and it wes noted that the -ariation
in level during the course of presentation of any one
phoneme was never greater than 2 db.

The variation of sound level with distance in the
room used for the testing waé measured with Bruel and
Kjae.r equipment* as follows. A type 4134 %-inch micro-

phone was placed in the position the children occupied

~ during the tests. The sound level at the microphone,

which was comnected with a cathode follower and type 2603
amplifier, was automatically graphed by a type 2305 1evél
recorder. The system as dc_escri'ped was calibrated with a
Bruel and Kjaer pis:bon phone type 4220, The voiced
phonemes, menitored as for the experiment, were then spoken

at logarithmically spaced distances from the microphone.

.Undgar perfect acoustic conditions +he sound pressure drops

by six decibels every time distence is doubled. In this

" .eifésérbbm., due Lo reverberation, and approximately 55 to

60 db background noise, socund pressure dropped considerably

less with distance, as shown in Table 3.

%The writer is grateful to Dr. R.P. Gannon for the
1oan of this equipment and assistance with the measurenment
of room acoustics. : .
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Table 3

The mean sound pressure levels of the vowels
/2/s /u/ and fi/ recorded in the classroom

used for Test 1

:Distance Sound levels of each iowel
~ (feet) {decibels)
a u i
] p *
- 90 88 8645
% 83.5 81 - 79
1 T7.5 1 77
2 72 73 . T72.5
4 69 67 6645
8 65.5 65 64
16 64 . . 63.5 63
32 63 63 61.5

-

- 172 _ -Note: Figures given represent ile mean of
four trials. Variation of actual voice
dlevel for each vowel within and between

trials did not exceeﬁ 2 db.
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Table 4
Comparison of audibility of phonemes'using
experimental and étandafd aids

(results are given in feet)

Group 1 o Group 2

Case Phoneme Zxp. Std. Case FPhoneme Exp.= Std.
1 a 45 45 4 a 45 45
u 45 35 . u 45 35

i 45 32 i 45 30 -

J 1 1 J 1 12

8 T % 8 z H
2 a 40 - 35 5 a 45 40
AN B A A B

i i

S -3 5 - J 20 6 -

s . % % S 1 %
3 a 45 . 45 6 .a 45 45
u 45 45 u 45 45
) 27 T i 45 15
12 5 S 4 1

s % % C 3 %

Group 3 _ Group 4 _

Case .Phoneme BExp. IStd. Case Phoneme Ixp. Std.
7 a - 45 36 10 a 45 45
n . 40 36 u 45 - 45
i. _33 15 i 45 24
LT IiZTLT ToeIooLEIiT: T :ft T 43

_ 8 1 % s 1 %
8 a 45 45 11 2 45 45
IR P8 %

i i

S 2 . 2 S 1 1
8 ¥ % 8 o 0
9 a 45 45 12 a 45 45
u 45 35 u 45 20
Foos 13 I -
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Results

The sound /a/ was amplified adequately by both aids.
Under the acoustic conditions of phis test (see Table 3)
comparison of results would be unreliéble when differences
only‘slightly larger or smaller than 45 feet are involved.

Analysis of ;ther results, which are presented in
2able 4, shows that:

-

The sound /u/ is more audible through the experi-

mental aid. The difference in audibility is significant

“beyond the .0l level of confidence. (z = 3.10)

The sound /i/ is very much more audible through the
experimental aid. The difference in audibility is
significant beyond the .0l level. (z = 3.79)

The sound /f / is not heard significantly better with
one aid rather than the other. (z = .176)

The sound /s/ is not heard well with either aid and
there is no significant difference in audibility of this
sound when é;ther éid is worn. (2 = 1.47)

Discussion .

. The significantly better scares obtained for vowels
o/ and /i/ with the experimental aid support the hypothesis
that children with low frequency residual hearing would find

the voiced components more audible when the low freqqency
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rauge of speech was amplified. The results also support
observations made during preliminary trials. The results
not only showed that the experiﬁental aid increased the
distance over which these vowel sounds could be heard,
but, -perhaps more important, reduced the differences in
their relative audibility. Fletcher (1953, p. 85) has
shown the ratios of sensétion levels for the vowels /a/ s
/u/ and /i/ to be approximately 10C : 96 : 89 for normal
fistenera, Comparing the mean distances over which these
sounds were audible to the subjects in this study the
ratios for the standgrd aid appeared to be approximétely
100 : 65 '
100 : 86

25, and for the expérimental gid approximately

78. (See Table 4)

Hearing voiced sounds (including other voiced
phonemes such as 1, Ty Wy V, OT z) at approximately equal
intensity (i.e. at an approximately equal dlstance) is
clearly important for, unless all voiced phonemes are .
almost equally audibie, auditory experience for the dhlld
wzth reszdual hear 1n° car. be both bizarre and unstable.
From these results it mey be inferred that, with a siandard
aid, such a child standing at the opposite side of z large
" reom from a speaker would hear only something of .he last
word of the sentence, "We keep two cars.” I“ the middle of

the room, he would hear something of the last two words. -

Close to the speaker he would hear something of all Zour woxrds,
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the first two close to th;eshold, the last one at a shout.
- Only when very close to the speaker could the number of

syllables, their duration and rhythm, their pitch and

.intonation, possibly be identified. In contrast, the wider

‘ frequency range of the experimental aid permits greatly

improved audibility of speech; and greater stability of

g
.t eamaa  eame e e

audite”y patterns with distance must result.
With the significantly better relative audibility of

- e s e bmm—— i

voiced phonemeg provided by low frequency amplification, the
attention of the child can be more readily attracted and
sustained (Table 20; P.95). The increased stability.of the
auditory experience within the distance involved in home

y life should offer considerably better opportunities for early
(:_ language acqgisition ‘and the spontaneous development of good

voice patterns.

g ' While audibility of voiced sounds was significantly better

3
23
.
*
" .
L -
.
.
a
]
R »
.
‘o
.

for children with low-tone residual hearing using the
experimental aid, the audib’;ity of the unvoiced sounds was
not significantly affecteds Because unvoiced sounds carry

fore information than the low frequency cuuaponente of voiced
sound (Fletcher and Galt, 1950; Miller Heise and Lichten,1951),

'no marked increase in the actual disc;imination of speech can be 3
predictedfffom this test. ‘ ' -
The partial replication studf.described on page;BS fully
confirms the results preseated above,.'Fbr live voicq; the
results were identical. For pre:fécorded.speech; all five
phonemes were heard siénificantly better'ﬁith.low frequency

N .

amplication.
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Pest 2. Audibility of Syllables

The Syllable as a Component of Speech

There has.been considerable discussion among
lingulsts as to the deflnltlon of the term syllable
(Heffner, 1960, p. 306; leader and Muyskens, 1962, De. 30)
It is used here, as by Hughes (1962), to_descrlbe “the S
.peaks of acoustic energy or sonoritj which occur in woxrds,
phrases and sentences. In this sense, the words 'pear?t,
tapple! and *banana! have one, two and three syllables |
‘(:> .. respectively. |

The Syllable in Relation o This Study

It is clear that if a déaf child is unable to hear

certain syllables he will be unable to identify their

qomponeﬁts or reproduce them in his speech. The frequency,
\

réie-aﬁd duration of sylldbles are the basis of speech

raythm, which has been shown by Hudgins (1937) to be of

. great importance in both the perceptioa and production of
| speech by deaf chiliren. Since the speech of the deaf
children used in the present study lacked rhythmic structure,

it was decided to test to what extent syllables were audible
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to the group and whether the experimental hearing aid
jnoreased such audibility. This measure has not been
jncluded in any speech test of hearing known to the
writer. Mbst speech tests of hearing are concerned

either.with the recognition of phonetically balanced

~monosyllabic words, spondees or sentences, and not with

the audibility of acoustic peaks. | In identifying the
number of syllables heard, the complexity of the task -

increases with the number of syllables used and the speed

‘_at which they are presented. T™wo forms of test were

therefore prepared, one using words of up to three sylla-
bles, the other usiﬁg phrases of three or more syllables;
Many phrases, quite distinctly different in rhythm,

are frequen%ly confused by a child who has become visually
biased through early training in lipreading. Examples of
common errors are, "How are you?" and "How old are you?"
Even more frequently, phrases such as "T did go" and

ui didn'%'go" are confused. Better audibility of |
:siilableé would ¢learly offer many-advantages'to both child

énd teacher.

Method

~ To test audibility of syllables in words, two lists
of twenty-five words of one, two oT three syllables were

constructed. The number of syllables in the words was
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Table 5

Stimuli'used in test for audibility of

syllables in words

‘Series 1

et

father
grandmother
garden
crocodile

‘socks

bed

robin
steering-wheel
birthday card
purse

lemonade

cigar

cake

pear

~ salt
- radio

letter

. papexr

dollar bill
airplane
nmrse

daisy
teddybear
bulldozer

Series 2

elephant
boy

.'mother

house
tadpole -

~overcoat

pajamas
duck

engine
candle
handkerchief
water

nipe

apple pie
banana,
vinegar

. cughion
" pen

wool
nickel
train
policeman
rose
balloon
truck




‘Pable ©

Stimuli used in test for audibility of

syllables in phrases

Series 1

on the path
high in the sky
up there '
shut the door
lock at the boat
here's a man
yes please

I'm hungry

I'm thirsty

it's time for bed

how are you?
I'm five

I'm a boy ,

I can'd

I've a2 ball
it's hot

I'11 go

I don'tv.like it
I did not.
would you?

have you?

I don't want to
you did

we didntt go
I'd like one

Seriés 2

over the bridge
deep in the water
over there

open the window
see the big airplane
this is a laiy

no thaﬁkyou

I want a drink

I am thirsty

it's bedtime

how old are you?
I am five

I am a boy

! cannot.

I have a ball

it is hot

I will go

I do rot like it
I didn's
wouldn't you?
haven't you?

I do not want %o

- you didn't

we did not go
I would like one

- IR ll
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’
o

distributed unsystematically thféughout each list as shown
in Table 5. R

To test audibility of syllables in phrases, two lists
of twenty-five phrases, each containing three, four or five
syllgbles were constructéd and the number of syllables per
phraée distributed throughout each list in unsystematic
order as shown in Table 6. |

Each item was read speedily and without undue stress
or infonation to each child in the order givén. fhe ’
. child's task was to identify the number of syllables
contained in each item. The children were permitted.te

tap the rhythm of the words or phrases if they found this

to bekelpful. No time limit was imposed between items.

Results

Results of the tests for audibility of syllables
within‘(l) words, and (2) phrases, are presented in
Tables 7 and 8 respectively. ~
T mhevimprovement in the audigility_of syllables in
words was significant beyond the .01 level (z = 3.22) as
it was in phrases (z = 2.86) when children used the

experimental model hearing aid.

;0
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Piscussion

the results of these tests support the hypothesis
that the syllabic structure of both words and phrases is
more audible to children with low-tone residual hearing
when iow frequency amplification i.s provided.

The poorer SCOrL€S ach;‘ueved on phrases than on words

s probably related to 'bhs length of the stimulus pattern
rather than to any intrinsic differences in tix.e acoustic
propervies of words and phrasesS.

That the number of syllables present in both words
and phrases was signi'ficantly more easily identified by -
the subjects when they were wearing the expern.mental aid
indicates 'bhs.t there were more Cues available to the
children when better low frequency amplification was
s.vailable. What acoustic cues were missing when the
stendard aid was used is a matter for speculation.

' 1% is nighly unlikely that the anstressed syllables
"ivei‘é’ completely inaudible To the subjects wearing the
gtandard aids since hearing aids were held within six inches
of the tester's mouth, thus providing an input'level to the
. afid of approximately 80 db. ' Most errors occurred in words
containing the neutrel vowel /9 (for example, 'elephant!,
tpejamast, tmother?, t1emonade?) which occurs in unstressed
syllables. Tt is also likely that, with the standard aid,
syllable boundar:.es tended to be- plurred through the

LA A R Y

——
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¥
Table 7
) Audibility of syllables present in 25 words
(Figures indicate the number of correct
responses obtained using experimental
and standard aids)
Group 1 ' Group 2 A
' Case Experimental Standard  Case Experimental Standard
). 1 20 16 4 19 z5
| 2 19 4 . 5 23 17
C 3 25 18 6 21 22
Group 3 ' Group 4
Case Experimental Standard Case Experimental Standard
| 7 18 18 10 25 17
> . . 8. 2 13 11 25 17

9 23 - 22 7 12 24 21




Table 8

Audibility of syllables pfesent in 25 phrases

(Figures, indicate the number of correct
' pesponses obiained using experimental
and standard aids)

Group 1

- Case Experimentél Standard

1 16 - 13

2 13 10

3 25 ' 12
Group 3

Case Experimental Standard
T 20 19
8 22 12
9 21 2

Group 2

Cese .Experimental Standard

4 19 18

5 18 ' 16

6 23 21,
Group 4

Case Experimehtal Standard

10 24 13
11 29 9

12 21 17
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weakening of possible cues such as changes in intensity
ratio, pitch, duration and onset character:.stlcs. . In the
four examples given above, the von.cea consonants /1/, /n/,
/5/ and /m/ respectively were involved and as syllable
"ooundax*y markers they are obviously not so effective as

stop consonants (e'.g., robin, cigar, tadpole, cang_le).

Words in which syllables were bounded by stop consonants

rarely caused errors. Tﬁe blurring of syllable boundaries

involving voice continuants may be inferred from spectro-

~ graphs (Ling, 1964b). In these spectrographs, cues for

the identification of the two syllables in the word tfather!
are shown to be greatly reduced by the standard aid ot
not by the axpérimemtal model; | |

if, _aé appears to be the case,- the blurring of
phoneme boundaries was responsible for failure to identify
the nuinber of syllabies, it does not follow.'hhat the low
frequency amplification provided by 'the experimental aid

would be advantageous in th:.s ‘respect for children with

' iow-tone residual hearing in other acoustic conditions.

With an input to the hearing aid of 80 db and a room noise
1evel of 55 db, the signal to noise ratio would be 25 db.
Under such conditions no masking would occur. However,
with an increase in distance the’ s:Lc'nal to noise ratio
would be rec}uced, the effects of reverberation would be -

increased and the resultant masking effect would probably
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L

destroy some of the phoneme boundaries made audible by

1ow frequency amplification under test conditions.
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Test 3. Audibility of Stress

Siress as a Cbmponent of Speéch

The importance of stress in expressing both the
. emotional tone of speech and its precise meaning is well
known. Jones (1943) stated that, , .
ﬁStress is almostfalways linked to something eise, ' “
" genexvally intonatioﬁ, so that it is extremely difficult -
pernaps impossible = to disehtangb it from generalc
prominence in which other attributes (timbre, length,
intonation) also take part. It has in fact been shown
that, when other attributes are eliﬁinated, stress alone
is not very effective as a means of distinguishing words."

Stress was used by Jones to mean two things:

(1) the general prominence particular words receive in a
sentence, and (2) an increase in intensity <o produce.
this prominence.

Fry (1955) showed that duration and intensity ratios

are both cues for judgment of stress but that duratica is

a more effective cue than ip%ensity. Bolinger (1958)
showed that intensity was less‘important than intonation.
Pry (1958) ran three experiments to determine which three

of the four possible characteristics (duration, intensity,
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fundamental frequency and formant sfructure) contributed
most to siress. He concluded that frequency cﬁénges may
outweigh the Guration cue altdgether and that duration and
intensity both act as cues, but confirmed his previous (1955)
findings that duration was more important than intensity
in pércéiving stress. ' ‘

Stetson (1951, p. 214) pointed out that,

"Since the stress increased the tension, it is naturel that
the incregsed chest pressure, compensated by an'increased
_tension in vocal folds, raises the pitech. The stress may
fall, however, on a syllable with a low pitch because of
the intonation pattern and especialiy at the end of the'
declaraﬁive phrase.”

Lehiste and Peterson (1958) proposed the theory
that the perception of linguistic. stress is based upon
judgments of the physiological effort invqlved in producing
stressed vowels, a theory which hés relevance.in teaching
deaf dhildreﬁ %o perceive and produce stress. |

_ .The'importance of stress in learning language is
emphasized by Brown and Bellugi (1964, p. 141). TIn the
analysis of tape recordings of a mother's speech and the
child's responses, they noted.that "the heavier stresses
fall, for the most part, on the words that the child
retains ... in the transcribing of the tapes, the words of

the mother that we could hear most clearly were usually the
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words that the child reproduced.®  They concluded that
differential stress appeared to be the main cause of the

child's differential retention of early language patierns.

Stress:Patterns and This Study

L]

Silverman (1957, p..401) suggested that stress
could be perceived by some profoundly deaf children through
the use of residval hearing. However, among the children
ﬁsed in this study, speech was'notably lacking in stress.

" A11 words were sounded with virtually equal emphasis with
the possible exception of those words which were most
difficult to pronounce. |

The "voiced sounds of speech are not likely to be
equally audible.to a deaf child due to their formant struc-
ture, and it could therefore be predicted that stress
would not easily be perceived by deaf children who heard
some unstressed vowel as much louder then a stressed vowel
,whose_main-formants lay outside-their,rapge_g;_hearipg.

While it may be concluded from the literaturs that intensity

may be a relatively unimportant cue in stress, the percep-
tion of duration and intonation presuppose adequate intensity.
for audltlon, and 1t therefore appeared reasonable to test
the nynothe31s that additional 1n10rmat10n, provmded by

' the experimental aid in the low frequencies, would lead fo

better audition of stress.
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Method

To test audibility of stress, two identicol lists
of twenty-five phrases were constructed. One word was
stressed within each phrase. The position of the
streésed word within each phrase was varied throughout each

list in unsystematic order, as indicated by'the words

underlined in Table 9.

Cards measuring four inches by eight inches, on

which the stimulus phrases were typed in bulletin-sized

| piint,'were prepared.

The lists were read to the child in the order given
in Table 9; in accordance with the stress marking indi-
cated. .The child's task was to identify, by pointing at
the appropriate word on each eard in turn, which word in
each phrase was stressed. (The cards'were treated to
prevent finger ﬁarking). Bach child was -given adequate
practige using similar cards immediately prior to the test
o ensure that the'purpose of the task was clear. (A11
children had sufficient reading skills to cope with the

simple vocabulary used).

Results

The results of this test of audibility of stress:

“are presented in Table 10. Eleven of the twelve children
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\‘ﬂ’ N .
- : Table 9
Stimuli used for testing 2udibility ‘
of stress in speech
. L}
p Series :1 ‘ Series 2
> § dontt do that gon*% do that

'

PR

=
]
1
!
b

- 1%ts too harc

ST SPURIOTRIRLPSRR NS i

vhere are you? |
what do you want?
I'n going home
thatts my coat
wash your Iace
show me your nose
a black man

a little ’ooir

open the doox

a big smile
thatts my book
where have you been?
on {he top shelf

here it is r

I don't know ‘
dovm the hill

please give me one
when "did you go home?
naveé you any more?
how meny are there?

- I've only got one

I don't want any
it's zreally hot

where are you? -
what do you want?
I'm going home

'itts too hard

thatts my coat

wash your face

show me your nose

a black man

a little boy

open the door

a big smile

that!s my book
where have you been?
on the top shell

_here it is

I don'?t know

down the hill
please give me oxne
when &id you go home?
have you any more?
how many are there?

- Itve only got one
I don't want ary

it's really hot
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Tabie 10

Audibility of stress within 25 phrases

(Firres indicate the number of correct’

responses obtained using experimental

¢ and standard aids)

Group 1

Cése Experimental Standard

1 17 '8

2 18 12

3 20 9
Groué 3

Case Experimental Standard

7 17 13
8 .23 14
9. 25 21

Group 2

Case Experime~ “al Standard

4 18 18

> 23 17

6 21 19
Group 4

Case Exper;mental Standard
10 21 5
11 20 9
12 25 | 12
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were able 1o jdentify stressed words better with the
experlmen’cal 2id than with the standard aid. This
;.mprovemenu 1n sbiflity to hear stress which results from
low frequency amplification was significant.beyond tae

;01 level of coniidence. (z = 3.30)

Discussion

The results obtained confirm the hypotnesms that

the additional ipformation provided by smplification from

80 cps permits children with low frequency residual

hearing to identiiy stress in words and phrases signifi-
can’cly more accurately than waen gpeech is amplified from
300 cps. Tflat tnis improvement is related to the

relative audibility o: pagnenes (see mest 1) is suggested
by tae consistent pattern of errors made by the children.
yith amplification fron 300 cps their res;)onses were
snevitably correct for the item nit's too hard® and equally
jnevitably inccrrect for the item nitts 100 hard®. With
low frequency amplification this was not so. 1t was
apparent that, w1th the standard aid, words which were
loudest to the subject (i.e. those containing central
vowels) appeared to them %o be stressed, regardless of axny
duration or pitch cues present. Whether the sianifican’cly

better results obtained w:.’ch low frequency ampllflca’clon

were due to the ider;.’cifica’cion of intensity, piteh or
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L ®

duration, or a combination of these cues, remains a
’ .

makter for speculation and further experiment. No clue

is provided from the resulis.

Lry
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Pest 4. Audibility of Piteh and Intonation

The Rblg of Pitch and Intonation in Speech

O0f intonation in speech Marouzeau (1949) statés,
"On considdére volomtiers 1tintonation dans 1ténoncé oral
comme un appoint, qui a pour effet de nuancer 1'ex§ression,
de soulignef les effets et les intentions, en somme, comme
un jew et un luxe. Elle est plus que cela.” Elle
représente un moyen dtexpression autonomme au méme titre
que les procédés lexicographiques, morphologiques ou
syntaxiques,-auxéuels ellc se surajdute, ef qu'elle peut
méme supplanter,." ‘
' The importance attributed to intonation by
‘Marouzeau has been widely sﬁpporfed by other modern linguists
and proneticians. Isamu (1954) describes its function in
differentiating requests and commands, Bolinger (1955) its
contribution Yo meaning through stress, Fries (1945,
pp. 20 - 23) its importance in acquiring English as g
' foreign languzge, Lee (1960) its role in expressing neéation
and subjective states and Stockwel; (1960) its place in a
generative grammar of English. |
| Siertsema (1962) distinguishes intonation as one of

thiree frequency based variables - first, the formant
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<

structure which is heard as “quality® or timbre, secondly

the fundamental frequency heard as the piten of the voice,

and thirdly, the variation of fundemental frequency which

is heard as intonation.

Pitch and Intonation in Relation to Deafness

The 2bility to perceive pitch and recognise piteh .
chanze (the basis of intonation) has been the subject of

o considerable mumber of investigations. The relation of

pitch to frequency in normally hearing subjects was

ouantified by Stevens, Vollman and Nevmen (1936) in the
construction of the mel scale. No similar work has been

atienpted for deaf subjects, since sensori-neural hearing

. loss tends to be associated with poor piteh discriminaiion

(Bradley, 1959; . Meurman, 1954; Séhubert, 1951).
DiGarlo (1962) reviewed work on pitch perception
carried out with deaf children and studied the rela#iénr
ships between-frequency discrimination, speech receptlion
threshold and speech diserimination scores. He concluded

that, Yeven deaf children with severe hearing impairment,

.who possess good frequency DLs 2t 500 an& 1000 cps, 2y

benefit greatly from amplification and a systematvic progran
of anditory training." The writer's previous work (Ling,

1959) indicates that among profoundly deaf children the

skills involved in making frequency discriminavions often
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iwprove with auditory training and experience.

Pitch and Intonation in this Study .

or the purpose of this study, intonation ie
defined as a veriation of fundamental pitch of voice, (cf.
Siertsema, op. cit.) Thus a male speaker may have voice
patterns one octave below those of a female speaker and
their fundemental pitch may be said to elffer by one octave,_. )
but providing their speech has the saume tune, or relative
pitech change, they may be said to hdve the same intonation
patiterns.
Chlldren.w1th residual hearing rarely acqulre
(:) . ;_ natursl intonation patterns and frequently have an abnormal
fundamental pitch of voice, whether or not they wear stan-
dard hearing aids or have received training on high fldellty
group hearing sids in the course of classroom worke
Pheir experience with the latter is generally of insufficient
= éuratlon for.good intonation patterns to be acquired
through awareness of their own and otherst voices.
Spectrographic analysis (Ling, 1964b) indicates that
. standard heariﬁg aids provide them with en inadequate band
" of frequeancies for the recoghifioq of pitch and intonafion.
. However, much clearer intonation patterns caa be seen in the
spectrographs teken through the experimental aid and it |

would appear reasonable to postulate that, providing the
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children have adequate training and:experience in using
the additional low frequencies, better judgmentvs of

pitch and intonation could result.

lMethod

To test audibility of intonation, two lists of
eighteen.three-syllable.phraées were constructed. These
were arranged in three groups of six for presentation
within the range of (1) an 8ve, (2) a2 5th and (3) a 3rd.

" Bach group contained, in predeterﬁined order, the six
possible types of intonation pattern within a three
syllable phrase (see Table 11). The phrases were spoken
rather than sung since (1) intonation patterns in‘éveryday
.speech occur not simply through pitch differences between
words, but through pitch changes within words, and (2) the
intervals used are present as hérmonics of the voice, and
movenent of pitch to these intervals is therefore more
likely to be heard by naive listeners than presentation
at these intervals. .

The childts task was either to identify the
. intonation by pointing in turn to colored rods associated
Wi‘bh‘the.pitch of the sounds heard, or to reproduce the

intonation pattern directly by imitation.
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Table 11

S T T T TR T R

.

Series 1 Series.2

1 Héllo-there : A big boy g

2 How ape JOu? . 2 At-_fiv‘e then é;’ ’?‘,‘\

5 Wmat's-the .. '3 How nany? 8 R

4 I don' t=know 4 A white dress? :g ?é
K Bye bye Dad 2 Who-said that-? -g c

6 Do-voy Xnow? 6 My bigecar? -

T €00d cioust 1 What-is 1%? 5

8 Someemore'pieése 8 Where-are you? 2 Eg

9 Thatrg 10T true 9 Here I am} %pgx
10 & big D02E? 10 .What Was L oip :§ é
11 . that so? 11 , hot-bath? é c
120 - go? 12 Wmo-said , ,,

13 , 1oy bath? 13 Wuy . that? g
4 matrs 0% £osoy 14 gyer there? o2
15 ', Vhite-dress? 15 Which o..ne-is? ’ §) §"
1_6- A cold-day! 16 Brown éaper? g O;-
17 Fo-Itm .. 17 In-the |, g A
18 Ay sky? 18 | have none! A




IR RSN I S AR I AW AN NS ; 8

Gnd

i el e
3 wee N

e A o4 5,
Vo R bt L PN dosBes m
[ ]

68

Results

Results for the test of audibility of intonation
are presented in Table 12, Not 2ll chil&ren were able to
hear intonation patterns whether the range of intonation
coveréd’was an 8ve, a 5th or a 3rd.

There weré relatively few correct responses (a
mean of 2.5 per child with the experimental aid and 1.25
with the standerd aid from a possible 18), but better scores

were consistently achieved with the experimenval aid. No |

differences in scores were significant, however. (z = 1.50)

Discussion

Results of the tests do not confirm the hypothesis
that extended amplification from 80 dbs would meke intoua-
tion significantly more audible for children with low
frequency residual hearing than amplification'from.300 cpsS.

The results do, however, confirm the experience of
the chiidren's teachers that the 8ve invsrval presented the
least difficulty and the 3rd the most.

That only gross differences in intonation were

" audible tofmost subjects indicates that, while the identifii-

cation of spezkers by ritch (male w. female) nay be
facilitated by low frequency amplification, the intouation

ﬁatterns used in everyday lifé, which rarely exceed an
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A
5' | Tanle 12
- . Audibility of intonation patterns:
correct responses from 6 items per set
; ! Group 1 Group 2
3 ) ‘ .
S Case Set Exp. Std. Case Set Exp. Std.
| | 1 8ve 3 3 4 ‘8ve 2 2 \
r 5th 0 0 5th 1 0
3rd O 0 3pd O 0
) 2 8ve 2 1 5 8ve O 0
[, “ st 1 0 sth O O
| 3074 0 O 37 0 O
-
E %3 8ve 2 0 6 8ve 3 2
! L 58n 0 O 5th 4 2
R . 57 0 O ¢ 1 1
|
E Group 3 " Group 4
% Gase Set Exp. Std. Gdse ' Set Exp. Std.
E '% gve O 0 10 8wve 1 0
- _ | sth O O st 0 O
2. 5068 O 0 3rd O 0
5 g -sve 3 2 11 sve 0 O
5th O 0 5th O 0
3rd O 0 3rd O 0
9 8ve 3 1 12 8ve 3 1
5th O 0 54 O 0
3rd O 0 3rd O 0




70

interval of a 5th, can not be spontancously recognised.
Qases 1, 5, 8 and 11, who had worn experimental aids
srior to this investigation, scored pooily which indicates
that the identification of tonality in speech may not
occur spontaneously in deaf children of this age. The
extent to which the recognition and use of intonation could
be fostered by formal training could be the subject of an
interesting study. _ -

The formal, routine training of these children
prior to testing inecluded discriminating vetween the
higher and lower pitched vowels of a series of stimulus

pairs. Results obtained by the childrsn on this simplér

task are presented as supplementary information in

Iable 13,

S v : e e e e p—
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T2ole 13

Results of test for audibility of pitch

(1 signifies correct responses at level of
) confidence » .05 for the individual child
, 0 signifies failure to identify pitch by
;‘ this criterion) '
Group 1 : Group 2
Case Set Exp. Std. " Case Set ZExp. Std.
1 .8ve 1 0 4 8ve 1 1
‘ S5v¢e O 0 ' 5th O 0
( ‘ 5r& O 0 -3rd O 0
2 8ve 1 O 5 8ve 1 .0
| 5t 1 0 58n 0 O
. ~ . 3rd 1 0 3¢ 0 .0
{ (:; o "3 8ve 1 0 6 8ve 1 1
5¢th O 0 5¢th 1 1
3rd O 0 3rda 1 XL
Group 3 ' Group 4
_ s Case "Set ZExp. Std. Case Set Exp. Std.

i-(i ) : 7 s8ve 1 1 10 8ve 1 1
~ . S 5th 1 1 568a 0 O
A -~ 3a 0+ O 3rd 0 O
8 8ve 1 1 11 8ve 1 0
5th 0 O . 54n 1 O
3rd O 0 B, 3rd O 0
9 8ve 1 1 12 8ve 1 1
5th O 0 © 5th 0 0
504 O 0 3rd O 0
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Pest 5. Ability to Discriminate between Vowels in.Words

Vowels in Speech

. Sounds articulated in such a way thet the breath
streaﬁ flows essentially unhindered along the nedian line

" of the vocal tract are classified as vowels (Rmulton,'1962,

p. 6). Two vowels articulated in such a wéy thet there

» _ .ie & smooth traﬁsition from one to the other fornm a

f( _ diphthong (Wiee,_1957). The number of vowels ané diph-
thongs used varies from language %o language and from |
dizlect to dialect (Gleason,:196l); The vowel resonance

is produced by a succession oI demped natural vibrations

caused in the vocal cavities by the periodic flow of air
from the glotiis. The tongue, lips, palate and pherynx
all contribute %o sha@e these cavities which resonatie &%
particui;r frequencies and give each of the vowels thelr
particuler characieristics (Chiba end Kajiyema, 1958;
Denes and Pinson, 1983; 'Fanx, 1960; Joos, 1948), The

- frequencies at which these cavities resonate are determined

-~

" by Fhe size of their apertures. Each vowel resonates at

several different frequencies and these points of maxinum

resonance within each vowel are called forments. The three
. f _ . ‘
ma jor formants (designated ?l, Fa and F3 respectively) foxr




. wonea Than for men.

“yowel is carefully. controlled (Holbrook and Fairbanks, 1962;

| 3

0‘\

the average méle speaker saying %ﬁe vowels /fu/, /a/ and

/i/ are: | ' ]
P = 300, F, = 870, Py = 2240 e»s (u, és in shoe)

P, = 750, ¥, = 1090, B5 = 2440 cps (e, as in fether)

B, =270, F, = 2290, Py

li

2010 cps (i, as in key)

Por the éverave female sneaker the forments are
slightly higher for botn vowels and diphthongs (Feirbanks
and Grubb, 1961). The fundemental pitch of voice; the 7#

laryax tone (designated Fo) is also generally higher for

Since speech is a conxinuoﬁsly varying process,
vowels, like other phonenes, are modified by their relative
pésition in a sequence of sounds. Moresover, formants Iox
any given vowel are likely to change to some extent within i
a given sample of speech Irom any ond speeker (Pike, 1962). iﬁy
It is for this reason that tests of hearing for vowels sre
SO constructed that the vowel to be identified is placed in

a Soressed position and the igpeech environment® of the

"Potter end Steinberg, 1950).

Experiments by Broadbent and Lade;oged (1960) show -
clearlj that systemaumc rpodification cf the "speech
environment” of the vowel can nro&uce systematlc change in

the identification of the vowel. In the experlmenus

reported, tbett and tHhit? were heard according to +he
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o
9 modifications of the carrier phrases which were used to

introduce the stimulus word. These vowels are, of course,
close to each other in formént structure. Vowels having

Y formants widely separafed in frequency are not so readily
confused, since their *coloux (timbre) is very differeut.
6érpe£ter and Morten (1962) have shown that vowels are
consistently categorized by listeners by their 'vowgl

colour! rather than simply by their formant peaks.

Vowels in Relation to Deafness

e Severé limitation in the f;equency range available
to a child, sudh as that imposed by deafness, standard
(:> " hearing aids or both, render most vowels partly or wholly
inaudible (see Test.l). fhe effect of such limitation on
the speech of deaf children was studied by Angelccei, Kopp
and Holbrook (1964) by msans of sﬁectrographic anslrgis.
In compgrison.with normzi controls, the deaf children's
speech had higher mean fundamental frequencies (FO), a
‘ f : wider range of amplitude and a wider frequency range of
formants. Only 32 percent of the deaf children's vowels
~ could bve jdentified, probably due to thé gross overlapying
of formant areas. |
The importance of vowels ih Jeaf children's speéch
has traditionally been secondary to that of consonants. |

Green (1894) in an.otherwise excellent book on the teaching
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8 : of speech to deaf children, largely ignored vowels.  Zell
(1916, p. 100) stated that, "Vowels are of secondary
importance to consonants" even though much of his work on
vowel sounds anticipated the work'of modern phoneiicians,
Haycock (1942) was exceniticnal in emphasising the
"modifging influence of counsonant on vowel, and vowel on
consonant® and in recommending that syllables and words
rather than phonemes were the basic units”of speech.

4

Vowel Sounds and- This Study

lm) .  A11 of the subjects in this study could produce the
full renge of vowel.sounds required for normal épeech.
These had been teught through hearing, through a combination
of hearing and vision, or through touch in combination with
hearing end vision. None could discriminate 2ll fourteen
vowels through hearing alone. ~ dSince vowels rarely occur
in isplation, the subjects had been taught to identify and
use vowelg within familiar words.
W.”) , Since many more cues for the discrimination of
vowels should be available to children with residual.hearing
.when low frequency amplification is provided, vowels'ﬁsed
within familiar words were used to test the hypothesis that
deaf children with low frequency residual hearing can dis—
eriminate between vowels more effectively when amplification

from 80 cps, aé'opposed t0 300 cps, is provided.
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lethod

The stimuli used for this_test were two lists of
words familiar to the subjects. " Bach list contained
the fourteen most common'Qowels and diphthongs in
Americén English.. Rach vowel occurred twice in each list
in unsystematic order. The word lists used are given in..
Pable 14. To provide an adequate speech environment for
i@entification, the carrier parase "Are you ready?" .
preceded each iten.

Before each list was administered, practice was
given with similar material until the subjects were fully

aware of the rature of their task, which was to say what

word was heard. The subjects were told that the woxrd

| would be marked correct providing the vowel was correct,

thus tbrick!, t3ight, ‘chick! or 'hit? would be considered
correct for the stimulus word }kick'. ‘It was stressed

that the, subjects nad to respond to every word, guessing

4
if not sure of what was heard.

Results

The results of the test for the discrimination of
vowels are summarised in Taole 15.

The difficully of the task for the subjects is
reflected in the low scores achieved. Better scofes were

obtained with the expyrlmental 2id than with the ‘standard

B
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Table 14 _
j?’ Word lists used for tésting discrimination of vowels
Series 1 ' Series 2
" who . the
' car . . pen
see | dish
a ' do
four _ what
cat’ . girl - ‘
book ceane ' S
show he
. play _ barn
hot | ' say
ro _ bird , foot
bit tore
(“z , cut twro
' - hen ' man
the curl
hat noon
far : not
more she
bed - a
hut sat _
shoe - should
cot " tar
no horse
way’ , day
we - .. fish
fir . ' much
sit bone -

put  fed




Table 15

Discrimination scores for vowels

(Pigures show anumber of correct responses from 28
items for each subject using experimental and

standard wodel hearing aids)

Group 1

Case Experimental Standard

1l 10 19
2 11 4
3 17 9

. Group 3

Case Experimental Standard
T 11 12 |
8 .- 15 9
Q | 20 13

L ¥

Group 2

Case Experimental Standard

4 20 15

5 9 2

6 10 6.
Group 4

Case Experimental Standard

10 15 - 15
1 15 6
12 18 5
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aid., The difference between these scores is significant

beyong the .01 level of confidence (z = 2.66).

Discussion’

Tfhe results of this test support the hypotuesis
that children with low frequency hearing can discriminate
between vowels mofe effectively when amplification from
80 cps, as opposed to 300 cps, is provided.

| Analysis of the resulls by the use of confusioﬁ
matrices ( Figs. 5a, 5b and 5¢) show that (1) long and
éhort-vowels wére less frequently confused by the subjects
when they were using low frequency émplification, (2)
front and back vowels Were-more‘frequently confused with
central vowels when subjects were using the standard aid,
(3) vowels with low F, frequencies in common (e.g. fu/ and
/i/ ) tended to be confused under both conditions of amplificat
and (4) subjects mede fewer random errors when they were using
low frequency amplification, particularly in the discrim-
ination éf back and central vowels which have merked

low frequency componentss

While the resulis are significantly better with the
use of low frequency amplifiéation than with amplification
from 300 cps, they are 1ot soO gdod as one would predict from
Willerts (1956) study (See Pig. 5¢ ) in which subjects were

required to disériminate vowels on.F0 and F1 cues, i.c. with |
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frequency emplification extending uﬁ to 670 cps. Since
ifillerts subjects were sophisticated listeners and tnose
in this study were not, further aésessment of the ability
of children with low-tone residual hearing to discriminate
vowels §fter extensive training with amplification £ron

80 cps is suggested.
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Pest 6. Ability to Discriminate beiween Consonants

Consonants in Speecﬁ

Some qonxeﬁborary phoneticians (e.g. Halle, Hugnes
and Radley, 1957; Tadefoged, 1962) have come ©0 regard
many consonants not so much as'entities in their own )
right but as ways of stopnino'and starting vowels.  Thus, |
_for example, the unvoiced consonants /o/, [t/ and [k/
have unigue influence on the vowels that precede or follow
then. In other'words,.each of these consonants modifiés
the characteristic formauis of vowels in a particular way
sccording to the movement of the tongue and/or lips as
they take up or leave their stop positions. Both Fl and
F, of all vowels fall in pitch when stopped by [o/.
Howeyer, ?1 falls and F2 rises in pitch for all Yowels
stopped by /t/ and /k/, the latter consonant causing &
sharper rise in pitch than the former. ' Phese features
pernit a normal listener to identify these consonants by
their vowel transitions even when the consonants themselves
are not sounded. Thus, if the words 14ap?, 'tatt and
t4ack! are said without plosing the final consonants, they

ean still be recognised. In this manner, so called "high

frequency phonemes" .can be identified by vowel transitions
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which occur at much lower frequen01es. It may therefore
be inferred that persons having high-tone hearing loss
but adequate hearing for Fl and F2 vowel %ransitions
could learn fo diseriminate between consonants in minimeal
pairs (such as cat and cap).

Consonants and Residual Hearing

Data reporfed vy Liberman (1957), in a review of
results obtained from work on speech perception, indicate
" that many cues by which consonants é?e discriminated by
normal listeners are also available to.children.with low
frequency residual heering. These cues, which should be
adequate for discrimination both between and within some

classes of consonants are summerized below.

1 Frequency location under 1000 cps
2 Intensity ratios of sounds heard
3  Presence and duration of vo:.c:.n°
4 Onset dharacterlstlcs of low frequency phoneumes
5 Extent of Fy and some F, formaut +transitions
6 Direction of tran§itions'
1 Py loci - T T
8 F2 loci for counsonants articulated with back vowels
9 Duration of transition
~ 10 Silence before F, transitions from back vowels
11 Nasal resonance

Discrimination between classes may be illustrated
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by the consonants /v/ (a plosive) and /fw/ (a semi-vowel)
though they have the same frequency location (point 1) and
are of similar intensity (point 2) ahey may be discriminated

by the duration cue (point 3) and ﬁhe onset characterlstlc

(polnt '4), Similarly, discrimination within classes may
be illustrated by contrastlng cues for /b/ and /p/ (botn
plosives); both generate the' same formant trans1t10ns

(points 5 and 6), but /b/ is voiced and /v/ is not
(point 3)

A e e i

§ _ Contrasted with lipreading, which makes so many
?' sounds look alike (p,b,m; t,d,n; 'X,8; s,2; £,v; ete.)
E) . and which provides no cues on voice factors, the use of
! . _ low~tone residual hearing would appear to offer better

cues both for speech recognition ang speech feedback

(Hudgins, 1949; Hudgins and Numbers, 1942; Thomas, 1963;
Woodward and Barber, 1960). However, the current methods
of teaching consonants do not uéuallj conform with acoustic

theory (Ling, 1963) but rather with visual, analytic

methods which have resisted change. Thus DiCarlo.(1964,
! /o
L) P. 94) states, "With a deaf child we camnot use this

(auditory) sense modality except as it is reflected in

other senses."

. Consonants in this Study

In this study, syllables in which consonants precede

e
ELM: @ :‘r“ .-
A :
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or follow vowels were used since consonants are always
taught in a syllabic context in the lMontreal Oral School
and fhe subjects were familiar with listening fof and
reporving consonantis in syllabic fdrm. .While recognition
and feedvack cues due to the use of audition have helped
the subﬁects in fh@s study in the articulation of counsonants
in syllables, words and ruaning speech, very few were able,
prior to the administration of the test, fo discriminat?
either between classes of consonants or within classes of
~ consonants.

The hypothesis to be tested, that additional fre-
gquencies from 80 -~ 300 cps can be-shQWh.to contribute to
the discrimination of consonants by children with low-tone
residual hearing through the presence of additional low
frequency cues, is highly speculative. The effective use
of low frequency residual hearing is new to these subjects
and, as pointed out by Temblinl(l9575, ability to discrimi-
nave between all elements of speech increases in normelly
hearing children up to, and beyond, eight years of age.

Por children with low frequency residual hearing, it is
likely 1o take much longer than eight years fto reach really

" high standards of auditory discrimination.
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Method

The stimuli used for thisitest-were two lists of
syllables. Each list contained the twenty-two most
common, initial consonants.and thé'twenty most common finsl
consdngnts. The consonants were distributed in unsystem~
atic order througlout the lists, as chown in Table 16.

Before each list was'administered, practice was
given with similar material uniil eachh subject was fuliy

aware of the nature of the task, which was to say what

' 8yllable was heard. - Each subject was toid that only the

vowel /I/ would be used throughout the test and each
subject was also told whether to listen for an initial or

final consonant. The carrier word "ready" was used for

L

each iten,

Results

The results for the test of discrimination of
{ L, .
consonants is summédrized in Table 17. The difference
between scores with regular and low frequency amplification

was not significant. (z = 0.21)

. Discussion

The results obtained did not support the hypothesis.
In view of the nature of the auditory skill required for

this task this is not surprising, as the time availsble for
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Table 16

Syllabic stimuli used for testing discrimination of
initial and final consonants

-Series 1

Series.z
Tnitial PFinal Initial Final
2I . Ia B I3
. bI . Im iI Ib -
SI Iz sl Ig
VI o Ip $I Is
tI It oWl In
T n SR i 10
MI Ib -1 Im
kI . | ;r zI 1d
NI It " Bl I4
3T - Iv bI q{
J& | Iz nI i)
o1 Ig 11 . If
11 ir i S Ik
ar Ik azI Ip
ri Id rI - Iz
T 1s S if
hI Im vI I
oI I az I1
eI . I kT It
‘ gﬁ .ﬁg . LI : Iv
vI ‘ nl '

I G



Table 17
Discrimination scores for consonants

(Figures show the number of correct
responses Irom 42 items for each
subject using standard and
experimental aids)

Group 1 Group 2

~ Case ExperimentaI.Standard ~ Case Experimental Standard
1 5 9 4 6 ' .4
2 19 5 5 o 0
3 1 1 6 1 | 2

Group 3 Group 4

Case Experimental Standard .Case Expefimenxal Standaxrd
7. . 3 2 10 2 2
8 | 0 0 11 v 0
9 16 0 12 0 0
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the children to learn to identify the presence)of cues
which had nct formerly been aveilable to them was too
limited. |

.The responses of some of thexsubjects indicated
thav a carefully programmed training schedule involving
broad discriminatioh between classes, then finer discrimi-
nation within classes; would.héve helped subjects to
identify available cues more easily. | Certainly more
information would have been Sbtained if two forms of test
had been prepared, (1) discrimination between classes of
consonants, and (2) discrimination within classes.

The tesk would probably have been easier for the
subjects if the back vowel fu/ had been used rather than
the front vowel /I/. Only one formant ¢f /I/ could have
been audivle to these subjects in this test, whereas with
the vowel fu/ both P, and B, would have been more audible
and hence more information would, at ieast theoretically,
have been available. Since both formants of the vowel Ju/
are in the low frequency ares, this might well have
helped to focus attention on low freguency cues.

In view of the discrepancy between results theoreti-

"cally possible and results actually obtained, the need for

further research on the ability of -deaf children to

disvriminate consonants is strongly indicated.
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THE QUZSTIONNAIRES .

an

¢
==z 2. In order o (1) collect additionai data, (2) deter-
mine whether any differences in the children's responses
relative o the frequency range of amplification used were
evident o the parents, and (3) compare parents?
observations with the cesults obteined from Tests 1 - 6,
two questionnaires were designed and administered. The

items included on each questionnaire are presented in
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Table 18 .

tems presented on questionnaire I

Serial number of aid and type coo
Goin controlfsetting «..

At what distance can ybu attract your child's’
attention through hearing? ecee

Doeé the child ghow discomfort or jntolerance
to any sounds? ... Specify ...

Is the child aware of any incidental sounds
using this hearing aid? ... Specify oo

L]

Does the child like the hearing aid? ...

Does the child conirol the loudness of his voice
(2) better ... (b} worse ... OF (c): the szue
as usual ... using this aild?

Gen the child control the pitch of his voice
(2) better ... (D) worse .. OT (¢) the sanme
as usual ... using this a2id?
Is communication with the child '
(a) easier ... (b) more difficult ... or (¢) the
some as usual ... using this aid?
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Table 19.

Items presented on questionnaire Il

Vita which aids ' "18%t 2nd Neither

aid you feel the child heard .
better? . . L N L N ‘...

did the child voice most often? cee oo coe

was loudness of voice controlled

better? ) X o0 0 X

was rhythm imitated vetter? cee oee coo
3y p ,

was pitch controlled better? coe see cos

was intonation imitated better? oo ees  eee

were vowels imitated better? cee eoe coe

were consonants imitated better? cee oo coo

" was communication with the child

eaSier? oo 0 [ ] 0.0 [ 22N

any additional remar:kS? .0.000..OOOOO0.00...0.00000

1
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Pables 18 and 19.

The first six items on Questionnaire I were designed
to elicit 1nformat10n pertinent to the a1d in use and the

child's reuponses to it. The remalnlng items asked the

_parents to compare the child's responses when using the

aid (whether experimental or standard) to the responses
made by thelchild before this study was begun.

A11 items on Questionnaire II were concerned with
the comparison of the child's responses to sound -
particularly to speeéh - during this study, i.e. when

wearing the experimental and standard model aids.

Procedure

L

Questionnaire I was explained to the parents
(usually the mother) at the begimnning of each child's
training and testing sdhedulé. Parents were told that the
child would try two hearing aids, each for one week; that
the two aids, though identical in appearance, in fact had
different characteristics; that both were "experimental
models"; and that the purpose of Questionnaireil was to
provide information about the child's reactions when
wearing each aid. Parents were asked to complete Question-:
naire I immediately before eaéﬁ series of tests were .
administered. In other words, Questionnaire I was

administered twice - once after the experimental aid had
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- been worn for a week. (As shdwn in Table 2, p. 31, cases
1 - 6 used the experimental aid first and cases 7 - 12
last). | |

Quéstionnaire II was completed bj thg parents of .
each child immediately following the completion of the
testing programmé, i.e. after the child had used both
hearing aids.and completed both series of tests. Parents
were told that the object of this questionnaire was to
provide an opportunity for them to compare thé two

experimental hearing. aids.

Results
(:{ Questionnaire I

Data obtained from items 1 - 4’of Questionnaire I
are presented in Table 20, _
| The amount of gain required by the children did not
differ'significantly betwesn aids having standard and low

frequency charazteristics.

)
¥

Considerable variation existed between the
distances at which parents found they could call their
. childrén and attract their‘attention. Figures given by
parents were the "average disténce the child could ke called
during the whole week.* When low freq.ency hearing aids

were used the distances at which the children responded
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S Table 20
E‘ Data on use of hearing aids
(Replies to items 1 - 4 of ques‘t-ionnaire I)
Case | Serial No. of j Optimum GainfDistance can |jAny Intol-
No. Aid Used Setting be called (£t)}} erance to
Exp. Std. || Bxp.  Std:|lExp.  std. | 4397
“ 1 it 419 273 || 4 4 It 3 3 M no -
2 | 430 272 || 4 4 Jj10 3 10
3 | 413 264 | 4 4 |20 10 10
- g |25 | 213 | 6 6 | 6 o || mo
- 5 || 419 273 Il 5 | 7 | 4 0 no
E ; C . 6 275 264 4 6 120 20 no
g " 7 || 275 182 fi 6 7 {120 10 10
%- g || 760 | 264 || 6 4 || 6 0 | mo
E 9 |l 413 182 || 4. 4 |40 15 10
- 10 [a9 | 182 | 5 s 16 | 6 | mo
é 1 | 760 | 264 || 7 7 |12 7 || =no
? | 12 | 430 182 || 5 5 || 15 5 20
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were significantly greater than those noted when the
standard aid was used. This improvenment in "response
distance" permitted by low frequency amplification is sig-
nificant beyond the .0Llevel of confidence. .

-1‘ ere was no intolerance of sound or discomfort
caused by sound reparted in respect of either aid.

Dota obtained from item 5 of Questionnaire I is
presented in Table 21. Sigﬁficwtly more incidental
sounds in the env‘ironmen‘b were heard by the subjects when
using low .frequency amplification (P£.01) than amplifica-
tion within the standard range.

In response to item 8 of Questionnaire I, nine of

the twelve children were repdrted to contro_l the pitch of

their voices better when using low frequency amplification

while no change in the control of voice pitch was reported
when using the standard model. This difference is signi-
ficant beyond the .01 level of confidence, in favour of low
frequency amplification.

In response to item 9 of Questiomnaire I, nine of

the subjects were reported to communicate more easily when
| using the experimental 2id than previously, but no such

. difference was reported when children used standard aids.

Thus, low frequency anplification appears to be significantly

better (P<.01) then amplification from 300 cps in promoting

ease of communication between parents and childxen.
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s vl . TPable 21

Incidental environmental sounds heard by subjects with

experimental and standard model hearing aids

Casef Experimental Hearing Aid Sfandard.ﬁearing Aid

1 |: Doorbell, airplanes, TeV.,
. telephone bell, traffic, radio,
environmental speech.

Nene

o | Doorbell, airplanes, T.V.,
telephone bell, traffic, radio, Iight switch

dishwashing, humming,
environmental speech ' C s

3 | Doorbell, airplanes, T.V.,
, telephone bell, traffic, T.V.
o) dog barking.

4 | Airplanes, traffic, ,, music. | Traffic

5 | Airplanes, traffic, TeVe,

o bouncing ball, children None
Lot running upstalirs. '

6 | Doorbell, airplanes, T.V., Doorbell, airplanes,
telephone bell, traffic, dog ?.V., telephone bell
barking, knocking. traffic, dog barking

' .knocking. ‘

7 | Doorbell, traffic, T.V. Dogrbell, airplanes,

‘. To e ’
j g | tratfic, T.V., door bang None
; 9 | Doorbell, telephone bell, Airplanes, traffic,

traffic, airplanes, T.V., dog ?.V., dog barking.
bark, child crying, conversa=
tion & laughter outside room

© 10 | Airplanes, traffic, T.V., dog Telephone bell, }
: bark, bird chirping, telephone traffic, dog barking

bell.
11 | Doorbell, traffic, V., 40g Doorbell, airplanes,
bark. - , V., dog bark, cras
12 | mraffic, T.V. | traffic, T.V.

7
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Table 22
Replies to question 8 of Questionnaire I "Does the child
. con’crol the pitch of his voice, better, worse or the sane
F as usual usmg this hear:.ng ald?w
E ' . |
Case Experimental Aid Standard Aid Differenceq
1 better worse .
2 . better worse +
3 same as usual . same as usual 0
fi) : 4 better c same as usual +
t 5 same as usual same as usual 0
| C’ 6 same as usual o | seme as usual 0
é ' 7 better | seme as usual +
: 8 better same as usual +
9 better same as usué.l +
. 19 better worse +
11 ‘| vetter | worse +
: ) 12 better same as usual. +

Note: In answering this questn.on, parents were comparing
. the child's responses using experimental and standard aids:
 each with the hearing aid formerly worn by the child.
The replies show that sn.gmfn.ca:ntly better control of pitcl
results w:.’oh low frequency amplification (p<.01). ;

b ) -

[OVPRRIREURIIM. S S e
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Table 23
Replies to question 9 of Questionnaire I "Is communication
with the child easier, more difficult, or the same as

usual when wearing this aid?"

Case Experimerital Aid - Standard Aid Difference A
) 1 easier the same +
2 the same more di;‘i'icult: | + b
3 easier | the same <
) 4 easier : the same +
5 the same the same 0
6 the same more difficult +
'7 :I:he same the same 0
8 easier the same +
9 easier . easier 0
10 easier the same +
« 11 | i easier more difficult +
12 - eavier the- same - +

Note: In answering this question comparisons were invited
between responses of the child when wearing each of the
hearing aids (experimental and standard) with responses
made with the hearing aid regularly worn by the child.

The difference is significant at the .01 level of confidence. i




- | 100
f

Questiconnaire IX

-

. Results ob?ained in- response 10 Questionnaire II
are summarized in Table 24.

Two items of Questiomnaire II elicited responses
of statistical s?gnificance. These were items 1 and 9,
which were questions of a similar nature. Eleven of the
twelve parents considered the experimental aid tc be the |
petter one and the same number reported that their cﬁild:en
appeared to communicate better when the experimental aid
was used. These results were both significant beyond the
.01 level of confidence and support the bypothesis that
1low frequency amplification contributes significantly %o
ﬁhe.audition of speech by deaf children with residual
low~tone hearing.

Only seven parents commented on item 10 of
Questionnaire II.  They all stated #hat the one week's
period of observation with esch aid was too short for them
0 malke adequate observations. '

Pigcussion

Mhe resultes from both guestionnaires support the
‘hypothesis tested in this study end in particular confirm
the pesults obtained in Tests 1 and 4. That improvement

in the children's control of voice pitch.when.using
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Table 24

Analysis of answers givgn to questions asked

in Questionnaire II

Questions asked Reply Case number
With which aid = 123456789101112
didyov.feei Exp 'xx'xxxx XX X X X
hearing was Std p 4
better? Neither .
did the child Exp X
voice more Std X X
often? Neither XXXXXX XX X
was loudness of Exp b4 p4
voice controlled Std p<
better? Neither X XXXX X X X X
was rhythm Exp p:¢ X X
imitated Std :
better? Neither X XXXIXX X X X
was pitch Exp X XX
controlled Std
hetter? Neither X XXXZXX X X X
was intonation Exp X X
imitated . Std .
better? Neither X XXXXX X X X X
were vowels Exp p:4 X X X p:4
imitated Std
better? Neither X XX XX p:4 X
were consonants Exp p:4
imitated Std : ,
better? Neither X XXXXXXX X X X
was communica- Exp XXXXXX XX X X X

. tion with child Std p:4

jasier? Neither

Wote: 1In Questionnaire II, the words experimental or

stand_ard were not used.

first aid" or "the second aid'.

Aids were referred to as '_'thc_e
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amplification from 80 cps was reported indirecély in reply
to item & of Questionnaire I, but not directly in reply to
item 5 of Questionnaire II, is surprising.: The questions
were, of course, dissimilar and the replies may reflect
the parents®! feelings that, while they were able Yo report
the éhildren's responses to sound, they were not competent
to judge the difference between two hearing aids. The
parents? reluctance to juége may be inferred from replies

to item 10 of Questionnaire II, where insufficient time was

pleaded by seven parents as a reason for making few

positive judgments in favour of one aid rather than the
other,

It may, however, be true that an improvement in
heariﬁg could not reasonably be expectea to.produce an
immediate improvement in the speech of deaf children, parti-
cularly those participating in this study, since the speech |
skills the children had acquired were mainly learned not
through audition but through visual and somaesthetic
experience, |

Parenés‘ obsexrvation of the children's hearing

responses, however, made without any knowledge of which of

' the two aids was in use, provided completely independent

evidence in support of low frequency amplification at a

high level ¢f statistical significance.




GENERAL DISCUSSION AND CONCLUSIONS

General Discussion

The‘purpoée of this discussion is to examine the

pertinent features of this investigation as a whole,

.together with their implications, In addition, since
this is the first study concerned with low frequency ampli;

fication, o number of issues which require clarification
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bl through further research will be considered.

The Population

Only those deaf children with a classical low-tone
residue ‘of hearing were chosen for this study because this
group, having the ﬁost impaired hearing among the pupils
‘found in schools for the deaf, benefits least from the )
standard frequency range ¢f amplification. Four points
of major interest, which emerge in connection with the

~ subjects and their hearing, are discussed below.:

! | 1 The proportion of deaf children with residual

; (:> L + hearing

! ~ Only one in five daildren - or approximately twenty
percent - was deaf enough to qualify for this study.

Since the suﬁjects studied benefitted signifiéantly from
the use of amplification, it could be that the ma jority of
children in schools for the deaf, who &axe less deaf, should

It TR ESERAS R RRPPY LN

benefit more. Only one child in the school had too little
residual hearing for inclusion in the group studied. The
implications of these observations are (2) it is quite
realistic to fit very young deaf 5abies, even those who make
~ no response to hearing initially, witﬁ.heéring alds providing

low frequency amplification and to expect hearing responses
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& to occur in almost all cases after training, and (b) it is
reasonable to expect most deaf children, if provided with
low frequency amplification in infancy, to develop natural
voice patterns through normal feedback ﬁechanisms. These

implications constitute hypotheses for further investi-

SRR AR LT

gatioﬁ. ‘

2  Tow frequency amplification and children with

less severe hearing loss

o Some eighty percent of the children in the Montreal
Oral School fof the Deaf (and probably most other schools
for the deaf) have better hearing thaxn the subjects par-
(:; ticipgting in this study. Most of thesé children also
have abnormal voice patterns. Because the audition of
voice pattérns among children in this investigation were
significantly improved with low frequency amplification, it
would appear worthwhile to repeat this study using subjects
with less impaired hearing, who have either flat or sloping
audiograms extending up to 4000 cps. 1In view of the
possible masking of high frequency cues, particular note
should be made of the gffect of low ffequency amplification
- ' on their audition of consonants, £uch a study would have
) important implications for fhe theory 6f funisensory!
training of very young deaf infants, where it may be diffi-

cult to establish reliable threshold measurements befoxre a
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- hearing aid becomes essential, i.e. while the child is

passing through the possibly eritical pern.od of optinunm

communication readiness.,

3 The possible origin of low-tone residual hearing.

. Audiometric. and electronystggmographic data obtained
on the children in this study provide the basis for
jnteresting speculation on, and the ;i.nvestigation of, the

;mgm of. low-tone’ residual hearing. In four cases,
vestibular response was absent ( Table 1, Do 28) and their

] a . low frequency responses could only stem from touch,

vibration, or from intact cochlear structures. Békésy
G audiometry (Fig.2, Pe 27), however, revealed hearing in
; | ‘ these and in other cases for certain high frequencn.es
which are beyond the sensation range for touch and
vibration. The presence of some intac‘t ’qasal structures

in the cochlea may therefore be inferred.

As pointed out by Gannon (1965, low frequency
hearing could imply either intact apical structures or,
alterns ively, inact basal structures responding in synchro

. - with a low frequehcy stimulus. Thus apical structures,

% The writer is grateful to Dre. R.P. Gannon for
arranging the elecironysvagusraly hr and discussing with
him the results and implications of this work.
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which would normally respond to low fregquencies, need not,
theoretically, be present for a picture of classical
1;w~tone hearing t6 emerge. By masking the high frequency
"islands of hearing", present iﬁ these céseg, with a
suitably wide band of noise low fre&uency responses should
be eliminated if .a "line busy" theory of masking holds
’éooé and if apical cochlea structures are in fact absent.
Further research in this afeacould well contribute to the

theory of hearing. ' SR

4 The contribution of high frequency "islands

of hearing"

. 'The subjects who had high frequency islands of
hearing did not respond consistently or significantly
better than others on any of the tests administered.
However, on inspection of the RBékésy audiograms (Fig. 2,
page 27) it may_be geen that, for the most part, such islands
occurreélabOVe 34500 cps, the upper limit of the charac-
“gtic determined for the two aids. A fesearc? project

designed to compare the responses of such children to

anplification over the ranges 80 to 1500 cps, and 80 to

8000 cps would determine whether such islands could contribute
significant cues. ’
The contribution of such islands of high frequency

residue would have implications (a) relating to the theory
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of hearing and the problems discusséd in the preceding
paragraph, and (b) of importance in determining the fre-
quency response characteristics of heariné aids required
for such subjects. Because high gain lévels for high
frequenqy sound tend: to cause positive feedback (acoustic
howl) tﬁere would be a practical advantage in cutting high
fréquency amplification if, for particular cases, it were
shown that higﬁ frequency islands did not contribute
either to the intelligibility of speech or its audibility.

N : . ‘

The Experimental bésign |

Inspection of the resulis of all six tests and
both questionnaires shows that the design of the research
(Pable 2, page 31) was satisfactory and that no significant
bias occurred between or within tests, questiomnaires or
modes of amélification. Greater improvement in scores due
to low‘frqguency amplification tended to be obtained by
children ih Groups 1 and 4 than by children in the other
two groups. However, these groups were opposite with
respect to order of presentation of hearing aids and test
. series, This difference between groups appears to6 be
related to discrepanciés between hearing levels, revealed
by the comparison of discrete pure tone and Békésy audio=-
grams (Figs. 1 and 2), which were not expected. A better

balance between groups could probably have been achieved
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"generally an octave or so higher.
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if Békésy audiometry had been used as a criterion in the

selection of subjects for groups;

The Stimuli

A1l six tests were carried out with a male voice

(the writer's). While the formant frequencies (F1 ané Fz)

“for females and children are only slightly higher than for

males, their fundamental (Fo) voice pattern range is

It follows that the

“results Qf_this'study do not warrant generalizations on the

auditicq of female and child voice patterns by deaf children
with low-tone residual hearing. It may be inferred from
the spectrographs published by Ling (1964b) and the
distences at which the children responded to their mothers'
voices in this study (Table 20, page 95) that the overall
trends towards better audition of voice revealed in this
sﬁudy'would be present, but perhaps less marked, if female
or child voices were used for the stimuli rather than male
voice. Because deaf children, like normally hearing
children, spend a great deal of time with female speakers
(mothers and teachers) and need to hear their own and other
children's voices in order %o learn to talk, an empirical
study, using o similar group of deaf children to assess the
effect of low frequency amplification on the audition of

female and child voice patterns, is of'great importance.
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The Tests and Questionnaires

The main hypothesis of this investigation was that
amplification of additional low frequencies, from 80 cps,
would contribute significantly to the audition of speech
amoné:deaf childrgn.with low-tone residual hearing. It
was clearly suppqrted by the results of this study.

Test 1
In constructing this test the writer selected the

'thfee.vowels /a/, /u/ and /i/ because he considered them o
be a representative sample of the voiced phonemes. 1In
other words he considered that if, under given conditions,
these. three sounds were of approximately equiva;ent audi-
bility for deaf children with low frequency residual hearing;
- approximately equivalent audibility for all other voiced
sounds could be assumed. This assumption -requires
verification. The adequacy of the sample should also be
queried. TFor example, nasal sounds have lower formants
than any other voiced sounds and /n/, having its first
formant around 180 = 200 cps should perhaps be added to the
sample, partlcularly if this test is repeated u81ng female
or child veice as the stimuld, 81nce undexr these conditions
Fo and Fl frequencies might welx coincide.

Because the audlblllty of phonemes is a basic
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requirement for communication by épeech and hearing, this
test has particular applicability in the selection of

suitable hearing aids. One important implication of this

- 8tudy, and one which would serve as the‘hypgthesis for

further investigation, is that the greatest ease and
accuracy in communication for hearing impaired subjects
*oqnlts when the frequency response range and characteristic
of the hearing aid is adjusted so that relative loudness of

voiced phonemes approximates to their normal intensity

. ratios in speech.

-

‘Dests 2, 3 and 5

Resulta on all three tests significantly favoured
the use of low frequency amplification. Since voiced
sounds were involwpd in these tests the significant results
could be accounted for in terms of the improved'relative
audibility of voiced phonemes weasured in Test 1 and

discussed above,

Zest 6
Results from this test were inconclusive. As

stated earlier, this test could have failed to show

differences that do,-in fact, exist, because Fyof the

vewel /I/, with which the consonants were combined, was

outside the children's range of hearing (See Fig. 4 page 37).
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Differences between responsés under the two
corditions of emplification used in this study might well
show if the consonants were combined with ﬁowéls having
both first and second formants within the frequency range
of the child's audition, i.e. mid or back vowels. Recent

work by Hutton, Curry and Fay (1965) suggests that, even

.for normal listeners, consonanv confusions are less

frequent with back or mid vowels. -

It is, of course, imbossible for a deaf child

‘with only low-tone residual hearing to hear the major

components of most of thé high frequency, unvoiced conson-
ents and it is unrealistic ﬁo expect a child to detect and
idehtify all of these consonants entirely in terms of
their effect.on adjacent vowels. Wedenberg (1963) in
cooperation with Johansson (1963), attempted to overcome
+his problem by using frequency iransposition. Consonant
gomponents occurring at 3000 - 6000 cps were.transposed
below'lscb cps and thus were heard significantly better by
severely deaf listeners. However, sore distortion of the
vowels occurred. Similar interference with vowels was

reported for transposifion experiménts carried out by

- Raymond and Proud (1962). The joint implications of these

studies and the prescaut study are. that, providing the

~ severely defective hearing mechanism can handle the infor-

mation involved, & combination of frequency shifted speech
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and low frequency amplification would be more advantageous

than either separately.

- The Questionnaires

Both questionnaires yielded independent corrobo-
rative evidence significantly in favour of using additional
low frequency amplification with deaf children having
low-ton: residual hearing. When completing the )
questionnaires the parents had no knowledge of the charaé-
teristics.of the hearing aids in use. In spite of the
children's-short period of exposure to the hearing aids and
the parents! limited training in evaluating their children's

performance in speech and hearing, the quesiionnaires were

completed with confidence.

Suggestions for Further Research

. .. The following topics, discussed above, have been
found, in the cour;;.of this étudy, to require further
research. | .

1. The effect of using low frequency amplification
- in the early management of young deaf babies.:

2, The effect of prov%dipg amplification of
frequencies below 300 cps on the audivion gf speech among

deaf children with less impaired hearing, with particular

”»
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reference to its effect on discrimination within and
between classes of consonants.

5. The origin of low-tone residual hearing;
the relative contribution of auditory, Qestibular and
tacti19 mechanism to sensation levels.,

4.. The eontribution of high frequency "islands
of hearing", noted in the course of Békésy audiometry, to
the audition of speech. -

5« The effect of low frequency amplification on
the audition of female and child speech patterns by deaf
children with low-tone residual hearing.

6. The validity and reliability of using approii-
mate equivalent audibility.of voiced phonemes as a eriterion
in the selection of hearing aids.

T. The ability of subjects with residual hearing
to make discriminations in time, frequency and intensity
relationships betweer. sounds, with particulér reference to
their ability to hear consonants in relation to vowel

formant transitions and their capacity to utilize frequgncy

shifted speech components.
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Conclusions

The following conclusions, drevn from the pre-
‘ceding discussion, summarize the statistically significant
advantages found in using low frequency amplification
(range 80 - 3500 cps), as opposed to standard amplification
(range 300 - 3500 cps), with deaf children having only
low-tone residual hearing. .

1. There is an improvement in the relative
.audibility of voiced phonemes.

2. The syllabic structure of both words and -
phrases is more audible under good signal/noise conditions

3,° Primary stress in phrases is more audible.
This improvement in audibility is probably related to the
improved relative audibility of phonemes.

4. Ability to discriﬁdnate tetween vowels is
improved.

5. The independent judgments of parents also
demonstrated the superiority of low freqnency amplification
in terms of (a) the greater range of sounds to waich their
chlldren respond, (b) the greater distonces at which they
" can attract their attention, (c) the better control of
pitch in their children's voices, and (d) the greater ease

with which they are able to communicate with them.




SUMMARY

The effect of amplifying frequencies below the
main speech fange (300 -~ 3000 cps) on the audition of
speech by ﬁwelve deaf children with classical low-tone
hearing residue was explored by comparing the results
_obtained with two individual heariné aids; an
experiﬁental model with a frequency range from 80 - 3500
‘_cps and a standard model with a frequency range from
250 - 3500 cps. o

While the subjects' audition of consonants
(particularly unvoiced phonemes) was poor with either
aid, sigﬁifi?antly better results were obtained with the
experimental than the standard aids on tests designed to
measure the relative audibility of voiced phonémes,ithe
audibility of syllabic stiucture, the awareness of stress,
and the discrimination of vowels. Independent dave
obtaiﬁgd éy questionnaires confirmed the superiority of
low frequency amplification in these cases.

lBecause thé utmest use of audition is essential
for thé adequate‘deveIOpment of speech and language skills
. in deaf children, the more generél use of hearing aids of
the experimental type, which amplify a wide range of sound
from 80 cps upwards, is recommended for all auditory
rehabilitation'work.with deaf children who have low-tone

residual hearing.
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