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ABSTRACT

Souehler, Henry E, MS., Rurdue Lhiversity, January 1955. An
Auditory Recruitnent Test Battery: Analysis and Gonparison of Sub Tests.
Maj or Professor: T. J. Hanl ey.

A survey of the literature indicates that recruitnent tests can be
sub-divided into tests of | oudness bal ance, difference |inen, and speech
sound di scrimnation. The purpose of the present investigation was to
establ i sh, by neans of nore rigorous statistical anal yses than have hither-
to been enpl oyed, the capability of a series of tests to distinguish be-
tween nornal hearing individual s and individual s whose auditory perception
is characterized by recruitnent in the |oudness function. The follow ng
tests were subjected to such statistical analyses; |) Range of Conior-
tabl e Loudness test: 2) Dfference Linen test; and 3) Speech Sound D s-

crimnation test.

The procedure enpl oyed consisted of the fol |l ow ng basic steps:

1. Admnistration of the three tests to five control (nornal

hearing) and four experinental (recruiting) subjects;

2. Satistical treatnent of the data collected by the anal ysis

of variance techni que.

Test results reveal ed that the experinental and control groups per-
fornmed differently on all three tests, that the effects of frequency and
sensation | evel were significant wthin the Range of oniortabl e Loudness
and Dfference Linen tests and that there were significant interactions
anong the main effects. A conparison of the test results fromthe experi-
nental group wth data previously reported for recruiting ears provi ded
sone i nstances of agreenent and sone of disagreenent. The difference

linen results were alnost identical wth linens reported by previous



investigators. However, the range of coniortabl e | oudness for the experi -
nental group was w der than previously reported, and the speech sound dis-
crimnation was superior to that reported in an earlier investigation.

wthinthe limtations of the present investigation, the follow ng
concl usi ons appear to be justified:

1. Nornal hearing individual s are distinguishable fromindividual s
wth inpaired hearing denonstrating recruitnent on the basis of the fol |l ow
ing test perfornances:

a) Range of (oniortabl e Loudness: A restricted ROL is
characteristic of the auditory perception of individuals
exhi biting the recruitnent phenonenon.

b) Dfference Linen. A snaller difference linen is charac-
teristic of the auditory perception of individuals ex-
hibiting the recruitnent phenonenon.

c) Seech Sound Discrimnation: A higher nunber of correct
responses in a restricted range i nmedi atel y above the
threshol d of detectability is characteristic of the
auditory perception of individuals exhibiting the re-
crui tnent phenonenon.

2. The extent of the range of confortabl e | oudness and of the dif-
ference |inen depends upon the frequency of the stinulus tone.

3. Ingeneral, the extent of the OL is inversely proportional to
t he sensation | evel of the stinulus tone, while the nunber of correct

speech sound discrimnations is directly proportional to the sensation

| eavl .



AN ALO TARY LOLDNESS RECRU TMENT TEST BATTERY:
ANALYS S AND COMPAR SON GF SIB TESTS

| NTRCDUCTI ON

The inportance of a nore tnorough Know edge of the auditory phenom
enon of |oudness recraitnent has been wdely recognized in the clincal
setting. During world war |1, speech and hearing clinics over the country
wer e becomng nore and nore aware of the nature of recruitnent when the
returning veterans began seeking aid for problens involving tnis phenom
enon. As the need arose for a nore thorough insight into this probl em
it becane apparent that tests shoul d be devel oped to insure a conpl ete
prognosis for the individuals affected. The position of the clinician in
this uncharted area was accurately described by Tunarkin (39):

Sound, as physical phenonenon, is the legitinate domai n of the
physicist; as a concept, it cones wthin the province of the psy-
chol ogi st. Many cliniclans would gladly surrender all clains to
these territories but for the fact that nodern otol ogy and audi ol ogy
have brought us right up tothe frontiers into a "No Man' s | and”
where all is vague and ill-defined. The phenonenon of | oudness re-
cruitnent lies inthat "No Man's Land” and it is a renarkabl e fact
that al though this phenonenon has been uni versal ly recogni zed as of
prine diagnostic significance, no clear explanation of its nechani sm
has so far been proffered.

Recruitnent, it is seen, is an acknow edged, recogni zable clinical
entity. It is only when the attenpt is nade to explain the etiol ogy and
basi c effects upon the individual that vagueness and uncertai ncy enter.
Hence, determnation of the significance of recruitnent wthin the frane-

work of auditory theory today is claimng the attention of a |arge nunber



of laboratories and clinics. Data relating to the nanifestations of the
recruiting individual are being anal yzed. Tests are being devised to in-
dicate the presence or absence of recruitnent in the individual wth im
paired hearing. As evidence of the spreading concern wth the phenonenon,
it isto be noted that nanufacturers of audionetric instrunents inthis
country and abroad now are offering equi pnent specifically designed for

t he purpose of testing recruitnent.

Psychophysi cal research in audition since 1900 has added consi derably
to the grow ng body of know edge in the behavioral sciences. A the turn
of the century investigators were interested in basic stinulus-response
aspects of human hearing. Nornative data wth respect to just noticeabl e
di fferences were sougnt. Then, as popul ation norns becane established, the
investigation of abnornalities of audition becone a fruitful area for re-
search. (ne of the aspects of hearing noteworthy for individual differences,
both wth respect to its presence or absence, and wth respect to certain
quantitative characteristics, was |oudness recruitnent. Frominvestiga-
tions of this phenonenon, operational.definitions of |oudness recruitnent
have been provided. According to Harris (19), E P. Fower is believed
to have nade first use of the term"recruitnent” in the auditory context.

Fow er (14) states:

If one ear has nornal hearing and the opposite ear is deafened
by a neural or so-called "nerve" deafness, the difference between
the two ears at threshold w Il disappear as the sound is increased
over threshold, until at nigh intensities the sound appears | ust
as loud (and sonetines |louderj to the deafened ear as it does to
the nornal ear. This, pathol ogical or pathophysl ol ogi cal increase
inthe increnent of |oudness is called "recruitnent of |oudness"
or "recruitnent".

Hal I owel | Davis (4) describes recruitnent as foll ows:

It is acurious fact that although the nerve-deaf may not be
able to hear hign tones at all when the tones are faint, they are
able to hear the really powerful high tones just as loudly as any-
one else. The transition fromhearing little or nothing to rearing



very well is abnornally abrupt. wth nerve deaf ness the range of
coniortabl e heari ng between the inaudible and the too loud - the
zone In which we liketolisten- is greatly narroned. This effect
of abnornally rapid Increase In |oudness is known as "recruitnent”,
and is very annoying, "Recruitnent” is the condition where faint
or noderate sounds cannot be heard, while at the sane tine there
islittleor no loss In the sense of |oudness of |oud sound. It
expl ains why ol d peopl e, whose deafness is usually a gradual hi gh-
tone nerve deaf ness, conpl ain one nonent that tney cannot near a
speaker and the next nonent, when he rai sses his voice, that heis
shouting too loudly at them
Vét son ana Tol an (42) al so describe recruitnent in terns of the
rapi d approach to nornal | oudness perception once the stimul us has passed
the threshold of the inpaired ear. They state that, "In spite of an im
pai rnent at threshold, the individual hear |oud sounds with a sensation
of loudness equal or nore nearly conparable to the | oudnoss wth which a
nornmal ear woul d perceive them Loud sounds are not reduced by t he de-
gree of the inpairnent in decibels at threshuld.”
ne of the nore recent operational definitions is that of Hrsh (22),
who wites, "Bvidence for recruitnent, i s obtai ned when it can be shown
that the | oudness of a given tone Increases nore rapidly than nornal as
the sensation Level of the tone is increased in equal decibel steps.”
Fnally the summary statenent by Bangs and Millins(1l) is consider-
ed to be representative of the nany other definitions of the phenonenon to
be found in clinical and experinental pubiications. "Recruitnent of |oud-

ness," they wote, "is a phenonenon involving a foresnorteni ng of the
usabl e range uf hearing.” A graphic representation of this "foreshortened
range" contrasted wth a normal range ispruesentedin Hgure 1. Apparent
inthis figure is the convergence of |oudness sensation at supra-threshol d
| evel s described by the authorities cited above.

Wil e the previous definitions have been concerned wth recruitnent

as a general case, today it is generally agreed that recruitnent nay be
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mani fested in one or nore of several ways. In addition to what may be
termed "classical recruitment”, there have been two other types of re-
cruitment found and described. These are the delayed and asynptotic types.
As shown in Figures 2 and 3, the delayed and asynptotic types differ from
the classical case in the point at which the pnenonenon occura and the
rate of |oudness increment per unit of physical increment. An tne stinulus
intensity is raised, delayed recruitment is Characterized by an increase
in the db increment perceived as conpared to regular recruitment. Asynp-
totic recruitment is charecarized by an increase in the db increment per-
ceived as compared to regular recruitment in a manner that approaches the
normal ratio of |oudness matching asynptotically. with the isolation of
the two variant in recraitment type, it has been observed that present
testing procedures are inadcquate. The need for revised or expanded pro-

cedures will be enlarged upon in a later section.

Recruitnent atheories

In the previous section, operational definitions of recruitment by
medi cal and psychol ogi cal authorisies were presented. A conisideration of
the neurol ogical and psychological inplication of the phenonenon is de-
sirable for background to the present study, since authorities have not
agreed upon the psycho-neurol ogi cal mechanism of recruitnent. However
certain theories hava been advanced which have found considerable accept-
anca. Among these are the hypotneses by Steinburg, Fow er, Stainberg and
Gardner, Lurie, and Tumarkin. Brief sumreries of their theories are pre-
sented bel ow.

Steinberg (36) offered a fiber-loss theory in which he stated that,

"If a few nerve fibers wore defective, this would have a smaller effect
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as the stimilus intensity increased.” Inthis statmant is the assunption
that | oudness is sone function of the nunber of auditory nerve fibers
actively conducting inpul ses. A threshold, the presence of defective
nerve fibers would not rcsult in perceptual attenuation, but at |evels pro-
gressively higher than threshold, the lack of sufficient fibers to carry
the stimul us woul d becone progressively nmore apparent. The failure of
tne theory to account for del ayed recruitnent is obvious.

Fow er's occl usi on thuory has been given a very detail ed presenta-

tion by Lorenta de No (19), who wote:

If a nunber of hair cells inthe ear or a nunber of fibers in
the cochl ear nerve is mssing, the tones wll appear to be weaker
inintensity whon near-threshold stimuli are used; but if the in-
tensity of the tone is increased, the wore strongly activated hair
cells or cochlear fibers wll be sufficient to saturate, i.e., to
excite tue limting intencity of the cochlear fibers or cells of
tha cochl ear nuclei, so that the cerebral cortex will receive the
Sane nunber of inpul ses per second for both ears and w |l perceive
the tone delivered to the diseased ear as strongly as the one de-
livered to the normal or |ess affected ear.

Witing in collaboration, Seinberg and Gardner (36) attenpted an
explanation of recruitnent in the frane of reference of experinental psy-
chol ogy of percepti on:

Suppose an ear to be 20 db deaf for a certain frequency. A
tone at threshold for this particular ear anounts to a | oudness of
about 100 | oudness units for the nornal ear. But suppose the tone
wer e i ncreased 20 db over the deafened threshold. A tone of this
intensity anounts to about 1000 | oudness units for the nornal ear.
A further increase of 20 db intensity produce 4,500 | oudness units;
and so on. It is easily seen that because of tue nature of the
rel ationuai p between sensation | evel and | oudness, an ear wth a
type of deafness resulting, in a constant |oudness | oss woul d tend
to overcone this handi cap at high intensities, where the percent
| oudness | oss could be unnoticeabit (in Lhe above illustration,
at 40 db sensation |evel pcrcent |oudness is only about 2.0).

This constant |oudness | oss theory has received favorabl e critical coment

and is one nore step toward a nore conpl ete expl anati on of the cause of

recruitnment.



Lurie (30) explaining recruitnent in terns of the difference in sen-
sitivity of the outer and inner hair cells, wote, "If the nore sensitive
outer hair cells are defeclive, then the threshold would be raised; but if
the sound intensity were raised sufficiently to stinulate the inner hair
cells, these would ruspond nornal |y and a rather sudden increase of |oud-
ness mght result.” This explanation nakes the inplicit assunption, how
ever, that in the nornal ear the outer hair cells no longer contribute
significantly to loudness at intensities which stinulate the inner hair
cells. Qities of Luria s theory are skeptical of the either—er principle
involving the outer and inner hair function. Lurie's explanation of re-

cruitnent has been naned the duplicity theory. In this theory, it is to

be noted the first attenpt is nade to explain recruitnent in terns of the
hair colic rather than auditory fibers. The recent tendency has been to

di scount previous theories whichrelate recruitnent to a disruption of the
nerve fibers inthe cochlea. As clinical and experinental evidence nounts,
variations of Lurie' s duplicity theory appear in the literature.

Tunar ki n (39) proposed that:

If only the nore sensitive hair cells are danaged, then at
sone higher intensity the inner hair cells wll begin to function,
and to these unity the brain assigns a certain | oudness. This
"nenory function" is then anplified. It is assuned that a sound,
whi ch has a certai n psychol ogi cal |oudness to the nornal ear, has
a characteristic geonetrical pattern of activity on the basil ar
nenbrane. Now if sone hair cells inthat ear are danaged, the re-
sultant pattern for that sound wll be affected - but the mssing
features will be "filled-in" by the "nenory" and the psychol ogi cal
contribution to loudness w Il over-ride the physical deficiency.

This idea has been called the gaonetric theory.

The preceding brief summary of recruitnent theory was intended as
an over-view rather than an attenpt to arrive at a final theoretical
position. It is believed that the present status is such that no final

position can be taken. whether the eventual explanation should be in
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neural terns and the fiber-1oss theory, the constant theory, the geonetric
theory, or sone other, cannot be said at the project tine. what can be
sai d, however, is that each successive theoretical formulation and con-
trolled investigation provides a further step toward final understandi ng

of this interesting and significant disorder of the auditory nechani sm

Recrui tneut Tests

Probabl y because of the relatively recent heightened interest in
auditorerecraitnent, therearecurrentlyin use arather | argre nunber of
different techniques for discoveringits preseace inan indivial's ear
or ears. The techniques may be roughly divided into three groups: 1) Loud-
ness Bal ance (LB) testing, 2) Difference Limen (DL) teasting and 3) Rang
of Confortable Loudness (RQL)testing.

Loudness bal ance testing enploye the direct approach in that tine
accel eration of |oudness in the affected ear, or at an affected frequence
isconpareddirectlywththat inanormal ear or at afrequencytakenas
nor mal . In this tochnique nmeasurments are obtained of the intensities of
two tones of differnt frequence when the listener reports that they sound
equal |y loud. Qonparisons of the curves obtai ned fromgrapnic plots, such
as those in Figure 4, are utilized to dutermne the range and extent of re-
cruitnent present. Recruitnent is said to be present when two reported in-
tensities are far apart at lowlevels out approach equality at the higher
levels. The two maj or nethods used in | oudness bal aced testing are those
of the Fower B naural nethod and the Reger Mbnaural nethod, The bi naural
nethod utilizes both ears of the subject but does not require the subject
to have one normal ear. Rather, it requires only that there be a substan-

tial difference in hearing | oss between the two ears at a given frequency.
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The monaural method utilizes different frequencies in the sane ear and re-
quires that there be a substantial differace in nearing |oss on the sane
ear for the two test frequencies.

The use of difference limen testing is basically a psychophysical
approach. The term"difference |inmen" is synonomous wilh a "juut notice-
able difference.” To establish a DL for |oudness, two tones identical in
frequency are varied with respect to intensity. The snallest, difference
between the two presentations which can be discrimnated is referred to as
the DL. The basic assunption underlying difference linmen testing witn re-
gard to recruitment is that the just noticeable difference above threshold
is smaller for the recruiting than for the normal ear. This differece in
DL's for normal and recruiting ears is illustrated in Figure 5.

In range of confortable |oudness testing the listener is required
to identify points of confort and disconfort as the intensity of the stim
ulus tone is voried. At certain frequencies, a smaller than normal RCL
is said to be characteristic of the recruiting ear. Contrasting RCL's
across a wide band of frequencies for normal and recruiting ears are illus-
trated in Figure 6.

within the three major categories of recraitment tests are, as has
been stated, many individual techniques. The variations to be found within
these categories are sufficiently striking as to warrant individual atten-
tion and description. The individual tests to be cousidered are the fol | ow
i ng:

1. Loudness Bal ance testing

a. Fow er Binaural Method
b. Reger Monaural Mot hod
c. De Bruinc-Altcs masking Method
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2. Range of onfortabl e Loudneas testing

a. Witson and Tol an Met hod
b. Bangs and Millins Mt hod

3. [Ofference Linen testing

a. Bekesy Mt hod

b. Luscher—2w slicki Mt hod
c. Denes—aunton Mt hod

d. Jerger Met hod

Fow er B naural Mthod (14). A general deccription of the test pro-

cedure appears in a preceding section, Specifically, a toneto be natched
is presented to one ear and a conpari son tone of the sanme frequency is pre-
sented to the other ear. The standerd tone is then increased in intensity
and the |istener adjusts the conparison tone until an "equal |oudness”
judgenent is made. The process is then repeated. If it ia found that suc-
ceusive intensity increnents to the stimilus in one ear are "bal enced" by
smal ler increnent inthe other, recruitnent is saidto be present. Hgure
4illustrates the atypical |oudness bal ance of the rocruiting ear.

Rager Mbonsural Mthod(35). The Reger nethod is general ly regarded as

an inproved version of the binaural nethod. The | oudness accel eration at
agiven frequency is conpared to the accel eration of sone other frequency
inthe same ear. As in the previous nethods, the subject nakes successi ve
| oudness bal ences of standard and conparison tones. A common m Srepre-
sentation of this nethod is that the ear just respond nurually to one (the
stsnder) of the test frequentcies. Actually, the test requires only that
there be a substantial difference in hearing | oss between the two ears at

a given frequency. The results obtained fromthis nethod are charecterized
by graphical plots simlarly to those obtaind in the binaural netnod. As
illustrated in Hgars 4, non-parillel lines, emanating froma "tight" region

are indicative of thu presence of recruitnent. it isto be noted that both
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t he nonaural and bi naural Met hods are accepted as true neasures of the re-
crui ti ng phenonenon.

Da Bruine-Ates Misking Mthod (5). Two tones are introduced sinul-

taneously into the sane ear and the subject is required to detect the pres-
ence or absence of one of them The lower tone is uaed to nask the tone of
hi gher frequency. Wth the nornal ear, each increase in the intensity of
the | ower pitched nasking tone tends to produce sone throshold el evation
or shift in the higher nasked tone. In cases displaying recruitnent, in-
creasing the intensity of the | ower pitched naski ng tone does not produce
a threshold shift on the ni gher nasked. tone of conparable size, while in
the nornal ear a shift inthelower frequencyis bal enced by an equal shift
inthe higher. HFagure7is agraphical representationof theresults ob-
tained fromapplication of this test to nornal and recruiting ears. By
conparing the sl opes of corresponding lines of the two sides of the figure,
a clear viewis obtained of the difference in | oudness function and al so

of the rate of recruitnent.

Wat sonand Tol an Met hod (42) . Atechni qufor recruitnent testing

descri bed by Vdtson and Tol an nakes use of the subject's perception of
tone at tw levels, the threshold of audibility and the threshol d. of dis-
confort or the unconiortabl e Loudness Level . (U.L). The first threshol d
is found by conventional audi onatric procedures, the second by varying
the intensity of the stinmulus tone untill a point is reached at which dis-
confort is experienced. The Range of (oniortabl e Loudness (RL) for the
subject isthe difference, in db, between the two threshold. At certain
frequencies, | arger ROL'saresaidtobecharecteristicof normal ears,

snal ler ROL's characteristic of recruiting ears. However, no nornative



17

Threshold Shift

Intencity Level of of 10UU cps Intensity Level of
20C cps Masking Tone Masked Tone 200 cps Masking Tone

0 0

20 20

40 L0

60 60

Normal Recruitment
80 80
1000

Fig. 7 Graphi cal Representation of De Bruine-Altes Masking Method,
Revealing Different Threshold Shifts in Normal and Recruit-
ing Ears in Presence of Masking Tones.
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RO wvalues for nornmal and recruiting ears are reported by the authors.

Bangs and Mil lins Method (1). This variation of the Vétson and

Tolan ROL also utilizes two perceptual |evels. Replacing the threshold

of audibility is the Mst Gonfortabl e Loudness Level (ML), found by re-
quiring the subject to adjust the intensity of the test tone to a | evel

whi ch he judges to be nost confortable for listening. As in the precedi ng
net hod, the ULL constitutes the upper threshold and the difference in db
between the two level s constitutes the RCL. A so as in the precedi ng

net hod, the UL constitutes the upper threshold and the difference in db
between the two levels constitutes the RCL. Aso as in the preced ng
nethod, the RCL at certain frequencies is considerably wder for the nornal
ear than for the recruiting ear. RO's of 15 db and snaller are said to

be indicative of the presence of the recruitnent phenonenon.

Bekesy Method (3). This nethod takes its nane fromthe audi oneter

used to admni ster the test. The autonatic nachinery of this instrunent pro-
vides for a slowcontinuous change in the intensity of the test tone, increas-
ing when a control button is depressed and decreasing when it is rel eased.
The changing intensity of the test tone is graphically recorded as a function
of frequency and the excursion between the just-heard and the just-not-heard
intensity gives an indication of the listener's variability about his abso-
lute threshol d. The subject, in effect, records his own audi ogramand gi ves
a rough neasure of the OL for the particul ar frequenci es bei ng swept by the
audioneter. Hgure 8 shows a typical audi ogramtaken fromthe Bekegy audi o-
neter for arecruiting individual. As can be noted, the normal response is
indicated by the wde sweeping lines inthe vertical direction. Wen the dis-
persion of the intensity becones very snmall, an indication of the recruitnent

phenonenon is present. D scounting reaction timne, at any given frequency
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a rough neasure of the DL at threshold is reveal ed by the Bekesy audi o-

gram

Luscher—2w sl ocki Method (32). As described by its authors, neasure-

nents of differential sensitivity are taken with a tone the intensity of
which is alternated between two | evel s by an anplitude nodul ator. The
tons is constant in frequency but varies in intensity around a mdpoi nt
at 40 db above threshold. The difference between the extrones of intensity
of the tone is reduced until the subject responds that he hears no vari a-
tion present. The difference is then recorded as the neasure of the CL.
size. This technique of Luscher and 2w slocki utilizes abrupt intensity
changes. A summary of the results obtained in this Mthod indicates that
at 40 db sensation lovel a nornal DL would |ie between 10 and 16 percent
pressure nodul ation, a noderately recruiting DL -woud | i e sonewhere be-
tween 6 and 8 percent, and an extrene recruitnent woul d be i ndi cated by a
DL of less than 6 percent. Typical curves found for non-recruiting sub-
jects and persons havina recruitnent are shown in Fgure 9. The drastic

drop in the DL can be noted in the two ceses.

Denes- Naunton Method (7). These authors essentially present a re-

finenent of the Luscher-2w sl ocki nethod, excent that two supra-threshol d
points (four and 44 db sensation level) are tested, and the task of the
subject is to identify the |ouder of two successive stimuli until such a
di scrimnation cannot be made. The difference between the tones is then
taken as the DL. Recruitnent is indicated by the difference of the OL
size at the two sensation | evels. FHgure 10 shows the types of curves
obtained for a nornmal hearing individual and for one displaying recruit-

nment. This nethod allows for the psychophysical concept of the decrease
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Fig. 9 Gaphical Representation of Results Found in the Luscher-2w sl ocki
DL Test (Sensation Level at 40 db)
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inthe DL with the increase in intensity. The slope of the line between
the two sensation levels is indicative of the type of |oss displayed by
the subject. |If, at 44 db, the DL is equal to or larger than the DL at
four db, recruitnent is said to be present. If it is smaller, recrait-

ment is absent.

Jerger Method (-17). Anot her nodification of the Luschar-Zwi sl ock

method is found in the test reported by Jerger. Two features characterize
the essential differences betweent the two techniques. First, Jerger meas-
ures the DL at 15 db sensation level instead of at 40 db. Second, Jerger
makes a gradual transition from a steady-tone condition to one of increas-
ingly wide excursions of nmodul ating tone which the subject eventually re-
cogni zes as pul se-tone, the exact reverse of the Luscher-2Zw sl ocki tech-
nique. Figure 11 gives the graphic portrayal of results fromthis test,
used to indicate the presence or absence of recraitment. Measurenent at
the |ower sensation level is preferred by Jerger on the assunption that
the |oudness is changing nost rapidly at |ower levels and on the observa-
tion that, with severe hearing |osses, one cannot present tones as high

as 40 db above threshold without penetrating the region of disconfort.

Speech Discrimnation Tasting. A nmeasurnent of the recruitnent

which has Inportant clinical inplications involves the use of speech test-
ing. Huizing and Reyntjes (24), Palva (34), Dix, Hallpike and Hood (8),
and Eby and W1lliams (10) have witten about the relationship between
type of hearing loss and performance on speech reception test. Figure
12 illustrates the speech reception (articulation function) curves asso-
ciated with nornmal hearing and the principal types of hearing |oss. Dis-

crimnation of speech stinuli conmposed of sinilar phonetic elenments



2.0

ation Level of 15 db)

f ///////%

-+ DL in db (Sens

0.5 ///// ILX LA
0
250 500 1000 2000 LO00
Frequency
Fig. 11 DL Dffe Record for Recording of Qi
ShddAr Cb S Range of Variability of th
Dffe ein I\brnal Ear (after Jerger).



(e1EP SATJBWIOU €' q0U ‘TSAST SATIBISI DU adoTs Jo uosTardwoo JcJ pajussad

To)
~ SuoTqezITRJIsU8E) SsOT FuTIedy JO sedf] J0J S9AING UOTFETNOTAIY JO uoTjejussaxdey ZT *d1g

TeAdT 8INSSaly PUNOG

JUBU} TILIO8Y
geo] aaTydaddeyg
SS0T SATIONPUOYH

Sutdesy TELION

0%

oY

)

]

!

< MO A

0T
oc¢
ot
o7
0$

09
0L

N8
06
00T

=
“
.t
—
[oas
" E
Lo
B o
e 1 el
O 0
w® =
e
ot L3
~ )
@]
]
@©



26

theoretically i s dependent upon the ability of the human organi smto de-
tect snall acoustic differences in the speech signal s bei ng presented.
Recruitnent by definition, involves the capacity of the recruiting ear

to detect snaller changes in sound pressure | evel than the nornal ear.

It mght be reasoned, therefore, that an individual exhibiting the recruit-
nent phenonenon nmay, by reason of his inpairnent, react to changes in his
sound environnent in a wanner whi ch could be judged unfavorable. The four
investigators cited above found that, in general, the discrimnation of
speech increases as the intensity at which the speech is presented is in-
creased. To test the hypothesis that the recruiting curve deviates from
the usual ogive, the najority of the investigators utilized prevailing
word lists given at increasing intensity levels of 10 db. In recruiting
cases the discrimnation reaches a maxi numof considerably |ess than 100
percent and then never goes hi gher even though the intensity is increased
further. In nany cases articulation scores apparently drop wth intensity
i ncreases beyond a certain point. Mreover, the sharply rising curve at
one point inthe articulation functi on whi ch would bo predicted for the re-

cruiting ear is not found.
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STATEMENT G- THE PRCBLEM

In the preceding section the coomon tests for |oudness recruit-
nent were described, and the significant |iterature inthe field was re-
viewned. It is noteworthy that in all the publications cited, no statis-
tical evidence was offered that any one of the recruitnent tests distinguish-
es the inpaired fromthe nornal ear. That the several tests have w de
clinical acceptance is well known, but their differentiating characteris-

tic, until subjected to statistical tests, appears to be open to question.

The purpose of this investigation was to establish, by neans of
nore rigorous statistica anal yses than have hitherto been enpl oyed, the
capability of a series of tests to distinguish between nornal hearing
i ndi vidual s and individual s whose auditory perception is characterized
by recruitnent in the | oudness function. The followng tests were sub-
jected to such statistical analyses: 1) Range of Goniortabl e Loudness
test; 2) Ofference Linen test, and 3) Speech Sound D scrimnation
test.
Specifically, the attenpt was nmade in this experinent to answer
the fol | ow ng questi ons:
1. Aethe effects attributable to groups (nornal versus
i npai red hearing), subjects within groups, or the ear
being tested significant in the Range of (oniortabl e
Loudness test?

2. Arethe effects attributable to groups, subjects wthin
groups, frequencies, sensation | evels, direction (as-
cendi ng versus descendi ng) of stinulus presentation,
or the ear being tested significant in the Ofference
Li nen test?

3. Aethe effects attributable to groups, subjects wthin

groups, sensation |levels, or the ear being tested signi-
ficant in the Speech Sound O scrimnation test?
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PROCEDURE

The three tests which conprised this experinent were admni stered
serially to individual subjects. Wile a presentation in random order
was a desideratum restrictions onthe availability of |aboratory space
nade it necessary to admnister the ROL Test initially. However, the DL
and Speech Sound Oiscrimnation Tests were admni stered randonty wth re-
spect to subjects. Al tests were admnistered in the acoustically treated

roons of the Purdue Speech and Hearing Qi nic.

ubj ect s

Two groups of subjects, control and experinental, were utilized in
this investigation. The control subjects were five university students
whose hearing, neasured on a Sonotone, Mbdel 21, audioneter, was nornal ,
i.e., wthinfive do of an audionetric reading of zero. Subjects in the
experinental group were four in nunber, chosen on two bases: pattern of
hearing | oss, and perfornance on a Bekesy audionetric test. The pattern
of 1 oss for each subject, revealed in Table 1, was one of narked inpair-
nent in the higher frequencies, wth the threshol d breaking anay from
normal at 2000 cps or slightly higher. Athough not an infallible diag-
nostic sign, thisis said to be a typical pattern for the recruiting ear.
n the Bekesy audi onetric examnation, the subjects nanifested fine dis-
crimnation around the threshol d, asserted to be characteristic of re-
cruiting ears. None of the subjects inthe control group had a nedi cal
hi st ory whi ch woul d be predictive of hearing inpairnent, while two of the
four experinental subjects related that they had been exposed, by reason
of mlitary experience, to severe acoustic trauma. The third subject had

a history of severe fever diseases in infancy, sufficient to account for



TABLE, 1

Pure Tone Audionetric Threshol ds

for Experimental Subjects

Frequency
subject Ear 500 1000 2000 3000 4000
DC L -10* -5 5 40 60
R 0 0 15 35 95
CsS L -10 -5 0 30 45
R -10 0 0 35 50
ES L -5 -10 0 30 60
R -5 -5 0 40 50
TH L 5 0 0 35 45
R 5) 5) 10 30 45

* Mnus sign indicates above nornal
t hreshol d.
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the neasured i npai rnent, while the fourth subject was unable to relate any
unusual hearing history. The age range for the control group was 19 to
21 years; for the experinental group, 22 to 37 years.

It isto be noted that inthis experinent the two ears of each sub-
ject were considered to be i ndependent, and separate auditory tests were
admnistered to each. later statistical analysis of the data failed to
substanti ate the hypot hesi s of independence. However, two-ear testing
was justified as a test for auditory fatigue. Threshold shift in the

second ear, if found, woul d have been indicative of such fatigue.

| nstrunent ati on

As previously stated, this investigation was divided into three parts.
Each division of the investigation involved one of the three types of tests
nentioned previously. The conponent instrunentation for each test is de-
scribed inthe followng order: 1) Range of onfortabl e Loudness equi p-
ment; 2) Dfference Linen equi pnent; and 3) Speech Sound D scrimnation

equi pnent .

Range of (onfortabl e Loudness equi pnent. As in previous investiga-

tions, a standard pure tone audi oneter possessing a sweep characteristic
onthe intensity dial was used inthis experinment. The Sonotone, Mdel
21, utilized in this investigation was checked for calibration in a manner
speci fied by the manufacturer. Gilibration checks were nade by the use of

an ADC Artifical Ear, wth anodified circuit. A Hew ett-Packard Audi o

Sgnal Generator was used as the standardi zing instrunent wth which the
signal fromthe audi oneter was conpared. A Ballantine, Mdel 300, AC\Volt-
neter was utilized for the readings of the tones derived fromthe settings

of the audioneter and signal generator.
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The audi oneter was used in conjunction wth calibrated earphones,
Permaf l ux, Type PDR-8, Hgh Fidelity, in a manner which all owed only one
of the phones to be activated by the tonal signal. A notor-driven gear
reduction unit wth a hand controlled reversing swtch was enpl oyed as a
renote control of the intensity dial of the audiometer. By virtue of the
hand controlled reversing swtch, the sweep intensity characteristic of
the audi oneter could be nade to increase or decrease at a rate of two db
per second. A coupling box was utilized inthe circuit to enable the test-
ing of either ear at any tine wthout necessitating the renoval of the head-
set. Hagure 13 is a block diagramof the equipnent utilized in the RCL
test. Glibration checks were nade before the testing of subjects was
initiated and at a point approxi nately hal f way through t he experinent.
There were no significant differences found in the response of the in-

strunentati on between the two calibrati on checks.

Dfference Linen equipnent. In the DL test utilized inthis in-

vestigation, it was necessary to provide an auditory stinul us characterized
by pul sations, regularly increasing and decreasing in nagni tude. These
woul d constitute both ascendi ng and descendi ng difference linen stinmuli,
providing the subjects wth opportunity to discrimnate both of the fol -
low ng stinulus characteristics: a) steady-state follow ng pul sation;
and b) pulsation follow ng steady-state. The fineness of discrimnation,
or size of difference |inen woul d be dependent upon the anount of anpli -
tude nodul ation required for the subject to perceive "saneness" or "warble"
inthe stinulus.

A triangul ar wave froma Hew ett-Packard Low Frequency Function Gener -
ator and a sinusoi dal wave froma Hew ett-Packard Audio S gnal Generator,

Mbdel 205AG were used as the conponents of the test signal. The sine wave
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of 500 cps at a level of 60 db was used as a reference around which a tri -
angul ar wave of 500 cps varied from55 db to 65 db. Before the two waves
wer e conbi ned, a nmechani cal sanpling device was inserted into the circuit

of the two signal generators. F gure 14 shows a bl ock di agramof the equi p-
nent used for naking the OL test wave. Sanplings of each wave source were
then recorded by an Anpex, Mdel 400, Tape Recorder every tenth of a second,
allowng a change of .25 db to occur in the triangul ar wave between sanpl es.
The resultant wave resenbl ed a changi ng square wave wth the reference val ue
fixed and the excursion of the wave varying froma plus five db to a mnus
five dbo around the reference tone. The 1000 cps, 2000 cps, 3000 cps and
4000 cps test tones were then recorded in the sane manner. Wth each
change of the sinusoidal or reference wave there was al so a simlar change
inthe triangul ar wave wth regard to frequency. F gure 15 gives a repre-

sentation of the test stinulus as recorded by this instrunentation.

Hgure 16 shows the bl ock diagramof the instrunentation used for

the DL test inthis experinent. Before each subject was tested, the in-
strunentation was calibrated wth regard to the voltage neasured at the
headset. As the recorded wave was bei ng presented, the voltage differences,
neasured on a Ball antine Mbdel 300 Vol tneter, were noted until the two tones
could be seen to be the sane intensity by the stationary position of the
needle. Wth the aid of a Hew ett-Packard attenuator, Mdel 350A a set-
ting was then nade inthe circuit so that the voltneter read .068 volts.
This reading corresponded to a 60 db signal across the headset. Fromthe
readi ng taken fromthe attenuator, any further adjustnents of intensity
could be nmade by the subtraction or addition of attenuation. During the
test presentations, the 60 db intensity |level was checked at each frequency

by nmeans of the voltneter. A voltage reading of .068 assured calibration
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to the reference signal

The Sound Apparatus Conpany High Speed Level Recorder, Mdel HPL-E,
was empl oyed as the response instrument in the DL Test. The HPL-E yields
a graphic representation of the intensity variations of an input signal.
The frequency response of this instrument, as specified by the manufacturer
is rated as flat within plus or mnus 3 db from50 cps to 20,000 cps. The
signal recorded by the HPL-E was the stinmulus presented to the subject,
the tape recorded modul ated test tone fromthe Anpex recorder. Contro
of the stinmulus intensity was achieved by the Hew ett-Packard attenuator,
Model 350A.

The subject listened to the signal fromthe tape by means of a
Permaf | ux, Type PDR-8, High Fidelity headset. Since only one side of the
headphone was used at any time, a 300 ohmresistor was inserted to replace
the unused side of the headset and thus maintain constant inpedance with-
inthe circuit. Atoggle swtch was placed between the attenuator and
the HPL-E enabling the subject to short circuit the connection between the
Ampex and the HPL-E. When the toggle switch was depressed, the connection
was broken and the stylus would drop to the normal "off" position. This
drop was observable on the waxed paper by a sharp demarkation |ine from

the usual pattern being recorded by the HPL-E.

Speech Sound Di scrimnation equi pment. The Speech Sound Discrim -

nation test was presented to the subjects over the speech reception test-
ing equi pment of the Purdue Speech and Hearing Clinic. The instrumenta-
tion utilized was simlar to that described by Lambert (28). Essentially
it consisted of a pre-anplifier equipped with several inputs and a power
anplifier with outputs for both speaker and headphones. Figure 17 pre-

sents a block diagramof the equipment as nodified for this test. An
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Ampex, Model 400, Tape Recorder was used to present the test to the sub-
jects seated in a separate acoustically treated room Only one side of
a pair of Type ANB-H I A headphones was used during the testing period.
The circuit reference level was adjusted by a V.U neter and the in-
tensity of the presentations of the test |ists was controlled by a 110
db attenuator. Figure 18 shows the frequency response of the equi pnent
for a 70 db (re. .0002 dyne/cn) |evel.
Calibration of the test items was acconplished in the follow ng
manner. A 1000 cps tone of constant intensity was recorded at the begin-
ning of each tape used in the test and at the same intensity as the test
itenms. Prior to each presentation of a newtape the attenuation of the
speech reception equipment was set at maximumand the pure tone signa
was introduced into it fromthe Anpex recorder. The gain of the speech
reception pre-anplifier was then adjusted so that, at mninumattenuation
the peaks of the speech signal would be at a level of |IQdb (re. 0002 dyne/cm).
It was found that the V.U. meter indicated mnus five V.U for the
1000 cps tone at this gain setting.
The speech sound discrimnation lists used in this test were sonme
of those originally prepared for the Lambert study previously cited. They
cont ai ned nonsense syllables of the consonant-vowel characteristic. The
vowel remained the same throughout all the presentations. Ten syllables
were chosen fromthe master list as being the nost intelligible for use
in speech sound discrimnation testing. The ten consonants chosen were
the[p], [t], [kK] [gl [f], [s].[+s].,[s],[dz]and[o0]. Arandompresenta-
tion of the items was recorded onto tape by means of the Anpex recorder
and divided into 20 groups of ten items, or atotal of 20 lists. Each

consonant was presented once in each of the 20 lists. A practice tape was
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al so recorded with a randompresentation of the consonants to be used in

the test.

Met hod

Range d _ onfortabl e Loudness. Subjects were tested individually

in each section of the experinent. Inthe ROL test, the subject was seat-
ed facing anay fromthe equi pment. A general explanation of the test was
nade first. Then the earphones were placed on the subject’'s head and the
control for the reversing swtch was placed in his hand. The fol | ow ng

instructions were then given to the subject:

Wien the signal is given to begin, press the brow key and
increase the intensity of the tone youw |l hear. The intensity
of the tone is decreased by pressing the white key of the control.

Inthe first section of this test, adjust the tone which
you hear to a level which is nost confortable for you. If you
had a radi o which woul d play nothing but the one tone, set the
intensity at a point to which you could listen for a long period
of time. Wen you have set the | evel you believe to be nost
confortabl e for you, nod your head. Then, at a hand signal from
nme, you W || decrease the intensity of the tone until told to
stop. A this time, youwl!l repeat the procedure just described.

Renenber, wait for the signals before altering the settings.

Are there any questions?

Questions were then answered and the frequency control on the audi o-
neter was adj usted for 1000 cps.

Tones of five different frequencies were presented. The order of
presentation was as foll ows: 1000 cps, 3000 cps, 500 cps, 2000 cps and
4000 cps. The staggered order of presentation was used in an attenpt to
prevent fatigue at specific points on the basilar nenbrane of the subjects.
A further safeguard agai nst fatigue was the experinenter's interruption

of the tone after each ML trial by a subject. The interrupter swtch
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was used until the intensity dial indicated that a | evel between m nus
five and mnus ten db had been reached. At this tinme the subject was
told to start increasing the intensity and the interrupter swtch was
rel eased.

F ve readings were taken at each frequency. The "nost confortabl e"
intensitylevels found by the subjects were noted and if found to be with-
ina 3dbrange at a given frequency, the average of the responses was
taken as the reading for that frequency. |If any set of responses covered
a wder range than the predetermned 3 db, further sets of five readings
were taken until the responses fell wthinthe required span. Wen the
| ast frequency (4000 cps) had been tested in the first ear, a recheck
was nade of the 1000 cps tone to insure the consistency of the subject's
evaluation. |f the recheck was not within 3 db of the previous readi ngs,
the 1000 cps ML was re-establ i shed and the next, or 3000 cps tone was
rechecked. This rechecki ng was continued until the readi ngs recorded

were consistently within the 3 db range.

After the confort levels had been selected inthe first ear, ML's
were established in the sane nmanner for the other ear.

After the ML had been obtai ned for five frequencies in both of the
subject's ears, the subject was given the followng instructions:

The next section of the experinent wll be much the sane
as the one you have just conpleted. Again use the brown key
to increase the | oudness and the white key to decrease the
| oudness of the tones. Nowyou are to set the tone at a | evel
that is unconiortable. |If youwere tolistento the sane radio
pl aying one tone, set the |oudness at a | evel to which you
would not want to listen very long. A repetition of the signals
enpl oyed in the previous test will be utilized.

Renenber, wait for the signals before altering the | evel s.
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Questions were answered, followed by the presentation of the test stinuli
inthe sane order with respect to ears and frequencies as in the ML
trials.

The signal intensity at the outset for each frequency was approxi -
nately the ML reported previously by the subject. The sane criteria
were applied to the determnation of the UL as were applicable in the
MCL. Hve responses were noted in each of the test frequencies and the
range of 3 db was used as the criterion for the determnation of the ULL.
Wien al | five frequencies had been tested in the one ear, rechecks were
nade in the same manner as described for the ML until the responses had
been established. Wen the desired | evel s had been established, the signal
was transmtted to the other ear and the sane procedure was repeat ed.

Wien both ML and ULL had been determined for the two ears of the
subject in all frequencies, each ML was subtracted fromthe correspondi ng
UL for that frequency. This difference was listed as the val ue of the
R1. for the subject. Table 2 illustrates the calculation of ROL's for

one experinental subject.

Dfference Linen. The subject was seated facing anay fromthe in-

strunentation and use of the toggle swtch was illustrated. The headset
was placed on the subject's head and the follow ng instructions were given:

The test which you are about to take has two separate tones
which are the sane pitch but are of different |oudness. As you
listen, youw | first hear just one tone. Then, gradually an
alternation of |ouder and softer tones wll be neard, alnost |ike
awarble. They wll then gradual |y becane the sane and then
again different in loudness. Indicate, by pressing the toggle
swtch at each poi nt, when you think you hear just one,tone and
agai n when you begin to hear two tones.

The subject was then given a practice period until it was certain

that he could performwhat was expected of him The exact length of the
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practice period depended upon the subject's ability to master the techni que
involved. During the practice period, a 1000 cps tone was used at a | evel
confortably above threshold. |If necessary a graphic illustration (as in
F gure 15) was shown to insure adequate know edge of the test presentation.
Wien the practice period had been conpl eted, the subject was given the
followng instructions:
You w Il nowhear a series of tones at different frequencies.

Indicate in the sane nanner the points you have just been re-

sponding to in the test. Wen the tw tones becone the sane in

| oudness, push the toggle swtch very quickly. Then as the two

tones becone different, push the swtch once nore. ontinue do-

ing this whenever you hear a change. As you listen, the tones

w || becone | ouder and softer. If the tones becone too |oud for

confort or too soft to discrimnate, raise your hand to stop the
test.

Renenber to listen for the changes that will occur in the
two tones you w || hear.

Are there any questions?

Questions were then answered and the test began at a level 15 db
above the subject's threshold. The ascending order of frequency presenta-
tion was 500 cps, 1000 cps, 2000 cps, 3000 cps and 4000 cps. EHght in-
tensity levels were tested in each frequency at five do intervals. They
were 15, 20, 25, 30, 35, 40, 45 and 50 db above t he subject’s t hreshol d.
A graphic representation of the test wave was obtai ned fromthe HL-E re-
cording paper. Wth each change of frequency or intensity | evel, a nota-
tion by the experinenter was nade upon the recordi ng paper to insure prop-
er reading of the results. Wen the toggl e swtch was used, a sharp de-
narkation |ine appeared on the recordi ng paper, enabling the experinenter
to determne accurately the points at which the subject perceived "sane-
ness" and "difference" inthe stimili.

Fol low ng the testing of one ear of the subject, aten mnute rest
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period was given to reduce fatigue. After the rest period, the subject
was agai n seated and the second ear was tested in the sane manner described
above.

Wien the test had been conpl eted, results of the responses for each
subject were noted. The representation of the wave on the recordi ng paper
was such that a 1 mllineter rise of the stylus equalled a 1 db rise in
intensity. The readings fromthe recordi ng paper were taken to the nearest
mllineter. An ascending and a descendi ng order of presentation was taken
into consideration in the recording of the results. The ascendi ng group
was taken as the part of the wave which went fromthe tones of the sane in-
tensity to a warbl e tone and the descendi ng group was taken as that part
of the wave which went froma warbl e tone to tones of the sane intensity.
An average of each of the two readings for both the ascendi ng and descendi ng

procedures was entered as a final result for the subject’'s ear.

Speech Sound D scrimnation. Wthin an acoustically treated room

separate fromthe test instrunentation, the subject was seated in a desk
chair permtting hi mthe freedomof novenent needed in witing. The prac-
tice tape was then played over the |oud speaker and the subj ect was asked
to reproduce the sounds which he heard either in orthographic or phonetic
synbol s. The practice period for the subjects was approxi natel y 20 m nut es.
If the subject exhibited any difficulty in distinguishing the sounds bei ng
presented, illustrations of the correct responses were given.

After the practice period had been conpl eted, the headset was pl aced
upon the subject's head and the forns needed for the responses were gi ven
to him The doors to the acoustically treated roomwere then cl osed and

the tape containing the first ten lists was then placed on the recorder.
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CGalibration of the equi pnent before each test presentation in the nanner
previously described was used to assure that the equi pnent was a const ant
factor fromtest to test.

The subject was then given the followng instructions:

The first section of this test wll start wth nothing
comng through the earphones and then, while a list of words
i s bei ng spoken, the | oudness w Il be gradual |y increased.
Wen you first hear a voice, say the word "yes." Each tine
thereafter that you hear the voi ce, say "yes" again. You do
not have to wite down anything for the first part of this test.
Each tine you hear the voi ce say "yes."

Are there any questions?

Ready? Here we go.

The first list presented was utilized for the determnation of the
threshol d of detectability. At the outset, a level of full attenuation
was used. Then the attenuation was reduced so that an increasing order
of intensity was presented to the subject. The ascending order of pre-
sentation was made in two db increnents initially for each test itempre-
sented until the subject responded that the signal was heard. A this
tine the attenuation was increased to a point bel owthe threshol d of the
subj ect and the ascendi ng techni que was again utilized in one db incre-
nents for every twotest itens until the subject was abl e to percei ve 50
percent of the presentations. The detectability for the subject was then
recorded and the tape was reversed to the starting position. The follow
ing instructions were then given to the subject:

You wi Il now hear lists of words which have no neani ng.
Wite in the answer sheet previously given you the words whi ch
you hear. These words, in effect, are only a consonant and a
vowel . The vowel w Il renmain the sane throughout all of the
tests.

The | evel at which you hear the words sone of the tine,
Wil be so faint as to render themal nost unintelligible. Do
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not worry about not being able to hear. Just try to hear as
nmuch as possible and wite t hemdown.

There are no nunibers given in the test, such as 'Nunber
lis," or "Nunber 2 is.'" Rather youw !l hear the voice say,
"Youw |l wite," and then the word is given. Hease foll ow
the order given. If you do not get one word, skip the space
and pl ace the next word presented in the fol | ow ng space.

The first two lists are likely to be at |evel s which
will not be intelligible. Between the first and t he second
lists presented, an interruption wll be made so that you nay
determne if you are follow ng the sequence correctly.

Are there any questions?

Ready? Here we go.

The |l evel was then adjusted so that the first list woul d be given
at alevel two db above the previously determned threshol d of detect-
ability. A the end of the first list, the tape was interrupted and t he
subj ect was inforned that the second list was to begin. The second |i st
was given at a level of four db above the subject's threshold. Each suc-
ceeding list was presented wth an increnent of two db until the fifteenth
list had been conpleted. At thistime, the intensity increment for the
final five lists was increased to ten db. Thus, the range covered was
from 2 to 82 db above threshold of detectability. During the test, the
noni tor systembetween roons was utilized to answer any questions which
ar ose.

After the presentation of the 20 test lists in one ear, the subject
was given a brief rest period while the experinenter prepared to test the
other ear. Followng a period of approxinately ten mnutes, the subject
was agai n seated and the threshold of detectability was run for the other
ear in the sane nanner previously described. Then, in the determnation

of speech sound di scrimnation, the sane 20 |ists were presented in a

manner identical to that descri bed above.
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The test |ists were scored according to the nunber of itens correct
per list, wth the nunber correct being entered appropriately in a table
according to the subject, group, ear being tested and the intensity |evel

of the presentation.
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RESULTS

Results obtained for all of the subjects on each of the three tests
wer e conbi ned appropriately and arithnetic neans were calculated for the
nmain effects. Inthis study the nain effects were those attributable to
groups (experinental and control), frequencies, sensation |evels, and
ears. An analysis of variance technique was used to test for significance
of the neans conput ed.

In the case of the RCL test, a four factor anal ysis of variance
t echni que was used i n whi ch groups, subjects w thin groups, frequencies,
ear of the subject, and interactions anong the nain effects were tested
for significance.

Inthe DL test, a six factor anal ysis of variance techni que was ap-
plied inthe statistical treatnent of the data obtai ned. The factors in-
vol ved wer e groups, subjects wthingroups, frequencies, sensation |evels,
the ear of the subject, and the direction (ascending or descendi ng) of pre-
sentation of the test tone. The interactions anong the nain effects were
al so anal yzed.

Finally, inthe Seech Sound O scrimnation test, two separate anal -
yses were conducted. The dual analysis was selected to permt scrutiny
at two specific points in the discrimnation curve. The first point to
be examned was the origin of the curve, which involved the initiating
segnent and the slope of the curve rising anay fromthe origin. The
second anal ysis was concerned wth the plateau found at the upper end of
the discrimnation curve. Both anal yses included a four factor treatnent
inwhich the nain effects were groups, subjects w thin groups, sensation
levels and the ear of the subject. Interactions anong the nain effects

al so were anal yzed.
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Nul' I hypot heses were tested in each of the three sections of the
experinent. In each application, the null hypothesis was that there were
no significant differences in the variables neasured due to the main effects

or interactions.

Range of Goniortabl e Loudness

In the RCL experinent, the null hypothesis was rejected for results
i nvol ving groups, frequencies and frequencies by groups. In Table 3 are
presented the nean RCL val ues and standard deviations for groups and total s,
including both groups, for each frequency tested. It nay be seen in this
table that the ROL's for the control group were nearly equivalent at all
frequencies. The totals for both groups were found to decrease i n nagni -
tude wth freqguency, except for a reversal involving 500 cps. n cl oser
inspection it is seen that the experinental group had the greater effect
upon the decreasing size of the ROL wth frequency. This observation is
substantiated by the findings of 1 percent significance for the difference
bet ween groups (experinental and control) and 5 percent significance for
the differences anong frequencies and the interaction of frequencies-by-
groups, revealed in the analysis of variance, Table 4. Agraphic illus-
tration of the groups-by-frequencies interaction is shown in Hgure 19.
The presence of the interaction is denonstrated by the non-parall el
characteristic of lines dranwn connecting ROL's for experinental and con-
trol groups at each of the freguencies tested.

I nspection of Table 3 shows that not only were the nean val ues for
groups significantly different, but the difference apparently increased
w th frequency, nost notably at 3000 and 4000 cps. The specific RCL

val ues found for the experinental group were narkedly different fromre-
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sults reported by previous investigators. It should be noted that the
value of 15 db as the determnant of the presence of recruitnent reported
by Bangs and Mil lins (1) could apply only to the results found in the
4000 cps tone in this experinent. The 3000 cps tone had a nean val ue of
21.7 and a standard deviation of 6.1. Examnation of the individual re-
sults against the Bangs and Millins criterion reveal s that only two ears
of the experinental group could be said to be recruiting at the 3000 cps
f requency.

The di spersion of the standard deviations around group neans for
the tested frequenci es can be seen to be fairly constant for the control
group, while a decreasing trend wth frequency nay be observed in the
experinental group.

The analysis failed to reveal any difference existing between ears

for subjects.

D fference Li nen

As recruitnent has been described, the experinental group tested
inthis investigation should have displayed a snaller DL than the control
group. As revealed in the neans and standard devi ati ons of the val ue of
the OL for each test frequency in Table 5, significance was established
at the 5 percent point for the effects of groups (experinental and con-
trol) and direction (ascendi ng and descendi ng) of presentation of the
stimuli. Furthernore, the supposition that the DOL woul d decrease as the
sensation | evel and frequency woul d i ncrease was supported. The nul |
hypot hesis of no significant difference was rejected at the 1 percent
point for the effect both of frequencies and sensation levels in this
experinent. Though the inverse relationship was found between the factors

of frequencies and sensation | evels, it should be noted that the val ues
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found for the experinental group were consistently |ower than those of
the control group. LOifferences between ears for subjects were found not
to be significant.

The interactions found to be significant were frequenci es-by-groups
at the 5 percent point, sensation |evel s-by-groups at the 1 percent point,
direction of tone presentation-by-groups at the 5 percent point, frequen-
cies-by-sensation levels at the 1 percent point, frequencies-by-direction
at the 1 percent point and sensation |evel s-by-direction at the 1 percent
point, as seen in Table 6. |Illustrations of these interactions are pre-
sented in Fgures 20 through 25. As in Fgure 19, non-parallel |ines
between criterion points on the graph denonstrate the interactions found
by statistical test to be present.

In Fgure 20 it nay be observed that the significant interaction
of groups and frequencies probably resulted fromthe predicted inverse
rel ati onship of frequency and DL size for the experinental group, com
bined wth a nore randomrel ati onship of the paraneters in the control
group. The significant interaction of groups and sensation levels illus-
trated in Hgure 21 no doubt is ascribable to the contrasting w de and
narrow spread of DL's in control and experinental groups when sensation
| evel was the paraneter. Non-parallelismalso is revealed in FHgure 22,
wth awder difference in response to ascendi ng versus descendi ng pre-
sentation of stinmuli being characteristic of the experinental than the
control group. The conbinati on of experinental and control data for fre-
guenci es and sensation levels, illustrated in Fgure 23, is shown to be
alnost entirely unpredictable. Wen results fromnornal and inpaired
ears were conbi ned, as inthat anal ysis, there was no conbi nati on of

frequencies and sensation | evel s which provided the anticipated specific
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inverse relationship of OL size wth frequency, although the general trend
was present. S mlarly, the conbination of experinental and control re-
sults in an anal ysis of frequency by ascendi ng versus descendi ng presen-
tation (Hgure 24) denonstrates that rank-ordering in OL size for fre-
guenci es differed, dependi ng upon whet her the ascendi ng or descendi ng pre-
sentation was used. Fnally, Fgure 25 reveals that the direction of
stimul us presentation had a narked effect on the relative O size for
sensation | evel s (conbined data). DL's for sensation | evel s are seen
to be appropriately rank-ordered at uniformintervals on the ordinate
inthe ascending series in contrast to a cluster effect in the descend-
ing series.

A common | evel which can be used for a conparison of results from
this and other studies is atone of 40 db at 4000 cps. Jerger reported
a DL of 0.5 for the recruiting subject (27), Denes-Naunton reported a
DL of 2.0 (7), Luscher-Zwsloki reported a DL of 0.6 (32), and Pal va
reported a DL of 1.7 (37). It is interesting to note that where di screp-
ancies exist inthe literature, there are also differences in the experi -
nental designs utilized. Inthe Jerger technique, as has been described
previously, the subjects are asked to indicate a difference between the

two tones while the presentation was given froma point of no nodul ation

to a fully nodul ated val ue. Both Denes-Naunton and Pal va reported re-

suits utilizing a dual tone, the nodul ati on of whi ch decreased i n anpli -
tude to a point of constant intensity. Inthe first instance, represen-
tation has been made in this investigation by neans of the ascendi ng
presentation. The descendi ng presentation was representative of the
second t echni que described. As previously noted, the nain effect, direc-

tion of the tone presentation to the subject, was found to be significant
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both in the experinental group and in the control group in this experi-
nent. The significance of the interaction of the direction of tone pre-
sentation by groups al so was noted. The data in this experinent were
anal yzed wth regard to the val ues obtained at 4000 cps at a sensation
level of 40 db for both the ascendi ng and descendi ng presentation. A
DL of 1.7 for the descendi ng technique and a OL of 0.7 for the ascendi ng
techni que were found for the experinental group, results which provide

very cl ose correspondence wth the results cited above.

Soeech Sound D scrimnation

The concern of previous investigators has been wth the pl ateau or
ceiling reached near the top of the discrimnation curve, rather than wth
any other segnent. The first of two anal yses in the present experinent,
as shown in Table 7, revealed that the effects of groups, sensation |evels
and the interaction of groups-by-sensation |evels were significant at the
5 percent, 1 percent, and 1 percent points, respectively, for the origin
of the discrimnation curve. Table 8 gives the averages for the correct
responses of both groups at each sensation | evel tested and F gure 26
illustrates the discrimnation curves for both groups. It can be seen
that the experinental group had an origin higher than that of the con-
trol group. Mreover, the continued superiority of the recruiting ears
up to a sensation level of 30 db is to be noted. Fgure 27 illustrates
the groups-by-sensation |evels interaction for the entire discrimnation
curve. Inthis figure the relatively nore regul ar progression of correct
responses wth increased intensity in the nornal group is to be observed.

Inthe analysis of the top of the discrimnation curve, no signifi-

cant differences were found in any of the main effects. Table 9
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presents the anal ysis of variance for the top of the discrimnation curve,
and t he average nunber of correct responses for each group at each sensa-
tion level tested is given in Tabl e 10.

The sound discrimnation plateau asserted in previous publications
to be characteristic of individual s exhibiting the recruitnent phenonenon
was found inthis experinent, but at a higher |evel of correct discrim-
nation than previously reported. Mreover, a virtually identical plateau

was reached by the nornal hearing subjects.
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SUMARY AND GONCLUS ONS

Wth the data presented in the preceding sections, it is possible
toreturn to the questions posed at the outset of this investigation.
These were the fol | ow ng:

1. Aethe effects attributable to groups (nornal versus im

pai red hearing), subjects wthin groups, or the ear bei ng
tested significant in the Range of Gonfortabl e Loudness
test?

2. Arethe effects attributable to groups, subjects within
groups, frequencies, sensation | evels, direction (ascend-
ing versus descendi ng) of stimulus presentation, or the
ear being tested significant in the Dfference Linen test?

3. Aethe effects attributable to groups, subjects wthin
groups, sensation levels or the ear being tested signi-
ficant in the Speech Sound O scrimnation test?

Bef ore answers to these questions, in the formof conclusions to
the study, can be offered, a brief reviewof the investigation is de-
sirable, and a statenent of the limtations i S necessary.

Three tests, the Range of Gonfortabl e Loudness, the O fference Linen,
and a Speech Sound DO scrimnation test were admnistered to nine subjects.
F ve of these were nornal hearing control subjects, and four, the experi -
nental subjects, were individual s given a tentative diagnosis of recruit-
ment .

Test results, anal yzed by the anal ysis of variance techni que, re-
veal ed that the experinental and control groups perforned differently on
all three tests, that the effects of frequency and sensation | evel were
significant wthin the RCL and CL tests, that there were significant in-
teractions anong the main effects. A conparison of the test results from
the experinental group wth data previously reported for recruiting ears

provi ded sone instances of agreenent and sone of disagreenent. The [CL
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results were alnost identical wth previously reported difference |inens
(7, 27, 32, 37). However, the ROL's for the experinental group were w der
than previously reported (1), and the speech sound di scrimnation was
superior tothat reported in an earlier investigation (8, 10, 24, 34).

Gertain sources of error and possible bias in the results nust be

considered as Iimtations in the experinent. wth allowance nade for
unanti ci pated and uncontrol | ed sources of error, and for interactions
anong known possi bl e sources, the followng limtations shoul d be recog-
ni zed:

1. The statistical techni ques enpl oyed adequat el y denonstrated
experinental and control group differences, but do not neces-
sarily establish popul ati on paraneter differences,

2. nly partial control could be exerted over extraneous noi se
present in the auditory test environnent.

3. Reliance was pl aced upon manuf acturers' specifications
wth regard to the frequency response and calibration of
sone of the instrunentation.

4. The instrunentation enployed inthe OL test was assenbl ed
inaunique array in the Purdue Voi ce Gonmuni cati on Labor a-
tory. Hence, theresults of this test are not predictably
reproduci bl e unl ess the instrunent array is dupli cated.

5. The test itens used in the Speech Sound DO scrimnation test,
nonsense consonant -vowel syllables, al so were unique to this
study. In previous investigations of this type spondi ac
wor ds wer e used.

6. A though safeguards were taken to reduce fatigue effects,

the possibility of such effects entering into the experinent
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cannot be excluded.

The statistical tests in this investigation enployed the
assunption, among other criteria, of homogeniety of variance
This assunption was partially satisfied by inspection of the
data. No formal test for homogeniety of variance was enployed
The order of presentation of the three tests was inconpletely

random zed.

Wthin the limtations inposed by the error sources listed above,

as well as the limtations inposed by the restricted number of frequen-

cies and sensation levels tested, the follow ng conclusions are offered:

1

Normal hearing individuals are distinguishable fromin-
dividuals with inpaired hearing of the type diagnosed as
recruitment on the basis of the follow ng test performance:
a) Range of Confortable Loudness: A nore restricted RCL is
characteristic of the auditory perception of in-
di vidual s exhibiting the recruitment phenonenon
than individual s possessing normal hearing.

b) Difference Limen: A smaller difference linmen is charac-
teristic of the auditory perception of individuals
exhibiting the recruitment phenomenon than individ-
ual s possessing normal hearing.

c) Speech Sound Discrimnation: A higher nunber of correct
responses in a restricted range immediately above
the threshold of detectability is characteristic
of the auditory perception of individuals exhibiting
the recruitment phenomenon than individuals possess-

ing normal hearing.
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The extent of the range of confortable |oudness and of the
difference Iimen depends upon the frequency of the stinulus
tone. In general, smaller DL's and RCL's are found above
2000 cps than below that frequency.

In general, the extent of the DL is inversely proportiona
to the sensation |evel of the stinmulus tone, while the
number of correct speech sound discrimnations is directly
proportional to the sensation |evel.

Smal ler difference |imens are found when |isteners nust
discrimnate the onset of warble froma steady-state tone
than when the presentation is fromthe warble tone to the

steady-state tone.
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