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In this study, o borercogenoes saumle of 13 modevstely

and severely retardnd childeen renging in age from 7 years

7 wonths to 16 yenrs 2 wonihs yeve coupaved on two response
modes to suprothreshold pure tooe signals of 500 and 4000 1
(1) dropping pokes chins, eud (2} echoic vocalization (LVR).
AllL subjects received both treatwents but were divided into
Groups A and B, the formor recelving Trestment Cne (object
dropping) first, the latter recelving Treatment Two (EVID
first. Operont precedures combinad gociel and tengible rein-
forcement in cach trectment to schieve stimulus contrel with-

out specific verbal instructions., BVR included twoe unus

stages: (L) conditioning of imiteticns to the expevisentexte
vouvalizations, usually [/a/, and (2) conditioning of resnonse
transfer frowm vocal to pure tonc stimueli, Aogulaiticn ood er-
tinction to first 500, then 4000 liz proceed@d sequentially
within each tresatrent. Acquisition critervion for vocal aund

vure cone stimuli wos cight consccutive responses, Extinc
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tu respond Co eix out of eight

ihdrawal of reinforcement,

Some s
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Eieven of the 13 children ecchioved acguisition
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there wae a tendoney townnd worae falee responcos in the latter
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vecurrence of extincticn following withdrasal of welniorce-
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ment as compared with object drepping, echole vocaliroti

1

vesponse hes been shown to be en etfective, practienl re-
sponge mode to suprathreshold pure tene stimuli emong the
childeen in this sample.
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Tt wes recommznded that further investigation wiih

conditioning of EVR to pure toucsy; {(2) if response transfor
is necessory, corparicen of older and younge:r rvetardstes ou
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with, measnred intelligence quotients {I0s) below 70 indicate a
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196%; Gardoer, 1967). In this study, they will be categorized aceording

system adopted by the American fssocietion for Mental bLoaliciency,

from Heber (1059; revised 1041Y, (See Table I1.)

-

TABRLE 1

AAMD CLASSIFICATION OF MUITAL RETARDATLION

S o s e o ., T 8 . L Tt S e L S

) i

I3 kenge

genao (M) Description 8D Range
Tevel of Binet | Wechisler
Deviation

I Borderline ~-.01 to ~2.00 | 68-83 7G-&h

it Mild -2,01 to ~3.00 52-67 55-6¢
1i1 Moderate -3.,01 to ~L,00 36-51 ! hLo-sk

v Severe l k.0l to 5,00 20-75 25-2¢

V ; Profeund Balow ~5.00 Relow Be fow
20 25

- e acr s ¢ R e [PrUORp—

at lza:

present

his population is particularly challenging to the audieclogist for

ct four reascns, which cumalatively provided the impecus for the

BTN e IR
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2
(1) As a requisite to accurvate differeatial diagnosis, a valid, re-
liable audiologic assessnent not only contributes vital information for |

appropriate medical and cducational direction, but may challenge and even

Bradley, 1969, p. L1).

(2) The aQOunt‘of hearing impairment in an individual retardate
may be disproportionately handicapping, making 1ts identification that
much more important (Frisina and Lioyd, 1965b, p. 273; Kimrich, 1965, pp.
129-30; Fisch, 1968, p. 123; Lillywhite and Bradley, p. 65 and p. 11L),
For example, a "modervate” loss way cause the MR child greater difficulty
in learning language thaun would the same loss for a child of normal
intelligence,

(3) Data on incidence of hearing impairment among MR children are
remarkable in several respects, There is general agreement that the per-
centage is substantially higher than the 3 to 5 percent (0'Neill and Oyer
1966, p. 293) of normal public school children reported with mild to se-
vere losses, but in addition, the figures for MRs vary greatly, Birch
and Matthews {1951) reported 2.5 to 18 times as wuch loss in 247 MRs 10
to 10 years of age as for mormals, Lillywhite and Bradley (pp, 13-14%)
refer tc an unpublished report on hearing testing in Oregon of 2,235

educable retrardates in 196%-6l in which 17% had wedically referrable
losses, a figure approxirately five times the ﬁ.ﬁ%ﬁfound in that state's
overall normal school population that vear, Schlanger and Gottsleben
(1456) cite studies reporting that from 1% to 55.5% of this handicapped
group evidence hearing loss. A more recent suxvey by Lloyd and Frisina

(1965b) reports a range of 8 to 56%. Incidence of hearing impairment

among MR children also departs from the trend among normal school
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populations in its apparent increase with chrorological age (Schlauger
and Gottsleben; Nudo, 1IC

» 19653 Webb ot al., 196€)..

(4) Many retarded children are difficult to test, end a nuwber of

reports have siated that conventional hearing fesc

procedures are not
suitable for this populatien (Kedman et al,, 1958:

Meyersen, 1956 and
1965; Leach, 1965; Waldon, 1

/,..‘
OG5 :
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CRAPTER
HISTORY OF TH PROBLEM

The essential concern of the avdiclogist feced with the task of
assessing MR children is tn obtain avdiometric thréshold data which is
valid and reliable. According te¢ Lloyd and Frisina (1965b, p. 9), the
wide variations in reported iuncidence of lhearing impairment among this
population " , ., . suggest a possible lack of inter- and intra-test
agreement and/or other assessment problems.” These problems have been
associated with charecteristics of the child under test as well as a
number of other factors,

Intelligence of the subject has been suggested as a variable by
Lloyd and Frisina (1965b, p. 10). A study by Bradley, Evans and Worth-
ington (1955) reported somewhat more test-retest variation among 30 re-
tardates with I0s between 30 and 50 than among an equal number with 1Qs
between 50 and 72. Lloyd and Reid (1966), however; reported only a
slight treud toward better test-retest agreement among retardates with
IQs ranging from 40 to 75 as compared with lower levels. Lloyd, Reid
and McMonis (1968) found no relationship between size of pure tone test-
retest difference and IQ, and no significant difference between test-
vetest reliability on consecutive dayszs in comparing childrec in MI
Levels IT, ITI, TV and V,

Atypicsl and diverse behaviors have been eassociated with variém

tions in incidence data by Leach (1965) and Lloyd and Frisina (1965b),


http:essenU.al

and persopality digordars have baen

vesults by Schianger auwld Goutslebdban,

Kopatic (1963, p. 135) made the

testing hearing swong this

5¢D

For purpo of validity,
tone audicmelry wich the mentaliy
te obtain several zudiogrome bafo
ine capacity can be ascertainegd,

.
w

This wa

sis of veliability data obrained

speech threshold

e Aa

sures:

Whan svch tests
there appears to be no need
& clinical procedure for mentally

Fcisina and Lloyd (1965b, p. 27&

can be accomplished at all levels of |

for testability as dependent upon rthe
mothods rather than on chavacteristic

tion (Lloyd and Frisina

1965b,

v

It is asgsumed that thess childr

the examiner and/or procedure and
inberent in the child,

Webb et_al., (1966} examined da
ing loss among over 5000 insrtitution:]
increased ss a direct function of stx
examiners, a variable also menti

The latter authors

rafarred o

popnlation:

objectivity aud

later challenged by Lloyd and Melvrsse

ayve administered
Lo adf

s of the child,

10)

onezd by Llo

also refer to characteristice

»

in

&s influencing test

following statement in regard to

reliability cf nure
tandicapped, it is nccessary
ra the retarded subject's hear-

.

(1566

&)

132} on the ba-

&

four yure tone and two

1

lified avdiolngist,
repedal testing as
rhildren,

>} cleim that auvdiometric testing

retardalion aud recognilze criteria

skill of the audiologist and his
In anothey publica-

, they state the following:

en are testatle when the appro-
priate methods are utilized and th

2t the untestablencse lies with
not necesgsarily with something

ta from 10 studies reporting on hear-
lized MRs zand found that incidence

ingency of pass-feil criteria of the

v 3

vd and Frisina (1965b, p. 10).

of the testing environ-

aent as a peseible variable, Still othox factors whiich may influence
incidence ligures, alibwough not exclucively among MiRs, are variations in
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audiometer performance up to lC &8 at parcicular frequencies (Eagles and
Doerfler, 1951), and differencec Lefwesn reports employing audiometers

calibrated to American Stavndards fseociation (ASA) reference levels of

for Standardization (I50) adopted in this country in 196h,

The prevailing impression is that variations in incidence figures
on hearing impairment among retarded populations are indeed related in
some degree to reliability and validity of test results, and that these,
in turn, depend upon selection an§ skillful implementation of appropriate
tests and procedures for each patient,

All hearing tests invelve two major classes of variables: first,
the delive?y of precise, quantifiablé auditory stimuli; second, the iden-
tification of the patient's responses to these stimuli., The first cate-
gory presents relatively little difficulty for the audiologist, although
a frequent problem with vretardatés and young children is their initial
apprehension and rejection of the earphones. Generally, however, exper-
ienced clinicians will find conditioning procedures that will, in time,
overcome this aversion,

It is within the second class of variables that audiologists most
frequently encounter serious difficulty in testing MR children; they
often respond unpredicrably and inconsistently if they respoﬁd at all,
even at suprathreshold ‘levels,

There are, of course, objective tests by which the examiner can
circumvent some cf the problems associated with subjective techniques,

Chiefly, these consist of the use of eleciroencephalography (EEG), and

psychogalvanic skin response or reflex (PGSR or GSR) audiometry, the
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latter also referred to 2s eitber electrodermal audiometry {EDA) or
electrodermal response {FEDR).

EEG has been described as;anpramising technique for difficult-to-
test patients (Miiler, de Schweinite agd Goetzinger, 1963, p. 1h9: 0'Neill
and COver, 1566, p. 2€L), but it rewains in a developmental stage and re-
quirtes equipment and skills oot readily available to the average clini-
cian. Garwood {19€5, p. 238) states that EEC studies among the mentaily
retarded are notably lacking in the literature, and Webb et _al. {1964)
describe the technique as "impractical” for that population,

GSR studies with the retarded are not yet conclusive. Tulton (1965,
pp. 231-32) states that this ctechnique " , . . can provide valid and re-
lieble threshelds . . . ' with severely retarded individuals in some
cases, but other reports on its applicability to this population describe
“com}lete failure” (Waldon, 1965, p. 189}, and “limited value" (Lamb and
Graham, 1968, p. 727). Webb gt al, {198k) statc that G3R is no more ef-
fective with the mentally retarded than standard audiometry, and Lloyd
and Reid (1966} cite comparisons with a modified audiometric technique--
conditioned orientation reflex ur vesponse {COR)--which fcund GSii the
less reliable of the two,

All other audiometric test methods--both standard and modifizd--are
essentially subjective tests and rely upsa cobservation of the patient's
responses to controlled sound stimuli, As snch, they may be categorized
as forms of behavioral audicmetry. As defined by Goldstein (1962, p.
181}, behavicral audiﬁmetry includes,

.« + « 2Ny overt response, whether it is an intantional raising

of fhe hand wnen the tone is heard, 3 repetition of & word in a
speech test, or an invelintary stevtle responsc cf a child.

Frisina (1963, p. 137) describes bebavicral audiometry in terms of
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reinforcement theory. From this standpoint, any subjective testing me-
thod can be viewed as an operant pavadigm in which stimulus conirol is
achieved by selective reinforceﬁent of desired responses, leading to
discriminative responsiveness by the subject to the auditory stimuli.

Most standard and mod 55  pure tone tests with MR children require
the child to respond with some type cof identifiable motor behavier to
each auditory stimulus‘ One exception is the use of "yes" responses as
reported by Foale and Paterson (105h) with 100 beys in MI Levels I and
II. Ordinarily, however, standard response modes consist of raising a
hand or finger, or pressing a button in response to each discreté tonal
stimulus, With higher level, cooperative retardates, verbal instructions
may be sufficient to elicit the desired response behavior, but with lower
level retardates, these may confuse more than they assist the subject.
In these latter cases, experienced audlologl 5 rely more on gestural
demonstration or actual manlpulutlon of the chiid's arm or hand at the
start, with use of social reinforcement such as "Good" or "Fine® to sus-
tain response behavior,

A sunmary by Lloyd and Frisina (1965a) of 63 audiometric studies
among the retarded indicates that standard audiometry has often been

the method of choice for testing. This summary also demonstrates that

the percentage of "untestables has been rather high, ranging from 7%

o

for %0

*

Rs in MI levels I to IV (Bradley, Evars and Worthington, 1955)

N

15% for 20 children in MI Levels III and IV (Ryan and Stewart, 1965).
Lillywhite and Bradley (1969, pp. 112-13%) state that the mzjority of re-
tarded children can be tested by standard methods if those appropriate to

their mental development are chosen. Barr (1955) investigated use of pure

tone audiometry among both normal and retarded pre-schocl children and
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reported conventional test pruceduras genevall; appiicable down zo an MA

of 3.0 vears, with play auvdiometry successful for about two-thirds of the
children in the MA range 2.5 t5 5.0 yeérg. He furthervreported that all
purc. tone examipsticns were unsvccessful for c¢hildrea with "gravg general
retardation and/or behavior problens" below a chronological age {CA) of
4.0 years,

Various modifications of staudard procedures have been reported.

1

Curry and Kurtzreck (1951) developed an ear-choice method requiring the
child to peint te the test 2ar as the signal was swicched from side te
side. Inteunsity of the‘signal was gradually lowered to threshold as the
clinician swept ifrowm frequency to frequency, Liovd and Melrose (1966)
uced a medified ear-choice tech#ique in which threshold was determined
for one frequency at a time instead of sweeping frequencies at each
inténsity level,

Play audiocmetyy mey include the more conventionél hand-raising and
ear-cholce methods, but is more often thought of with reference to such
motoric responses as dropping blocks, removing or inserting pegs on a
pegboard, putting »ings on a peg or removing them, striking an object
such as a drum, ete, It has been hypothesized that repstition of such
response medas has inherent rginforcing properties for the child (Lloyd,

P
1966, p. 131), but experienced clinicians genersily use social recinforce~

ment in addition in order to enhance this effect,

Visual reinforcements havae baen used by sudiologists with difficult-

te-test patients since 1930 (Ewing). Essentially, the wethod invoives
activation cf a reinforcer svwch as z projected picture or mechanical toy
by the patieut pressing a button when the test signal is present. Press-

ing the button when no siynal is present resvlts in no reinfercement 2nd

L v


http:additi.on
http:inserti.ng
http:intensi.ty
http:succcssf.ll

10
sometimes 2 delay in the next stimulus, ‘The reinforcement sche&uleAis
typically 120%, and social reinforcemart is usually paired with the vi-
sual, Lloyd (1965h) found his siide-show technique cffective with mahy
patients who were difficulc to test by conventional methods; but‘deséribed
it as not universally applicable. Weaver (1965) described the slide-show
wethod as of primary utility with normal'you#g children, but applied the
technique to two groups of retardates with respective mean IQs of 52 and
42 and found only one subject in the lower level group who could not be
successfully conditioned and tested with that method.

Lloyd (1965) compared six threshold tests--hand raising, modified
ear-choice, play (block-dropping), and slide show for pure tones, and two
speech recepiion tests (point-to-the-picture, say-the-word)--among L0 MI
Level II and IIY children averaging 12 years, & months of age and con-
cluded that all of those metlicds were reliable if administered by a qual-
ified audiologist, The play technique was slightly more reliable among
the pure tone tests, and the two speech tests were veported slightly more
reliable overall than the four pure tone metholds,

Other techniques which have heen found usaful with the retarded
include forms of behavioral observation audiometry (BOA) such as ceondi-
tioned orieutation response {COR) (Suzuki and Ogiba, 1961) and reflexive
audiometry (Waldom, 1945). These are essentially outgrowths of infant
scresning procedures, relying on identificatica of reflexive localizing
or searching responses to sound stimuli, Fulton and Craham {1966) re-

ported the technique as an effective screening device for the severely

oo
ALY

retardad, Lloyd, Spradlin and Reid {1968, p. 237) state<that it was found

more successful with the moderately retarded thaan with lower levels,
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Because pure tones arc realatively inpefficient stimuli for both
mentally retarded and rormal young children {Ewing and Ewing, 1ghh;
Froeschels and Beebe, 19L6; Waldon, 1365; Mendel, 1968), techniques have
been devised with such diverse stimuli as animal sounds (Ryan and Stewart,
1965), baby cries (Waldon, 1965)3 exclamations such as, "I'm here," and
"Watch out" and non-speech sounds such as made by a cow, horn, rattle,
etc. (Beedle et al., 1966). Each of these reports claimed significant
advantages over use of pure tone stimuli with MR children. At best, how-
ever, they are gross screening:téchniques which can not differentiate be-
tween a patient's two ears and do not generally provide precise, diagnos-
tically important threshold data for specific frequencies.

Probably the most successful férms of behavioral audiometry with
the mentally retarded are the techniques referred to as operant condi-
tioning audiometry (0CA) or tangib1e>reinforcement operant conditioning
audiometry (TROCA) as reported by Spradlin and Lloyd (1965), Lloyd (1966),
and Lloyd, Spradlin and Reid (1968). Otber reports on this type of test-
ing bave been made by Meyerson ané Michael (1960) and by La Crosse and
Bidlake (1964). The most detailed descriptions and apparently the most
successful applications to MR children, particularly those iﬁ the lower
MI levels, are found in the reports authored or co-authored by Lloyd.
According to Lloyd, Spradlin and Reid (p. 239), TROCA procedures con-
sist of five inter-related phases: (1) determining the most effective
reinforcer; (2) initial operant conditioning fér pressing a large but-
ton in respone to an intense (70 dB, ISO) warbled sound field tone; (3)
stimulus generalization to both 1oﬁer intensity levels and differeﬁt
freauencics: (L) ecrnd £i214 -~oreening at o7 AR ISO: ond (5) bilatesal

screening and threshold testing with earphcenes. The authors reported
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(pp. 2L2-43) that they establiskcd siimulus control using this procedure
with 42 of 50 profoundly retarded childrven, and that of these}'pure tone
data were obtained on 39 which " ; . « seemed valid in terms of reason~
able audiometric configurations snd agrcement with other data such as
otologic findings.” Masking was used with both air and bone conduction
tests, They state that TROCA could be adapted Lc obtain Bekesy, SISI,
tone decay, Stenger,bDL, and othér specific audiologic information. The
chief disadvantages appear to be the clinical time and number of sessions
demanded. The profoundly rztarded children they tested required between
l and 50 ten~ to twenty-wminute sessions,

It seems apparent, then, that no single techunique for acquiring
valid, reliable threshold data émong MR children has yet met with uni-
versal acceptance among auéiologists, Frisina and Lloyd (1965b, p. 27h)
recognize this in the following statement:

There is great need, especially in MI Levels IV and V, for

systematically studying response modes and methods of condition-
ing for responsec to auditory stimuli,
It was with reference to this need that the following investigation was

initiated.



CHAPTER II
DEECRIPTION OF THE PROBLEM

A review of the literature reveals no studies of echoic wvocalization
as a conditioned response to pure tone stimuli, Nearly all applications
of pure tone audiometry to MR children have used some form of motoric re-
sponse, such as hand-raising, pointing, pressing a button, dropping blocks,
ete, Verbal responses, of course, are a standard respcnse mode in speech
audiometry, and gross screening.techniques such as BOA have used increase,
decrease, or cessation of vocal activity, as well as humming and echoing
a8 gross measures of response to a vériety of speech and non-speech sound
stimuli (Frisina and Lloyd, 1965b, p. 277). But apparently there have
been no reports of systematic use of echoic vocalizations, defined here as
any discrete, laryngeally-phonated sounds, as a specific mode of response
to pure tones which is conditioned and brought under stimulus control.

It is well established that infants and young children's vocal be-
havior can be brought under stimulus control., Rheingold, Gewirtz and Ross
(1959) demonstrated that vocal behavior could be very quickly modified in
normal infants as young as three months., Horowitz (1963) has reported on
effective reinforcements and schedules for sustaining vocal behavior of
MR children, Many other studies (e.g., Kerr, Meyerson and Michael, 1965;
Salzinger et al., 1965), have demonstrated success in shaping both vocal
and verbal behaviors in children diagnosed as mentally retarded through
use of reeronse-contingent reinferccemert programing. There appears ts be

E N

26 liwmit Lo the applicabilily of such procedures in terms of Mi leveis,
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ik
but reports by Bradley, Kvans and Worthington (1G55), Das (1961), and
Fulton and Graham (1066) indicate thai conditioning time is inversely re-
lated to MI level; i.e., lower level vetardates are slower to condition.

g

The primary purpose of this Investigation was to compare motor and

echoic vocal responses (EVR) to pure tone stimuli among MR children. Ac-

quisition and extinction data for 500 and hOOO Hz suprathresheld signals

were compared betwecn motor and echeic vocal responses.

The motor response used in this study was the dropping of poker
chips into a pail. This is a type of response common to play audiometry
and is very similar to the block-dropping method which Lloyd (1965a) re-
ported as slightly more reliable for test-retest consistency than stan-
dard, ear-choice and slide~shovitecbniques.

The échoic vocal response (EVR) included any discrete, lafyngeally~

phonated uttcrance which could be temporally identified as a response to

the tonal stimulus. This response category was defined broadly to include

practically any non-vegetative vocal activity, since the specific type
used by a child might depend upon (1) his repertocire of vocal behaviors,
(2) the particular vocalization brought undzr stimulus control in the op-
erant paradigm, and (3) variability among vocal responses from event to
event. Thus, for one child, guttural, vowel-like grunts might be accep-
table; for another, a particular word or phrase or a variety of verbal
uttevances might serve gqually well, The variability of possible re-
sponses wiphin this class was not deemed critical, since it was prima-
rily the temporal relationship of the response to the stimulus which
would determine validity.

It was felt that the essential criteria for identification and

acceptance of classes of responses, whether motor or vocal, were, (1)
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that the auditory stimulus become discriminative for responding, i.e.,

N . roD
become a discriminative stimulus (§ ); and (2) that abhsence of the tonal

. . Ay
stimulus become a neutral stimulus (&)

S s

Assuming an effective reinforcer
for each child, these criteria were felt to be both achievabie and com-
patible with established reinforcement principles.

Thg problem to be investigated ié stated in the following two
hypotheses:

(1) A heterogenous samplg of moderately and severely mentally re-
tarded children will demonstrate significant differences in acquisition
data obtained for echoic wvocal fesponses to suprathreshold pure tone
stimuli as compared with similaf‘daté for motor responses (object drop-
ping) to the same stimuli, |

‘~(2) A heterogenous sample of moderately and severely mentally re-
tarded children will demonstrate significant differences in extinction
data obtained for echoic vocal réspanses to suprathreshold pure tone stim-
uli as compared with similar data for motor respenses (object dropping)
to the same stimuli,

In addition, the following questions were felt to be of interest:

(1) 1Is echoic vocalization a practical response mode to pure tone
signals for mentally retarded children? Is this a modification which
might be used zlternatively and more or less equally well as compared
with standard and play response modes?

{2) what are the specific advantages or disadvantages which might
be expecied in application of this response mode to mentally retarded
subjects?

(3) What sve the implications [u. further research?
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CHAPTER IXI1
METHOD
I, SUBJECTS

Fourteen children, 6 boys and § girls, were initially selected from
an enrollment of 2h at the Retarded Children's Center in Aloha, Oregon,

Of the original 1k, one 9-year-old boy failed to achieve criterion for
° |

either the motor or echoic vocal response (EVR) modes and was dropped
I

from the study., Another boy, 15-years old, achieved criterion on the mo-
!

tor tasks but failed to reach the criterion on tasks involving EVR, 1In

, ;

addition, one 13-year-old girl reachéd criterion op all tests except those
|

involving motor responses to LOOO Hzfsignals. Thus, the total N for dif-
|

ferent statistical treatments ranged from 13 to 11, Criteria for those

i

subjects included in the study (Table II) encompassed the following:

f
|

|

MAs between 2.0 and 5.0 were $ought for the following reasons: (1)

|
Children with MAs above 3.0 years are not considered generally difficult

Mental Age

to test; standard hand-raising, ear-choice or play techniques are usually
effective, (2) Children below an MA level of 2.0 years are most often
quite difficult to test by any conventional methods énd require greater
~elinical time to condition., The limited scope of this investigation did
not justify inclusion of subjects with extremely locw MAs,

Unfortunatzly, as is often the case with trainable MRs, precise,

recent psychowetyic data were not available for all suhiescts. MAr based

)
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TABLE II

SUBJECT DATA

Subject Group Sex Yr(fAMo' vaMo, S$B IQ MI Level Di;'fgz,ftic
DB A F 10 - 10 2- 9 35 v
LK A F 13 - 3 3~ 9 38 III
CB A M W= - 3k v
DM A M 15 - 0 - 27 III
MD A M 11 - & -—- -- -- "Mod," MR
DS A M 7T - 7 -— -- -- "Sev." MR
cB A F 7 -7 2 - 11 -- -- "Mod." MR
LK B M 12 - 10 - 31 1v
LL B F 12 - 3 2 - 2 30 v
En B F 8- 5 3 - 8 L8 IIL
LD B F 7 - 3 2 - 10 b3 11T
sd B F 16 -~ 3 3-8 Lg III
cc B F 11 - 3 -- - Sev." MR

L1
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on the Stanford-Binet Intelligence Scale were available on seven of the
subjects and ranged from 2 years, 2 months to 3 years, 9 months, with a
mean of 3 years, 1 month, No specific MA data were available on the re-
maining six children., However, three of the latter had been assigned
Binet IQs which were within the "moderate" and "severe' categories of
thé AAMD (Table 1) and thes remaining three had been medically diagnosed
as either "moderately severe retardation” (one case) or "severe retard-
ation" (two cases). Thus, Croup A contained three subjects whose mean
MA was 3 years, 2 months, and four whose MAs were unspecified, Group B
consisted of four subjects whose ﬁean‘MA was 3 years, 1l month and two

whose MAs were not specified.

Intelligence

So far as possible, children were selected trom the IQ range 20 to
51 on the Reviged Stanford-Binet, Tﬁis range encompasses MI Levels IIX
and IV, "moderate” to "severe" retardation, Spradlin (1967) has stated
that qualified audioclogists have been able to accomplish pure tone test-
ing on most children with IQs of 40 or above, corresponding roughly with
the lower limits of the moderate range of retardation, and Frisina and
Lloyd (1965a) recognize the levels below this as most challenging for
the clinical auﬁiologist.‘ Thus the range selected permits comparison of
the two response modec among some children in MI Level III who may be
relatively easy to condition and those individuals in MI Level IV who
may be difficult to test,

Recorded I0s availahie for nine svbjects ranged from 30 to L9, with
a mean of 38, The rezmsining four were unrecorded except iﬁ terms of gen-

era]l range or medical diagnosis, Thus, Croup A consisted of four subjects
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vith measured scores raunging from ok to'38 and a mean of 36. Two of the
remaining three in Group A had 2z medicsl diagnosis of "moderate” retar-
dation; the third had been diagroscd as "severe"” retardation, Group B
was made up ofvfive individuals ranging from 30 to 49 im Binet IQs, with

a mean of 4O, and one subject with an uuspecificed I who had been diag-

nosed as "severe™ in retardation.

Chronological Age

CA is not of particular importance in a study comparing the same
subjects on t%o different measures. An age range from 7 to 18 years was
arbitrarily selected to allow greaterAgeneralization of projected results
to school~age MR populations, 'In addition, it was felt that comparison
of responsé behaviors between children with similar MAs but differing in
CAs would be of interest,

The 13 subjects included in tﬁis study ranged from 7.25 years to
16.25 years with a mean CA of 11.587yearsf The six Group A subjects
ranged from 7.6 to 15.0 years, with'a mean CA of 10.8 years. The six
subjects in Group B ranged in age from 7.25 to 16.25 years with a mean

CA of 11.h4 years.

Physiologic and Sensory Factors

Children with handicapp{ng neuronuscular involvement, specific
brain damage, or gross sensory’impairment were excluded from consider-
ation because of the likelibocd of special difficulties in responding to
the testing procedures, Thig study particularly required that each child
have auditory acuity in his test ecar which would permit responses to 500

and 4000 Hz air-conducted pure tones delivered by earpbone at 70 4B WT,

Therefore, as a precautionary mcasure, a screening criterion of 20 3B
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below this level was ecstablished so that only children with pure tone
thresholds of 50 dB or better in the fest ear at those frequencies were

selected,

..

TI. TEST ROOM, APPARATUS, AND MATERTALS

The experimental program was conducted in a gpecial education room
of a publir elementary school during é summner peviod when classes were
not in session., This provided an environment which was relatively free
from distractions. Included were three chairs (one for the experimenter,
one for an assistant recording data, and one for the subject), an exper-
imental control booth (Figure 1), a recently calibrated Maico MA-16 port-
able audioweter, 100 plastic poker cﬁips in a plastic pail, a tin pail,
and supplies of five different.nutrienc reinforcers.,

Ambient noise level in this éhvironment was periodically monitored
with a General Radio Company Type 2203 sound level meter and found to
vary within a range of 42 to 58 dB SPL on the C scale (ASA, 1951).. Ac-

[JR

cording to Hirsh (1952, p. 164) the typical earphoue cushion attenuates
about 20 dB of éxternally produced noise, The same source (p. 163) de-
fines audiometric "quiet" as an environment in which the overall SPL of
a flat-spectrum noise does not exceed 30 dB (ASA). This accounts for
his conclusion that LO to 50 dB of such noise is permissible for pure
tone threshold testing.' Since air-conducted test signals of 500 and
4OOO Hz in this experiment were dclivered by earphone atvsuprathreshold
levels only (70 4B HL), the poésibilities of.anﬁient noise in the 42 to

58 dB range effectively masking these tones were remote,




Figure 1, A. The interior of the booth, as viewed from the child’s position. B. The booth as
viewed from the experimenter's position, C, The control console,

1. Open window for experimenter, 4, Voice-activated neon tubes, 7. Overhead light.
2. Window for picture stimuli. 5. Event recorder, 8. Dispenser tray.
3. Bank of five lights, 6. Nutrient dispenser. 9. Control console,

g s s YN ot i iy I . Som b A, B o AN NN
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The experimental control hooth (Mauzer, 1968) incorporated the
following features (Figure 1): (1) an open window for the experimenter;
{2) a small window for the évhject; {3) a red light activated by the
reinforcement switch and vwisible to the subject; (k) a Universal 70-
‘bucket dispenser for nutrient reinforcements; (5) a dispensing tube
assembly with receptacle tray; and (6) a console with reinforcement

toggle switch,
III. SELECTION OF STIMULI

Stimuli for this investigation consisted of discrete two-second
500 and hHOOO Hz pure tones delivered by earphone to the test ear at 70
dB HL. These frequencies were selected because they represent low and
high frequencies normally included in both screening and threshold fest-
ing, thereby permitting greater generalization of results to certain
aspects of standard audiometry.

A signal duration of two seconds was selected after consulting re-
search reports on effect of duration of pure tone signals upon perceived
threshold. Goldstein and Kramer (1960) noted that most studies to that
time had indicated that threshold would not be affécted beyond approx-
imately 150 msec. Wright (1960) summarized many studies and placed the
reported limit at 200 msec. The comprehensive investigation carried
out by Goldstein and Kramer reported diminishing effects by duration
even beyond this, but indicated that threshold values for pure tones

1This booth was originally constructeﬁ for operant research under

Public Health Rescarch Grant T70-L382 by Research Instrument Service,
University of Oregon Medical Schoel, Portland, Oregon.
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-should not be expected to decrease significantly for signals of 2000 msec

(two seconds) or longer,

IV, SELECTION 0OF REINFORCEMENTS

Both social and tangible {nutriént) reinforcements were used on a
100% schedule. This was based on a study of 72 retarded children by
Borowitz (1963), who reported that combined candy and verbal (social)
reinforcement for vocal responses resﬁlted in the greatest resistance to
extinetion, and that continuous reinforcement was much more effective
than partial (50%) reinforcement in achieving stimulus control.

Selection of an appropriate nutrient reinforcer for each child was
accomplished in the following mannef prior to actual experimental pro-
cedures, Each child was allowca to choose just cme of five nutrient
bits, each in a separate cup, which were offered on a tray. The specific
nutrients were halved M & M canﬁies, Cocoa Puffs, halved Crispy Critters,
halved Froot lLoops, and Trix., The item selected was then replenished
and a second offering made, This procedure continued until one edible
item had been chosen twice., That nutrient was than used as a tangible
reinforcer with that particular child. Social reinforcement consisted
of the experimenter's exclamations of "Fine,” "Good," Excellent,” etc.,
accompanied with a smile and/or nod, For purposes 6f thie study, the
term "reinforcement' will hereafter refer to combined social and tangi-

ble reinforcement,

V. PROCEDURES

Eacrh child wze subiected to tw~ ~xperimental treatments. In cxder

to negate effects of presenlatioun order, the children were randomiy
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assigned to two groups: Group A children réceived Treatment One first;
Group B children received Treatment Two first, Each subject was allowed
a brief rest period betwecen treatments., During this time, he was taken
from the test room by an assistant, this period allowing the experi-
menter to replenish the dispenser buckets with reinforcers.

Prior to exposure to either treatment, each subject was precondi-
tioned to a task-readiness stage, defined as (1) being seated before the
experimental booth, and (2) having accepted piécement of the earphone
over his test ear. The contralateral, non-test ear remained uncovered,
that earphone resting anteriorly to the ear. This stage was achieved
elther directly or by operant plocedufes employing successive approx-
imations.

.Response modes for each treatment were conditioned without the use

of specific verbal instructions.

Treatment One

The ¢hild was conditioned to drop a poker chip intp a pail.imme-
diately following presentation by earphone of a 70 dB 500 Hz pure tone
signal of two seconds duration, Latency of each stimulus tcne following
the child's respouse, (or, if ﬁe did not respond, following the ante-
cedent signal), was randomized within one to ten seconds to avoid rhythm-~
ing., Acquisition of stimulus control arbitrarily was considered complete
when eight consecutive responses to the pufe tones had occurred. A re-
sponse without antecedent signal presentation resulted in no reinforce-
ment and a delay of from 10 to 15 scconds before presentation of the next

stimulus tone,
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Following acquisition of vesponree criterion, reinforcement termi-
nated, but randomized stimuli presentatiorns continued either until ex-
tinction of responses was complete or until 25 cumulative unreinforced
stimuli had been delivered. Extjncr{on criterion was arbitrarily de-~
fined as failure to respond tc six out of eight tonal stimuli, Identi-
cal procedures followed for acquisition and extinction of motor responses

to the L4OOO Hz signals, completing Treatment One,

Treatment Two

The child initially was conditioned to echo the experimenter's
vocalizations in the following manner: If the child vocalized sponta-
neously during the initial two minutes following achievement of task
readiness, the last syllable of his utterance was cchoed by the exper-
imenter, This sequence of child voﬁalization followed by experimenter
echoing was reinforced and continued until eight consecutive sequences
had been completed, The next reinforcement was then withheld, allowing
the experimenter to initiate the subsequent sequence and to be echoed
by the child, This reversed contingency was, thereafter, the only one
reinforced through acquisition of criterion.

If no vocalizations were spontaneously emitted by the child during
this brief initial period, the experimenter vocalized /a/ and simpiy
waited for the child to imitate him, This contingency was reinforced
until the criterion of eight consecutive responses by the subject was
échieved.

Following acquisition to vocal stimuli, transfer to 500 Hz pure
tone stimuli was achieved ipn the following marner: A continuous 500 Hz

pure tone at 70 dB HL was introduced into the subject'’s test ear by
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earphone four seconds pcior to each of ithe experimenter's stimulus vocal-
izétions, and was continued through the superimposed vocalization for
another two seconds, both sﬁimuiilthen terminating simultaneously. This
corntingency was repeated as necessary to achieve tranéfer of the SD prop-
erties of the experimenter's vocsalizations to the pure tones. Randomized
latencies for presentation were continued s before, The experimenter's
vocalization was omitted from this contingency just as soon as the child
responded to the pure tone; when the subject transferred his responses to
the pure tone stimulus, pairing of the vocalization was terminéted. In
those cases in which transfer was more difficult, the experimenter grad-
ually faded his vocalizations in intensity until only the pure tone stim-
ulus remained. In a few instances, it was necessary to reinstate these
vocalizations one or more timeé’in order to effect transfer. Acquisition
was considered complete when the subject had made eight consecutive vo-
calization responses to pure tone stimuli, i

Once criterion for pure tones was achieved, reinforcement was then
withheld, with the temporally randomized presentatioﬁs of pure tone stim-
uli continuing again until either extinction, (failure to respond to six
out of eight stimuli) or delivery of 25 cumulative unreinforced stimuli,
Acquisition and extinction procedures then followed immediately with
4000 Hz tones. 1In those few cases in which vocal responses to 4OOO Hz
signals were not immediately acﬁuired, the experimenter returned to vo-
cal stimuli, achieved criterion, then paired the 4000 Hz signals with

the vocal stimuli as necessary to effect transfer.



CHAYTER IV
RESVLTS
I. CENERAL

Eleven of the originally selected 1L suvbjects achieved the acqui-
sition criteria for both treafments. One boy (DM) failed to achicve
criterion for either 500 or hOGO Hz in Treatment Two, and one girl (LH)
failed to achieve criterion on.hOOO'Hz only in Treatment One., One boy
could not be adequately conditioned to the response tasks for either
treatment and was dropped from the study. The latter was a G~year '1-
month-old boy with a Binet IG of L2 and an MA of 2 years, 7 monﬁhs. He
had shown strong aversion to wadring earphones in previous attempts at
audiologic assessment at Portland State Uﬁivarsity. In this investiga-
tion, extensive conditioning procedures were effective in bringing him
to hold one phone to his ear, and he responded appropriately to some sig-
nals. Because of the great amount of time required for conditioning,
however, it was decided to exclude him from the study.

Treatment Two incorporates a conditioning procedure unusual to
audiologic assessment‘oﬁ MR children: response transfer from vocal to
pure tone stimuli, The decgree- of difficulty in effecting response trans-
fer with these subjects way be seen in Table III, ‘Twelve of the 1% chil-
dren succeeded in achieving thé transfer criterion of eight consecutive
responses to pure tone signals. One boy (MD) transferred to pure tones

immediately, achieving criterion without need for any superimposed
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TABLE TII

DIFFICULTY IN RESPDNSE_TRANSFER FOLLOWING
ACQUISITION TO VOCAL STIMULUS

— y o o 45— S————— 4y

No, Combined Stimuli No. Tonal Stimuli
Subjects Before lst Response Not Responded to
: to Tonal Stimulus Before Acquisition
Group A
DB 1 1
“1B 9 a7
CB (M) 1 5
DM - 7 {L3)2
MD 0 0
D3 2 0
CB (F) 3 0
. Group B
iX L o
LL 1 0
EH 1 o)
LD 2 0
SH 20 19
cc 1 0

4pid not achieve criterion; did not achieve transfer,

vocalizations by the experimenter. Fi?e subjects (DB, CB-ﬁ, LL, EH and
CC) required only one pairing of pure tone and vocal stimuli before they
responded to the pure tome alone; two (pS and LD) required two pairings,
another (CB-F) three, whilc EH énd SH needed 9 and 20, respectively.
The mean number of paired s:imuli among the 12 children who achieved
tfansfer was 4.0; the range was O to 20. A t-test (see Appendix B) of
the difference between the Grgu? A'mean, %.385, and the Group B mean,
4.8%%, was not significant at’gbe .05 level,

Among the 12 childven achieving transfer, 3 responded to all conm-

secutive pure tome stimuli following reinforcement of the first correct
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contingency, One girl () failed to respond to jnst one tone, and one
boy (CB-M) failed to rcspond to o toral of 5 signals, Two girls (LU and
SH) achieved transfer with suhstantiéi~difficulty, failing to respond to
27 and 19 cumulative pure toues, respectively,

The subject who failed to achie}e transfer was a 15-year=-old boy
with a recorded Binet IQ of 37, a score that falls just below the mean
for the 9 children for whom such data were available., This boy (DM) re-
quired 7 pairvirge of stimuli before his first response to an unpaired
pure tone, and rhercalter was ﬁnéble to approach the transfer-acquisi-
tion criterion of & censecoutive respohses, with 4% cumulative failures
to respond to pure tune signals,

It is of interest ©o note that LH, SH and DM were among the oldest
children in the sample, with the two girls representing the highest MA
and IQ scores, respectively, (sce Table II) and that all three were very
cooperative subjects, |

Table 1V reports on the subjects who did or did not extinguish for
each frequency within the two treatments, It may be seen that only two
subjects (DB and MD) did not extinguish in either treatment, and that
only one subject (En) extlngulshad at both fx equenéles in both treat-
ments, Of the 12 subjects who achieved criterion at both 500 and 4000
Hz in Treatment One, involving object dropping, 9 did not extinguish at
either frequency. Two Eubjeéts (LH and LL) extinguished on 500 Hz only,
one (LH) failing Fo achieve criterion at 4000 Hz,

In contraét; among the?l? subjects who achicved criterion at both
500 and L0OOO Hz i; Treatment Two, involving EVR, only two did not extin-

|
| o
_aish on both &-,gaenp~,u. LheLer Wery fhe samie Cwo subjects who did not

extinguish at eJHK er frequency in Treatment One, All remaining subjects
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TABLE IV

SUBJECTS WHO EXTINGUISHED VS SUBJECTS
WHO DID NOT EXTINGUISH

Treatment One Treatment Two .
Subjects :
500 Hz L4000 Hz 500 Hz Lo00 Hz
Group A
DB DNE?2 DNE DNE DNE
LH xb (pNAC)C X X
CB (M) DNE DNE X X
DM DNE DNE (DNAC) (DNAC)
MD DNE DNE DNE DNE
DS DNE DNE X DNE
CB (F) DNE " DNE X X
‘Group B
LK DNE DNE X X .
CLL X DNE X X
EH X X X X
LD X X X DNE
SH DNE DRE X X
cC DNE DNE X X

2pid not extinguish.

bExtinguished.

¢pid not achieve criterion.

except DS and LD, who failed to extinguish at just LOOO Hz, extinguished

for both frequencies in Treatment Two,

For the total group, there were

2l extinctions in L9 separate tests; i.e., extinction occurred in approx-

imately L9% of the total number of tests making up this study. Six of

the 2L extinctions occurred in Treatment One; the remaining 18 were in

‘Treatment Two. Thus, Treatment Cne had a rate of extinction of 24%,

contributing 25% of the toial number of extinctions, while Treatment Two
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had an extinction rate of 75% and accounted for T5% of the total number

of extinctions,
1, ANALY3TS OF TUF DATA

Order of Treatment

In ovder to determine whether or&er of presentation of treatments
was a significant factor in the fiudings, data were analyzed to deter-
mine whether the differeuces between’@eans of first and second presenta-
tions were statistically significant;' For this purpose, t-tests (see
Appendix B) were applied to those differences among the following data:
(1) acquisition time to criterioh; ,(2) number of tonal stimuli required
to achieve criterion; (3) rates of correct response during extinction
phase; and (L) rates of falselraspénse during the extinction phase,
Examination of these data in Tﬁﬁle v shows that none of the t~tests
reached the .05 level of signifﬁcance. In terms of these data, order of
presentation of treatments was not a significant factor in this study,
It is of interest, however, that Group A, which received Treatments One
and Two in that order and included 25 tests, accounted for 8 extinctions,
1/3 of the total, while Group B, which received the treatments in the
reverse order and had 24 tests, accounted for 16 extinctions, or 2/3 of

the total,

500 Hz vs LOOO =z

There would appear to be no basis for expecting substantial dif-
ferences between means for 500 and 4000 liz, although procedures did ad-
here tc a fixed crder involving acquisition and extinction, with the low

frequency signals first within each treatment. Tt was felt, however,
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TABLE V

COMPARISON OF MEANS FOR ORDER OF PRESENTATION

— A T ———
Treatment One Treatment Twn
Type cf Data Order
500 Hz 4000 Bz N 500 Hz N LOOO Hz N
Mean acquisition 1st uho.833% 110.60 5 489.333 6 185.667 6
time to criterion 2nd 225.333 195.50 6 We. 667 6 192.0 5
in seconds - = 0.8258 t = 1,991b = 0.197 £ = 0,020
Mean number of 1st . 16.50 9.20 5 4.0 € 15.0 5
tonal etimuli o to 2nd 11.333 10. 167 5 19,167 & 1160 5
achieve criterion = 1,162 t = 0.h23 ~ = 0.407 t = 0.3%82
‘Msan rate of 1st 4,289 4.363 5 2.1 6 2.285 6
correct response® 2nd 2.803% 3.h424 6 h.252 6. 4,165 6
during extinction = 1,622 t = 0,806 = 1.719 t = 1.679
Mean rate of lst 0.8%5 1.735 5 0.417 6 0.737 6
false response? 2nd 0.hzh 1.037 6 0.024 6 G 7 6
during extinction = 0,765 t = 0.549 = 0.94%2 t = 0,575

21evels of significance when both Ns equal 6 are 2.228 at .05 and 3,169 at .01,
brevels of significance when Ns are 5 and § are 2,262 at .05 and 3.250 at .01,

CNumber of correct responses divided by time in seconds and multiplied by 60 equals rate of correct
response per minute,

dNﬁmber of false responses (responses without antecedent signal tones) divided by time in seconds
and multiplied by 60 equals rate of false response per minute,
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that this expectation of non-significance ought to be tested. Therefore,
t-tests (see Appendix B) were applied’to the differeaces between means
for these two frequencies. Examination of Table VI shows that all t-
scores are below the .05 level of significance. Thus, neither the re-

sults for echoic nor motoric response modes appears to have been influ-

enced by the frequency of the pure tone stimuli,

TABLE VI

COMPARISON OF MFANS FOR 500 AND LOOO Hz PURE TONES

Frequency Rate of Rate of
of Supra- Acq. Time No. Tonal Correct False
Threshold to Stimuli te Response Response
Pure Tone Criterion Achieve During During
Stimuli in Sec. Criterion Extinc. Extinc,
Treatment One
500 Hz 307.909 13.5L5 3,7h5 0.687
Looo Hz 156.909 9.727 3.851 1.354
= 1.h162 t = 1.274 t = 0.171 t = 1.557
Treatment Two
500 Hz hO1.454 11,272 3.108¢ 0.220°
LOOO Hz 190.727 12.363 3,22h¢ 0.592¢
2.195 t =0,268 |t =0.061" |t =2.,025P

alevels of significance for Ns of 1l arc 2.228 at .05 and 3,169

at .01,

blevels of significance for Ns of 12 are 2.201 at .05 and 3,106
at .01,

CN equals 12. All other Ns are 11,

Treatment One vs Treatment Two

T-tests were then applied to differences between mzans for Treat~-

went One and Treatment Two on the same data, Inspection of 1able vil
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TABLE VII

COMPARISON OF MEANS OF TREATMENT ONE AND TREATMENT TWO

7 : Rate of Rate of
Acq. Time No, Tonal Correct Falsge
to Stimuli teo Response Response
Criterion Achieve During During
in Sec, - Criterion Extinc, Extinc.
500 Hz (N = 12)
Treatment I 33%.083 - 13,917 3.5 0.€629
Treatment II L€8 0 16.583 3.138 0.220
= 0.9222 | t = 0.41L t = C.517 t = 1,227
000 Hz (N =11)
Treatment I 156,509 9.727 %.851 | 1.35h
Treatment II 190.,., 12.%63 3.092 0.646
: =0.703% | ¢t = 1.113 t = C.829 t =90.935

-8Levels of significance wher Ns are 12 are 2.201 at .05 and 3,106
at ,01.

Dievels of significance when Nb are 11 are 2, 2?8 at ,05 and 3.169
at .01,
reveals that all t-scores are well beloﬁ the .05 level of significance.
It ghould be noted that acquisition times for Treatment Two include the
response transfer from vocal to tonal stimuli, and that despite slightly
greater means in Treatment Two for both acqﬁisition time and number of
tonal stimuli to criterion, the differences are still not significant,
In other words, in this heterogenous,sample of MR children, with verbal
instructions ruled out in each treatwent, it did not require signifi-
cantly more time to condition echoic vocal responses, deséite the re-
sponse transfer stage, than it did fo condition standard motor respouses,

Although t-scores for tﬁe-différences between means of acquisition

and extinction data for the two treatments did not achieve a level of
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statistical significance (see Table VII); two trends are apparent in the
extiaction phase. One is that SSmewﬁgt more false responses {responses
without an antecedent sigunal toge) occurred in Treatment One than in
Treatment Two. Although theve was considerable disparity in the distri~
‘bution of the samﬁle, the mean number‘bf false responses tor object
dropping (Treatment One, hoth fréquencies) duriag the extinction phase
was 8.75, while the mean number of false respoases for EVR (Treatment
Two}’both frequencies) was only 3.6}6.. Despite this trend, a t-test of
the difference between these means,kas for previcusly reported extinc-
tion data, did not achieve the .05 level of significance.

The second trend has previéusl&_been referred to: theré wvas three
times as much extinction in Tr&étme&t Two (EVR) as in Treatment One
(object dropping). Although the extinction data did rot achieve a sta-
tistical level of significance; thisutrend is most apparent in Figures

2 and 3, comparing cumulative response curves for the two treatments,

MI Level II1 vs MI Level IV

Althoqgh the number of subjects who could clearly be differentiated
by psychometric data was limited, t-tests were applied to differences be-
tween means of subjects in MI Level III (moderate retardation) and MI
Level IV (severe retardation). Results of these statistical treatments
are seen in Table VIII., The only significant difference occurred at 500
Hz in Treatment One on number of toﬁal stimuli to achieve criteriom, and
this was at the .05 level onlygszn this instaace, the number of stimuli
was greater for 4 severely retarded éhildren than for 5 moderately. re-
tarded subjects., No significant differences were found between MI III

and MI TV children in any other frequency-trecatment combination.
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9Note that Figures 2 and 3 account for only 17 of the 18 exiinctions occurring in Treot
ment Two. Since subject LH did not achieve criterion at 4000 Hz in Treatment One (see
Table IV), her responses for both treatments at that frequency, and her extinction at that
frequency in Treatment Two, were excluded from Figure 3.
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TABLE VIIX
COMPARISON OF MEANS OF N1 LEVEL III AND MI LEVEL/IV
S e —— - == ST S SR e
, s Rate of Rate of
Acq, Time | No, Tonal | Correct False
to Stimuli to Response Response
‘Criterion Achieve During During
in Sec. Criterion "Extinc," "Extine,"
Treatment One
500 Hz: o :
MI III 210.0% . 10.02 3.5182 0.109%
MI IV 2.5 : 22.25 4.09C 0.138
t =1.845" | t-3.08 |t=-0.30 |t=0.18
4000 Hz:
MI III 177.0 ko b,115 0.0
MI IV l2l.2as 1 32.0 5.406 0.29k
Treatment Two
_'SOO.HZ: : '
MI III 790.0 ; 33.75 3.007 0.625
MI IV 271.25 ' - 8.0 3.736 0.0
Looo Hz: 4
MI III 150.75 ‘ 13.0 2,922 1.105
MI' IV 168.75 12.5 3.579 0.C88
t =0.275 | t=0.123 |t = 0.5k t = 0,917

AN equals 5. All other Ns are k.

Bievels of significance when Ns are bk and 5 are 2.365 at ,05 and
3.h99 at .01, : '

Cievels of significance when both Ns are 4 ave 2.LL7 at .05 and
2. 707 at .ClL.

Relation of IQ0, MA and CA to Acquisition and Extincticn Data
Product-moment correlations (sece Appendix B) were computed between
10, ML and CA der: and (1) azquisition tiwe, {2) mumber of tonal stimuli

te acquisition, (3) rate of correct response during exirinction phase,
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and (4) rate of false response during extinction phase. Computations
for each frequency-treatment combination resulted in a total of 48 co-
efficients of correlation, Table IX illustrates that these I's were quite

inconsistent, Overall, correlations were equally divided between posi-

. tive and negative, Approximately 6G% of these were either negligible or

slight, 27% were substantive, with only about L7 showing a high degree of

TABLE IX

TREQUENCY OF POSITIVE AND NEGATIVE CORREIATIONS BEIWEEHN
IQs, MAs, CAs AND ACQUISITION-EXTINCTION DATA

Parameters Corrclated
IqQ - MA CA
Range of T Acq.? Extrb ‘Acq. | Ext, Acq. Ext, Totals
0 + 0 +2 |+1 + 0 + bk
.00 to .20 -1 -3 -1 |-l -1 o - 12
) 4 b + 1 1 1+1 2 + 1 + 10
.20 to .LO -1 -0 -1 -0 -1 -4 - 7
+1 2 2 1 +2 | +1 + 9 %
bo to .70 | F -5 -0 {-0 | -1]-0 | - % |
0 + 0 + 1 0 +0 | +0 i
.70 to 1,0 -0 -0 -0 -1 - 0 -0 - 1
: +5 +3 +6 | +3 + 5 + 2 + 2k
t
Totals -3 -5 -2 | -5 -3 -6 - 2k

apcquisition” here refers to both acquisition time and nuwber of
stimsli to criterion, :

b . . ' :
"Extinction” here refers te both rate of correct response and
rate of false response during extinction as defined in this study.
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relationship. There was no instaace in which a2 substantial (.40 to .70)

or high (above .70) correlation was clearly supported by similar frequengy-

treatment pairings, and in many cases there was direct contradiction in

terms of positive versus negative relationship. It is clear that in this
small, heterogenous sample of retarded children, in which IQ and MA ranges

varied only 19 points and 1 year, T months, respectively, and in which Ns

for psychometrically-measurea subjects were only 7 and 9, that there was
no consiscent relationshiv betwecen IQ, MA or CA ou the one hand, and ac-

quisition and extinction data on the other,
IV. SUMMARY OF RESULTS

Acquisition

(1) Eleven of the originél 14 mentally retarded subjects achieved
acquisition criteria for both tfeatﬁcnts, i.e., for both EVR and motor
response modes.

(2) Response transfer from vocal to pure tone stimuli was accom-
plished with little difficulty with 10 of the 15 subjects exposed to it,
Two girls achieved transfer with substantial difficulty, and one boy
failed to achieve transfer,

(3) Acquisition data did not differ significantly between treat-

ments for the retarded children in this study.

Extinction
(1) Extinction following withdrawal of reinforcement occurred in
24 of the 49 separate tests comprising this study.

(2) Three times as much extinction cccurred with EVR in Treatment

Two than with object dropping in Treatment One, 8Six extincrions occurred
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in Treatment One; 18 extincticas occurred in Treatment Two. Nine of the
12 subjects in Treatment One did not extinguish at either frequency; only
2 of the 12 subjects in .Treatment Two did not extinguish at either

frequency,

(3) Thére.was a trend toward mofe false responses in Treatment One
(object dropping) as compared with Treatment Two (EVR).

(4) Differences in extinction data between the two treatments were
not statistically significantlin termé of rate of correct response, rate
of false response, and number of false responses up tc¢ the point of

achievement of extinction eriterion,

Order of Treatments

(1) Order of presentation of treatments was not a significant
fac&oé in terms of acquisition time, number of tonal stimuli to acquisi-
tion, rate of correct respcnse~quring the extinction phase, or rate of
false response during extinctioh phaée.

(2) Eight extirctions among 25 tests occurred in Group A, which
received Treatment One first, Sixteen extinctions occurred among the
24 tests of Group B, which received Treatment Two first. Thus, Group A

accounted for 1/3 of the extinctions, while Group B accounted for 2/3.

Additional Results

(1) Frequency of the pufe tone stimuli (500 vs 4OOO Hz) was not a
significant factor in the results,

(2) Among the small numbers of subjects who could be categorized
on the basis of psychometric data, no clear and consistent differeﬁces

wete foead in statistical anaiyeis of azcquisition and extinction data
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between MI Level III (moderately retarded) and MI Level IV (severely
retarded) children.

(3). The small rumbers of subjects on whom specific MA and IQ
scores were available, and the ;ciatively small numeri§a1 ranges encom-
passed, did not permit consistent, meaningful correlations of psycho-

metric data with acquisition and extinction data,




CHAPTER V
DISCUSSION

Results reported in the preéeding chapter demonstrate no signif-
icant differences in acquisition data between object dropping and EVR.
Thus, the first hypothesis of this stq&y is not supported by the results,
However, it is interesting thaf the additional procedures of vocal condi-
tioning and response transfer in Treatment Two did not require a signifi-
cantly greater amount of time than the simpler procedures oi Treatment
One. Since verbal instructions were not used in conditicning either
response mode, this raises the question as to whether EVK could be ef-
fected in less time with such assistance, If the subject could be di-
rectly conditioned to EVR for pure tones with the help of verbal instruc-
tion, then it is conceivable that fhis response mode might be acquired
significantly faster thau object dropping. This, however, remains to be
esitablished.

The difficulty in rceponse transfer encountered by three subjects,
(twe finally achieving it ard one failing after many stimuli pairings),
and their general characteristics, (cooperative, among the oldest, one
near the IQ mean, the other twe at the top of the réspective MA and IQ
raﬁges), is interesting, The boy (?ﬁ) who failed to achieve transfer
was in Group A, in which Treatment Oue was presented first, He had
easily acquired criterion for object dropping responses with the minimum
number of toral stimmli and héd nctvevfinguished at gither frzquency.

1H was aiso in Group A, bui GLad been ielatively siow to achieve object
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dropping criterion for 500 Hz, subsequently extinguishing, and had failed
to achieve criterion at 4000 Hz;‘.SH, however, was a Group B subject who
went on to achieve criterion at_both frequencies in Treatment One rather
quickly without extinguishing for either. These three subjects do not
appear to share any characteristics which would distinguish them from
their peers except age.and the psychometric data referred to. Conse-
quently, the question arises as fo whether age is an influencing factor
in response transfer among retardates. This should be the object of
further study. |

The second hypothesis of this study tends to be supported in terms
of the substantially greater number of extinctions occurring in assccia-
tica with EVR as cowpared to object dropping, a ratio of three to one.
Evidently, for the retarded children in this sanple, resistance to ex-
tinction was greater fou object:drupping than for echoic vocalizing.
This raises the question as to Qhether EVR might be made more resistant
to extinction in some manner. One possibility involves utilization of
the voice-activated neon tube in the experimental coiitrol booth (see
Figure 1). This was not in operation for this study. A future applica-
tion in which activation of this light by a vocal response is made con-
tingent upon an antecedent test tone should be investigated.

The trend toward occurrence cof fewer false wesponsaes for EVR than
object drepping also deserves some future consideration. There appeared
to be more dispersal of this phenomenon among the subjects engaged in
object dropping than when they recsponded vocally. 7The false responses
associated with EVR, while sdm@times numerous, were iimited to fewer

children. 7Tf this is a trend which is suctained ip future studies, then
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EVR might offer a decided advantaze o cuwliometfvic testing of Ml children
prone to demonstraie a high fvecueiny ¢f falise pousitive motor responses,

The greater frequewcy of extinciion amoag Croup B subjects--16 in
v =4 J

wiio had only 8 in 25 tests,

2k tests--as compared with Grocp A& subjects,
is felt to be a chance vcourrence rathier than s function of order of
treatments, There is no evidence,thét order of presentation was a sig-
nificant fector in the obtained rgsults, and there is no rationale wvhich
would seem to gupport a ralatio:ShipAbetween that factor and extinction.

Similarly, it would seem £hat iiitle or no weight cught to be
attached to the one significant t—scére (at the .05 level) found between
means for number of tonal stimuli'to'§riterion at 500 Hz in Treatment
One between MI Level III and Ml_ﬁevei IV children, The Ns of 5, the
absence of significant t-scoves for géy other frequency-treatment acqui-
sition data, the limited vanges for psychometvic data, and the subsequent
inconsistent I's betwcen psychométric and acquisition-extinction data lend
support to this position,

The results provide no initial evidence to suggest that echoic
vocalization would be impractical as a responée mode for routine audio-
logic assessment of certain mentally retarded or other subjects, In-
deed, the findings tend to support the pesition that it may be a useful
adjunct to the audiologist's options, Certainly, one can think of some
physically handicapped patients, retérded and otherwise, for whom a re-
sponse mode other than object dropping or hand raising might be desir-
able, The applicability of EVR to clinical threshold determination,
however, remains to be estahlished.

Tt de rlasy that adddivdinmed wposcvsh cnplericz 7R will, mentally

retarded children is needed, It is rfeit that the following questions and
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proposals merit serious cousideration:

(1) can verbal instructiqn»be'uéed in conjunction with operant
techniques to effectively bypass the vocal conditioning and response
transfer stages used in this study to achieve £¥R? This would entail
verbally directing the subject to vocalize a syllable such as /a/ imme-
diately following perception of each pure tone signal and reinforcing
this contingency to achiecve stimulus céntrol. Certainly, an investiga-
tion of this question should be:initiated. If it is established that
EVR can be directly conditioned among MRs, then this modification should
be compared with a similarly verbal-aséisted object dropping response
mode,

(2) 1I1f response transfer.is shown to be essential to EVR among MR
children, then an investigation iimited to that procedure should cdmpare
oldér and younger retardates sharing siwmilar MAs in order to determine
whether the older children tend‘ﬁo be more resistant to transfer,

(3) The possibility of increasing the resistance to extinction
for EVR among MR children by use of a voice-activated light should be
explored.

(h) Frequency of false positive response in EVR as compared to
object dropping should be an integral part of any further research.

(5) FVR and object dropping should be compared for effectiveness
in threshold determination among MR children., This is an essential step
toward clinical application of this response mode.

(€) Pairing of motor znd EVR ﬁodes in testing MR or other diffi-
cult-to-test patients should be investigated, Of particular interest
are (a) whether a combination of the:two response modes would result in

greater vesictance to extinction than 2ither cie z2lone, 2nd (k) whother
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valid responses might be separable from false positive responses on the
basis of pairing vs absence of pairing.

(7) Other applications of breath expulsion or imspiration as re-
gsponse modes should be explored.“lt is conceivabie that blowing a
whistle or horn might prove to-ﬁe practical and less resistant to ex-
tinction than phonation. Audible inspiration of breath might also be an
effective response mode for some children if it could be brought under

stimulus control, This phenomenon has been observed to sometimes pre-

cede a motor response to a sound stimulus among young children.
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CHAPTER VI
SUMMARY ARD CONGLUSIONS
1. PROBLEM

Mentally retarded children‘demonstrate an abuormally high incidence
of hearing impairment, and many, particularly those with 10s below L0,
are difficult for audiologists to test. Consequently, there is great
need among this population for investigating response modes and condi-
tioning of respounses to auditory stimuli. A review of the literature re-
veals no studies of echoic vocalization as a conditioned response mode to

pure torne stimuli among the retarded, -
II. METHOD

A heterogenous sample of 13 moderately and severely mentally re-
tarded children ranging in age from 7 years, 7 mouths to 16 years, 3 months
were compared on two response modes to suprathreshold pure tone signals
of 500 and 4GCO Hz: (1) dropping poker chips, and (2) echoic vocaliza-
tion (EVR). All subjects received both treatments, but were divided into
Groups A and B, the former receiving Treatment One {object dropping)
first, the latter receiving Treatment Two (EVR) first. Operant procedures
combined social and tangible re}nforcement in each treatment to achieve
stimulus control without specifié verbal instructions. EVR in Treatment
Two included twoe unusual stages: (1) conéitiouing of imitations to the

experimenter's single-syllable vocalizations, usually /a/, and (2)
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conditioning of respouse transfer from vocal to pure tone stimuli, Ac-
quisition and extinction to first SO§>and then 4000 Hz proceeded sequen-
tially within each treatment. Aciuisition criterion for both vocal and
pure tone stimuli was arbitrarily/defined as eight consecutive responses.
Extinction was arbitrarily defined as failure to respond to six out of

eight tonal stimuli following withdrawal of reinforcement.
III. RESULTS

(1) Eleven of the 13 children achieved acquisition criterion for
both response modes,

(2) Three of the 13 children encountered substantial difficulty
in response transfei.

(3) Acquisition data forzthe t@o treatments did not differ
significantly.

(4) Extinction occurred among slightly less than half of the
subjects, EVR in Treatment One accounted for three times as much ex-
tinction as object dropping in Treatment One.

(5) There was a trend toward greater occurrence of false responses
in Treatment One {object dropping) as compared with Treatment Two (EVR).
(6) Up to achievement of extinction criterion, differences in
extinction phase data between treatments were not statistically
significant,

- (7) Order of presentation of Eregtments was not a significant
factor in the results.

(8) More extinction occﬁrred in Group B thar in Group A, This

was attributed to a rhance occurrence.
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(8) Frequency of the pure tone stimuli was not a significant
facter in the results,

(10) No clear, consistent differences were found between moderately
retarded and severely retarded subjects, but Ks for those with valid psy-
choreiric data were small and ranges of scores ﬁere limited,

(11) XNo consisten: relationship between MA, 1Q, and CA data on the

one hand, and acquisition-cxtinction data on the other was evident in

the results,

IV. CONCLUSIONS

Despite substantizlly greater frequency of extinction following
withdrawal of reinforcement as ¢ompa;ed with object dropping, echoic vo-
calization response (EVR) has Séén sﬁown to be an effective and practical
resgonse mode to suprathreshold pure tone stimuli among a small, heter-
ogenous sample of moderately ané sevérely n&ntaily retarded children,

Further investigations iﬁwclinical and experimental settings are

recommended and described. . *
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APPENDIX A
DEFINITION OF TECHNICAL TERMS AND ABBREVIATIONS

I. AUDIOLOGIC TERMS

dB: The abbreviation for the term decibel, which is 1/10 of a bel.
The decibel expresses the ratio of two values of power. It is a
useful measure for comparing the power of two sounds,

HL: 1he abbreviation for the term hearing level or hearing loss, which
is the deviation from the established threshold level represented
by a zerc reading on the hearing lossg dizl of the audiomoter,

The abbreviation for the term Hertz, from the German physicist,
Heinrich Hertz, about 1886. It is equivalent to cycles per second
(cps), referring to the number of double sine waves or complete
‘eycles occurring in a vibrating body each second.

I§

Masking: The amount by which the threshold of audibility of a sound is
raised by the presence of another (masking) sound. The unit
customarily used is the decibel (dB).

Pure tone: A simple tone or sound wave, the instantaneous sound pressure
of which is a2 simple sinusoidal function of the time,

Screening {audiometric): ~ A method or group of methods designed to sepa~-
rate individuals wnose thresholds lie above the normzl from thoge
whose thresholds iie szt or below the normal threshold. Both speech
and pure tones are used ac test signals,

Sourd field: A region containing sound waves., Sound field audiometric
testing introduvces either pure tone o¢r spaech sigrals to the
subject by mezans of air conducted sound waves without the use of
earphonces or tene oscillator, usuelly within a coufined room
especlally desigued for that purpose,

SPL: The abbreviation for the term sound pressure level, which is, in
decibels, 20 times the logarithm to the base 10 of the ratio of
the pressure of tlis sound to the reference pressure, usually
stated as ,0002 dvnes per cm?,

Suprathreshcld: Above threchold; i.e., a sound stimulus which is above
tne threshold for hearing,
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Threshold tesgtiong: Determination of the lowest intensity of a stimulus
required to produce a sengation in a subject or elicit z response
from hin. ‘

II. OPERANT TERMS

Discriminative stimulus (g?): A stimulus in whose presence a particular
bit of operant behaviecr is highly probable, because the behavior
has previously been reinforced in the presence of that stimulus,

. A ) | . ,
Neutral stimulus (87): Any enviromnental event which at any particular
time brings about no change at all in behavior, whether it pre-
cedes, accompanies, or follows a response,

Cperant conditioning: The science of behavior in which the frequency of

occurrence of bits of behavior is modified by the consequences of
the behavior,

Paradigm: A model or pattern.

Reinforcement theory: Opevant conditioning theory.

. , . ' s . D .
Stimulus controi: The stage in operant conditioning at which an § will,
with a high degree of probability, control a particular cperant
Y T 3
(response}. The high frecquency of the operant in the presence of
the SP is achieved through the frequent accompaniment of the SD

with the occurrence of the operant and subsequent reinforcement
of this contingancy. h

Stimulus generalization: The tendency to respond to other stimuli in
addition to the one stimulus ‘in the presence of which the response
was first reinforced. An organism or behavior is said to gen-
eralize to all thogse stimuli in whose presence the rate of respond-
ing increases after the response has been reinforced in the presence
of one other stimulus,
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APPENDIX B
FORMULAE USED FOR STATISTICAL COMPUTATIONS
I. T-TESTS o s

When the number of scores was the same for both groups

!

- X
‘o 1~

X5 - (x)P/n 4 £ - (EXQ)Q/N

N(N ~ 1)

When the number of scores for cach gzroup was nol equal

i
P

t
“ftl

t =

/”‘? - % X§ - R/, | B ”LI]
V [N 2-} -~

N refers to the number of subjects; X represents the scores for each

parameter; and X zquals the respective sample means (Thompson, 1965).
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When comparison of means for two measures was made on the same subjects

for both treatments;

%Dg - {ZD)°/%
N{N - 1)

X vepresents the respective mean; D refers to deviations of each subject
on the two parameters; and N is the number of pairs of scores (Thompscn,

P. 33).
I1. COEFFICIENTS OF CORRELATION

Product-mcumont formula:

XY - FXY

r=

Vil - @o?lied® - @)

N refers to the numbar of subjects; and X and Y represent the scoves oF
values, respectively, whose linear relationship was investigated

{Thompson).
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