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aZSTRACT

Saauvel Sritton Eurchiielq

Steech discrimination verformance of thirty-six
subjects was comvared for conditions oi amplitude

comrression and for no comvression, These conditions

D

weyre achieved with a nrototvpe amnlitude comnressor, Tn

instrurent had invut-to-outrut amplification ratios of

two=-to-one and tinrece-to-one and it alco functioned as a

linear amplifier which was called one-to-one 2:vrlification.
The thirty-six subjiects, all of whom had unilateral

sensorinevral hearino loss, were vncrtitioned into nartial

or comvlete loudness recruitment rrouns on the vasis of

their resvonse to a sneech noise alternate bvinaural

loudness balanace (A3LZ) test., Classification of subjects

was carried out accordin~ to two rrocedures. The "clacsical"

nrocedure involved a comnaricson of the marnitude oif the

sensation levels above threshold necessary to malie the

test sisnals eouallv loud. The second system was based con

intra-aural comvarison of the loudness crovin function.



saavel Eritton Zurchfield

Sneech discrimination tests ermovlovinc monosyllabvic
CiC words were vresented at 2/4 d2 sensation level at the
affected ear under each comvnression condition. Zroad band
maskin~ noise was routinely avvlied at the contralateral
ear,

Statistical analyses of the data, vartitioned by
either method for definine recruitment, yielded similar
results, Smneech discrimination scores were si-nificantly
hicher for the two-to-one and the three-to-one comvression
than for the one-to-one and tne benefit was of the same

order of marnitude for both recruitment frouns,.
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The idea that amplitude compression can aid persons
with loudness recruitment in their nercevtion of speech
is neither novel nor new, Huizing (1648, 1952) and
Huizing and Reyntjes (1952) implied that speech
discrimination was imnpaired by loudness recruitment becaucse
of increased sensitivity for differences in intensity and
thereby normal loudness relationshivs among sveech sounds
are altered. Caraway (1964) and Caraway and Carhart (1947)
conjectured that versons with recruitment, therefore, may
not need as largze a dynamic ranze as do normal listeners
in order to take full advantage of sveech signals. They
hyoothesized that speech with reduced dynamic range (i.e.
amplitude compressed sveech) would imvrove speech
discrimination in subjects exhibiting loudness recruitment.
Their hypothesis was tested by comvaring the discrimination
scores for compressed sweech in four sroups of subjects
whom they assumed to differ in their macnitude of loudness
recruitment. The sroups demonstrated only slicht
improvement for the comvressed svneech, and it was concluded
that the technique offered no imvortant advantace over

linear amvlification.
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The present study extends Caraway and Carhart's
research by first overationally defininz loudness recruit-
ment and then testinz their origzinal hynothesis within
this constreint.

A necessary recuirement for conducting the
experiment was emvloyment of a method for cuantifying
loudness recruitnent. An alternate binaural loudness
balancinz technioue, employinz sveech noise sirnals, was
devised for this cuantification.

Scecification of the merformance characteristics
of the amplitude comvpression system was also of primary

importance.

Furpose of the Study

This study soucht basic information concerning the
relationshivp between loudness recruitment and the
discrimination of amvnlitude comvressed svweech., The vurvose
was to compare speech discrimination performance of two
groups that were heteroceneous with resvect to degree of
loudness recruitment. Speech signals were vresented at
two levels of amplitude comovression and also with no
comoression, The following guestions were formulated to
delimit the research:

1. Does amplitude compression improve sveech

discrimination in persons who exhibit loudness

recrultment?



2. Is the amount of improvement in sveech
discrimination related to the amcunt of the
loudness recruitment?

3. Is the amount of improvement in sneech
discrimination related to the dezree of the

amplitude compression?

inrortance of the Study

Design svecifications of hearing aids involve
numerous comvromnises necessitated by the interaction of
distortion vroduced by the aid and by the response
characteristics of the natholc~ical ear. Avpronriate
hearinz aid desisn dewnends, or should devend, on an
understandine of these interactions,

In reference to the relationshiv between the
characteristics of amvlitude limiting systems and hypoacusic
sveech discrimination, ILynn (1962) commented that the
"scanty" evidence is contradictory and indicates the need
for additional study. Furthermore, Caraway's research,
which was conducted in 1964, is the first and only
systematic, empirical investication employing amplitude
comvnression (as distinsuished from amplitude limiting).

The idea that amplitude compression can offer
recruitin~ ears special enhancement in their discrimination
of sveech signals has, therefore, received reco-nition but

only very limited study. In this context, recruitment has
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never been quantified and many basic questions remain
unanswered.,

Information obtained from the study 1s viewed as
having possible avnlication in increasing the hyvoacusic's

potential success in utilizing amvlification.
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ZACLGRCUND INPFCRLATICE LITERATURE REVIZW

This chapter describes the performance character-
istics of amplitude controlling devices and summarizes
thelr effects on sneech discrimination, Amnplitude control

as a solution for loudness recruitment is also discussed.,

Fformance Charecteristics of

_‘el.

e
—_t

Amnlitude Controllin~ Devices

Three immortant features of amplitude controlling
devices are innut-outout relationshirs, time constants,
and prcblems associated with the control.

Innut-Cutrut Kelationshins. In linear amwnlifiers

inout-to-output intensity ratios remain essentially
constant., For examole, the outout sound rressure will
increace 10 d3 if the inrzut sirnal is increascd 10 d¢=.
loreover, this linear ratio is maintained over most of the
overational range of the instrument, exceot at very hi~h
input levels., Input above this level is usually accomnanied
by marked distortion of the waveform of the outout si-znal.,
Electrical enzinecrs have souzht linearity in
amvlifiers for many aprrlications., There are, however,

%

srecific situvations which necessitate nonlincar amnlifiers

or amplitude controlline devices (Arvendix A). These devices

R



(@Y

rectrict either the dynamic rance or the neall outnut of
amrlified sisnals via nonlinear invut-to-outwnut vpressure
ratios, They are used routinely in the recordinec,
transmission, and reception of audio signals, and recently
they have been incorporated in hearing aids.

Tvio types of amplitude controlling devices are
amplitude limiters and amplitude compressors (Lansford-
mith, 1952). Limiting amplifiers are linear for low-
input signals; however, galn is reduced when the input
exceeds a set value, All inouts above this critical level
show a fairly constant outnut. Comnressors, overatin~T on
a somewhat different principle, are amnlifiers with innut-
output ratios such that outnut pressure is inversely
provortional with inout sirnal strength. Invut-outvut
functions for limiters, comoressors, and linear amplifiers
are shown in Ficure 1.

In linear amvlification (curve A-B-C), cain is
constant over the entire input range. For each increment
in the innut siznal, an egual increment is observed in the
output signal., This relationship yields a linear slope at
an angle of 45 desrees.

Cn the other hand, amplitude controlling systems
do not have constant inout-outnut ratios. Curves A-E-F and
A-B-G illustrate the output of two limiters. Both curves

are linear below a critical level (voint 3), but increnents
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in the innut sisnal above this voint »roduce relatively
smaller increments in the outrut sirnal., Curve A-B-G is
actually an idealized limiter with outrput cain reduced by
the amount that the innut exceeds voint B, Curve A-B-F
shows the limiter function usually found in clinical
avvlication., These functions have fixed maximum outout
vwnhich tends to eliminate the distortion that accompanies
linear amnlification at very hizgh input levels.

Curves A-D and A-E are compressor functions with
two-to-one and three-to-one d3 of innut-outwvut gain
resvectively. In amplitude comvression, the shawne of the
waveform remains relatively intact while amplitude
relationshivs are modified according to the invut-outout
ratio.

The net effect of amplitude compression is
dynamic ranme reduction. The amount of the reduction
is determined by the invout-output ratio of the amplifier.
Reduction vproduced by one-to-one, two-to-one, and three-
to-one compression ratios for speech siznals having a
30 dB dynamic ranse are shown in Ficure 2. The veak

1

components of the svcech sirnals, in this examvle, are
equated at 30 dB sensation level, Dynamic rance reduction
under the two-to-one ratio is 15 d2, under three-to-one
the reduction is 20 d3. This means that the peak

components are held constant for each ratio, whereas the
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Invut-Cutout Ratios
Fisure 2., Dynamic ranze reduction nroduced by one-to-one,
two-to-one, and three-to-one ammlitude comoression for
speech with a 30 dB dynamic ranre,
fainter comvonents are anvplified relatively more., The
term "compression", therefore, refers to dynanic rance
reduction and should not be confuscd or equated with
presentation level ver se.

Tinc Cenctontse Amnlitude control can be thousht

of as auto-rerulation oF ~ain vased on innut si~snal
stren~th., GCenerally, the control action results from
ne~ative voltare feedbaclk, For examrle, increments in
innut siTnal strencth cause relatively more nerative
volta~e to be awvnlied to th2 amplifier, recultins in less
~ain. Decrenents in the invut sirmnal stren~th result in
less nerative fecdbaciz, vroducing reclatively more
arinlification,

The time needed to accomplish f2ain increments or
decrements are called "time constants”. The lanse before
~ain reduction is called "attack time", and the lanse
before ~nin is restored is called either "release" or

"recovery tinme". These concents arc avvnlicabdle both to
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circuits which use control voltace to vary the gain of a
linear amplifier and to circuits that overate on nonlinear
components, as does the Weiss unit.

There is no standard for svecifyinz the time
constants of amvlitude controllinz devices. The percentage
change in gain upon which these intervals are based are
usually not svecified in literature revorts. The
specifications utilized in this study, as well as the
vrevious study by Caraway (1964), were sucgested in 1949
by Grimwood. He vrovosed computine the constants unon
ninety percent comnletion of gain chance because the value
vrovided a realistic estimate of the function and because
it was manageable from the standvoint of accuracy of
measurement,

The only systematic investigation of the influence
of time constants on sveech discrimination was conducted
by Lynn (1962). Results, published by Lynn and Carhart in
1963, indicate that the time constants influence both the

audibility and intelligibility of sneech,

Froblems Associated With

Amplitude Control

Avprovriate selection of the time constants can
minimize the undesirable products of amplitude control.
This section is devoted to a discussion of these problems

and their amelioration.
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Thump. Audible pulses which result from fast
operating time are called "thumo" (Maxwell, 1947; Crimwood,
1949; Sinzer, 1950; and Ancona, 1956). This is a d.c.
pulse which results from the sudden change in gain,
Fortunately, the pulse is usually low frequency and can be
eliminated by low frequency filtering (Marcus and larcus,
1965).

Frocram GCavs and Pumping. Frogram caps are caused

by slow release times on occasions when a faint sound
follows a loud sound. The loud signal triggers an

amplitude control response which can obscure a weak

sienal when it is in effect. Until the amplifier “recovers",
its performance 1s analagous to the refractory phase in
neural stimulation. "Gavs" in the vprogram can be eliminated
by using faster release times; however, "pumpning" may

result when this time is too fast. Pumping is excessive
attack and release and occurs as a result of the rapid
fluctuations in running speech (Naxwell, 1947; Grimwood,
1949; and Foliakoff, 1950).

Excecsive Noise Ievel, Excessive noise is created

by ambient noise being amplified at higher than normal
relative levels., This noise is analogous to the fainter
speech components in that it is amplified vroportionately
more than the stronger components. Several writers have

commented about this undesirable concomitant feature of
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amplitude control (Davis et, al., 1947; Farker, 1953;

Poliakoff, 1950; Rutherford, 1957; and Caraway, 1964),

Effects of Amplitude Control Cn

Sreech Discrimination

The effects of three methods of amplitude control,
namely, vpeak clivving, amplitude limitation, and amplitude
compvression, will be considered in this section.

In veak clipping the amplitude of the sound wave is
eliminated above a certain value. The decree of clipning
can be specified by the fraction of maximum amplitude that
is passed. Several writers have revorted on methods of
peak cliovning and the effects produced by this method of
control (Licklider and Pollack, 1948; Tolhurst, 1959;
Velichkin, 1962; Gustavsson, 1963; and Fyron and Williamson,
1964),

Normal hearing subjects are able to understand
speech which is dramatically clipved. Evidence of this
ability is provided by Licklider and Follack's statement
that

the so-called dynamic characteristics of sveech are
not of vital importance for intelligibility. It is
avparently Jjust as well to reoroduce all the
fundamental sveech sounds (or what is left of them
after infinite clivpvineg) at the same intensity as it

is to preserve their natural intensities (1948, p. 49).

This implies that intensity variations are oprobably not

the basic cues in speech discrimination. Their statement,
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however, should not be intervreted as implying that
intensity distributions of normal sreech have no role in
recocnition.

Davis et.al., (1947), as a part of the Army and
Navy aural rehabilitation vnrocrams, renorted on a master
hearing aid with both peak clivpine and limiter action,
The supveriority of limiter action over peak clippins was
shown in a series of smeech discrimination tests using
Harvard PBE-50 stimulus material in three normal-hearing
subjects., Similar results were observed in six hard-of-
hearing subjects.

Huderins et. al. (1948) built a wearable hearing
aid with limiter action. This instrument was compared,
via articulation tests with six hard-of-hearing subjects,
with the master hearing aid just discussed and with two
commercial hearines aids. The subjects were trained
listeners who had utilized amplification for at least one
year. Comvarisons were based uvon vpercent correct
discrimination of Harvard PB-50 word lists (vpresented via
monitored live voice) for successive input levels.

Results were summarized by the following statement:

These results indicate clearly both the feasibility

and the desirability of limiting the output of hearing
aids by means of comnression amplification. Furthermore,
it is demonstrated that limiting the power output by
means of compression ampvlification not only protects

the ear but at t@e same time reduces distortion.to a
minimum, thus maintaining in most cases the maximum

level of performance over a wide range of sveech-
inout levels (1948, v». 253).
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Several researchers have reported dramatic
improvements in speech discrimination for hearing aids
with amplitude limitation when compared with conventional
hearing aids (Fournier, 1951; Pestalozza, 1953; Fortmann
and Portmann, 1961; Rice and Flemming, 1968, Bizasuet,
1968; and Flemming and Rice, 1969). Fournier (1951) and
the Portmanns (1961) showed articulation functions for
patients who demonstrated superior understanding for
limited sveech as compared with linear amplification.
Pestalozza (1953) compared hearing aids with peak clioping,
with volume limiting and with linear response. Suverior
scores were obtained under the volume limiting,

Edeardh (1951) observed that dynamic equalization
was not obtained between the vowels and consonant sounds
unless amplitude control functioned over the entire
overative range., Working with extreme limitation, he
found that speech was as intelligible as untreated speech,
although the subjects observed quality differences.,

The effects of peak clipving and amplitude
limitation in the presence of white noise were studied
by Kretsinger and Young (1960). These investigators
compared the effects of two degrees of control, achieved by
either method, on the discrimination of thirty normal-

hearing subjects. The subjects exhibited superior scores



.

s
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for the limited FB-50 word lists (C.I.D. Auditory Test W-22)
than for either no control or peak clippincg.

It has been asserted that the amount of amplitude
control preferred and needed by persons with different
types of hearineg loss varies considerably (Silverman and
Harrison, 1951; Poliakoff, 1950; and Rice and Flemming,
1968). Parker's (1953) findines suvvort this assertion.
He investigated the effect of amplitude limitation in
ten persons with various amounts of sensorineural hearing
loss by constructing articulation functions for Harvard FB
words at sensation levels of 6, 16, 26, and 36 dB. Results
indicated considerable individual subject variability in
the benefit afforded by limitation. Of the ten subjects,
nine did obtain higher intelligibility with amplitude
limitation at one of the sensation levels. Three had
superior discrimination at all levels; six had suverior
discrimination at some levels and poorer scores at other
levels; only one failed to benefit at all test levels.
Notably, improvements ranged from 2 percent to 50 percent
and the maximum help seemed to be at the lower sensation
levels.

Lynn (1962) systematically investigated time
constants of limited speech in groups of subjects with
otosclerosis, labyrinthine hydrops, and presbycusis. The

limiting was achieved with an instrument built from hearing
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aid components. Time constants were found to influence
sveech nercention of Harvard PB word lists. Labyrinthine
hydrovs subjects performed ovtimally with shorter release
times, and otosclerotics performed as well when no
limitation was used, Lynn believed that time constants
could be selected which yield optimum intelligibility and
that these values do not appnear to remain constant for
all types of hearing loss.

It is important to note that the revorts involving
limiting demonstrate advantaces for this type of amplitude
control when compared to abrupt peak clipping and no
advantaces over speech without amplitude control.

As previously mentioned, the only systematic
investigation of hypoacusic sweech percention using
amplitude compression per se was conducted by Caraway
(1964), She investicated the effect of two desrees of
comporession comvared to no compression using twelve
subjects in each of the following catacoriess 1labyrinthine
hydrops, labyrinthine otosclerosis, presbycusis, and normal
hearing.

Amplitude compression was achieved with the same
comoressor that was used in the present study. The
instrument had compression ratios of two-to-one and three-
to-one and it also functioned as a linear amnlifier, called

one-to-one compression amplification. Ferformance
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specifications of the instrument include a flat frequency
response from 250 to 5000 Hz and time constants for all
amplification conditions of 1.5 msec rise and 1 msec decay.
Caraway determined sveech recevtion thresholds
for spondees under each compression condition, She also
constructed articulation functions for CNC words
(Northwestern University Auditory Tést No. 4) under each
condition at sensation levels of 0, 8, 16, and 24 dB.
Performance in speech discrimination improved only
minimally for the comvressed speech in all her subjects.
Also, no important differences were found among the three
degrees of compression when comparisons were made at a

given sensation level.

Ampnlitude Control as a Solution

for Loudness Recruitment

Persons with recruitment exhibit a reduction in
the range of comfortable loudness for speech signals,
This means that the decibel difference between the
faintest audible sound and the stronsest tolerable sound,
i.e. the dynamic range of hearing, is reduced. At the same
time, intensity variations encountered in the daily
acoustic environment are great enouch to tax even the
normal ear's wide range of comfortable loudness. DMNoderate
reduction in the comfort range may lead to problems in

hearing faint sounds or annoyance from loud sounds.
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Conventional linear amplification may not be ideal
for persons with recruitment or a tolerance problem because
it must be operated at hizh gain in order to make the faint
sounds audible. When these sounds are amplified to an
audible level, the loud sounds may become intolerable.

With this mode of transmission, the only solution is gain
reduction, thus sacrificing intelligibility of the fainter
sounds.,

Several people have expressed a special need in
hearine aids for neople with recruitment or for similar
problems associated with tolerance (Groen, 1951; Neuberrcer,
19543 and Portmann and Portmann, 1961). Davis and
Silverman (1970) contended that versons with loudness
recruitment encounter difficulty in linear amplification
because of the abrupt transition from hearing little or
nothing to hearing very loud sounds. In other words,
recruitment both disrupts normal loudness relationships
and sharpens differential sensitivity (Huizing and
Reyntjes, 19523 and Caraway and Carhart, 1967).

Pestalozza (1953) comnared speech reception
thresholds and sveech discrimination measures for veak
clipping and amplitude limitation. He found that
limiting was the method of choice for controlling the

maximum vower of hearing aids and that linear amplification
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increased distortion and reduced discrimination when marked
recrultment was present.

A svecific type of articulation function,
"recsression", which appears in sensorineural hearing loss
when recrultment is present, has been revorted by several
writers (Dix, Hallvike and Hood, 1948; Eby and VWilliams,
19513 Huizing and Reyntjes, 19523 and Schultz and Streenpy,
1967). This function has increments in discrimination
for increments in sensation level up to a point, but the
discrimination decreases fairly rapidly for hicher
sensation levels, It has been susrested that optimum
amplification would be provided by outout limitation
corresponding to a person's ovtimum range of intelligibility
(Shutts, 1950; and Huizing and Reyntjes, 1952).

Desicen characteristics and an excellent rationale
for using compression in amplification for recruiting ears
were reported by Aspinall (1951) and by Rice and Flemming
(1968). However, experimental results are not oresented
in either revort. Other writers have snecifically
suzgested compression for versons with a narrow range
between the thresholds of intelligibility and tolerance
limits (Ashton, 1951; Poliakoff, 19503 and Lenzel, 1966).
Azain, however, experimental evidence is scanty and the
effects of recruitment on the perception of ampnlitude

controlled speech is not known.



Amvlitude controlling devices, limiters and
compressors, can be specified by their innut-to-output
dB ratios. Their verformance as well as their effects on
signals they transmit is markedly different. Amnlitude
compression acts to reduce the dynamic range of sreech
signals, whereas amplitude limitation tends to limit
the maximum levels of the sicnals.

Althouch the time constants of limiters were found
to influence audibility and intelligibility, there has
been no systematic study of these constants in compressors.
There apvnear to be concomitant problems associated with
amplitude control. Fortunately, most of these difficulties
can be minimized or eliminated by appropriate selection of
the time constants.

Cnly one study (Caraway and Carhart, 1967) which
investizated the effect on sveech discrimination of using
amplitude compression is revorted in the literature,
Several studies using amplitude limitation have been
renorted, These indicate that limitation apnears to be
preferable as a means of limiting the maximum output of
hearing aids when compared with abrupt veak clipping.
Extreme limitation does not seem to effect adversely sveech
understanding in normal hearing versons. However, when

clippved and limited sveech are immersed in noise, normal
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hearing subjects understand the limited speech better.
Cther studies have shown that sensorineural subjects vary
greatly in the amount of benefit they achieve through
limitation and that time constants influence discrimination.

The only study involving compression failed to
demonstrate any important advantace for the amplitude
controlled speech over speech with no amplitude control,
It is important to note that the reports involving
limitation demonstrate advantages for the control when
compared to abrupt neak clivving and no advantages over
speech without control.

Finally, the question remains regarding the
differential effect on speech discrimination as a function

of the degree of loudness recruitment,



CHAFTER III

EXFERILENTAL FRCCEDURES

This study investigated the ability of versons
with different amounts of loudness recruitment to discrim-
inate amplitude comnressed sveech, An alternate binaural
loudness balance technique nrovided a criterion for
vlacing subjects into either a partial or a complete
recruitment grouv. Subjects were then tested under two
decrees of compression and a condition of no compression.
Two discrimination scores for CIIC monosyllabic words were
obtained for each subjecct under the three compression
conditions,

Annlitude comnression was accomplished with a
orototype instrument built by lr. Erwin Weiss and suvnvlied
by the Beltone Electronics Comnany. This compressor had
input-to-output amplification ratios of two-to-one and
three-to-one. It also functioned as a linear amplifier;
this condition was called one-to-one amvlification.

The test battery contained both vreliminary
audiometric evaluation and sveech discrimination measurement.
This included nure tone air and bone conduction thresholds,
sneech recention thresholds, speech noise alternate

binaural loudness-balance test (ABLB), and speech

22
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discrimination tests under each of the thres compression
ratios,

For svweech discrimination testing three permutations
of Northwestern University Auditory Test No, 6 (lists II
and III) served as stimulus materisl. The itwo scores at a
civen compression ratio were based on one arrancement of
List II and one of List III, Each list was recorded at
the three compression ratios in such a way that the averare
peak levels of the outnut signal were equivalent. That
is, the sveech signals for each condition were equated at
thelr peak levels, and long term dynamic ranges below

o

these levels differed from one ratio to another. For
example, the uncomvnressed dynamic range of the sneech
stimulus material was aporoximately 24 ¢éB, Under two-to-
one compression this ranse was reduced to 12 dB and under
three-to-one it was reduced to 8 dB.

A pre-test CIiC list was vresented at the outset

and a~ain as a post-test to investicate practice effects

and time devendent influences,

Subjects
Thirty-six subjects, constituting two grouvns of
eighteen each, were selected for the study. Their ar-e

and sex distributions are shown in Table I,
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TABLE I

Ace and sex distributions for the two srouwns

Recruitment Ace in Years Sex
Distribution
Grouvo Mean Iledian Rance Male Female
Partial 49-0 50-1 31.2-6802 5 13

Complete 52,7 5lL,7 21.5-68,3 11 7
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Preliminary selection of subjects was based on the
results of audiorrams availablé at the olffices of
Dr., Sanford C, Snyderman, Dr, E. H. Bercendahl, Dr. Charles
S, Giffin, Dr. John Thomas, and Lr. Fatrick Carter in
Fort Wayne, Indiana,
Each met the followins criteria for inclusion into
the study:
1. All subjects were medically diarnosed as
having unilateral, sensorineural hearin~ loss,
2. Better ear within normal limits (air and bone
conduction thresholds no rreater than 25 dB re
I50-1564 Norm) for 500, 1000, and 2000 Kz,
3. Intraaural speech reception threshold
differential of 25 dB or creater.
L, No air-bone gan or no resnonse by bone
conduction at the maximum limits of the

equinment,

\n
-

Sufficient residual hearing in the speech
frequencies of the test ear to allow sreech
discrimination assessment of 24 dB sensation
level,

6. Eichth erade or hicgher education.

7. Hearin< loss acquired after the development

of Enzlish lancuaze.
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he restrictions of a normal better ear and a 25 4B
intraaural sveech threshold differential were necessary for
administerine and obtaining meanineful results with the
speech noise ABLB test, The eighth gZrade minimum education
level increased homogeneity with respect to test vocabulary.
Possible contamination due to faulty lanzuare and due to
foreisnism was controlled by requiring all subjects to
have acquired hearing loss after the development of En~lish
lancuace,

Nedian pure tone thresholds of the two grouvs are
shown in Fisure 3. For clarity, bone conduction resnonces
are omitted. The air and bone conduction results for both
Frours were interweavine, excenting some subjects whose
bone conduction responses were beyond maximum limits of
the audiometer,

As anticipated, the grouvs exhibited similar
audiometric confisurations bilaterally. INedian nontest,
better ear results are remarkably alike., Despite differences
in the low frequency region, both grouns show unilateral
hearing loss with gradually downward sloning conficuration
in the test ear.

A comvrehensive summary of the subjects resvponses
to vreliminary tests is vnresented in Avnendix 2B, Fure tone

thresholds, nure tone averace thresholds, and speech

recevntion thresholds are shovn,
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Recruitment Nuantification

A necessary reaquirement for conductine the
exveriment was the develorment of a method for quantifying
loudness recruitment. Althouzh Jerzer and Harford (19€0)
and Jerszer (1962) contended that the nure tone ABIB test

is the most valid existing measure of loudness recruitment,

results of this test are somewhat unwieldy. Attemnts to
relate recruitment to other variables have suffered because
of the difficulty in quantifying recruitment by this nure
tone procedure, e.,o, Clemis and Carver (1967). An
alternative vprocedure using speech stimuli may offer some
advantares,

Harris et. al. (1952) stated that "The vpractical
sisnificance of recruitment is largely in speech reception
(p. 108). 1In an investisation of recruitment for speech,
this group of investicators found their subjects could
readily make loudness matches for speech in two ears of
unegual ability and that the matches were as easy and
precise as those for pure tones, It was also found that
"recruitment for sveech followed a course parallel to
that for vpure tones and rourchly intermediate amons the
curves of recruitment for nure tones in the speech rance"
(1952, p. 132).

Studyving the effects of noise exwnosure on

loudness-balance and intellicibility, 0'Neill (1954) used
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sveech material for pre- and nost-exvosure loudness-
balances, lNean values of the matches indicated that his
normal hearing subjects were able to make accurate
judzments with connected discourse serving as the stimulus.,
0'Neill concluded that,"Avnarently speech (connected
discourse) can serve as adequate stimulus material in
loudness=-balance matches"” and that "there was little

intra- or inter-individual variability in such judements"
(1954, p. 6).

Specific rationale for emnloying sveech noise for
the ABLB test stimulus include the followings (1) literature
reports that subjects can adequately balance speech-type
stimuli; (2) the close relationship between speech noise
and the devendent variable; and (3) because the sveech-
tyne sisnals are capable of demonstrating growth of the
loudness function over a relatively broad auditory area,

Sveech Noise ARIB Test, Stimulus parameters and

test procedures are similar to those susgested for the
pure tone ABLB by Jerger (1962). Identical signals are
presented to both ears alternately. The signal was fixed
at levels of 20, 40, and 60 dB above the good ear's sneech
reception threshold and the subject adjusted the intensity
at the poor ear for each presentation level until the

signals were judeed equally loud in both ears.
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The vorocedure for administerine the test described
here calls for fixed sensation levels in the gZood ear and
variable intensity in the voor ear until the balance is
achieved for each resvective presentation level., Jer-er
and Harford (1960) and Jercer (1962) recommended Tixing
the signal at sensation levels of 20 and 40 dB above the
poor ear's threshold and varying the intensity at the 2ood
ear; however, they renorted that either system yields the
same results. Their rationale for these recommendations
include standardization and clinical utility. With
respect to the presentation levels, they sugcested that
"the 20 dB level cets at the question of recruitment near
threshold and the 40 d3 level is usually hizh enouch to
tell you whether recruitment is complete" and that "it is
very seldom that you can 2o much hizher than 40 dB above
threshold on the bad ear anyway" (1962, ». 142).

The decision to fix the three sensation levels at
the good ear was governed by the desire to obtain information
about the loudness function over a broad sran of sensation
levels., Eecause the ma-nitude of loudness recruitment is
relative and varies as a function of stimulus presentation
level, a procedure based on the rood ear's threshold level
may lead to somewhat different absolute results than those

obtained by classical procedures.



Snecific siwnal varameters and procedures included
the followings

1, Signals alternated automatically.

2. Siegnal duration was 500 msec,

3. Sisnal rise and decay time was 50 msec.,

L,  The intensity was always fixed at the rood ear
and varied at the voor ear, |
Each subject controlled the intensity at his
poor ear by a hand-held switch.

6. The intensity was fixed at sensation levels of

20, L0, and 60 d3 at the food ear.

An Allison 223 clinical audiometer was used to
administer the test., In order to obtain a speech noise
sisnal and the capabilityv of alternatin~ signals to a
subject's two ears, the test si-nals were recorded on
masnetic tave and played-back on the audiometer's "stereo"
ma-netic tavre recorder,

The array of eguioment shown in Ficure 4 was

utilized for recording the test stimuli,

Grason-Stadler Grason-=Stadler Amvex AG
C01-B 029-E 350-2
Noise ) Electronic Tape

Generator Switch = Recorder

Fizure 4, Schematic diarram of the Speech-Noise Alternate
Einaural Loudness 2alance recordins equirment,
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The noise ~enerator (CGrason-Stadler 901-3) produced
sveech noise which was transmitted to the electronic
switch, The switch was adjusted at a 50,5 duty cycle,

50 msec rise and decay time, and a 1000 msec period.
These adjustments resulted in brief bursts of the sveech
noise beins transmitted (switched) alternately to the two
separate channels of the Ampex Tane Recorder (AG 350-2).
Wnen the two channels of this recording vrocedure are
transmitted sevaratelv to the left and richt ears, the
sisnals are verceived as alternatin~., Signal varameters
were monitored with a Tektronics (564 B) Storace
Oscilloscovne.

Two minute continuous serments of sveech noise were
recorded at the becinnineg of each channel for calibration.
Svectral analyses of these signals are shown in Ficure 5.
Th~ curves show that the frequency spectrum of the recorded
sirnals conforms to the long-term average svectrum of
speech sicnals (Denes and Pinson, 1966; also see Apvendix A).

Internretation of Smeech Noise AFIB Test. Three

possible outcories of pure-tone ATIT tests are "no
recruitment”, "partial recruitment", and "comnlete
recruitment”. TFicure 6 illustrates these hypothetical
outcomes., The test sional is initially fixed at a level
of 20 43 above the good ear's threshold (0q) and the

alternating siznal is turned on. Because the food ear is
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normal in the illustration, sensation level and hearing
level are the samej; however, it should be noted that
sensation level is in reference to the individual's hearing
status (See Arrendix A Res Hearins Level and Sensation
Level), The subject adjusts the si~snal at his poor ear
until he judees the sirmmals were equally loud (X,). Next,
the subject reveats the balancin~ in his wnoor ear for
sisnals presented at L0 4B and then at 60 4B,

If the subject rerceives sicnals presented at
equivalent sensation levels in each ear as egually 1loud,
he is not exhibitinz recruitment. This means that en
increment of say 20 dB in the good ear is accompanied by a
20 dB increment in the voor ear to effect a loudness
balance., OCn the other hand, vartial or comrvlete recruitrent
occurs when a smaller increment is needed for the balance,
In fact, if, at the 60 dB sensation level, the subject
ad justs the intensity at the voor ear eaqual to the intensity
at the cood ear (in ecual hearincs levels), his performance
is labeled as "complete recruitment"”. Balances which
occur between the "comnlete” and "no" recruitment resoonses
are labeled "partial" recruitment. Jerzer (1962) renorts
a 10 dB "margin of error" for interpreting pure tone ABLB
data, Presumably this error is related to dispersion of
the 1loudness balances. Freliminary results in this

€Xve riment, with sveech sirnals, indicated that subjects
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were able to balance the sirnals within a much smaller rance.
Accordincly, the marcin for interoretins the balance data

of this study was reduced to 5 dB.

The two grouns of subjects used in this study
conforned to the above specifications for partial and
complete recruitment. That is, when the mean of balances
was rounded to the nearest 5 dB, eichteen subjects
exhibited nartial recruitment and eishteen exhibited

complete recruitment for the sveech noise siomals (loudness

recruitment is defined in Avnrendix A).

Sveech Faterials

Three speech tests were reguired by the exnerinents
(1) determination of sensation levels for presentation of
the compressed speech; (2) measurements of discrimination
performance under comvressed sneech; and (3) nre-test and
post-test to assess base level performance and time
dependent influences,

Sveech recention thresholds, based on spondece
words, were used in determining the presentation levels
for the compressed speech., DIMarnmetic tave recordings of
the CID Auditory Test W-1 (Hirsh et. al., 1952) were
recorded by a male sreaker (Dr., William F, Rintelmann)
with General American dialect. The sneaker monitored the
leve 1l of the two syllable ncaks of each word at 0 d3 VU

mete r deflection (+ 2 d2)., List A, one of four lists
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used in routine clinical testing at Michican State
University, was arbitrarily chosen as the stimulus material
for the preliminary sneech test,

Northwestern University Auditory Test No. 6
(Tillman and Carhart, 1966) was used to assess sveech
discrimination under the three compression ratios., This
test has four lists of 50 monosyllabic, CNC words derived
from lists develoved and revised by Lehiste and Feterson
(1959 and 1962), The lists used in this study were
recorded on marnetic tane by the same male sveaker who
recorded the svondee material., Each word is vpreceded
by the carrier phrase, "You will say . . .". In recordins
the words, the last word of the carrier phrase was
monitored at 0 dB VU meter level and the test item was
then said naturally.

Because each subject was tested twice at each of
the three compression ratios, a minimum of six different
test lists was needed. Previous investizations with the
N. U, Test No. 6 revealed that lists II and III yield
equivalent scores (Rintelmann and Jetty, 1968). Therefore,
these two lists were selected., Four additional lists
needed for the experimental conditions were constructed
by permutine the two orisinal lists; two vermutations of
list II A provided lists II B and II C and two permutations

of 1 ist III A fave list III B and 1list III C.
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Sneech discrimination was measured at the becinning
and acain at the end of the exreriment by a vre- and post-
test. The vre-test acauvainted the subjects with test
conditions and provided a base level for assessing initial
oroup differences. A comparison of vpre- and post-test
scores indicated the marnitude of vractice and other time
dependent effects. List I A of N, U. WNo. 6 was arbitrarily
selected for these measures. Of the fifty CIC words
that constitute this test, the first ten were recorded at
one-to-one compression, the next fifteen words at two-to-

one, and the remaining twenty-five words at three-to-one.

The VWelss Amvlitude Compressor

Compression of the sneech test material was
achieved with an instrument develoned by Nr. Erwin Weiss
of the Beltone Electronics Corvroration of Chicago, Illinois.
Overating characteristics and calibrating information were
supvlied by lr. Richard Brander (1970). The compressor
functions to:
1, Divide input signals into three bandss 400 Hz
to 1000 Hz, 1000 Hz to 2000KEz, and 2000 Hz to
LOOO Hz.
2. Provide symmetrical, nonlinear amvplitude

compression in each channel,
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3, Frovide indenendent control of the derree of
compnression in each channel.
A schematic diacram of the comvressor is shown in
Ficure 7.

Innut-Cutrut Calibration, The instrument was

calibrated to the three compnression ratios by adjusting
the svecified amount of compression for each channel while
maintaining equivalent gain in each channel, The carability
of adjusting both the amount of compression and the amount
of sain made available a wide array of conditions that
could be achieved with the instrument. The controls of
ad jacent channels are not entirely independent, however,
This is particularly true when there is hirh gain combined
with a comvression level and the filters do not cut off
abruvtly. In this situation attenvated sicgnals are
allowed to enter the wrong channel., Specific vnrocedures
used in adjustins the controls of the comnressor to the
three levels were as folloviss
1. A Hewlett-Packard oscillator (4204-A) apnlied
a 1V (RI'S), 1500 Hz sine wave to the input
terminals of the comvpressor. A Beckman (6148)
Electronic Timer assured correctness of the
frecuency outout (X vercentase error of 0.05%)

before and after the exveriment. The internal
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volume control of the compressor was adjusted
to produce 1 V (RKS).

With all compression controls at zero, and with
the 1500 Hz 1 V (Ekk3) in»ut, the mid-channel
(1000 Iz to 2000 Hz) was adjusted to vnroduce

1 V (RISS) at the outvut terminals. With 700 gz
inout (1 V R¥%S) the low-channel (400 Hz to

1000 Hz) cain was adjusted for outnut voltace
of 1 V (RlS). Similarly, with 3000 Hz input

1 V (RI'S) the hish channel (2000 Hz to 4000 Hz)
cain was adjusted for 1 V (RI.S) outnut.,

With a 1500 Hz invut signal, the mid-channel
compression was adjusted until a 10 dB changce
in outrut level was produced by chansing the
input from 0 dB Res 1 V (V) to =30 @B V. This
vas for the three-to-one compression ratio,.

For the two-to-one ratio the compression control
was adjusted to give 15 dB outvnut chance for

an inout chance from 0 dB V to =30 dB V,
Cbviously, during the one-to-one condition a

30 dB reduction in outrut resulted from an
input change from 0 dB V to -30 d3 V,

For each respective condition (i.e., one-to-one,

two-to-one, and three-to-one) step three above
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was reveated with a 3000 Hz innut sional with
arprovriate hich-channel compression adjustment.

6., With 0 dB inout, low channel (using a 700 Ez

sienal) and hish channel (usings a 3000 Hz
sismal) gain were adjusted until they were
ecuivalent in overall rain with the mid-channel
(i.e., the 1500 Hz sienal) gcain.

7. Steps number three to six above were reveated
for each resmective compression condition (i.e.,
one-to-one, two-to-one, and three-to-one) until
the three were equivalent in gain and
compression,

Invut-output relationshipns and the frequency
resnonse of the comvressor were monitored by the above
calibration nrocedures immediately before and after
comoressing the stimulus word lists., Additionally a
calibration tane, consisting of two sections of recorded
vpure tones, was constructed to determine verformance of
the comvressor during the actual vprocessing of the words.,

Section one of the calibration tape was used to
determine invut-outvut relationshivs. It consisted of
three tones near the center of the bands rassed by the
compressor channels (i.e., 700 Hz for the 400 to 1000 Hz
channel, 1500 Hz for the 1000 Hz to 2000 Hz channel, and

3000 Hz for the 2000 Hz to 4000 Hz chennel). In constructine
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this vart of the tavme, a 1 V (RI'S), 700 Hz tone which
produced 0 dB VU meter deflection was recorded for fifteen
seconds., Next, the level of the invut sisnal was reduced
10 dB3. A sizgnal of fifteen seconds was a7ain recorded.
In this manner, the innput level of the siznal was reduced
in decrements of 10 dB until a 30 dB span was covered,
Similarly, 1500 Hz and 3000 Hz tones were recorded at
1 d3 V and at decrements of 10 dB (i.,e., =10, =20, and
-30 dB V).

Eleven voure tones (i.,e,, 200 ¥z, 250 Hz, 500 Hz,
700 Hz, 1000 Fz, 2000 Kz, 3000 Hz, 4000 ¥z, 6000 Hz, and
€000 Hz) constituted the second section of this tave.
These tones were recorded at constant voltare 1 V (RLS) and
were used to determine the frequency response of the
compressor when the speech stimuli were actually compressed,

Rise-Decav Transients. Amnlitude controlling

devices usually need intervals of time to achieve and
escane their control. These intervals are called attack
and release times or constants., Tyvnically, these constants
are avnlied to circuits which use a control voltace to

vary the fain of a linear amnlifier., Since the Veiss
Compressor onerated on non-linear comnonents, its reaction
times are best referred to as rise-decay transients

(Caraway, 1396L4),
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Transients of the comvrressor were determined by
observing its resrnonse to instantaneously initiated
sinusoids. A tone burst generator (General Radio 1319)
initiated the sirmals annlied to the comrressor and
externally tri~~ered an oscilloscope (Teltronics, 561) which
allowed observation of the comvressor's vperformance.
Srecifications renorted by Caraway (1¢64) were adonted:

The rise time wvas defined as the time reguired for a

G0 mercentace completion of ~ain chan~e from the
instantaneous arnlication of a sisnal to the comrressed
equilibrium valve, The decay time was the time
required for the same vrercenta~re of gain chan~e in

the return of the comrressed fain to its former value

unon the instantaneous cescation of the innut si-nal,

£,k msec and a

—

The comwnressor had a rise time of
decay time of 2.5 msec, These values did not vary as a
function of frequency or of the comvression ratios.

Varmonic Distortion. Enercy measured in the first

two overtones was utilized to estimate harmonic distortion
(Caraway, 196L4)., For this measurement, 1 V sinucoids with
calihrated freoauency were avrvlied to the compressor at
each ratio., The comvressor was connected to a Bruel and
Kjaer 2107 Freaquency Analyzer which enabled measurenent of
the fundamental (hy), the second harmonic (hz) and the
third harmonic (h3). FPercent distortion was calculated at

each freguency by the formula:s

Fercent =J/ % + n?

Distortion 3 % 100
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Table II shows the distortion percentaces,

Table 2. Percentace distortion of the second and third
harmonics of the Weiss Compressor for one-to-one, two-to-
one, and three-to-one comvression,

Frequency
(¥z) one~to-one two-to=-one three-to-one
250 3,31 3.06 5.63
500 2.78 6.39 1.50
1000 2.78 3.79 6.03
2000 1.95 L,77 7.96
3000 3,32 2,50 2,74
L000 2,06 1.81 1.61
I'ean Distortion 2.77 4,72 L,25

The distortion, althouzh somewhat greater for the
two-to-one and the three-to-one comnression ratios, was not
excessive,

Noise Level, In order to obtain resting internal

noise levels, the innut of the comvressor was terminated
with a 600 ohm resistor and the output was terminated with
a Bruel and Kjaer Voltmeter. Resting voltazes were read
under each compression ratio., Results of these measurements
were -57.5 dB for the one-to-one ratio, -44.,0 dB for the

two-to-one ratio, and -33.25 d3 for the three-to-one ratio.

Frenaration of the CNC Test Stimulil

A diacram of the equivment used in conmpressing the

stimulus words is shown in Figure 8.
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Ficure 8, Schematic diagram of the CNC test stimuli
recording avraratus,
After zain and compression were adjusted, both the recorded
calibration tare and the word lists were reproduced by an
Ampex AG 500-2 magnetic tape recorder. Cutput voltage of
the recorder was monitored by the voltmeter circuit of a
Bruel and Kjaer 2603 MNicrovhone Amplifier. The previously
recorded speech stimuli were then transmitted throusgh the
Welss Conmoressor. The output of the compressor was
connected to the inout of a second tave recorder, an
Amvex AG 606-2, which was used to capture the calibration
tones and the actual stimulus materials for the study.
Performance of the compressor during the processing
and recordins of the sveech was determined by the
calibration tane, Invut-outvut relationships of the
instrument were determined at each ratio by recordin~ the
first series of tones after thev had nassed throush the
equivment array. Invut-output functions of the mid-channel
(1500 #z), for each ratio, are shovn in Ficure 9., These

Curves are very comnatible with the values for both the



)]

0 -
o 0
L -10 — X
—
Q
m
)
el
o
pa
4=
.E‘ =20 - 0
=
I
Q

"

30 I I

-130 -20 -10
Innut in dZ2 Hes 1 Volt

Fi~ure ¢, Innut-outout functions of the mid-channel (T
2 1800 Fz si-nal) for each comnression ratio when the Ci
words vere comvrecsced under one-to-one comrnrescion (0),

two-to=one (), anad three-to-one ({).



Le

low- and hirh-channels (i.e., 700 Hz and 3000 ¥z) which are
vpresented in Avrendix C,

The second vnart of the calibration tape was also
transmitted throush the recordinc equirment under each
ratio. Recall that this section consisted of eleven
constant voltare (1 V, RIS) vnure tones. The purvnose of
these tones was to determine the frecuency response of
the nrocessine and recordin~ system under each ratio.
Voltace levels of these tones, after beincs converted to
reclative dB3 values, are showvn in Ficure 10, These functions
indicated that the frecuency resnonse was essentially flat
from L00 to 4000 Hz for all three compression ratios.

The research desicn snecified a commarative
analysis of the verception of sreech with three de~rees of
dynamic range reduction achieved by one-to-one, two-to-one,
and three-to-one compression. Specific procedures used in
obtaining these conditions included the followings

1. Avvropriate 7ain and compression controls of

the compressor were adjusted to achieve the

ratio to be recorded.

AV
.

The 1500 Hz se~ment of the calibration tawve was
nroduced by the Ampex AG 500-2 Recorder. This
sisnal was monitored at 1 V (RIS), nassed
throush the compressor for the ratio beins

recorded, and transmitted to the Ampex AG 6006-2
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recorder used to capture the actual stimulus
items. At this vpoint the sirmal was used in
adjustine the innut record level at 0 VU meter
deflection,

The entire calibration tamre was then nroduced
by the AZ 500-2 recorder, transmitted throuch
the comvressor, and recorded by the AZ 606-2
recorder under each comnression ratio.

Next, marnetic tane recordinss of the . U. No.
lists were nroduced by the Amvex AG 500-2
recorder. The 1000 Hz calibration tone at the
be~inning of each tape was adjusted to 1 V (XIS)
and applied to the compressor under the ratio
beinz recorded, The compressor outnut was, in
turn, used to adjust the record level of the
AG 606-2 recorder to 0 dB VU meter deflection.
Following these adjustments, all test lists
were conied under each conrression ratio.

The final recordins procedure involved conying
list IA (N. U. No. 6) for use in the pre- and
rost-test. Followineg procedures outlined
above, word one throuch ten of this list were
conied with one-to-one comonression., Vords

eleven throuch twenty-five with two-to-one
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compression, and words twenty-csix throuch

fifty were covied with three-to-one compression.

Ernerirmontal Procedures

Durins a sinele test session, lasting avoroximately
two hours, each subject undertookx the followine tests in
the order c~ivens

1. Eilateral pure-tone air- and bone-conduction

threshold tests.

2. Bilateral speech reception threshold tests.

3. Sneech-nolse ABLB test.

L, Svneech discrimination experimental pre-test.

5. Speech discrimination experimental test lists,

6. Sveech discrimination exnerimental vost-test,

The subjects sat in a sincle walled IAC booth
havins an ambient noise level of 54 dB (C scale) as
measured with a 2203 Bruel and Kjaer sound level meter and
an associated 4132 condenser microphone, All test
materials were vresented to the subjects via an Allison
clinical audiometer (22 B) and associated TDH-39-102
earphones mounted in MNX-41/AR cushions.

FTure-=Tone Threshold Tests. Air-conduction pure-

tone thresholds were measured by the Revised Hurhson-

Westlake Ascending Techniocue described by Carhart and
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1000 Hz, 2000 Hz, L4000 Hz, and 2000 Hz,

Bone=-conduction thresholds were determined at
octave intervals from 250-4000 Hz by the Food Technigue
(1950) employin~ narrow band maskinz. The maskin~ acent
was vroduced by the Allison 22-B audiometer and its
accommanyin~ narrow-band maskine cenerator (llodel 26).
Analvsis of this system indicated a»vronriate critical
band widths. 3By anvlying the critical band data of
Fletcher (10L0) in the manner described by Sanders and
Rintelmann (1944), the effective maskin~ for a zero G2
hearins level was determined at each band,

Performance of the pnure-tone air-conduction system
vas checked on all days that subjects were tested., A
Bruel and Kjoer sound level meter (2304) and an artificizl
ear (4152) were used for monitoring this swvstem. A Beltone
Artificial Nastoid (I"5A) and voltmeter contained as an
inte~ral part of the Zruel and Kjaer 2107 Frequency
Analyzer were used to check vnerformance of the bone-
conduction system. The calibration of these systems
remained stable throu-hout the time the study was being
conducted,

Sreech Recenticon Threshold Tests., Recention

thresholds for sneech were measured with recorded snondee

words, The subjects listened to the recorded test list at
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2L dB SIL to become familiar with the individual words

(Tillman and Jer~er, 1959), After this the followin~

instructions were read:

You will now hear the same words a~ain. At the

besinnine they will be loud, however, eventuvally they

will become very faint. Your task is to repeat as
many of the words as you possibly can. Even thouch the

word may be

Do you have any cuestions?

Thresholds were measured by the method described

Tillman and Carhart (1966). Specific procedures used in

obtaining these thresholds included the followings

1.

Two test words were vresented at a level
avvroximately 30 dB above the susnected SRT.

The intensity was decreased in 10 d3 stewns

faint if you think vou hear it, reveat it.

by

with two words per level until no resnonse was

obtained for either word.

Next, the intensity was increased 10 dB and
nairs of words were vresented in descending
stepns of 2 dB.

This process was repeated until the subject
either failed to resnond or he reswonded
incorrectly to at least five out of six
consecutive test words,

Sreech threshold was that point where the

subject last correctly identified both of th
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words at a level minus 1 dB for each correct
resnonse below this voint.
Broad-band thermal maskine was uvsed durins all
sreech testing at the imvraired ear., Effective levels
were comvnuted and routinely avvlied to the food ear to
shift the non-test ear to a hearins level 20 dB lower than
the hearine level of the sveech sisnal of the impaired ear,
This assured that the test speech sirnal did not cross-
over to the non-test ear,
The speech circuitry of the Allison audiometer was
used to amrlify and attenuate the electrical outrut of the
audiometer's tape deck (Viking, Model 87) used to present
all of the recorded speech materials, This circuitry was
calibrated so that zero hearing level was 22 d3 above
0.0002 dyne/cmz. Soeech noise was used for monitorinc
this system according to procedures outlined by Tillman,
Johnson, and Olsen (1966). lLonitorins orocedures for the
TDH=~39 earnhone include these stens:
1. The vhone is coupled to the condenser
microvnhone (Zruel and Kjaer, Tyve 414L4) of
the vrecision sound level meter (Bruel and
Kjaer, 2304) by means of a standard 6-cc
artificial ear (Bruel and Kjaer, 4152).

2. The level of the swneech noise at a given

attenuvator setting is adjusted until it mroduces
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a deflection to zero on the VU meter with the
sound level meter set on the linear scale,

3. The resultinzg outout of the svstem was measured
and the value is accepnted as the intensity of
the spondee words at the same attenuator
setting under the condition in which the veaks
of the words also produced a deflection to
zero on the VU meter of the audiometer. For
examnle, with the attenuator set at 60 43
hearing level, the output of the artificial
ear would be 82 dB SrL.

Speech Noise ARIB Tect, The svpeech noise AZLB

test was administered next. The intensity of the sveech
noise was fixed at sensation levels of 20 4B, 40 4B, and
60 dB at the ~7ood ear. At each sensation level the
subjects balanced the intensity of the speech noise at
their impaired ears by a hand-held switch. This switch
controlled gain and attenuation at rates of 2 d3 per
second, Five loudness-balances, with alternating
ascending and descending presentations, were obtained at
each sensation level,
Instructions given for the swneech noise AZILR

test were as followes

In this test you will hear noise alternatin~ between

vour ears., The loudness of the noise will be fixed at
your ~ood ear and your task 1s to adjust the loudness
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of the noise in your immaired ear so that it is
ecvally loud with the noise in your ecood ear, To
malze the noise in vour imvaired ear softer rress the
button marked 'softer' and to make it louder v»ress the
vutton marked 'louder'. The loudness of the noisec
will not chanse unless you press onec of the buttons.
Allow some time for the noise to become louder or
softer. Remenber that you are to malke the noises
eavallyv loud., Take all the time you need for this
balancing and make them as precise as nossible. Do
vou have any questions?

For »nractice, the subjects were rccuired to malke
ascendine and descendinos balances before the actual
testing was initiated.

Evperimental Datterv, This array consisted of

eisht speech discrimination tests. These included two
tests at each compnression ratio and a pre- and post-
exverimental test. All tests were presented at the
subject's imvaired ear at 24 dB sensation level. Two
asvects of the svneech material should be recalled., First,
each comnression ratio was revresented in the vre- and
post-experimental test. Second, for the three comrression
ratios, the stimulus words were ecuated at their veak
vowers and the lon~=term dynamic ranges below these levels
differed., The dynamic rance of the uncompressed speech,
about 24 dB, was reduced to apvroximately 12 dB under two-
to-one compression and 8 dE under three-to-one.

Each subject was assizned a segquence of the three

comoression ratios., The six possible orders of presentation
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of the three comvrression ratios was used eaually often.
Next, two different test lists were randomly assirsned to
each of the comnression ratios. A comnlete schedule was
constructed by first counter-ordering the ratios, and then
two test lists were assirned to each level., The followin~
conditions vere imnosed on this assismments (1) that one
list from lists IIA-IIC and one list from IIIA-IIIC be
used with each comnression ratio; and (2) that the

lists be used only once per subject. The eishteen subjects
in each recruitment grouv were assi~sned to each of these
predetermined vrocrams,

Immediately before the pre-experimental test was
presented to the subjects, the followins instructions were
zgivens

In this test you hear words vpreceded by the vnhrase
"say the word . . .". The words will be sufficiently
loud for you to hear them, Please reveat only the
last word of the vnhrase., If you think you hear a
vord, but vou are not sure, f£o ahead and reveat what
vou think it misht be. Do vou have any cuestions?

Next, the subjects listened to the six lists under
the three compression conditions after which they heard
the nost-experimental test. The stimulus words were
reveated orally and the exmerimenter recorded their
resoonses on an answer sheet., Each word counted two

percentase noints. Accordinsly, the vercentage of the

fifty words correctly repeated was the discrimination



score for that list. The two scores for each comrression

ratio were averaced, thus nrovidinc the dependent varisbles

[V

of the studv.

sSummary

Sneech discrimination nerformance was assessed in
thirty-six subjects for CNC words with two de~rees of
amplitude comrression comrared with no comnression.

Sveech recevtion thresholds for CID W-1 spondee
words were used in determininz the nresentation levels for
the comvressed speech., Northwestern University Auditory
Test No. 6 lists were used to assess sneech discrimination
under the three compression conditions. Sneech discrimina-
tion was also measured before and after the exveriment by
a vre- and post-exnmerimental test.

The subjects had unilateral sensorineural hearin-~
loss with concomitant loudness recruitment in their
affected, i.e. test, ear. Recruitment was cuantified as
either vartial or comnlete by an ASLE technicue that
employed svpeech noise gi-nals. Sneech noise simmals were
used because the literature indicates that subjects can
adequately balance these sicnals, because of their

5

consansuinity with the dependent varisble, and because of
their electical nature in showinz the loudness zrowth

function over a relatively broad auditory area.
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Am—litude comrression was obtained with an
instrument with inrut-outrut ratios of two-to-one and
thrz2e-to-one, The svstem used also am»lified linearly, a
conditicn which was called one-to-one amvlitude comnression,
The compressor had 5.4 and 2.5 millisecond rise and decay
transients., Averarce rercent distortion for the second and
third harmonics was 2.77, 4.72, and 4.25 for the one-, two-,
and three-to-one ratios resnectively.

The test battery included vure-tone air-and bone-
conduction threshold tests, s»eech recertion threshold
tests, sneech noise ARIR test, six exverimental CNC
discrimination lists, and vre- and most-experimental CNC
discrimination tests. In the research battery, two test
lists were vresented under each comrression ratio with the
peak comvonents eguated at 24 dB sensation level for each
condition, PFPre- and nost-exverimental tests acquainted the
subjects with the test conditions and provided a base level
for assessing initial grouvn differences.

Responses of the subjects to the CNC words under
the three comvression conditions nrovided the devendent
variables of the study. These were analyzed statistically
to answer the exwerimental cuestions., The results,
torether with anvronriate discussion, constitute the

following chavter,



CHAFTER IV

RESULTS AND DISCUSSICH

‘he nurmnose of this study was to examine the
relationship between loudness recruitment and the
percention of amnlitude comvressed sreech. Thirty-six
sutjects with unilateral sensorineural hearins loss were
divided into two equal sfrouvns of "partial" and "comvlete"
recruitment on the basis of their verformance on a swneech
noise ABIB test. They were ~iven (1) a vpre-exverimental
test that included CNC words at three comnression levels;
(2) discrimination tests under conditions of cocmpression
and no comvnression; and (3) a post-exnerimental test
which was a reneat of the pre-test. Results of the nre-
and pnost-exnerimental tests were analyzed to determine
practice and time devendent influences,

The sneech discrimination test scores for the
three compnression ratios were analyzed to answer the
auestions of interest which were as followst

1. Does amvnlitude comrvression imvrove sypeech

discrimination in persons who exhibit loudness
recruitment?

2. Is the amount of imvrovement in sveech

discrimination related to the amount of the
loudness recruitment?

60
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3. Is the amount of imwnrovement in s»eech

-~
A

discrimination related to the de~ree o

)

commnression

h

Fractice Effects, Fre- and nost-

@]

An2lvsis o

exverimental scores were comvared to determine whether
verformance chancsed durine the exneriment. Analysis of
difference scores (nost-test minus the pre-test) revealed
that the subjects in each srouvn had sismificantly hi-her
vost-exvnerimental scores than pre-exnerimental scores
(see Table 3).

The mean vpre- and nost-exnerimental test cscores
are shown in Table 3,
Takle 3. Il'ean nercent correct discrimination scores for

the pre-exmerimental and the vnost-exmnerimental tests for
the martial and the comnlete recruitment srouns,

Recruitment
Croun Fre-Tozt Tost-Test ifference t
Fartial 27,70 €2,11 4,33 3,25%%
Complete 71, Ll 75.11 3,66 2.77%
* p 0,05 % n 0,01

Althou~h discrimination rerformance imonroved, the
absolute mamitude of the rain was rather small. The fact
that both the nartial and the commlete ~roune had similar

imvrovenent is supmorted by the mean ~a2in values chown for

each =~roun,
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rforr:ance durin~ the
xverimental test session, due to familiarity with the
resnonse set, was also studied, Recall that list II and
list III of N. U, No. 6 were each permuted twice to nrovide
the test lists., Althouch the order of words was chan~ed,
the same word sets were repeated for each compression ratio.
The mean discrimination scores for each successive order
(i.e., the first, second, and third rresentations) were
averaced over all subjects. These avera~es are showvn in
Table L,

Table L, DNean vercent correct discrimination scores for
the thirty-six subjects for the first, second, and third

vresentation orders for the one-, two-, and three-to-one
comvression conditions.

Comnression Iresentation Crders

Ratios First Second Third
One-to=-one 58,00 65.25 65.75
Two-to=-one 73.83 71.17 76,17
Three-to=-one 72,42 78.67 75.42
Combined 68.08 71.60 72,40

In obtainine the wvalues shown in Table 4, each
compression ratio was renresented equally often in each
position. For examnle, the ratios one-, two-, and three-
to-one viere each vpresented first to twelve subjects in

each recruitment sroun., The difference between the first
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and third presentation averaced U,1 vercent for the entire
exverimental vorulation. Thnere was no systermatic trend in
verformance within the three comnression ratios from the
first to the second to the third presentation orders;
however mean verformance was consistantly better for the

third vnresentation than for the first,.

Analvsis of Effects of Amnlitude Corrression., Ficure

11 shows the mean discrimination scores of the two
exverimental erouns for the three compression ratios as well
as the vpre- and post-test scores. Both croups aprear to
benefit from the comnression., The largest increase 1in
prerformance occurs between the one-to-one and the two-to-
one comvoression ratios. Cddly enouch, the comvnlete
recruitment grouns performance was surerior throu~hout.

Exverimental groun differences were sisnificant at
both the pre-exverimental test (t of 2.29, 17 df) and the
vost-exnerimental test (t of 2.57, 17 df). Cobviously, any
comvarison between the sfrouvrs verformance would be biased
by the difference observed at the pre-test. Svecifically,
statistical tests of froun differences must account for the
influence in vnrior ability.

A method is available for testins the sisnificence
among means which have been influenced by such confounding
variables, This procedure, analysis of covariance, adjusts

the means for the effect of the confoundins variable
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.

(prior ability) and makes the necessary modifications in
samplins error. The corrected sampling error is then used
to test for the differences in the adjusted means (Downie
and Heath, »n. 186). The covariance analysis was used to
determine whether there was (1) a main effect duve to the
two recruitment crouvns; (2) a main effect due to the three
compression ratios; and (3) interaction between the
comnression ratios and the recruvitment groups.

In addition to the vre-experimental test differences
observed for the recruitment sroups, the covariance
analysis also was indicated by the pre-exnrerimental test
bein~ correlated hi~hly with the three commression ratios
(r values of 0.86, 0.22, and 0,54 for one-, two-, and three-
to-one comnression ratios resvectively). The desirn fits a
2 x 3 fixed model, with rerveated measures on the comoression
variable, Factor R revnrecents the two recruitment crouns

and factor C repnresents the three comnression ratios., The

0

covariate measure (the rre-exvmerimental test score) for
all criterion measvres for factor C is constant for each
subject. Accordinslyv, no adjustment is reouvired for the

main effect because of the comnression factor (Winer, v. 014).

re summarized

o]

Results of the analvsis of covariance

in Table 5,
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Table &, Summaryv of analvsis of covariance comnarino
nerformance of the two recruitment ~rouns for one-, two-,
and three-to-one amnlitude compression,

Source of Variasnce gf .S T roatio
R (adjusted) 1 223,76 1,440
Subj. W. R (adjusted) 33 159,27

c 2 1504, L5 37,00
RC 2 23.12 0.67
Residual 66 41,91

¥% 1 0,01

There 1s no si~nificant effect for recruitment,
nor is there any evidence for an interaction between
recrultment and the comvression ratios. The analysis
indicated that there is a sicnificant main effect due to
the compression ratios. The omnibus covariant analysis
does not, however, provide srecific information relative
to the differences between the individual means. Rather,
it only indicates whether or not a sisnificant difference
exists or does not exist for a nmarticular factor. Therefore,
in order to further evaluate the siznificance of the
compression conditions the data were subjected to multinrle
comvarisons using Duncan's New [ultinle Rance Test (Edwards,
v. 136-157). These results are shown in Table 6.

This analysis reveals the followinz: (1) the two-
to-one mean was si~nificantly different from the one-to-one

means (2) the three-to-one mean was siconificantly different
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Table 6, Duncan's new multivnle rance test annlied to the
differences between the three comvression ratios. (N=36).

Comnrecssion Ratios

one-to-one two-to-one three-to-one
Means €3,14 73.72 75.36
one-to-one 10, gE** 12,22%%
two-to-one 1.64

three-to-one

¥¥p 0,01

from the one-to-one mean; and (3) the two-to-one and the

three-to-one means do not differ significantly.

Sunnlerental Analvsis of the Effects
of Amnlitude Comnression

Careful insvection of the speech noise balance
data, which was used in crouvning the subjects, revealed
that the adonted system may not be the most suitable one
for cuantifyine loudness recruitment, Snecifically, it
was observed that subjects who avpveared to have comnarable
crowth in their loudness functions were classified not
on the btasis of their recruitment but on the basis of the
masnitude of the interavral difference in their hearing
levels., This is illustrated by the two balances shown

in Fizure 12.
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recall that the voints (Ficure 12) for the rood ear
(i.e., the 0's) are at 20 d2 intervals in sensation

level and the voints for the noor ecar (X's) are rlotted as

D

)

a mean of filve eaual loudness balances., Ags shown by the
fi~vre, the subiccts exhibit similar relative increments
in judeed loudness (Xl, Xo,y 2nd X3) corresvondine to the
20 &3, 10 43, and €60 d2 sensation levels presented in
thelr cood ears. For example, the chanse in the voor

ear from ¥y to ¥, is 5 d3 in both cases as the sensation
level chanmes from 20 to 40 d5 gensation levzl in the ccod
ear. Furthermore, both voor esr balances covered a ranoe
of 15 a3 (Xl t0 X3)° This indicates that the srowth of
these subjects' loudness Tunctions is very sinilar,

P

Desvnite this fact, the oricinally adonted classification
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schera mnlaced them into different ~rours,

D

o

that an alternate

loudness balance data might uncover

This su~~ested

syetam for cate~orizine the subjectis'

some relationshins

betvicen recruitment and compression that were obscured

by the earlier clessification system,

The traditional svstem for classifyin~ loudness

recruitment is contaminated,

marnitude of interaural difference in hearins level,

order to circumvent this contamination, an

in some cases, by the

Ir

index of

recrultment (Ir) vns develovned that estimated the srowth

the

of the function in imnmaired ear,

subject's I,

(i.e., X}“Xl) is subtracted from the total

censation level vnresented at the ~ood ear (i.e.,

gl

or the
formula can be stated:

I. =

r Lo - (X3

e
oy

I scores from a score of

r can vary

who show no interauvral difference in their
function growth to a score of L0 for those
balance 2ll the sensation levels »nresented

ear with a sincle level in their vroor ear.

subjects vho show no recruitment receive a

sensation levels cf this exmveriment, the I

To obtain the

the ~rowth of loudness in the irmnaired ear

rance of

Lo dB).

r

0 for subjeccts
loudness
subjects who
at the r/ood

In other wvords,

score of O,

while those who show moras recruitment receive hicher

sScores.,

Ficure 12 vrovides convenient data for illustrating
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scorins procedures, Eoth subjiects show loudness crowth
ranses of 15 d2 in their immnaired ear. These values
subtracted from the 40 dB constant yield Ir scores of 25

for each subject. Similarly, I.. scores were comnuted for

r
all thirty-cix subjects. The freguency distribution of
these scores is shown in Ficsure 13,

The historram (Firure 13) shows that the subjects
distribute themselves throu~hout the rance of mnossible
scores with aporoximately half above (n of 1¢) and half
below (n of 20) an Ir score of 20, Accordinsly, the
subjects were recrouned into two new recruitment srouvs
accordinz to their Ir score for the speech noise AERIE
test. Subjects with I, scores of 20 or less wvere assirned
to Class I recruitment., Class II recruitment consisted
of subjects who have Ir scores greater than 20. In other
words, the two classes of recruitment fall on a continuum
of 40 dB (res growth in loudness) whereby Class I
reovresents less recrultment than does Class II,

The vre- and vost-experimental tests and the
exverimental sreech discrimination data of the two new
recruitment erouvs were arsain compared to further
investicate the relationshiv between recruitment and
amplitude compression., NMean sveech scores of the two

grouvs are plotted in Ficure 14,
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Ficure 13,

is
recruitment (Ir) scores Tfor the thir
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When classified by the 1., both grours acaln anvear
to benefit from the amvlitude comrression. The larcest
~ain in verformance also occurred between tho one-to-one
and the two-to-one ratio. The grouns did not differ at
the vpre-experimental test (t of 0.&4, 17 df) or at the vpost-
exnerimental test (t of 0.43, 17 47f).

In contrast to the original analysis the Class I
egroup verformance was slichtly suverior throuchout.

This 1is clearly evident when one comnares Fisures 11 and
14, This finding demonstrates the necessity for additional
research concerning methods for quantifying the "amount" of
loudness recruitment.

An vnweichted-means analysis of variance was
utilized to determine if statistically sisnificant
differences existed: (1) between Class I and Class II
recruitment; (2) between the three comvression ratios; or
(3) amonz the classes and the comvression ratios. A
2 1 3 fixed model, with repeated measures on the comvression
factor was utilized, Factor R revresents the two
recruitment groups or classes., TFactor C revresents the
three comvression ratios.

Results of the unweishted-means analysis are
summarized in Table 7. Differcnces between the recruitment
grouns classified by their I, were not significant at the

0.05 level (F of 0.43). Differences among the compression
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means
and Class

Table 7.
comparine

Surmarv of unweichted-
rerformance of Class I

analvsis of variance
II recruitment

for the one-, two-, and three-to-onc commnression ratios,
Souvrce of Variation SS ¢f 13 Iy
R L.’O?ngll 1 KOC)QOZ" O.‘;‘LB
Subj. w. R, 32E520,C0 3L 088,49 .
C 3122.90 2 15C1.1L8 31, Ll
RC 1.25 2 0.63 0.01
Residual 3379.84 538 19,70 e
¥%5 0,01

ratios were found %o be statistically sinificant at the
0.01 level (F of 31.4li),

The sismificant main effect for the comnression
atios was further evaluvated by multinle ccmvarisons usin~

Duncan's inle Rance Test (Edwards, »v. 136-157

This analysis yielded identical sults with those

presented in Table 6. Recall that the former analysis

3

indicated that (1) the mean of the two-to-one comn

1

was different from the one-to-one comrression, (2) the

¢

three-to-one mean wag simificantly different from the

one-to-one mean, and (3) the three-to-one mean was not

simificantly different from the two-to-one mean,
Cain in sveech Glscriminatlion between the thre
ratios is shovn in Table &,

).

e



75

Table 8, lieans, rances ané standard deviations of vercent
sain in sreech discrimination scores from the one-to-one
ratio to the two-to-one ratio, and from the one-to-one
ratio to the three-to-one ratio (ii=3€),

Standard
Gain Commnarison I.ean Deviation Fan—e

Cne-to-one to

Two-to-one ratio 10, 5¢° 9.55 -3 to 32
Cne-to-one to
Three-to-one ratio 12,22 11.¢6 - =13 to 33

Discrimination imoroved significantly between the one-to-one
and the two-to-one conditions and was also significantly
better for the three-to-one condition when comnared with

the one-to-one condition.

Summary of the Results

An experimental battery consistins of (1) a speech
discrimination ore-test, (2) discrimination tests under
conditions of comvression and no compression, and (3) a
post-experimental discrimination test was administered to
thirty-six subjects who exhibited loudness recruitment
for a sveech noise ABRLB test. Two classification systems,
based upon estimation of the macnitude of the loudness
recrultment, were utilized for vlacinz the subjects into
experimental groups. The first system involved a comvarison
of the marnitude of the sensation levels above threshold

necessary to make the test sifnals equally loud. This is
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the conventional method of cuantifying recruitment
accordins to Jerser (1962). The second system, an index of
recruitment (I,), was based on intra-aural comparison of
the loudness function growth.

The data were analyzed indevendently for both
systems of classification. Results of these analyses were
strikinzly similar in that both indicated (1) no
sienificant main effect for the recruitment factor, (2) a
sionificant main effect for the comvression ratios, and
(3) no sisnificant interaction between recruitment and the
three compnression ratios.

Additional evaluation of the significant main
effect for the comvression ratios indicated that the two-
to-one and the three-to-one ratios were sionificantly
different from the one-to-one ratio but not significantly

different from each other.

Discussion of the Results

Data concerning the discrimination of amnlitude
comvressed sveech by versons with loudness recruitment
were vrovided by this study. Analysis of these data
provided the basis for this section which will address,
individually, the three exnerimental guestions.

1, Does amnlitude compression imvprove s»nheech

discrimination in recruitin~ ears?
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The evidence clearly indicated superlor swneech
discrimination for the two-to-one and the three-to-one
compression conditions when compared with the one-to-one
condition., Average verformance of all subjects was 63,14
for the one-to-one condition, whereas it imnroved to
73.72 and 75.36 for the two-to-one and three-to-one
conditions, resvectively. These findings suprorted the
exverimental hyvothesis that persons with loucdness
recrultment would be afforded special benefit in their
understandinz of speech sicnals by amplitude compression.,

The observed gain in speech discrimination misht
lead to the arsguement that it 1s the dynamic ranze rather
than the sensation levels of the strong components wnich
had the zreater influence on the sensorineurals' swneech
percertion. Cr, stated differently, when the veak powers
of amplitude compressed svweech are equated, the individual
components assume new relationships and these changes
avpear important for vercevption. This is a very attractive
hynothesis, but only partially confirmed by the results of
the vresent study. A definitive answer must await furthe
evidence bascd on other aprroaches., For exanmple, it
should be known whether comvarable results would ensue by
equating the veak comoonents of the sveech sizcnals at

other vrecentation levels.,



The imvroved smneech discrimination in this study
has not been observed vreviously. Iarlker (1953), Lynn
(1962), and Carawvay (1964) have investirsated hyvoacusic
percevtion of amvlitude controlled sreech., Contrary to
the findinss of this study, these three revorted no
systematic beneficial effects with amplitude controlled
speech, The conflictine outcomes can perhaps be best
exvlained by careful attention to differences in method
of amplitude control and in the fidelity of the eaquivment,

Farker (1953) and Lynn (19€2) utilized a method of
amplitude limitation for controlling their sveech sisnals.
The discrenancy between theilr results and those of this
study micht well be due to differences in the dynamic
functionines of comoressors and limiters, Carawvay's (1S64)
research, however, involved amplitude comvrression using
the same compressor that was utilized in this study.

It is imperative, then, to determine a reasonable
basis for the discrerancy between the results of this
experiment and those obtained by Caraway. The most
reasonable exvlanation can be found in the verformance
variation of the VWelss comvressor during stimuli nrocessing
and recordinz during the two sevarate exveriments. The
comrressor has been modified since it was used by Caravay.
This modification provided more rapid roll-off of the

freguency resvonse below L00 Hz and above L0000 Hz,
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Althou~h restricting the freaquency resnonse, thess changes
reduced noise and harmonic distortion. Ferformance
differences are evident when one compares the tvercent
harmonic distortion before and after the modifications.

The averares of Caraway's percentace distortion measurements
of the second and third harmonics were 4.93, 10.09, and
22.93 for the one-, two-, and three-to-cne conditions
resnectively., Corresvonding measures, after the
modifications, were only 2.77, 4.72 and 4,25, An analysis
of the comvressor's verformance by Caraway indicated

severe harmonic distortion in the low fregquencies with
systematic decrements in the distortion in subsequently
hisher frequencies. Avpvarently, most of this distortion

was eliminated by the modifications consisting in rapid lovi-
frequency rejection.

The commonly held opinion that sveech discrimination
suffers in the vresence of harmonic distortion is documented
by several research reports. Harris et. al., (1961);
Jercer, (1967); and Kasten et. al., (1967) found vositive
relationshins between snecech understandine and harmonic
distortion; specifically, all observed optimum discrimination
under conditions of minimal distortion. Thus, exvlaining
differences between the results of this study and Caraway's
results on the basis of harmonic distortion differences

avvear warranted.,
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kise-decay transients measured after the instrurent
modifications are slichtly longer than the values measured
by Caraway. She measured rise and decay transients of
1.5 and 1.0 msec. resvectivelv, Corresvondinz values,
after the modifications in the present study were 5.4 and
2,5 msec, These findings should be interpreted with
considerable caution because they may have resulted as an
artifact of measurement. Also in the event that they are
real differences, their rather small magnitude would tend
to limit any systematic effect on discrimination (Lynn, 19€4),

2. 1s the amount of imrrovement in sveech

discrimination related to the amount of the

loudness recruitment?

This question asks whether increase in the
intelligibility of comvressed sreech is related to the
amount of loudness recrultment and does noct concern
absolute discrimination performance.

The thirty-six subjects involved in the study
gave evidence of loudness recruitment for a sveech noise
ABLB test., Data relative to their percention of three
desrees of amplitude comvressed sveech were vartitioned
into two grouvs according to their amount of loudness
recruitment, Actually, two systems were utilized for this
partitionins., The first involved comvarine sensation

levels necessary to make the speech noise sirnals ecually



tl

loud, The second systen comnared, intra-aurally, the
loudnees function crowth,

T

leither of these wmethods for ca2finin~s recruitment

—

fered evidence that amrlitude compression has a

iy

0
iifferential effect on the two recruitment crouns. Zoth
the vartial and comvrlete orouns showed similar amounts of
~ain.,

The subjects who exhibited the most recruitment
and the most gain (benefit) for the conrression were
studied in detail. I, scores for the nine subjects who
exnerienced the larsest and the smallest ~ain in sveech
discrimination are shown in Fi~sure 15. The distribution
of these scores, for both low- and hi~h-72in subjects,
covered a wide ran~e and vrovicde little evidence of a
relationshiv between the amount of recruitment and cain
from comnression. A cimilar treatment of cain was obtained
from subjects with clearly hizh and low I, scores for the
speech noise AELB test at the 40 d3 sensation level. I,
scores comvputed for all subjects at this presentation level
revealed seven subjects with distinctly low I, scores and
ten with distinctly hich I, scores. The seven subjects
with low I,. scores demonstrated averar~e cain scores of
24,71 vercent, whereas the ten hizh I, subjects demonstrated
commnatible averare cain of 20,30 vercent. Azalin, the

results cdefinitely do not suvvort the evperimental
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hyrothesis that comopression would have a differential
eifect on the two recruitment ecrouvs,

3., Is the amount of imwmnrovemrent in sreech

discrimination related to the de~ree of the

cormnression?

This question aslis whether there 1s a systematic
effect produced by the amount of amvlitude comnression.
The subjects resronded to sneech diccrimination tests
delivered under three comnression conditions, These wvere
rather widely svaced discrete voints alons a continuum of
conditions which can be swecified by their invut-to-outrut
ratios (in d3). Linear amvlification bounds the lower
limit of the continuum and, as such, 1is snecified by one-
to-one comvression., A two-to-one ratio revresents moderate
compression, whereas three-to-one is rather extreme
comoression,

Data relative to the influence of the compression
ratios indicated a sicnificant main effect for the
comoression conditions. Subsequent analyses indicated
that averare performance for the two-to-one and the three-
to-one ratios were sionificently better than the one-to-
one ratio but not different from each other. These
findin~s do not supvwort the experimental gquestion statine
that the amount of improvement in swveech understanding

would be related to the amount of comnression.



The evidence does not susrest that compression dia
not enhance the subject's speech discrimination., kather,
it simoly implies that no linear or systematic relationshiv
was found between the amount of discrimination enhancement
and the desree of comprression. This relationship is
evident by the amount of gain in discrimination realized
from each compression condition. Averase cain for all
subjects between the one-to-one and the two-to-one ratios
was 10,53 percent. However, the average imvrovement
between the two-to~-one and the three-to-one ratio was
only 1l.64 percent. 1In other words, the evidence indicates
that the subjects were benefited about equally for the
two- and three-to-one ratios.

Ranse and standard deviation values of the cain
scores (see Table 6, p. 67) indicate very larze subject
variability. Only three subjects failed to benefit from
the two-to-one condition and only four failed to benefit

from the three-to-one condition,

Summarv and Clinical Implications

Sumnary., Within the confines of the study, three
tentative conclusions can be advanced. irst, amnlitude
compression aprrears to enhance srecch nercertion in versons

with loudness recruitment. Sccond, the amount of

enhancemnent does not annear to be related to the dezree of
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the recruitment; and third, neithor does 1t scem to be
related to the amount c¢i comprecsion. These Tindin~s have
covious immnlications; however, certain othier secondary
findines emerred which may have important imvlications
recardin~ our clinical manarement of hyroacusis,

Recrvitmeont and the sweoech noise ATIT test, lore

than sixty versons with unilatcral sensorineural hearing
loss were examined in order to oblain the swecified
exverimental sample., Failure in meeting the vure tone
nreliminary snecifications was the vpredominant attrition
factor. liost of the subjects could adeguately verform

the loudness balances; hovever, many needed revneated
instructions and encourarement. Two peovrle were encountered
who simply could not vperform this tasi,

Cnly two subjects failed to exhitit loudness
recruitment for the sveech noise sirnals. To check this
findin~, ARIE data for rure tone si~nals (i.e., 500 Hz,
1000 Hz, and 2000 Hz) were obtained for all subjects. The
sneech noise and the pure tone sirnals ylelded compatible
results. Recruitment was indicated by the sveech noise in
every case where it was indicated for a sinzle vure tone
or for any combination of the vpure tones. The averaze I,
for the three tones and the I,. for the sveech noise
correlated at 0.44, Finally, the two signals used for

A-1B (opure tone and sveech noise) yielded compatible
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results in a small control sammle (N of () of pcrsons with
conductive hearing loss,

These findings have two imnortant clinical
implications. irst, if the experimental sample is
revresentative, one can expect some degree of loudness
recrultment in practically all subjects with unilateral
sensorineural hearinz loss. Second, speech noise appears
to be a good ABLB test signal.

External Validitv of the Results, Several factors

vrohibit generalizing the findiness of this study to
wearable amplification (i.e., hearing aids) utilizing
amplitude compression. The CiC sicnals were used because
they enabled cuantification of the sveech vercevntion.
Cbviously, the dynamic range of these sicnals was not
revresentative of everyday sveech and the subjects listened
in an artificially quiet environment. Iloreover, the Weilss
compression amplifier is an AC operated desk-type
instrument and, as such, cannot be worn on the body.

Clinical Imnlementation of Ampnlitude Comvression.

Feople with sensorineural hearing loss generally
exhibit loudness recruitment, and they discriminate speech
better when it's amplitude dimension is compressed. Some
few do not exnerience this benefit, whereas others
exnibit dramatic imnrovement. Althoush the benefit of the

compression cannot be vnredicted by the recruitment, simnle
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clinical procedures could identify these vpeovnle who
votentially will be helped and could estimate the masmitude
of the helo,

Since there is no relationship between the amount
of benefit and the amount of compression, this identification
could involve a simpnle comvarison between discrimination
for comvpressed and uncompressed speech sizgnals., Peovnle
who are substantially helved should have creat potential
for success in utilizing amvlification employing amplitude

comoression.



SULTARY, CCONCIUSICHS, AND RECCLLoIDATICHS
Sumnrary

Sveech discriminaticn verformance of thirty-cix
subjects was compared for conditions of amplitude
comoression and for no compnression, These conditions were
achlieved with a »nrototype amvlitude compressor built by
Ilr. Erwin VWelss and suvpplied by the Beltone Electronics
Company. The instrument had input-to-output amnlification
ratios of two-to-one and three-to-one, and it also
functioned as a lincar amvlifier which was called one-to-
one amnlification,

The thirtv-six subjects, all of whom had unilateral
sensorineural hearine loss, were martitioned into nartial
or comnlete loudnecs recruitment ~rouwvrs on the bvasis orf
thelir resnonse to a sveech noise ABIR test., Classification
of subjiects was carried out accordin~s to two procedures,
The "clascical" procedure involved a comrarison of the
mamnitude of the sensation levels above thireshold necessary
to make the test sisnals equally loud. The second system
was based on intra-aural compvarison of the loudness function

growth,

0

0
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CMC test material, under each comnpression condition,
was nresented at 24 65 sensation level at the effected
ear, DProad btand mackin~ nolse was routinely arvlied

at
the contralateral ear. Statistical analyses of the data,
partitioned by either method Ffor definins recruvitment,
yielded similar results, namelys (1) no si-nificant main
effect for the recruitment factor; (2) a sirnificant main
ffect for the commression ratios; and (3) no sinificant
nteraction between level of recruitment and three
comnrescsion ratios. Additional evaluation of the
cionificant main effect for the compression ratios indicated
that discrimination scores for the two-to-one and the
three-to-one ratios were sizcnificantly hisher than the
one-to-one ratio but not siznificantly different from each

other.

Conclusions

Within the limitations of the exverimental desi~zn
of this study and the instrumentation employed, tnhe
followinz conclusions are warranteds

1. Amvlitude compression enhances speech

discrimination in versons who have unilateral
sensorineural hearine loss with concomitant

loudness recruitment.
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2. The amount of discrimination enhancenent is
not related to the marmitude of the loudness
recruitment.

3. There is no relationshio between the discrimin-
ation enhancement and the marnitude of the
amrlitude comrression (two-to=-one versus

three-to-onec ratios).,.
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AZ1B test stinmuli,

6. The omnibus aural rehabilitation process should
include assessment of discrimination enhancencent
rrovided the hyvoacusic by comprression
amolification,

7. lersons who demnonstrate superior performance
for controlled smeech sirnals with compnression
amolification may have rfreat vnotential success
in utilizing individuval amvlification with

compression.

“eocormendations

Althourh this study found that hyvoacusics are

benefitted substantially by amvnlitude compression, ncny
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questions remain to be answered. luch work needs to be
done rezardinc discriminaticn of amnlitude comnressed
sveech in persons with cochlear oroblems,

Since no attemnt was made to classify and
systematically studv the etiolosy of the hearins loss,
such an investi~sation should be undertaken. Discrimination
of comvnressed sveech, like discrimination for distorted
speech ner se, may be quite sensitive to the tyve of
end-orsan lesion.,

The effects of noise masking on understanding of
compressed speech 1n sensorineural subjects should be
studied., Differential effects of various types of cochlear
lesions in identifyinz noise masked comnressed sneech
should be researched,

'ultifactor studies should be desined to
systematically investisate enhancement of sneech percewntion
in end-orzan lesions. Such recearch should include
specification of the vatholorical ear's nerformance with
respect to time and freguency parameters., Such research
also should study psycholosical variables such as
preference for comnressed sveech versus enhancement in
sveech understanding,

The voresent study should be revlicated using a
variety of speech sicnals vrescented at numerous sensation

levels. For reliability, a replication usins N. U. No. 6



is needed, This should bte followed by investi~ations with
a variety of stimulus materials such as The Fairbanks'

fied Rhyme Test or a sentcnce intelli~ibility test.
J -

(=D

[.od
¥inally, much work remains to be done relative to
our clinical imnlementation of amplitude controllin-z
devices. Data about the verformance characteristics of
hearinc aids currently available with some form of
amplitude control should bz obtained. The Welss instrument
snould be comvared with a hearing aid that is capable of
achieving comratible control., Cbjective and subjective
data concerning the effects of this form of amvlification

in a wide variety of avvlications is necded,
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mplitude control involves restrictine the lon~-
term drmamic rance and the neal comnonents of amvlilied
sisnals, Twvo devices for achievine this control, amplitude
compressors and amolitude limiters, are srecified by the
net effect they exert on sveech sicnals,

Anrnlitude Comuoyeccions When the amnlitude

dimension of sneech is comuvressed, the dynamic ran~e
between the stronser amvlitudes and the weaker amnrlitudes
is recduced re~ardless of the level of the inwnut simnal.
Comprecsors, then, have variable outnut ga2in which is
inversely related to invput sigenal amvlitude. They also
reduce maximum vower outout, but this is of secondary
imvortance to their »rime function of dynamic rance
reduction.

Arnlitvde Timitinsg Kelationshing between the

stronTer and the weaker ammlitudes are unchanced durin-
low-innut levels when swmeech is reproduced by a liniter,
However, these instruments nerform similarly to cowrwnressors
for hich-inrut si~nals. In other words, amnlitude limiters
gimrnly restrict the maximum outnut of armnlified siwnals.

Feoarin~. Ievycly

This 1s the ratio, ev»ressed in decibels, of the
threshold of an ear at a spnecified frequency to a

No)
N}
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standard reference zero level Tor mnure-ione avdicrnoters,
Eracticallv it iz th2 readin~s in decivols, on a
standard andioneter, that corryrasronds to the

listonor's hearin~ threchold (Davis and Silvermon,

1970, v. ?”)

Lordneoo Hecrultmontg

-

Auditorv recruitment, which was ¢iven 1ts name in 1625
by Dr, Ed¢rund lowler, Sr., 1s basically defined as an
atnormally rarid increase in sensitivity to loudness
as the intensity of a sound is ralsed above threshold
(C'Neill and Cyer, 1966, vp. 132).

cecrvitment Cleesificetions Two classification

systens were vsed for rlacine the subjects into exnerimental
recruitment rrouns., The first system rlaced the subjects
into the traditional "nartial" and "comrlete” recruitment
catarories by comrarin~ the masnitude of the sensation

level above threshold necesszary to make test sirmeals

equally loud, The gecond system, an index of recruitment
(Ir)' placed the subjects into analorous Class I and

Class II rroumes by intra-aural commarison of the loudness
function ~rowth,

Sensation Ievels Scnsation level 1s "the nressure

level of the sound in decibels above (or below) its
threshold of audibility for the individual observer or
for a smecified srouv of individuvals" (Newby, ». 12).

Sn~aech Nojzet Swneech noise is noise which

conforms to the lonz-time averase sneech snectrum. This

snectrum is derived by analyzinc se-ments of runninc

gveech in which every sound occurs rmany times, Znercy
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and

Qs

levels 1n eacn nart of the swmectrum are nmeasure
summed, sevarately, for the entire sequence, Finally, the

summed enersy for each vart of the svectrum is vlotted

(Denes and Finson, 1G63).
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Innut-outnut Functions (in d3) of the Three Corrressor
Channels when the C'C vWords were Comnressed under (Cne-to-
one, Two-to-one, and Three-to-one Ratios.,

Cne-to-cne Comvnrescion ratio

Frecuencies (¥z)
Ievel (in dF) 700 1500 3000

-10 R o ~<,0
-20 -10.h -1¢.3 -18.7
=30 —22.,6 ~25.7 -2%.3

Two=-to-one Comvnression katio

0 0 0 0
-10 -5.0 -, -5.6
-20 —-C 1 -G, -10.3
=30 -13.5 -14.0 -1,

Three-to-one Comvression Ratilo

-10
=20
-30

—2.3 ~3.0
-5 14’ —(.'ol
_C/\'o)l’ -&o"“‘

1
Cmoe N ©
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