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INTRODUCT ION

in ctinical evsiuations of sensory channels, some amount of examiner judg-
ment must enter the nicture and Is often desirable and essential. However,
it Is extremely Important that this judgment does no’ obscure nor prec lude ac-
curate measurement. In & test that utillizes the classic psychophysical method
of adjustment as a procedure, the infiuence of axaminer Judgment on responses
by the subject is eliminated to a great extent,

In 1947, von Bekesy (1947) designed a new self-recordlng variable fre-
quency audiometer that Incorporatad “he psychophysical mettod of ad Justment
for measuring the aculty of the auditory channel. With thig device, the sub-
Ject “S) can control the intensity of the auditory stimulus rs he traces back
and forth across his threshoid. This type of audiometer hzs been of great
value as a research tool and as a ciinical procedure in the differential di-
agnosis of aucitory disorders.

Autcmatic audliometry, as It sometimes Is called, has baen utillized success~
fully with adults for auditory threshoid tracing since Its invention. More
recently Lundberg (1952), Reger and Kos (1$52) and Jerger (!960) demonstrated
the value of the self-recording audlometer In disgnosis when used as part of
an auditory test battery designed to ascertsin site of lesion within the audi-
. tory system. Because of Its great value as a clinicsl tool with adults, i¥
Is easy to surmise thai It could be of real Importance in the assessment of
t+he auditory system in chlidren, However, because of the complexity of the
test procedure, one often has difficulty Instructing adults adecustely in
order that meaningful aud!ometric data result. This probiem becomes greater
in the case of young chlldren.

Literature concerning the clinical application of automstic audiometry
with chiidren has been limitved. Price and Falck (1963) reported having ob-
tained clinlcally useful data from most of the chlldren In their study whose
CA 2nd MA were at least seven years, but that younger children begar to ex-
perience difficulty. Hartiey and Slenenthaler (1964) repoir-ted success in
eliclting some threshold Information In chiidren as young as CA four years.
However, In reporting the relationships between sutometic (fixed trequency)
and conventional pure tone audiometry In children, they found that the four
and flive year old children used In their study obtained less sensitive thresh-
olds and gave more variable respongses wirh autometic audiometry than did
eight to ten year oids. Also, the mean length of excursion {press-to-relsase
peaks) for the younger group (CA four and five years) vas larger than that
of the older group (CA elght to tert years).

In the studies referred to t+hus far, the Ss were elther aduits or
children who could be instructed vaorbally through spoksn or written lenguage.
I+ was the goai of the present project to devise and standardize a non=verbal
method for Instructing ycung deat children to perforr Bekesy audiometr,.

An accurate assessment of auditory threshoids st an esrly age In children
with communicative disorders can supply important isrurmation required for
early and appropriate program planning. This type of audiometr ic procedurse
can aiso contribute to a more accurate longltudine! study of hearing Impaired
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children. Test-retest data are often contaminated when the assessment is
made through use of conventlonal audiometric technlques and performed by more
than one examiner over a perlod of years.

The precursory test procedure for this study Is a clinlcal version of &
vibrotactile (V-T), ron-verbal, Instructicnal technlque used to conditlon
young children for derivation of auditory thresholds utlitzing convention|
audlometry and was reported by Frisina (1962) 1. 1962. This technique of
instruction has contlinued to be employed successfully In ciinlcal audiomeiry
with many very young chlldren since It was flrst roported. The present study
is an attempt to apply the same principle In the stondardlzaticn of non-
verbal V-T iInstructlions for use In automatic audlometry which hopefully couid
result in a more quantifiable and hence more objective research and clinicai
means for assessing the hearing of chlidren.

OBJECTIVES

There were two primary goals of the present study: PART |) to stand-
ardlze 3 nonveibal Instructional procedure for use In the administration of
an audlitory test (Test 1); PART 1) to develop an alternate test ¢f hear Ing
that also utillzes a nonverbal Instructional technique (Test 11).

Part | of the study was divided Into two phases. The first phase was
organized to establish such basic vibrotactile (V-T) data as appropriate
stimulator placement, pressure of stimulator, expected average V-T ihreshold,
an¢ envelope size and vartation. Adult hearing and deaf Ss were to be
uttilized for these data. Aiso Important In the first phase was to determlne
whether or not adult Ss could understand and foilow nonverbal vibrotactile
(V-T) Instructions and later apply thls knowledge In completing an auditory
threshold traclng task. The second phase was planned to allow determination
of the minimum age (CA) at which the V-T Instructional procedures were still
adequate. The Ss for thls part of the study were to be deaf chlidren from
the Maryiand School for the Deaf, the Kendal! School for the Deaf. and the
Hearing and Speech Center Praschool a*t Gallsudet College. '

Part i1 was also divided into two phases with the same ratlonaie as
above: 1) to establish basic data for an alternate test of hearing utiifzing
a nonverbal Instructional mode (Test 11); and 2) to establish the minimum
CA at which the nonverbal Instructional procedures were still adequate for
Test Il. Agaln adult hearing and desf were to be utlllzed for the flrst part,
and children from the Kendali School for the Deaf and *he Hearling and Sprech
Conter Fiaschool were to serve as sublects for the second part.

Amalyses of the date weie expected to provide answers to the following
questions:

OART |

A. Basic Uata for Test |:
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I. What device would be satisfactory for controlling
the pressure of the V-¥ stimulator and also allow
easy attachment to both adults and chlldren?

2. Wwhat position on the hand would be satlisfaciory for
placement of the V-T stimulus (Radlcear G-70A bone
conductlon osclliator)?

3. What nonvertul V-T Instructlions {ead to V-T threshold {
tracing?

4, What are the average thresholds and expected envelope
sizes for the V-T stimulus In adults?

5. Does ciross=modallty ger aralization take ploce between
a learned V-T tracing task and an unlearned audltory
threshold tracing task In adults?

6. How do these results compare with the new 150 reference
levels In adult Ss with norma! hearing ani audltory
thresholds obtalned by conventlonal audiometry In deaf
adults?

B. Appllication of Test | to Deat Chlldren:

I. Are deaf chlldren.able to understand the nonverbal
V-T Instructions? I|f so, can they apply this knowledge
to the V-T threshold tracing task?

2. Once having learned the V-T threshold tracing task,
can they generallze thelr knowledge to tracing thelr
thresholds for a pure tone audltory stimulus with no
further Instructlions?

3. What Is the minimum CA at which deaf chlldren are
capable of completing both the V-T and audltory |
threshold tracing tasks?

4. Are audltory thresholds by +his method and conventional
audlometry comparable?

5. How do threshoids and envelope size obtalned on chlldren
compare wlth those of adults?

PART 11

A simple timing mechanism was added to the existing standard
GS E-B00 seif-recording audliometer utlllized above. This modification
was Introduced fo simplify the auditory threshold tracing task In {
order to Increase the probabl|ity that younger deaf chlidren could
trace thelir thresholds.

©
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A. Basic Data for Test |i:

I. With verbal Instructionrs (written and spoken), Is It
possible to obtain the auditory thresholds of hearing
and deaf adults with @ modifled ascending technique
utlilzing the GS E-800 self-recording audiometer and
tha +imer modification?

2. How do these auditory thresholds compare to those ob-
t+alned by ths threshcld-crossing technique utilized
- In Test 17

B. Application of Test It to Deaf Chlldren:

I. Are deaf chlldren able to understand nonverbal V-T
Instructions and apply them to the performance of
the V-T and audltory threshold tracing tasks with
the modifled GS E-800 equipment?

2. What Is the minimum CA for which the modifled equip-
ment and nonverbal V-T Instructlions are applicable
for deaf chlldren?

RELATED RESEARCH

A vibrotactlle (V-T) Instructional technique for conditioning young
children to respond to an auditory stimuius was first aescribed by Frisina
(1962). In tiat report he described the Instructional technique as tollows:

"The first step In the actual testing procedure Is
+o derive a frame of reference or baseline for the ability
to assoclaste a stimulus and 8 speciflc respoi.a. The
child Is first stimulated with the bone oscllliator. The
oscillator is removed from the headband and plsced on the
back of the child's hand. A 500 cps pure tone Is presented
at the maximum output level. This Is sufficient to pro-
duce a vibratory sensation which Is wel! above the tactile
threshold. Immedlztely following the onset of the stimulus
the examlner places & ring on a peg. This stimulus-
response procedure |s repeated three times. Next the chlld
Is glven the ring. The stimulus Is presented and the chlid's
action Is observed. If the chitd dces not place the ring
on the peg, the cliniclan takes the child's hand and places
the ring on the peg. The stimulus is glven again and the
child's reactlon is observed. If the child does not place
+he ring on the peg he Is again assisted. The procedure
Is repeated as often as necessary for the chlld to operzte
independently. It Is important In this conditioning pro-
cedure that the response be made following each stimulus
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with or without the clin.clan's assistance...... Generallz-
ing from touch to sound Is the rule rather than the ex-
ception." (p.480)

The same V-T iInstructional approach was described by Thorne (1962) with
acknowledgments tc Frisina and Bernero for acquainting him with the technique.
Thorne stated the following:

"In the past six months since the conditioning tech-
nique was Introduced into a clinic, It has been found that
It Is possible to obtsin better test results with pure-
tone audiometry or a varlety of cases which might have dis-
couraged this stimulus approach heretofore. It has general-
ly been helpful in obtaining threshoids on younger age
groups. In addition, It Is helpful with chiidren with Im-
mature personalities, the mentally retarded, and the
aphasoid child." (p.84)

In the same article, Thorne described several advantages of this con-
ditfoning pracess:

"(a) it Is simple and uses readily available tools.
(b) It gives the child multisensory cuss to sttend to.
(c) It Is inexpensive and compatib‘e witn standard test
procedures. (d) It provides a bridge between the abstract
task by showing the child where s.und actually comes from,
and what he should look. for."

The Importance of achieving valid and reliable audiometric test results
at an early chronological age Is of course understocd by those who are in-
volved In the assussment of and/or program planning and educastion of deaf
children. During the 1965 Natlonal Conference on the Audiologlc Assessment
of the Mentally Retarded (Licyd and Frisina, 1965), the questions of re-
ltabiilty and velidity in auditory testing were discussed at some length.

Donnelly (1965) describad in detall the V-T instructionail technique
utitlzed for eight years a‘ the Gallaudet College Hearing and Speech Center
to condition young chiidren to take a hearing test. He concluded by saying:

"In summary, then, we have discussed a method of be-
havioral conditioning for audiometrics with young chiidren.
The method depends on conditioning with a tactile stimulus
of 500 cps presented through the bone conduction vibrator
of an audiometer. This method has been demonstratid as
reliable and valld for children down to & mental age of ap-
proximately 22 months, For those chllidren who are unwiil-
ing to acuept earphones, this method usually provides at
least a screening of bone conduction leveis, since these
levels are obtalned prior to alr conduction testing." (p.69)

in the above discussion, several posslible advantages of the V-T instruc-
tional mode In a clinical situation wer: mentioned:

ERIC
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a) Generallzing from touch to sound Is the rule rather than
the exception.

b) With tha V-T instructional mode, It Is possible to ob?aiL
better test results on a variety of cases.

c) It has been helpful In obtaining threshcids on younger |
age groups.

d) it utilizes resdily avallable tools and Is Inexpensive.

e) The method has been demonstrated as valld axd rellable.

All of the above aspects of a2 conditioning technique are Important con-
slderations In the development of a new test Instructional procedure and, 8s
such, were considered during the development of the present standardization
project which Is a diract outgrowth of the V-T Instructional technique men-
tioned above. However, that method described was employed In conjunction
with conventional audiometric techniques (psychophysical method cof limits).
I+ was the goal of the present project to attempt to apply the V-T Instruc-
t+ional technique to seif-audliometry (psychophysical method of adjustment)
with young deaf children. In addition to those advantages already ment loned
above, at least two more are added with application of the V-T technique to
self-audiometry with young deaf children; to a gresat extent examiner Judg-
ment Is eliminated and Ir most situations there Is need for onily one audi-
olcglist Instead of two,

Bekesy audlometry as originally designed (Bekesy, i947) has undergone
minor changes in design. The Grason-Stadler E-800 model, as used In this
study, has baen In use for some ten years In this country. Procedural as-
pects of automatic audlometry researched with various models Include studies
of rate of frequency change and Its relationship to absolute threshold
(Harris, 1964; Corso, 1956); rate of attenuation and veriablilility In thresh-
oid measurement (Corso, 1956); excursion size and definition of threshold
In Bekesy audliometry (Corso, 1956; Burns and Hinchclliffe, 1957; Stream and
McConnell, 1961; lundborg, 1952; Liden, 1953; Palva, 1956; Jerger, 1960;
Bliger, 1965; Price, Shepherd, and Goldstein, 1965). The essential tindings
from these studles Indicate that Bekesy audiometry Is a valid and relisble
method for determining absolute thresholds and that an interrupted tone as
opposed to a continuous tone provides a more accurate threshold determination.
In addition, the absolute threshold !s relatively independent of the rate of
frequency change over the range of one to four mirutes per octave; the vari-
abliity of the excursion size Is alsc injependent of the rate of frequency
change but Is related to the attenuation rate.

To. “tenuation rate of 2.5 dB/second was selected for use in the present
study on . @ basis of these findings and the fact that this attenuation rate
Is comon © ali of the E-200 audiometers that have been and are presently
belng made commercially and thus found In most modern audiologic centers In
the U. S. today.
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A study of reaction vime, difference Iimen and amplitude of excursion
on the normal Bekesy audiogram utilizing the 2.5 dB/second attenuation rate
ingicuted that among normal hearers, size of excursion ic not related to re-
action time, nor to difference |imen at the middie or upper audiometric
frequencies (Slegenthaler, 1961). According to that study this finding "may
be generallzed *o the hearing defective population in whom the specific de-

fect would not be presumed to cause other than normal amounts of variation
in resction time."

The probable significance of excursion size as related to Interruptad
and continucus tones In diagnostic audiometry has been reported in a number
of studles, particularly In Jerger (1960) and subsequent reports such as
Jerger (1961), Bangs (1962), Price et al (1965) and Bilger (1965). As a re-
sult, for the purpose of the present study Interrupted tones were use« to
determine absolute thresholds. A standard rate of 2.5 Ips which is common
to exlisting E-800 audlometers was used throughout the present project.

Previous studlas concerned with Bekesy audiometry and children (Price
and Falck, 1963; Hartley and Slegenthaler, 1964) dliscussed earlier In this
introduction lend support tc rhe concept that a great number of children,

If properiy instructed, can perform this task and thus provide additional
means for gathering data about the auditory system of children. The present
study concerned Itself principally with an instructional procedure not re-
quiring verbal comprehension and/or expression on the part of the chiild. It
vas the objective of the present study to demonstrate the applicabliity of
tihig technique to children with communicative disorders.

A general background of information relatlve to the present study has
bsen provided above. Additional research findings from other studies and
pertinent tc the present Investigation are Interspersed throughout the experi-
ments that follow in this report.

APPARATUS, TEST ENVIRONMENT, SUBJECTS, AND PROCEDURES

The present study consisted of elght separete experiments. The first
five experiments dealt with establishing basic V-T data with deaf and hearing
aduits and determining the minimum CA for which the nonverbal V-T Instruc-
tional procedures for Test | were adequate with deaf chlildren. The sixth
exper iment deait with an alternate set of nonverbal V-T Instructions for
Test 1. Experiments VII and Vil were concerned with the estabi Ishment of
basic data with an alternate test (Test 11) utilizing a V-T instructional
mode. Again It was important to determine the minimum CA tor which Test I}
was stiil adequate,

A. Apparatus

The basic plece of equipment utilized In the present study was the
standard Grason-Stadler E-800 self-rocording audiometer equipped with TDH-39
recaivers and MX-4i/AR cushlons. The Grason-Stadler E-~800 audiometer,

3




originally devaloped by Bekesy, !s shown In Figure I. It consists mainly of
a contlnuously varlable frequency pure tone osclllator, a motor driven
atteruator controiled by the response switch that Is menipulated by the S,
and a recording chart that preserves the responses made by the S.

Several minor modifications of this standard equipment were made through-
out the study. Since It was the dual purpose of the present project to develop
and standardize both a V-T Instructional technique (Test 1) and a new test
(Test 11) Incorporating the V-T Instructional technique for general use In
other clinics, It was Important to keep In mind the matter of expense and essy
avallabllity of equipment. The GS E-800 Is presently being used as a siandard
piece of equipment In most modern sudlologic clinics. Therefors, the only
expense Incurred would be that for purchase of a few relatively Inexpansive
devices to medify the E-800. The following Is & list of modiflications utlllzed
during the study:

1) The vibrotact!le transducer (see Flgure 2) for furnishing the V-7
stimulus was a standard Radloear B-70A bone conductlion recelver. A 250 gm,
pressure spring mounted on an oval-gshaped zinc plate (20 X 12 mm surfece
area) was attached to the transducer wlth Dupont Duco Cement. The spring-
plate modlfication was utilized to control the amount of pressure with which
the transducer was mounted on the S's finger. The B-70A was connected to
the standard tone-phone output of the E~-800 audlometer for power source and
was utlllzed In both Tests | and |1,

2) A manually operated attenuator was utlillzed In order o allow the ex-
perimenters to perform conventional audlometry (psychophysical method of IImits)
with the GS E~-800 audlometer. This device shown In Figure 3 was a standerd
Hewlett-Packard 3508, 5 watt,600 Ohm, | dB Increment attenuator. It was
Inserted between the ourput of the oscllilator and the standard attenuator set
In order to permit the utilizatlion of the same GS E-800 for determination of
audltory thresholds by both conventional and automatic sudlometric techniques.
This was used In Test f.

3) A smaller sublgcf respcnse switch was Introduced. |t was noticed
during Experiment V that the youngsr chlidren were experlencing problems In
depressing the standard E-800 response switch because of Its relatively large
slze. Therefore, the smaller standard Rudmose autom>tlic audlometer response
switch shown. In Figure 4 was substituted for the remainder of the experiments
where In Tests | and Il children were utlilized as Ss.

4) A timer mechanism was utllilzed to simplify the V-T and auditory
threshold tracing tasks. Shown In Flgure 3, this timer mechanism was supplled
by the Grason-Stadler Comnpany upon the request of the authors. I+s purpose
was To allow a single press of the response switch to drive the attenuator
motor In the oppor (te dlirection for a preselected period of +ima, varlable
In one second Intervals up to 60 seconds, then mutometically reverse Itself
untl | depressed again. This was used In Test 1) only.

5) A selector switch was utllilzed to simpllify the task of switching
from a V-T to an sualvory stimulus. The new standard E-800-8 earphone
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selector switch manufactured by the Grason-Stadier Company was used fto perform
this functior. WIith this selectxr switch, as shown in Figure I, It Is possible
to Insert the bone conductlon transducer plug In one jack and one plug for the
standard £-800 alr conductlion recelvers !5 the other jack of the selector
switch. Ths rad plug of the selector switch Is then insarted Into the TONE
PHONE outlet on the rear of the E-G0C chass!s (the biue masking plug Is

tucked aslde). Thus, by merely switching back and forth between the two
positions on the selector switch, |t Is possible to utliize slither the V-T

or alr conducted auditory stimulus as the situation warrants, This was used

In both Tests | and il.

B. Test Environment

There wore two basic test environments utlllzed during this study.
The hearing status of the Ss determined the respective environments, Baslically,
an IAC two-room sound=treated anvironment was utlliized with the aduit hearling
Ss and a one-room situation was used with deaf Ss. These test situations are
described in deta!l In each experiment.

C. Sublects

The Ss are described In detsll In the Individual experiments; only
a general description will be glven here. As Indicated In Table |, the non-
deaf adult subjects utllized during the first two experiments and Expariment
Vil to establish basic V-T and auditory data were selected on the basis of
reported normal hearing. In the case of hearing Ss no assessment of heering
utiilizing conventlional audiometric techniques was made at the outset of the
study. Many of the Ss were members of the Gallaudet Colliege staff, and a
few were pecple from the local area.

The criterion for selection of deaf chlidren and adulis for the flrst
five experiments was a hearing loss of not less than 80 dB (1SO) In the
better ear at 1000 cps. Since It becsme increasingly difficult to obtain
very young deaf Ss (80 dB or greater loss at 1000 cps) for the last three
experiments (VI, VIl, ViIii), the criterion was changed to Includs Ss who had
at least 8 moderate (55 dB 1S0 or more) bileteral heering ioss.

The deaf adult Ss were selected randomly from smong the Gsllaudet College
staff and students. The deaf chlidren utlillized were obtalned from among
three populations: 1) The Meryland School for the Deaf; 2) The Kendall
Schoo! for +he Deaf located on the Gallaudet College campus; and 3) The
Gallaudet College Hearing and Speech Center Preschool. Table | summerizes
the characteristics of the samples used In this project. The desf chllidren
wer¢ selected after some general observation and consultation with their
respactive teachers. This consultetion was performed in order to eliminate
variables such as severs emotionai problems and low Inteillgence from possibly
Intertering with the S's performance of the V-T and auditory threshold tracling
tTasks.

D. Procedures

. There were several ditferent V-T Instructiona! procedures deveioped
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throughout this study In an effort to find those most suitable for =ase of
administration, etc. The tagk was then to attempt to standardize these pro-
cedures found most acceptable. Three basic V-T Instructional moces were
developed from those utilized and wiil be described briefly in this sectlion.
A more thorough description wiil be found In the "Procedures” sectlon In
each of the elght experiments.

Instructional Tachnique A

The first of the three basic V-T Instructionai procedures, In-
structional Technique A, Test | (IT-A), was an attempt to standardize a
nonverbal V-T Instructional procedure sultable for obtaining auditory thresh-
clds by routine Bekesy. in IT-A, as shown In Figure 5, It was necessary
to teach the S to respond to a tactile threshold levei stimulus by depressing
the response switch (RS). The standard Radloear B-~-70A bone-conduction
osclilator (B/C oscillatcr) was applied to the S's thumb on the hand oppeosite
that used for writing. The experimenter (E} piaced his own thumb and Index
finger along the sides of the B/C osclilator. The E-800 was set to dellver
a fixed frequency stimulus of 500 cps. The attenuator motor was swiitched to
the "On" position, and tho pen was placed on the chart tasble. As scon as the
500 cps Interrupted tactile stimulus became Just barely perceptible to the E,
he Indicated this by pointing to the osclliator and the RS and then depressed
the S's thumb on the RS button (S was holding the RS in his writing hand).

The E heid the S's thumb down on the RS button until the tactile vibration
was Just no longer perceptible and then removed iIt. Sultable faclal and

hand gestures were made to Indicate the stimulus was no ionger present, This
procedure was contlinued for five presses and five releases of the RS. The S
was then allowed to practice the procedure on his own for five presses and
five releases. Soclal reinforcement In the form of suitable faclial expression
and applause were presented when the S demonstrated that he understood the V-T
threshold tracing task.

If the S dld not demonstrate understanding no soclal reinforcement was
given and he was reinstructed and allowed to teke a second practice perlod.
The pen was then depressed on the chart table, and the S was aliowed to attempt
to trace his V-T threshoid. The criterion for passing the test was two con-
secutive trials of ten presses and ten releases dach, the mean thresholds of
which were within 16 dB of each other (see Flgure 6). For those Ss who met
criterion, this procedure was followed by removel of the 8/C osclliator.

The standard GS E-800 alr-conduction receivers were t+hen placed on the
S and he was allowed to trace his auditory threshoid for an Interrupted tonal
stimulus., At the end of every test, each S's auditory thresholds were obtalner
by conventional audiometric techniques using the modifled Hughson-Westlake
technique (Carhart and Jerger, 1959} with the sams GS E-800 audiometer iIn
order to allow compar!ison of thresholds obtalned by the two different tech-
niques.

As mentioned above, a more thorough description of the criteria for pass
and fail and specific proceduras eppear In each separste experiment. The
above procedures for 1T-A were carried out untll 2 minimum CA level was




Fig. 5. Six year old child performing vibrotactile threshold tracing,
Instructionai Technique A.

Vibrotactile threshold tracing performed by six year old pictured
in Figure 5.
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reached where flfty percent or more of the Ss were able to meet criterion. The
minimum mean CA for IT-A was six years (CA 5 yrs, 6 mos. - 6 yrs. 5 mos. ).

Instructional Technique B

V-T iInstructional Technique B, Test | (IT-B) was an attempt to
lowar the minimum CA at which fifty percent or more of the Ss could meet
criterion successfully. The general procedures remained the same as those
utiflized .« IT-A. However, there were a few spacific changes made. The
most Important change was In the V-T stimuius Itself. Instead of learning
to respond to & varlabie intensity threshold level stimulus, a fixad inten-
sity V-T stimulus at a suprathreshold leve! was dellvered to the thumb of
the S. This was accomplished by setting the recording pen of the €S E-800
at a suprathreshold level on the chart table w!th the stimulus gwitch In the
"Alternate-On" position (no tone delivery)., The E then switched the stimulus
switch to the "Stimulus-On" position and simultaneocusly depressed the S's
thumb on the button of the RS for the length of the stimulus. The S's thumb
was removed from the RS when the stimulus switch had been returned to the
"Alternate-On" position. As above, the S was allowed to practice tracing his
V-T and audlitory thresholds once he had demonstrated an understanding of the
task at hand. The same criterion for pass and fall was utilized. Flgure 7
shows a youngster performing after having learned through 1T-B,

The minimum CA at which fifty percent or more of the Ss met criterion
for IT-B was flve years (CA 4 yrs. 6 mos. ~ 5 yrs. 5 mos.). Indications
were that IT-B was more rapidly understood by those Ss who met criterion
than was IT-A,

Instructional Technique C

The third basic procedure was utlilzed with Test Il (IT-C). This
procedure was quite simllar to IT-B. However, for Test I!, a modlflication
of the standard GS E-800 was made In an attempt to further simplify the
learning task for tracing V-T and auditory thresholds. The modification
was the timer mechanism brlefly described above In the "Apparstus" section
and shown In Figure 3. WIith this mechanlsm, the S no longer had to learn to
keep ¥he RS button depressed unti! the V-T stimulus was attenusted bsyond
perceptabliity. The S was taught to depress and Immediately release the RS
button the Instant he felt & tactile stimulus (see flgure 3;. A single prcss
Sf the RS brought the timer mechanism into play which automaticaily reversed
the attenuator motor, thus driving the recording pen In the opposite direction
for a preselected period of +ime (varlable In | second steps up to 60 seconds).
The attenuator would then sutomatically reverse Itself (stimulus would become
more Intense) untll the RS was depressed again when the tactile stlmuius
reached the S's tactile or audltory threshold. Fligure 9 1!lustirates a typical
V-T threshold trace with the timer set at 6 seconds attenuation time.

Initial Instructions were delivered In the same manner as 1T-B. A supra-
threshold stimulus was dellivered to the thumb of the S bty moving the stimulus
switch of the GS E-B00 from the "Alternates-On' to the "Stimulus-On" position.
The thumb of the S was then pressed on and Immediately released from the RS
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Fig. 7, Four year old child performing vibrotactile threshold tracing fol-
fowing Instructional Technique B.
Q
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Fig. 8¢ Three vear old child performing vibrotactile threshold tracing

task utilizing Instructional Technique C (Test 1),

Fig. 9. Typical vibrotactile threshold tracing in Modified
Bokesy (MAB) with timer mechanism set at 6 seconds

Ascending
attenuation.
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button even though the stimulus was not Immedlately removed. In this manner,
the S iearned that depression of “he RS button would remove the V-T stimulus,
but not immediately. The length ¢f the V-T stimulus was varled.

The minimum CA for flfty percent or greater success with IT-C was four
years (3 yrs. 6 mos. - 4 yrs. 5 mos.). However, some Ss at CA 3 years
(2 yrs. 6 mos. = 3 yrs. 5 mos.) were able to meet criterlon successfully.
Figure 10 Illustrates a three year old tracing his aucitory threshold follow=
Iing conditlioning with the Y-T task. Figure !l depicts a typical threshold
trace with the timer mechanism set at a 5 second attenuation time. Follow~
Ing the V-T and auditory threshold measurement with the Modifled Ascendling
Bekesy (MAB) conventional audlometry was used as a control against which the
experimental method could be compared. Flgure 12 shows a child participating
in conventional audiametry.

Catibration

Before beginning the testing with each subject, the frequency and
intensity characteristics of the E-800 :ystem were cailibrated according to
the manufacturer's speciflcations. A single phone was used when determining
alr conduction thresholds In order to minimize the effect of earphone differ-
ences. The sound pressure output of 1 e earphone was measured with the ASA
6 cc coupler and the Bruel and Kjaer auditory analyzer model 3320.

Calibration of the V-T transducer was completed at the National! Bureau
of Standards by Or. J. M. Pickett, Research Professor of Hearling and Speech,
Gal laudet College, through the generous cooperation of Dr. Seymour Edeiman
of NBS. The detalls of this callbration are presented In Experiment |.

RESULTS

Eight experimenits were conducted to gather Information concerning two
different auditory tests which utilized a nonverbal V-T instructional mode.

The flrst six experiments were concerned with Test | and the development
and standardization of two nonverbal V-T instructional techniques for deriving
auditory thresholds by the psychophysical method of adjustment as characterized
In the standard GS E-800 automatic audiometer.

The last fwo experiments were conducted to supply information for Test ||
which Included a modification In the standard GS E-800 equipment. The modi-
fication represented an effort to simplify the existing equipment to make
learning of the auditory threshold tracing task easlier for young hearing Iim-
palred children. As In Test |, a nonverbal V-T instructional mode was utilized
in Test |1,

In general, five of the flrst six experiments were designed to elicit
information concerning IT-A (nonverbal V-1 Instructional Technique A). The
sixth experiment dealt with standardization of an alternzts nonverbal V-T




L,l,

M—
P
A

e btk g w g

E
.
TN, KWK

bt §

fel -
.
s &
Y

. 10, Child has generalized to the auditory threshol!d tracing task
(Test 1),

Fig. 11, Typical auditory threshoid tracing in Mouified Ascending Bekesy
(MAB) with timer mechanism set at 5 seconds,

Aruitoxt provided by Eic:
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Fig. 12, Cniid performing conventional audiometry which was used for
threshold comparison with new Test |1,
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Instructional technique for Test 1 ({T-B).

More specifically, Experiment | was conducted to obtaln basic V-T data
with hearing and deaf adults. Such Information as best osclliator p lacement
and pressure, expected V-T threshold and envelope size, varlabllity and re-
Itabl Ity was of major Importance during this experiment. The Information
obtained from Experiment | made It possible to proceed to Experiment I1.

Experiment 11 was an attempt to determine whether auditory generallzation
would take place with hearing adults after they had learned to perform the
V-T threshold tracing task. All of the adult Ss utilized did generalize from
a V-T to an auditory threshcid tracing task with no Intervening instructions.

Experiment 111 was a replication of Experiment 11 with the exception that
deaf adults were utilized. The results were similar.

Durling Experiment 1V, deaf chlldran (CA 12 and 11 years) were utlllzed
for the first time In an effort to determine whethar the performance of
chlldren was simllar to that of adults for the V-T and audltory threshold
tracing tasks after nonverbal Instructlons (IT-A). Analyses of the data In-
dicated that threshold and otter V-T and auditory Information for deaf adults
and chlldren were not markedly different when IT-A was used as the Instructional
mode.

Experiment V was an attempt to establish the minimum CA for which IT-A
was a valld nonverbal Instructional technique for young deaf chlldren. The
criterion of 50% success was met at CA levels of six years and above.

Experiment VI was an attempt t+o provide an alternate Instructional
technique (IT-B) In an effort to lower +he minimum CA at which deaf chlidren
could successfully complete Test |I. The major difference between iT-A and
IT-B was the Intensity level of *he Instructional stimulus. IT-A utilized
a continuously varlable svtenuator near the V-T threshoid ievel, whereas
IT-B was conducted at a f!xed Iatensity suprathreshold level. With 1T-8,

It was possible to lower the minimum CA to five years (CA 4 yrs. 6 mos. -
5 yrs. 5 mos.).

Experiment Vil was agaln an effort to gain basic V-T and auditory data.
A modification was made on the standard GS E-800 equipment In an effort to
simplify the V-T and aucltory threshold tracing tasks for young deaf children.
In addition to those questlons answered In Experiment |, It was necessary 1o
find out whether auditory thresholds derlved by the two different tests
(Test | and Test 1) wers comparable for adults. There appeared to be 3
slight difference between the two tests (approximately 3 dB) with Test |
ylelding slightly better auditory thresholds.

Experiment VIl was carried out to collect data on Test Il. It was an
effort to determine the minimum CA for which Test || with I+s nenverbal V-T
Instructional technlque was adequate with young deaf chllidren. The minimum
CA appeared to be four years (CA 3 yrs. 6 mos. - 4 yrs. 5 mos.). However, It
wzs possible to test some children at CA three years (CA 2 yrs. 6 mos. - 3 yrs.
5 mos.).

The individuel experiments with an analysis of the procedures and resu!ts
foilow this section. :
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EXPERIMENT NUMBER |

A. Purpose.

Part | of this study was designed to develop a nonverbai Instructional
procedure for use In the administration of an auditory test. A previous
clinical version of this test (Frisina, 1962) utilized a vibrotactiie con-
ditloning procedure as a precursor to responding to an auditory stimuius.

The purpose of Experiment | was to obtalin baseline data concerning be-
havioral responses to a specified vibrota¢tile stimulus generated by an auto-
matic audiometer. This was to be accompliished by selecting a relatively small
number of subjects (n=12) and having each provide a large number of samples
of his behavior. The V-T data sought related to: the mean and standard
deviation of the threshold measures; average V-T envelope size; standard
deviation and range while tracing threshold; and learning whether or not the
selected polnt of attachment and amount of pressure of the V-T transducer
were adequate.

The dependent variable In Part | was the precision with which the subjects
cauld activate the response mechanism. The quantitative measure of the dependent
variable was the peak-to-peak decibel range (Envelope Size) graphically pre-
served on the motor-driven recording attenuator. The mean threshold and vari-
ance expressed in decibels thus could be arithmetically computed by recording
the nominal SPL of consecutive palrs of presses and releases of the response
switch. Varlables which were known or suspected to Influence the dependent
variable were: i) method of generating a vibrotactile stimulus; 2) duratlion
of the stimulus; 3) attenuaiion rate of the stimulus; 4) pressure of the
transducer; and 5) placement of the transducer on the subject.

These varlables were controlled by: 1) utlilizing a 500 cps tone generated
by a Type 1304 Beat Frequency Audlo Generator Included In the Grason-Stadler
Bekesy E-800 Audiometer; 2) utilizing a pulsed tone with an Interruption rate
of 2.5 ips with 2 rise-decay time of 25 msec.; 3) utliizing the 2.5 dB per
second attenuation rate availabie In the E-800 unit; 4) hoiding constant the
pressure of the transducer ty use of a small 250 gm. steel pressure spring and
plate modification (See Figure 2) attached to the center of the back surface
of the transducer; and 5) placing the transducer on the Inner surface of
the thumb of the hand opposite that used for writing (See Figure 5).

B. Subjects.

A total of twelve young adult males was selected for this exper iment.
None reportedly had previous experience with automatic audiometry. Six were
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selected on the basls of reported normal hearing and were between the ages of

25 and 33; the other six (ciassifled as deaf) were selected randomly from the

Gallaudet College student population. Through standard audlometric procedures

each of the deaf subjects met the criterion of having greater than an 80 dB 1SO

hearing level at 1000 cps In the better ear. The sges of these students were

betveen 18 and 22. \

[

c. Instrumentation and Test Enviromment.

Conventional auditory thresholds at 500 and 1000 cps In the deaf subjects
were measured with a Beltone |5-A discrete frequency audiometer for selection
purposes. The discrete frequency audiometer was equinped with TOH-39 earphones
and MX-41/AR cushlions. Vibrotactile thresholds for this experiment werc ob-
tained by using the Grason-Stadler E=800 solf-recording audiometer. The vibro-
tacrile transducer used with the E-800 vas a Radloear B-70A bone conduction
recelver to which was attached a 250 gm. pressure spring mounted on an oval-
shaped zinc plate (20 x 12 mm. surface area). The means of attachment of the
zinc-plate to the spring and the spring to the transducer was Dupont Duco Cemernt
(See Figure 2). This spring-plate modification was used for the purpose of
controlling attachment pressure of the transducer. In the selection of pressure
amount, It was necessary to find an amount that would allov the S to feel the
vibratory sensation with sufficlent ease, but not be so +ight as Yo Interfere
with circulation and cause the S to feel his own pulse-beat, and thus, pariially
or fully obscure the vibrotactile sensation. Several different amounts were
tested with the optimum pressure of 250 gms. seeming to result. Although some
Ss reported that there wus some slight feellng of pulse-beat with the 250 gm.
pressure appliication, all Ss reported that the sensation did not Interfere
with the reczption of the vibrotactile stimulus. When pressures grester than
250 gms. were tested, the subjects reported that their pulse-beat Interfered
with reception of the vibrotactile stimuius. The 250 gm. weighted spring was
therefore adopted for use In this study.

The B-70A oscl|lator was cannected to the tone-phone output of the E-800
audiometer; the latter was cailbrated after every thirtieth threshold trial
completed by each subject.

All vibrotactlle Bekesy tests administered to the hearing Ss were per-
formed In an IAC 1204 sound room with the audiometer In a separate control
room. The vibrotactile tests administered to deaf subjects were performed
with the experimenter and S In the same room; the hearing levels of these
subjects rendered Insudible the nolse of the audiometer or other room nolses.

A 1" wide strip of elastic tape was used to attach the transducer to
the Inner surface of the ‘thumb, (Presso-Plast Elastic Adhesive Bandage manu-
factured by Medical Fabrics Co., inc.). After examining a variety of attach-
ment polints, the inner surface of the thumb was selected as the point for the
fransduger because of Its large surface area and ease of attachment (see
Filgure 5).

Aruitoxt provided by Eic:
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D. Test Procedure.

The following procedures were used to establish conditioning to the
tactile stimulus. No explanation of the problem under study was given at
The outset. However, Immedlatcly after being seated In the test room, +he
following written Instructions were Issued to the S:

In a few minutes you will begin to feel a raplidly pulsing
vibration In your thumb. Your task will be to adjust the strength
of this vibration so that It will become softer and fade away. You
can do this by pushing this switch, The Instant It fades away, you
will release the switch untll you can feel the vibration again. As
scon as you feel the vibration again, press the switch so that the
vibration will begin to fade away. It is Important that the Instant
you do not feel the vibration you release the switch so that the
vibration will hecome stronger. As soon as you feei the vibration,
ad just It as | have just Instructed above. Are there any questions?

As soon as the S Indicated that he understood the written Instructions,
the following procedure was carried out: 1) with the S comfortably seated
with his arms on the arm-rests of the chalr, the bone conduction transducer
was placed on the thumb of hls hand opposite to that used In writing, and
the siastic tape was drawn azround the transducer, Its spring-plate modifica-
tion, and the patient's thumb with sufficlent tightness to "just barely
depress" the spring completely; 2) the response switch (RS) was placed In
the S's "writing" hand; 3) the stimulus was Initiated at a subthreshold leve!l
of approximately 40 dB nomina! SPL; 4) prior to angaging the pen to *+he
E-800 graph paper the S was allowed to practice pressing and releasing the
RS unti| his responses Indicated to the E that the task was understood; 5)
before returning the per to the original starting position of 40 dB nominal
SPL, the chart table was moved to the full right position In preparation for
tracing from left to right a graphic representation of tactlile threshold;

6) the audiometer pen was then placed In contact wlth the graph paper and the
S was allowed to track his vibrotactlle threshoid 10 times, i.e., 10 presses
and 10 releases of the response switch; 7) without further Instructions,
the pen was returned to its original subthreshold starting level of 40 dB
nominal SPL; 8) a second set of 10 threshold trlals was carried out; 9)
without further Instructions, the pen was returned to the 40 dB nominal SPL
starting polnt in preparation for a third set of 10 threshold trlals; 10)
the S was allowed to continue with triails 2! through 30 after which the
stimuiator was removed by the E and thie Bekesy unit was recallbrated In prep-
aration for trials 31 through 60; 1) these procedures were fo!lowed for
trials 61 - 90, 91 - 120, 121 - 150, 151 - 180, I8! - 200; the V-T stimulator
was removed and replaced following trials 30, 60, 90, 120, 150, 180. The
purpose for removing the transducer from the S's thumb af+er the specific
trials listed under || was to &ilow for exasmination of threshold variation
that might be related specifically to attachment of t+he transducer.

ERIC
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E. Resuits and Discussion.

El. Vibrotactile Threshold. The nomina! sound pressure level (SPL) In dB
for each press (n=200) and each rerease (n=200) per S was preserved on the graph
paper of the recording attenuator, Each threshold was computed arithmetically
by taking one-halif the difference between each press SPL and oach release SPL.
This resulted In 200 threshoid measurements per S. A summary of threshold
data related to the six deaf and six heering sutjects used In this experiment
Is presented In Table I.1.

Table 1.1. Vibrotact!le Threshold Data of
Hearing and Deaf Adults
(38 expressed in nominal SPL)

T _ { ‘
% Threshold | Tetsi No. of Group
[Group | Trials/S Thresnold Trials | Msan  S. D, ‘4
 Doaf 200 1209 13.5° i 2.0
w6 |
Hearing | 200 . 1200 | 78.9 | 1.9 J
n=6 ! i
 Total 255 2400 ' 76.2 ! 1.9 I
Ln=i2_ f i 1

The 24C0 threshold trlals of the tweive Ss revealed a mean threshold of
76,2dB nominal SPL with a S.D. of |.,9. Vibrotactile threshoids have not been
determined through use of the E-800 automatic audiometer in previous research
and thus these findings constitute baseline data for the vibrotactile condition-
Ing procedure being developed In this project.

Comparison of these threshold data with other research concerned with
tactile threshold revealed a striking similarity (Knudsen, 1928; Sherrick, 1953).
This became oyldenf when the B-70A was calibrated following Experiment | V-T
measurements.

The bone vibrator was callbrated by means of a minlature acceierometor
which was attached riglidly to the stimulation surface of the vibrator. Cali-
bration response at 500 cps was observed over a range of Input ampllitudes In
the vicinlty of threshold. The output waveform of the accelerometer was ob-
served to be undistorted and Iinezsrly related to input over a wide range of

I Our thanks are due to Dr. James M, Picke®t, Research Professor of Adearing
and Speech, Gallaudet Coliege, and to Dr. Seymour Edeiman, Sound Division,
Natfonal Bureau of Standards, Wash., 0. C., for thelr efforts In callbrating
the vibrator.
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levels and vibrator loads; output amplitude for a given Input was unaffected
by & range of loads Including the luad used In the pressnt experiments. The
peak-to-peak value of the a:celeration waveform was measured for a reference
input level of 0dB (nominal), a level corresponding approximately +¢o the
average vibratory threshold observed during the experiments; this "threshoid"
value corresponded to a peak-to-peak displacement of 544 miliimicrons, a value
which Is very close to the fingartip threshold obtained in the classical measure-
ments by Knudsen (1928), a value of 500 millimicrons, and confirmed by recent
measurements of Sherrick (1953). Thus we conclude that the method we emp!loyed
In Instructing our subjects to adjust the vibrator stimulus for threshold, and
to track threshold, did in fact result in a mean stimulus ampiitude level that
was very close to “"true" threshoid.

The adults used In the study were divided info two groups, one deaf and
‘the other hearing. There were no prior empirical data available to suggest
a difference between vibrotactile thresholds of these two groups; thus tha
nuli hypothesis was tested using the Mann-Whitney U Test (Slegel, 1956). The
resulting probabiilty of .394 required the acceptance of +he hypothesis of no
difference between the measured threshold of the two groups.

E2. Envolope Size. This experiment sought to gather data related +o
vibrotactile envelope size, or excursion width as It Is sometimes called In
auditory measures. The size of the envelope was computed by subtracting each
release SPL from its companion press SPL. Since each of twelve subjects con-
tribtuted 200 threshold trials the total number of excursions was 2400. The

mean envelope size as shown in Table |.2 was 8.1; the standard deviation was
2.0. '

Table 1.2. Vibrotactile Enveliope Size Data of
Hearing and Deaf Adults
(dB expressed In nominal SPL)

i | Trials/ | Total No. of Group
Group Subject Triais Mean S. D.
Deaf 200 1200 8.7 1.8
n=6
Hear ing 200 1200 7.6 2.3
n=6
F Total ’ 200 2400 8.1 2.0
‘n=12

(1960) study of Bekesy audiometry.

These data on V-T envelope size constitute baseline data since the E-800
has not been used previously in this vay.

The twelve Individual mean envelcpe
sizes ranged from 5 to 12 d8.

The overal| mean of 8.1 dB as shown in Table
1.2 Is npproximately 2 dB smaller rhan that reported In the original Jerger
he repcrted that envelope size (tracing
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width) for continuous and Interrupted auditory threshold tracings for normel
and conductive Impairments by alr-conducted pure tones on the E-800 audiometer
(2.5 dB/second atteruation rate) by Inspection average about 10 dB. There vas,
however, considerable varlation about this mean value. Tracing widths as

small as 3 dB and as large as 20 dB were not uncommen. In the present study,
the V-T data revealed mean excursion widths to be slightly less in magnitude
than those for auditory stinuil; the mean slze of the former was found to be

8 dB and that for the latter, 10 dB.

As In the case of V-T thresholds of deaf ard hearing subjects, there
was no a priorl basis for expecting differences between the envelope sizes
of these two groups. The null hypothesis was tested with the Mann-Whitney U
Tes* (Siegel, 1956). The resulting probabiiity of .588 required the acceptance
of the hypothaesis of no difference between the measured mean envelope slzes
of the two grouns.

E3. Placement and Pressure of V-T Transducer. |t was of speclal Interest
to learn whether or not the thumb and the pressure of 250 gms. were sultable
for this test procedure. The relatively small variance assoclated with thros-
hold and envelope size Indirectly supports the question of adequacy of:placement
and pressure. A more direct measure of this, however, was through a comparison
of intertrial thresholds and envelope sizes. The V-T transducer was removed
and replaced foliowing trials 30, 60, 30, 120, 150, and 180. To test the
hypothesis of a6 'dlfference among the blocks of 30 trials, a single threshold
value and a single press-release combination value among each of the six 30-
trial blucks wers randomiy selected. Since euch value was selected randomly
from each block It was assumed that each was represantative of Its block on
each of the two variables studied.

Six thresholds .or each of twelve subjects resulted In 72 threshold measures

which were used in a Friedman Two-Way Anaiysls of Variance. The observed X2
value was !0.21. In both cases the rul!l hypothesis was accepted. These
results suggested that placement and pressure of the V-T transducer were quite
acceptable for the purpose intended in +he V-T conditioning portion of the
test procedure under development in this project.

F. Summary.

The present experiment was undertaken to study the feesibility of utliizing
a8 programmed vibrotactile stimulus-response procedure. In this experiment,
an attempt was made to derive baselins dats regarding envelope size when
plotting vibrotactile thresholds with the Bekesy E-800 audiometer. Aiso of
Importance was the development of a standard technique for satisfactorily
controlling pressure and placement of the vibrotact!le transducer. These data
resulted from tracing thresholds on twelve subjects, each of whom was tested
over 200 threshoid trials.

The findings of the 2400 thresho!d measures Indicated that the technique
resulted fn highly scceptable tracings. Further indicated was the finding

that average excursion width for vibrotactile thresholds Is at least as small as,

If not smaliler than, that for auditory thresholds when Interrupted (pulsed)
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tones are used. Thase data enabled the experimenters to pFoceed to
Experiment |1 which was designed to test for cross-modallity gemarallzation
from & vibrotactile threshold tracing task to an auditory thrreshold tracing
task without Intervening verbal or nonverbal instructions.
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EXPERIMENT NUMBER 11

A. Purpose.

experiment |l was the second step in the attempt to develop a nonverbal
vibrotsctile (V-T) Instructional procedure for administering an auditory test
(Test 1). The Instructlional procedure to be used In *his experiment Is
labeled Instructional Technique A (IT-A). Experiment | was designed primerily
to provide baseline data related to response to a vibrotactile stimulus. The
prime purpose of Experiment || was to test for cross-modality generallzation
from a vibrotactile threshold tracing task to an audltory threshold tracing
task without any Intervening Instructlons.

The dependent and independent variables and thelr c~ntrols remalned
essentlally the same as those In Experiment |. However, with the Introduction
of an auditory stimulus, two new varlables were Introduced. These two variables
which could exert some Influence on the dependent variable (the rellabliity
with which the Ss could activate the response mechanism) were 1) the method
of Introducing the air-conducted auditory stimulus, and 2) the auditory stimulus
Itself.

These variables were controlled in the ‘ollowing manner: |) the Bekesy-
fype audiometer (Grason-Stadler model E-800) was equlipped with TDH-39 earphones
and MX-41/AR cushions; 2) a 1000 cps Interrupted tone was used as the stimulus.

B. Subjects.

A total of ten adult Ss were selected for this experiment. All Ss wers
selected on the basis of reported noi'mal hearing and no prior knowledge of the
experiment or the techniques invoived In the administration of au*oma*lc audlo-
metry. Nine of the Ss were female and one was a male.

c. instrumentation and Test Environment.

The vibrotactiie Instrumertation for Experiment |l remained the same as
t+hat described In Experiment | (& Radloear B-~70A bone conductlon recelver with ]
an E-800 Bekesy audiometer as signal source). The audlitory threshold tracings 1
obtained In Experiment || on each S, for the purpose of demonstrating cross-
modality generalization from a vibrotactile threshold tracing task to an
auditory threshoid tracing task, were performed on the same Bekesy unit used
to obtain vibrotectile tracings In Experiment 1. However, a set of TDH-39
earphones with MX-41/AR cushions was substituted In place of the B -70A bone
conduction receiver. Only one earphone was used for purposes of testing and
calibration in order to eliminate effects of earphone differences. Before
Initliating the experiment, the complete system of audlometry and test phono
was. calibrated with the Bruel and Kjeser 3320 analyzer.

Attonuation rafc of the auditory stimulus (2.5 dB/second) was the same ‘
as that used for presentation of the vibrotactile stimulus in both Experiments
| and 11. The standard Bekesy pulse tone with an Interruption rate of 2.5 Ips




The test enviromment foi presentatlion of both vibrotactile and audlitory
stimull was a qulet, two-room suite. Preparations were made to Introduce
masking during the vibrotactile ihreshold tracing task If the Ss complained
that the sound of the transducer or other amblent nolses Interfered with the
tracing task. However, In only one Instance did a S report that there was
some slight Interference. Thls report was made by subject number seven whose
audltory thresholds at 1000 cps obfalned In the envirorment described were
-l.4 and ~I.| dB re .0002 dynes/cm? for mean auditory threshold criterion
trials | and 2 respectively.

D. Test Procedures (Instructional Technique A)

I. Procedure to Estabilish Candlﬂonlng';, to Tactile Stimulus. The follow-
Ing procedures were used to establlish co oning to the tactlle stimulus. No
explanation of the problem under study was glven at the outset:

a) after S was comfortably seated with arms on the arm-rests of the
chalr, the bone conduction transducer was placed on the thumb of the hand op-
posite to that used In writing. The elastic tape was drawn around the trans-
ducer, Its spring-plate modification, and the patient's thumb with sufficlent
tightness to "just barely depress" the spring completely;

b) the examiner (E) held the response switch (RS) In his right hand In
close proximlty to the S's thumb to which the transducer was attached;

c) E then placed his left Index finger and thumb on the sldes of the
transducer;

d) the stimulus (500 cps pulse tone with an Interruption rate of 2.5 Ips
with a8 rise-decay time of 25 msec.) was then Initlated at a subthreshold level
of 40 dB nominal SPL;

e) @8s soon as the stimulus reached E's vibrotactile threshold, E pushed
the RS (meking appropriate faclial gestures to emphasize the procedure);

f) E released his +thumb from the RS as soon as the vibrotact!le stimulus
reached subthreshold (E again emphasized the procedure with appropriate faclal
gestures);

g) E continued the above procedure until ten presses and ten releases
of the RS had been demonstrated;

h) at the termination of step g, testing for conditioning was carried
out In the following manner: 1) E placed the RS In S's hand opposite that
to which the transducer was attached; 2) the E then returned the pen to a
subthresho!d level of approximately 40 dB nominal SPL, returned the chart table
to the full-right position In preparation fr:- drawing a graphic representation,
depressed the audlometer pen onto the graph paper, assumed an attentive pose

L _J w.
and a rise~decay time of 25 milllseconds was utlllized throughout the experiment.
by pointing first o the transducer and then to the RS, and turned the E-800
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to the power-on position; 3) the 5 was allowad to trece his own vibrotactile
threshold with E reinforcing correct responses on the part of the S by nodding
approval and/or short applause or E remalning passive and non-committal when no
response or an Improper response was made; 4a) +this practice trial was allowed
to contlinue through several presses and releases until S Indicated (by excursion
slze and evenness of threshold +racing) that he understood the task at hand
before returning the pen to the originxl starting position of 40 dB nominal

SPL or If the S falled to carry out the task, the above conditlioning procedures
were again carrled cut before allowing the S to attempt a second practice;

4b) |f excursion variation and mean Indicated that he had understood the vibro-
tactlle tracing task, the pen was returned o Its original stariing position

(40 dB nominal SPL) and without further Instruction s second E-unalded ser!os
(Criterion Trial 1) of ten presses and ten releasas was aliowad; 4c) without
further Instructions, the pen was returned to the origiral starting position

and S was allowed to continue with trial two (Criterion Trial 2) of ten thresh-
old crossings; 4d) condlitioning to the tactile stimulus and the management

of the RS wes satisfled If the means (thresholds) of the two E-unalded crliterlon
trials were within 10 dB of one anaother; 4e) fallure to meet criterion led:
to 8 second nonverbai demonsiration ot the task as described above fol iowed

by a second attempt on the part of the patient to meet the criterion of two
congecutlive unaided trials the mean thresholds of which were within 10 dB of

one another; 4f) a fallure of 4e would have led to dismissal of the subject
from the experiment; however, no fallures were encountered in this sample.

2. Procedures for Generallizatlon to Audlforé Stimull. Followling satis-
factory compietion of The vibrotactile Task, cross allity generalization
to an auditory stimulus was tested on each S. The procedures were as follows:

a8) the oscllilator with Its spring-plate modification was remved from
the S's thumb after the tactlle conditioning procedure had been completed, and
the Bekesy unlit recallbrated In preparation for a practice suditory threshold
tracing task;

b) the headset was placed on the head of the S with the test phone on
the right ear;

c) the presentation of srimulus: 1) the Bekesy audicmster was set to
present a flixed frequency of 1000 cps to the right ear of the resorted normal-
hearing $ and the Input selector switch was placed In the “STIM. CAL." position;
2) the chart table was turned to full-right position In preparation for draw-
Ing a8 graphic representat!on of auditory threshold from left to right; 3) +the
Electronic Switch was placed In the ";uise" position; 4) +the 20 ¢B pad was
switched to the "IN" (minus) position; %) the pen was adjusted on the graph
paper to spproximately ~I13 dB SPL;

d) the RS was placed In the hand of the S (same hand used tor vibro-
tactile conditloning procedure);

e) the generallization test: 1) without Instructions, the audlcmeter
was turned to the "Power On" position and the S was allowed to trace his
threshold for ten practice threshold crossings without any gestures, etc.,
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from the E; 2) without further Instructions the pen was returned to ~-13 dB
SPL and the S allowed to trace his threshold for ten additlonal threshold crosc-
ings (Criterion Trial 1); 3) without further instructions, the pen was again
returned to =13 dB SPL and the S was J.llowed to trace his threshold for ten
additional threshold crossings (Criterion Tris! 2);

f) tho generalization criterion: |) the mean threshold of two successive
ten-crossing trials must not differ by more than 8 dB; 2) fallure to meet
criterion: 2a) If criterion Is not satisfied In 10 consecutive triels, the
procedures to establish conditioning to a vibrotactile stimulus outlined above
would be repeated whereafter this procedure would be fol lowed by repetition of
t+he generalization task; 2b) If the S falled to meet criterion after this
run, the S wouid be considered to have failed to generalize from vibrotactile
t¢ audlitory stimulli.

E. Results and DIscussion.

El. Nonverbal instructional Technique A (IT-A). A criterion trial for
the nonverbal Instructional Technlque In This experiment was defined as a
sequence of ten consecutive V-T threshold t-lals. Criterion was met when the

reans of two successive criterion trials were within 10 dB of one ancther. The
possibie minimum number of trlals to criterlion, therefore, was two.

The efficacy of 'T-A with adult hearing subjects was demonstrated In the
fast rate at which they learned the V-T task. Following the prescribed practice
period only four subjects required more than the minimum two criterion trials;
three satisfled criterion In four trials and one In three; the mean for the
group was 2.7 trials. As lllustrated In Table 2.1 threshold differences
between criterion trials In all casas were less than 3 d3. The group mean
difference (ignoring direction of uifference) between criterion trizls was
only 1.2 dB which vas well within the allowable |Iimit of 10 dB. The absolute
difference bstween the total semple mear thresholds of the two trials (83.4 -
82.7) was only .7 dB. These fIndings demonstrated the practicality of the
nonverbal Instructions used as well as the definition of criterion.

E2. Cross-Modality Generalization. The primary purpose of this experl-
ment was t0 determine whether or not the Ss, once having learned to trace their
V-T threshold, could generalize to tracing their auditory threshold without
Intervening Instruction. Table 2.2 summarizes the auditory data and |liustrates
that all except one of the Ss satisfled criterion In two trials. A criterion
trial was defined as a sequence of ten consecutive auditory threshold trials,
Criterion differed slightly from that defined for the V=T stimulus In that
t+he means of two successive auditory criterion trials had to be within 8 d8
of one another. After having satisfled criterion to vibrotactile conditioning
following nonverbal Instructions, all Ss generallzed to suditcry signuis. Al
but one S satisfled criterion in two trials. Table 2.2 summerizes the data
relative to generallization from the vibrotactile to the auditory threshold
tracing performance.

The valldity of the generalized auditory threshold determinations Is
manifested in the mean threshoid of the total sample. As Indicated in Table 2.2,

©
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the mean auditory threshold for the two trials at 1000 cps was +6.83 dB re
.0002 dynes/cmZ and s arithmetically equivalent to the new International zero
(1S0, 1964) at 1000 cps which is +6.5 re .0002 dynes/cm2 (Davis and Kranz,
1964). Thus the results of the experiment demonstrated the vaiidity of non-
verbal Instructions (as used in this study) and the cross-modality generallza-
tion which was verified by the auditory threshclds traced by the experimental
Ss.

The differences between the criterion auditory thresholds ranged from
.3 to 3.4 dB. The mean difference between criterion trial thresholds (dis-
regarding direction of difference) for the total sample was very small, |.53 dB;
the absolute difference between means of first and second criterion triais
was even smaller, 0.2 dB.

E3. Envelope Size. The mean V-T envelope size among the ten Ss In this
experiment uFTTTzing 1T-A ranged from 5.8 dB to 12.0 dB. The mean size for
the total sample was 8.8 dB. The meai V-T envelope of Ss instructed verbally
in Experiment | was very similar, 8.1 dB. Apparently, verbal and nonverbal
Instructions produce similar results.

The mean auditory envelope size for the ten subjects in Experiment || was
10.0 dB; the median was 10.0 dB; and the scores ranged from 5.8 to 14.2 dB.
The performance of the present experimental group that generalized from the
tactile to the auditory was similar to other research groups that were in-
structed verbally. For example, Landes (1958) reported an approximate en-
velope size of 8 dB in ten normal adults who were tracking a 1000 cps tone;
Epstein (1960) utillizing a sweep frequency range found enveiope sizes to
vary from 5 to 17 dB; and Jerger (1960) found the average auditory envelope
size to be on the order of 10 dB. It appears, therefore, that once the
subject has an understanding of the task demanded of him, the Instructional
method (i.e. verbal or nonverbal) of getting him to that point is not likely
to contribute signiflcantly to differences in test outcomes.

F. Summary.

The present experliment was designed to test for cross-modality generaliza-
tion from a vibrotactile threshold tracing task to an auditory threshold
tracing task without any intervening verbal or nonverbal Instructions. In
this experiment an attempt was made to derive empirical data regarding both
vibrotactile and auditory envelope sizes and thresholds wivh the Bekesy &£-800
audiometer. Criteria for success were two consecutive mean ribrotactile
thresholds which did not differ by more than 10 dB8 and two ccisecutive mean
auditory thresholds which did not differ by more than 8 dB. ‘en normal hear-
"ng adult Ss were used in this experiment.
The results demonstrated the validity of nonverbal Instructions (IT-A) and
the cross-modality generalization which was verified by the auditory thresholds
traced by the experimental Ss. These data enabled us to proceed to Expusriment
111 which was designed to test the validity of these procedures In cl'nical
subjects with auditory deficlts.
Q
' 1
L‘I’i'
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EXPERIMENT NUMBER 111

A. Purgose.

This experiment was an extension of Experiment || which contributed new
Information toward the development of a nonverbal test of hearing which inciudes
the utilization of @ nonverbal set of instructions. In Experiment || normal-
hearing adult Ss were used to test for cross-modality generalization from a
condltioned vibrotactiie threshold tracing task to an auditory threshold trac-
ing task without Intervening instruction. Experiment 11| was concerned with
tihe same problem except that deaf adults served us Ss. Auditory thresholds
derived by conventional audiometry were used as controls for comparison with
thresholds obtained by automatic audiometry; in Experimen’ || t+he control thresh-
old was the new 1SO standard, the latter was appropriate In Experiment |l since
the Ss used had normal hearing.

The dependent and Independent variabies and their controls for the cross-
modal Ity generaiization Task remained the same as in Experiment ii. However,
the technique of presenting the tonal stimulus in | dB Increments for the stan-
dard audiametric threshold determination task in order that an accurate compari-
son could be made between standard and automatic audiometry Involved addi-
tional variables. These variables were: 1) method of Introducing the auditory
air-conducted stimuius; 2) method of instrument calibration to allow for accurate
comparison; 3) the step of the procedures In which the standard audiometric task
should be Inserted; 4) method of subjact Instruction; 5) technique employed for
determination of S's thresholds.

These variables were controlled in the fol lowing manner: 1) the Bekesy
E-800 audiometer was modified to allow performance of threshold testing by both
automatic and standard audiomeiric techniques by Iinsertion of a Hewlett-Packard
3508 | dB Increment attenuator (see description under section on Instrumenta-
tlon); 2) a single routine callibration of the E-800 a2udiometer was carried out
before performance of the automatic audiometric threshold tracing procedure and
the audliometer was rot recallibrated before performance of the threshold deter-
mination task performed by standard audiometric procedures which followed im-
med iately; 3) the standard audiometrlc procedures were completed after perform-
ance of the automatic audiometric threshold tracing task to prevent Introduc-
tion of any variables which might contaminate the validity of the cross-modal ity
generalization from a vibrotactile threshold tracing task to an auditory thresk-
old tracing task; 4) a prepared set of Instructions was given to each S using
a comblnation of speach and manual coding before performance of the standard
audlometric threshold determination task (see section cf procedures); 5) the
modifled Hughson-Westlake standard audiometric technique (Carhart and Jerger,
1959) was used to establish the S's audlitory threshold.

B. Subjects.

A total of ten young deaf adult Ss were selected from the Gallaudet College
student population to participate In this experiment. None had previcus experi-
ence with automatic audiometry. Audiometric data gathered within eight weeks
preceding this study were used In S selection. Each of the deaf subjects met

©
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the criterion of having greater than an 80 dB iSO Hearing Level at 1000 cps in
the better ear. The ages of these studen’s ranged from 17 and 2! years.

C. Instrumentation and Test Environment.

The vibrotactlle Instrumentation (a3 Radioear B-70A bone conduction receiver
with an E-800 Bekesy audiometer as signal source) and t+hat used for introduction
of the 1000 cps tonal stimulus for the cross-modality generalization task (TDH-
39 earphones and MX-41/AR cushions with E-800 audicmeter signal source) remained
the same as that used in Experiment Il. However, the same E-800 Bekesy audio-
meter was modified during this experiment to permit Its use for the dual purpose
of determining auditory thresholds by both automatic and standard techniques.
The modification was accomplished by insertion of a Hewlett-Packard 3508, 5 watt,
600 ohm, | dB increment attenuator between the output of tha osclilator and the
standard attenuator set. An electronic voltmeter (Hewlett-Packard 4000) was
used to check the output of the E~800 for a 1000 cps tone with and without the
attenuator modification and was found to be linear In both cases.

The test environment remeined the same as that used in Experiment ii (a
quiet two-room suite). Attenuation rate for all automatic audiometric proce-
dures remained the same as that used In the first two experiments (2.5 dB per
second). The standard Bekesy pulse tone with an interruption rate of 2.5 ips
with a rise-decay time of 25. msec. was agaln employed.

D. Test Procedures.

|l. Procedures to Establish Conditioning to Tactlile Stimulus. This proce-
dure remained the same as That used In Experiment Il (11<A).

2. Procedures for Generallization to Auditory Stimull. This procedure
also remained the same as that utilized In Experiment 17.

3. Derlvation of Comparative Auditory Thresholds Utiiizing Standard
Techniques. Immediately following the vibrotactile and generalization Tasks,
each subject's auditory threshold was determined by standard audiometric proce-
dures. This was done In order to allow comparison of thresholds derived by the
two methods. Standard audiometry (method of Iimits) was conducted as follows:

a) each deaf S was given the following Instructions using a combination
of signs and verbal instructions, "You will again be hearing some tones In your
right ear. Each time you hear a tone, you are to raise your hand and keep it
raised until the tone goes away. As soon as the tone goes away, you are to put
your hand down. The length.of the tones will vary, so be sure to keep your
hand up as long as you hear the tone. Many of the tones will sound very soft,
and you may not be sure you are hearing them. However, please ralse your hand
even If you just think you haar one. Are there any questions?";

b) the E-800 was not recalibrated befcre performing this procedure so
that any slight changes In calibration occurring during the performance of the
automatic audicmetric procedures outliined above would also be present during
the performance of the present procedure. |t was felt +hat this would eliminate
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any variable which might be introduced by recalibration and would give more
accurate indication of the differences between thresholds obtained by the two
methods;

c) the S was then seated with his back to the examiner (E) and the E-800
headset was placed in position with the tone receiver on his right ear;

d) Preliminary Audiometer Adjustments: 1) because of the severity of each
S's hearing less at 1000 cps, it was decided to preset the F-800 pen on the chairt
table to 112 dB SPL before beginning the test; 2) the Atte:.wuator Set (Hewlett-
Packard 3508) was preset for 0 dB attenuation in preparation for delivery of the
initial tone (112 dB SPL); 3) the "Electronic Switch" on *he E-800 was placed
in the "Alternate On" position;

e) Test Procedures: 1) the tone was presented to the S by switching the
Electronic Switch from the "Alternate On" position to the "Stimulus On" posi-
+ion; 2) attenuation of the stimulus was accompiished by manipulating the Atten-
uator Set modification; 3) +he Modified Hughson-Westlake technique {Carhart and
Jerger, 1959) was used to establish the S's auditory threshold,

E. Results and Discussion.

E1. Nonverbal Instructional Technigue-A (IT-A). As in the case of *he
previous experiment, a criterion trial for the nonverbal instructional technique
used in this experiment was defined as a sequence of ten consecutive V-T threch-
old trials. Criterion was met when the means of two successive criterion trials
were within 10 dB of one another. The possible minimum number of trials tc
criterton, therefore, was two.

The V=T conditioning performance of ten deaf adult Ss used in this experi-
ment is summarized in Table 3.1. It is apparent that the Ss learned the V-T
task very quickly; only one S requlred more than the minimum number of two
trials to criterion. The mean number of trials for the total group was 2.1.
As shown in Table 3.1 threshold differencec between criterion trials (ignoring
the direction of the difference) in all Ss ranged from 0.0 dB to 2.5; the mean
di fference for the total group was only 0.97 dB; the median difference score
was 0.90 dB. The group absolute threshold mean for trial one was 75.3 dB, that
for trial two was 74.5. This small difference of .8 dB was well below the 10 dB
allowable in individual Ss. In all cases the threshoid difference between trials
did not exceed 2.5 dB.

The apparent ease in the learning of the V-T task demonstrted in this
group was similar to the performance of the non-deaf adult Ss used in the pre-
ceding :xperiment; all except one S satisfied criterion in two trials. The
magnitude of the difference between criterion trials in the case of the indi-
vidual subjects was smaller than 3 dB in both samples used in Experiments ||
and 111, These findings indicated the practicality of the V-T conditioning
procedure and highly consistent threshc!d tracing performance on the part of both
deaf and hearing adult Ss.

E2. Cross-Modality C~nerallzation. The primary purpose of this experiment

was to find out whether or tiot deaf adult Ss would perform in & manner similar
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to the successful genera!lzation to auditory stimull characteristic of the norn-
deaft sample In Experiment |1, Criterion for generalization was the ability to
trace two consecutive auditory thresholds the means of which did not differ by
more than 8 dB., This was to have been done foliowing the successful completion
of the V-T threshold and without further Instructlons. As shown in Table 3,2
all subjects in this experiment met +he generalization criterion Iin two trials;
nons iequired more than the absolute minimum tri-is,

Compnrison of thresholds of trials one and two revealed individual differ-
ences ranging from 0.1 to 1,9 dB; the mean difference (disregarding direction
of dil fference) was only 0.67 dB; the median was 0.55 dB. The observed abso-
lute di fference between group mean thresholds was less than 1 dB (90.3=90.5);
actualiy only 0.2 dB. These summarized data In Tables 3.1 and 3.2 are quite
cimilar to those of adult hearing Sc and suggest that adults, whether hearing
or duat, learn with relative ease the V-T conditioning task and generalize to
an audlitory stimulus in & minimum number of trials.

The matter of cross-modality generalization seems quite clesr from these
two experiments In which this hypothesis was tested. The question of whether
or not absolute suditory thresholds are traced was partially answered in the
case of the non-deaf aduits. The control threshold value was the new interna-
tional (1SO) standard. For 1090 cps the control value was +6.5 dB re .0002
dynes/cm? (Devis and Kranz, ;364). The observed experimental threshold mean
was +6.8 dB re .0002 dynes/cmé, a dlfference of only 0.3 dB8. Nelther the number
of Ss used In the derivation of “he ISO reference level nor the variance were
reported which precluded a statisrical comparison of the two measures. How-
aver, from the clinical point of view a difference of less than 1 dB between
meazsuras of absolute threshold is of no known consequence.

The question of whether or not absotute threshold was being traced by the
deaf Ss In Experiment ||| was approached by comparing automatic audiometric
(experimental methcd) thresholds wlth standard audiometric thresholds (control
method). In order to accept the ai ‘~-matic audiometric threshold as an accept-
able approximation of absolute threshold it was required that the experimental
mettod produce a threshold equal to or better than the contirol method.

Table 3.3 summarizes the performance of each S on the two threshold measures.
The mean of 90.4 dB cbserved Iin automatic audiometry was 2.8 dB more sensitive
than the 93.2 dB observed mean derlved from standard audiometry. Thus we con-
clude that the Ss In this experiment were In fact generalizing from a V=T stimu~
lus to an auditory stimulus and at the same time were tracing thelr absoiute
thresholds. These findings tend to support tha statement by Harris (1964) In
which he said that "it seems safe to conciude with Hinchcliffe that audiometry
by the Bekesy technique Is comparable in every way to conventional audiomatry
in yvoung, intelligent, normal and near-normal! populations."

E3. Envelope Size. Vibrotactile measures were included in each of the
first three experiments. The mean, medlan and range of the V--T envelopes are
summat-lzed In Table 3.4, Adult Ss appear to be averaging approximately 8 dB
in the excursion width of thelr V=T threshold t+rials. Individuals have had

averages ranging from as smali as 4.4 dB to as large as 12 dB in width.
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Table 3.4. Vibrotectile Envelope Slze Data
(expressed in dB)
Mean 8.1 ‘;:8 8.1
Median 8.0 8.8 8.5
Range 4,4-10.5 5.8-12,0 5.6-10.4
i

Auditory measures were Included in the present and preceding experiment,
The envelopa characteristics of these two samples are summarized in Table 3.5.
I+ appears thet the average excursion width of the adults tracing thresholds Is
on the order of 10 d8 with scores ranging from as smail as 5.8 dB to as large as
14.2 dB, These auditory envelope slze results are consistent with previous

Table 3.5. Audltory Envelope Size Data
{expressed In dB)

Meusure Experiment || Experiment 111
Meun 10,0 10.3
Medl an 10.0 10.8
Range 5.8-14,2 7.6-12.0

-
v te ¢

rese;réﬁ’u+lilzin§ adult Ss, Thls suggesfs that the nonverbal lns?ruc#nonal
procedure (IT-A) being developed In these experiments Is proving to be sn effec-
t+ive corswunication means for elliciting auditory thresholds In a manner character-

istic of adult Ss Instructed verbaily, “
F. Summary,

The present experiment was designed to t.st the validity of the cross-

modal ity generallzation technique used !n Experiment {| for eilciting auditory
thresholds 'n young deaf adults,




ol

Immedlate learning of IT-A wae evidenced In *he group mean of only 2.1
criterion trials; just one S required an additionel frial bsyond the sbsolute
minimum number of trials necessary to satisfy criterion. The effectiveness
of IT-A as a methud of communicating the task was apparent In the readiness
with which the Ss met criterion In the auditory measurements. A!l Ss met crilte-
rion In thelr first two suditory triais,

The control measure In hearing was the threshold determired by standard
audlometry while the experimental variable was the Bekesy thrashold messure,
The validity of the nonverbal Instructional technique was further substaniloted
when viie sxperimental threshold cbtained wes equally sensitive 1o the control
threshold measure; the observed mean Bekesy audltory threshold was more sensl-
tive then the standard by 2,8 dB.

Additional envelope slze date were accumulated In the present experiment.
This Information added to that galned !n the flirst two experiments, V-T data
suggest that In adults the excursion size Is ilkely to be on the order of 8 dB
in magnitude with means of Individuals ranging from 4.4 fo 12 dB, Audltory
envelcpe slze has been found to average 10 d8 with individual mean excursion
sfzes ranging from 5.0 dB8 to 14,2 dB, There are no prlor data with which ‘o
compare the V-T data. Previous sudltory research utlllzing the Bekesy procadure
resuited In similar findings as reported here.
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EXPERIMNT 1V

A.  Purpose.

Experiment 11| was designed to tast the valldity of the cross-modality
generalization technique used for eliciting auditory thresholds In young aduif
Ss. The effectiveness of IT-A a3 a method of communicating the task was
apparent in the readiness with which the Ss met criterion in the auditory
measurements,

Experiment IV attempted to determine whether the same task could be
accomplished In a younger popuiation with the same procedures. The Ss wure
selected from lower secondary school level deaf children (CA eleven and tuelve
years) attending the Maryiand School for the Deaf.

The dependent and Independent varlables, thelr cortrels tor the cross-
modal ity generallzation task, and the standard audlcinetric threshold deriva-
tion task remalned essentially the same as In Experiment 111. The only
modification was the Introduction of two additlional frequencles, 500 cps and
4000 cps. In cases where hearing loss at 4000 cps excesded the maximum safe
limit In sound pressure, the highest residual octave or half-octave Interval
between 1000 and 4000 cps was substituted.

B. Subjects.

Twenty deaf students were Included In this experiment. These were
selected on the basls of chronological age (CA) and amount of residual hear-
Ing. The twenty Ss were divided Into two groups of ten each according to CA.
The CA of the first group was twelve years (il yrs. - 6 mos. to 12 yrs. = 5 mce.)
and that for the second group, eleven years (10 yrs, - 6 mos. to Ii yrs. 5 mos.).
The second criterion for selection of Ss was amount of residual hearing. It
was essential that each S have soms hearing at 500 and 1000 cps and at least
one frequency above 1000 cps, preferably 4000 cps.

C. instrumentation and Test Environment.

The vibrotactile Instrumentation {a Radlocear B-70A bone conduction trans-
ducer with the Grason-Stadler E-800 audiometer as signa! source) and that used
for Introduction of the suditory stimull In the cross-modzlity and standard
audlomatric comparlison tasks (TDH-39 earphones and MX~41/AR cushlons with
E-B800 audliometer signai source) remalned the same as thet used In Experiment
i,

The test environment was & sound-treated one room set-up. The S was
seated directly next to the audiometer to sllow the experin. nter (E) to operate
the audiometer and also nonverbe!ly Instruct the S in the vibrotactile thres-
hold tracing tesk. A screen was placed between the S and the aud!ometer to
prevent the S from beling distracted. The attenuation rate (2.5 dt/cec), the
standard pulsed tone (Interruption rate of 2.5 ips), end rise~decay time
(25 msec.) were 2galn employed In the automatic audiometric procedures and

. thereby remained the seme as those used in the first three experiments.




D. Test Procedures (IT-A).

1. Procedure to Establish Conditioning tc Tactile 5timulus. The follow-
ing procedures waere used to establish conditioning to ihe tactile stimulus.
No explanation of the problem under study was glver at the outcet:

la) after S was comfortably seated with arms on the arm-rests of the
chair, the bone conduction transducer was placed on the thumb of the hand
opposite to that used Iin writing, and the elastic tape was drawn around the
transducer, Its spring-plate modification, and the patient's thumb with suf="
ficlent tightness to "just barely depress" the spring completely;

1b) the E heid the response switch (RS) In his right hand in close prox-
Imity to the S's thumb to which the transducer was attached;

1c) E then placed his left Index finger and -humb on the sides of the
transducer;

1d) without depressing the pen on t+he graph paper the stimulus (500 cp- -
pulsed tone with an interruption rate of 2.5 Ips with & risg~-decay time of
25 msec.) was then inltiated at an arbitrary subthreshold level;

le) as soon as the s+timulus resched E's vibrotactile threshold, E pushed
the ©S (making appropriaje faci.al gestures to emphasize the procedure);

1f) E released hisz thumb from the RS as soon as the vibrotactile stimulus
reached subthreshold (E agalin emphasized the procedure wi+th appropriate faclal
gestures);

1g) £ continued the above procedure until five presses and five releases
of the KRS had been demonstrated;

1h) without interrupting the vibrotactile stimulus, E then placed the RS
in the hand of the S ovpposite to that to which the vibrotactile transducer was
attached;

1i) E then pliaced his right hand over that of S and helped S to trace
his own approximate vibrotactlile threshold by depressing S's thumb on the RS
each time the vibrotactile stimulus reached threshold level end reieasing it
each time the stimulus reached subthreshold (During thls procedure E again
emphasi zed the procedure with appropriate facial gestures.);

1§) E continued Step 11 until 10 presses and 10 releases of the RS i.ad
been demonstrated;

1k) at the termination of Step 11, testing for conditioninn was carried
out In the following manner: 1) E removed his hand from that of the S contain-
ing +the RS; 2) £ then returned the pen to0 an arbitrary subthreshold level,
re*urnad the chart table to the full=-right position, engaged the audiometer
pen and aliowed S t0 trace his vibrotactile threshold for ten consecutive thresh-
old trlals or for as many consecutive sequences of ten threshold trials as were
necessary unti!| the mean thresholds did not differ by more than 10 dB; 3) after
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each sequence of ten presses and ten releases (without interruption of the stime-
ulus), E returned the pen to an arbitrary subthreshold level and allowed S to
continue tracing his own vibrotactile threshold with € remaining passive and non-
comm! ttal when no response or an improper response was made;

115 criter!on was satisfied If by observation the mean thresholds of the
final two ten “hreshold sequences of the trials to criterion appeared to be
within 10 dB of each other and excursion size and evenness of threshold tracing
indicated that S understood the task at hand after which preparations were made
to test for cross-modality generalization to an auditory stimulus with only a
short Interruption for preparation;

Im) if S appeared to have falled to satisfy criterion, a ten minute break
was allowed before repeating exactly the above conditioning procedures except
for the elimination of Step 1g;

in) those Ss who appeaired to have satisfled criterion after this second
conditioning attempt were prepared to continue with the cross-modality general-
Ization task with only a short interruption for preparation;

10) those who still failed to satisfy criterion were allowed another ten
minute break; then those Ss were given a chance to attempt the cross-modeiity
generalization task to an auditory stimulus in exactly the same manner as those
who did satisfy criterion (refer to "Procedures for Generalization to Auditory
Stimull" below for procedures);

p) If the S falled the cross-modality generalization task, he was then
eliminated from the experiment; however, 1f he passed the generalization task,
his auditory threshold at 1000 cps was obtained by standard audiometric tech-
niques (refer to Step 3, "Derivation of Comparative Auditory Techniques" for
procedures); the S was then allowed another attempt to satisfy the vibrotactile
conditioning criterion using the same procedures |isted abcve; however, Step 1g
was agaln eliminated from the procedures; 1¢ this attempt to0 establish vibro-
tactile conditioning failed, the S was then classifled as a fallure.

2, Procedures for Generallization tc Auditory Stimull. Following satis-
factory completion of the vibrotactile task, cross-modality generalization to
an auditory stimulus was tested on each 5. The procedures were as fol lows:

2a) the oscillator with Its spring-plate modification was removed from the
S's thumb after the tactile conditioning procedure had been complieted, and the
Bekesy unit recalibrated in preparation for the auditory t+hreshold tracing task;

2b) the test earphone was placed on the better ear of the S;

2c) the stimulus presentatiun: 1) +.e Bekesy audiometer was set to prescnt
a fixed frequency of 1000 cps to the better ear of the S; the Input selector
switch was placed in tha "STIM. CAL." position; 2) the chart table was turned
to full-right position In preparation for drawing a graphic representation of
audifcry threshold from ieft to right; 3) the Electronic Switch was placed in the

©
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"pulse" positlon; 4) the 20 dB pad was switched to the plus position; 5) the
pen was adjusted on the graph paper to an arbitrary subthreshold level;

2d) the RS was placed In the hand of the S (same hand used for vibro-
tactile conditioning procedure);

2e) the generalization test: 1) wlthout instructions, the audiometer
was turnad o0 the '"Powesr On' position and the 5 was aliowed to trace hls audi-
tory thresho!d untlt two successive ten~crossing triatls did not differ by more
chan 8 di3; #his procedure was carried out wlthout any gestures, etc., from the
E; 2) after each trial of ¥en presses and ten releases (without interruption of
the stimulus), E returned the pen to an arbitrary subthreshold tevet and aliowed
S ¥0 continue tracing his auditory threshold;

2f) without interruption except for preparation, the same procedure was
used to test the fixed frequencies of 500 and 4000 cps; the highest residual
octave or half-octave interval between 1000 and 4000 cps was substituted In
cases where the hearing at 4000 cps was immeasurable; two trials of ten presses
and ten releases were made for each of these test frequencies; in all cases
the attempt to assess threshold at 1000 cps was carried out first; however,
the sequence for the other two frequencies was alternated for consecutive Ss;

2g) the generalization criterion: 1) the mean threshold of two successive
ten-crossing trials for each frequency must not differ by more than 8 dB; 2)
fallure to meet criterion: 2a) if criterion was not satisfied in ten consecutive
trials at 1000 cps, the procedure to establish conditioning to a vibrotactile
stimulus outlined above with the exception of Step 1g was repeated followed
by a second attempt at satisfying the cross-modality generalization task; 2b)
I f criterion was satisfied during the second attempt at the cross-modality
general I zation task (two coi.secutive sequences of ten presses and ten releases
at 1000 cps whose mean thresholds were within 8 dB) the S was a!lowed to con-
tinue t¢ trace his auditory thresholds at 500 and 4000 cps or that highest
residual octave or half-octave interval between 1000 and 4000 cps; 2c) the S
was considered to have falled the task and was classified as a failure for
statistical purposes if during the second attempt to trace his auditory thresh-
olds there was one frequency the mean threshoids of which were not within 8 dB
for two consecutive trials.

3. Derivation of Comparative Auditory Thresholds Utilizing Standard
Techniques. Immediately following the vibrotactile and generalization tasks,
each S's auditory threshold was determined by standard audlometric procedures.
This was done In order to al'~w comparison of thresholds derived by the two
methods. Standard audiomet. (method of |imits) was conducted as follows:

3a) each S was given instructions using a combination of signs and verbal
instructions; the Ss were instructed to raise thelr hands each time they heard
a sound no matter how soft or loud It seemed;

©
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3b) the E-800 was not recalibrated before performing this procedure so
that any slight changes in calibration occurring during the performance of the
automatic audiometric procedures outlined above would also be present during
the parformance of the present procedure; it was felt that this would elimin-
ate any variable which migh1 be Introduced by recalibration and would glve a
more accurate Indication of the differences between thresholds obtained by the
two methods;

3c) the S was seated in a position which precludsd his observation of
any E movements but which allcwed ease of observation of the S by the E; the
E-800 headset was placed In position with the tone recelver on the same ear
as that tested by the method of adjustment previously;

3d) preliminary audiometer adjustments: 1) because of the severity of
oach S's hearing loss at 1000 cps, it was decided to preset the E-800 pen on
the chart table to a ievel suprathreshold to that threshold derived by the
method of adjustment before beginning the¢ test; 2) the Attenuator Set (Hewlett-
Packard 350B) was preset for 0 dB attenuation in preparation for delivery of
the Initial tone (a leve! suprathreshold to that threshold derived by the method
of adjustment before beginning the test); 3) the "Electronic Switch™ on the
E-C00 was placed In the "Alternate On" position;

3e) test procedures: 1) the tone was presented to the S by switching the
Electronic Switch from the "Alternate On" position to the "Stimulus Cn* posi-
tion; 2) attenuation of the stimulus was accomplished by manipuiziing the Atten-
uator Set modification; 3) the Modifled Hughson-Westlake techinique (Carhart and
Jerger, 1939) was used to establish the S's auditory threshoid.

E. Results and Discussion,

El. Nonverbal Instructional Technique. A criterion trial for the non-
verbal |IT-A was defined as a sequence of ten consecutive V-T threshold trials.
Criterion was met when the means of two successive criterion trials were within
10 dB of one another. The possible minimum number of trials to criterion, there-
fore, was two.

-

a. Jwelve Year Old Group., The V-T condltioning performanc- cr the
ten twelve-year-olds Included in this experiment iIs summarized In Table 4.1.
I+ Is apparent that flve of the ten subjects satisfled criterion In the minimum
number of trials; two Ss required one more than the minimum; two Ss required
itwo more than the minimum and one S required five more trials than the m!nimum.
The mean number of trials to criterion was 3.1. As shown in Table 4.1 threshold
di fferences between criterion trials (ignoring the direction of the difference)
ranged from 0.2 dB to 2.7 dB; ths mearn difference (ignoring direction of dif-
ference) was cniy 1.2 dB; the median difference was 1.2 dB. The total sample
absolute threshold for criterion trial one was 84.0 dB and 84.6 dB for +rlal
two. This smali difference of 0.6 dB suggests that with an average of 3.1
trials the performance of this group achleved stabllity equal to adult per-
formance.

The vibrotactile performance of the deaf twelve year old group was compared
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WIth that of the young adult dest Ss in Experiment 111, The Menn-Whitnay
U Test. ves usad To test eﬂwnrohb”l*x' that thess'two Independent . . " -
groups were drawn from the same population.. The threshold, trials to criterion,
and the difference bg?woen“crlterlpn‘+r!a§§ were compared. Table 4.2 summar|zes

" Table 4.2, Comparison of =
Adu it Deaf (Exp. Iil) and Twelve Year-Oid
Deaf Subjocts on Vibrotactlle Performance

Performance Vartable | Cbtained | Required U |’ .
___1UValue | at .05 level

Threshold | | 5 | 25 Sig<.02

{Trisis toCriterion | 28.5 | 25 . | s
"Difference Befween L

LCriterion Trials 0 i 23 NS

these resuits. The two groups did not differ significantly In the number of
+rials to criterion which suggests that children at least this young can learn
the IT-A In as efficient a manner as young aduits. The dB difference between
criterion trials did not differ between the groups which Indicates that once
learned, the V-T performaince becomes consistent.” The hypothesis of no difference
between absolute thresholds of the two samples was rejected at the .02 level

of statistical significance. The difference between the group means was .
(chlidren 84.3; adults 74.8) 9.5 dB. Although it Is Interesting to find this
difference In thresholds, the consequence Is negiiglible since the V-T con-
ditioning procedure Is simply a means to an end which In this study Is tracing
auditory thresholds. | ’ - o

b. Eleven Year Old Group. The vibrotactile performance of the .
eleven year oid chlidren is sumrizod In Table 4.3, The mean number of triails
to criterion 2o+ this group was 4.5 as compared with the 2.1 for the'aduits
and 3.1 for the twelve year old children. The absciute threshold for this :
deaf group was 79.9 dB, 4.4 dB more sensitive than the 12 year olds and 5.1 dB
less sensitive than young deaf aduits. The differencs between criterion thres-
holds averaged 0.9 dB in the adult group as compared fo 1.3 dB for the eleven
year olds. : B , . :

| The oleven year clds differed significantly from the ‘d‘a‘f adults In
Experiment 111 In number of trials to criterion and In absolute threshoid.
Their performance was similar on the between criterion dB difference. These

results are summarized In Tabﬂe 4.4,
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. Table 4.4, Compariscn of Adult Deat (Exp. 111D
- eand Eleven-Ysar-Old Deaf Subjects on
" Vibrotactile Performance . - .

IPorfofmanco Vur;labl‘é , m'l"alned‘ Requ lred U
e UValue at .05 level |
Throshold | 145 | =z | sige.0s
Trials to Criterion 7 2 Sig<.05 |
Dlfference Between 1. | |
Criterion Trials 45,5 . 23 | __Ns

These findings ||lustrated in Table 4.4 indicate that the eleven year olds

- required a greater number of trials to learn the V-T tracing task. The .
threshold sensitivity of the eleven yesr old sample, aithough some 4 dB more
sensitive than the twelve year olds, were 5.1 dB less sensitive than the = .
aduits. The statistical comparison of these data resulted in the rejection
of the hypothesls of no difference between aduits and eleven vear~-olds on
threshold sensitivity and trials to criterion. Once having leerned the task
however, the eleven year olds appear to be performing in as stable a manner
as the adults. This was conflrmed by the acceptance of the Ho in the test
related to difference between criterion triais. ' ' ~

E2. Cross Modallty Generalization. The primery purpose of this experiment
was to learn w er.or not 12 and .11 year-old deaf chiidren wouid perform in
a manner simllar to ycung adults. The young deaf aduits successfully general-
ized from V-T threshold tracing task to the auditory threshold task.

a. Twelve Year Old Children. Criterion for. successful general {za~

tion was the abl 11Ty To frace Two consecutive auditory thresholds the means
of which did not differ by more than 8 dB. This was to have been accomp | I shed
following the V-T cond!tioning procedure but without further Instruction. As
shown In Table 4.5 the mean triais to criterion was 2.5; absolute threshold
mean for the i000 cps tone was 101.2 dB; and the moan difference between
criterion threstolds was 1.3 d8. The performence of the twelve-year-olds on
these factors .was compared with the young dea¥ adult Ss In Experiment (i1,
Table 4.6 1llustrates the outcomes of the statistical tests appiied to these
{hree varlables. These results indicate that the twelve-year-old deaf Ss
were able to gereraiize to the auditory threshold tracing task and perform
as effectively az the young adult deef Ss utitized In Experiment ill. It Is

~ apparent that the V-T experience not cnly made It possible for the children
to generalize to the auditory stimulus but aiso “banefited them In terms of
required number of trials to meet criterion.  They improved from a meen of
3.1 on the V-T learning o a mean of 2,5 on the auditory. The absolute
thrasholds obtalned from Bekesy audiometry and standard procedures In adults
were In ali cases but one, more sensitive In the Bekesy procedure with a group 4
meen difference of 2.8 dB. In the case of the twelve year o!i chilidren, how-
ever, In all cases the starderd threshold was more sensitive than the Bekesy; .

N - S
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© Table 4.6. Comparison of Adult Deaf (Exp. 111)
© . and Twelve-Year-0id Deaf Sson ~ - °~
e Auditory Performance:

) R

| Performance Variable | Obtained {- Required U | - .

Lt UValue | at .05 level ]
Threshold DIfference . o R -

Bekesy vs. Standard ! 0’.5#‘ 25 . | Slg ¢,05

L triais to Criterion | 30 - 3 | N
FOTfference Between R ' , ‘
{Criferfon Trials _ : 27 \ 28 ' NS

" the group difference between means was 4.8 dB. As illustrated In Table 4.6 .
- the hypothesls of no difference was rejected. B I L

 As we shall _see In the case of eleven year olds, 70% had more sensitive.
‘thresholds by standard and 30% more sensitive in the Bekesy procedure; the
 difference betwoen means for the.eleven year old group was only 2,3 dB with
the standard procedure producing the more sensitive threshold. This trend
~ toward more sensitive mean threshoids by standard, beginning with the tweive
 year old chiidren, maintained ltseif In Experiment V which included each age
‘group in annual increments down through six. The magnitude of the difference
ranged from 4.8 dB In the case of 12 year-olds to 1.3 dB In the case of six
ear olds; the mean difference for the seven different yearly groups was
2.7 dB; the median difference was 2.4 dB. g - “

. b. Eleven Year Oid Chiidren. Criterion for successful generalizaticn
remalned the same for This group as In the case of the adults and twelve year
old Ss. Table 4.7 summarizes the gensraiization data from V-T to auditory.
The mean number of trials to criterion was 2.7 for ‘the present group as con-

" trasted with 2.0 for adults and 2.5 for the tweive year oids. _As shown in .
Table 4.8 this difference number of required trials betwsen the eieven year
olds and adults was not statistically significant. in meeting criterion the
two groups performed equaily well. This was confirmed by the acceptance of
the mull hypothesls, the results of which are found in Table 4,8, The hypo-
thesls of no d'fference between the groups In absolute threshold results .
with the two methods was rejected. The difference score for each subject was
uszd in ;hb computation of the Mann-Whitney U Test which Is reported In
Table 4.8. S U

it is Important to observe that both the twelve and eleven year oid
chiidren generalized trom the V-T instructional technique to the auditory
tracing task. Nelther group of children differed from the adult deef Ss
in number of trials required to '@nm1h9‘__,“tr‘-ans:;ﬂ‘bﬁ.‘ _ e T
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. Toblu 4.8, Compar rivon of Ault Deaf
" and Eleven-Year-0id Deef. Ss on

Performance Variable | Obtained " Required U | -
o {Uvalue | at .03 leveld |
orencs . J - . |

| Between Bekesy & Standard] .20 L .23 Sig .05

A trials toCriterion_ 1 30 _} 25 L NS
Blfference Batween | _ _ | 1
Criterion Trials 435 | 23 NS

s’ ¥\

| ES xEni’)‘o”Oon Size. R

| ~a. Vibrotactile. 1t was of interest to detarmine base!ine data
concerning vibro¥ acTi1le envelope size. It was more important to this experiment
however : to learn whather or not.children performed In a manner simi lar to -
adults. Table 4.9 presents V=T snvelope size data gathersd from young deat
adults In Experiment 111 and from +he 12 and 1| year old deef SS in the
~ present experiment. The group mean was smallest for the 12 year group, 7.2 dB;
next was 8.2 dB for adults; and $inally the 11 year olds' mean of 8.9 dB.

ﬁ A KruskalsWailils one-way anslysis of varlance by ranks was used as a test
to help determine whether or not the thiao' samples had come from the same
popuiation (Slegel, 1956)., The computed H'value wes 3.4 whereas 5.99 wos
required at the .05 level. Therafore the hypothes!s of no difference among
the three samples was accepted. The chlidren thus appeared to be capable of
performing In a manner equivalent to adults Insofar as V=T excursion size
was concerned. R L R S

~ bs Audifory. An interest in auditory enveiope size has existed
in dlfferential 3 Tagnostic audlometry for scme time. when the test under
development ‘in this project Is applied ciinlcally it will be necessary to have
sane background date on expected envelope slze when the puise tone Is used
as a stimulus. In order Yo gather empirical data on. this Important variable
+he performance of young adult, 12 yeer old, and 1 year old dea’ Ss was
analyzed. Tablie 4.10 summarizes the excursion widths resu iting from threshold
tracing ot a 1000 cps tone. As 1l lustrated In Table 4.10 the means of the
chiidren were approximately 2 d8 smaller than that of the adult group. These
data suggest that the younger - groups were capable of emulating t+he performance
of young aduits. - In order 1o test whether or not these three groups pertformed
~ in a similer way from 3 statistical polnt of view, the Kruskal-Wallis one-
“way analysis of veriance: by ranks was carried out. The obtalined H value of
5.96 approached but did not meet the requirsd .05 value of 5.99, It wes
concluded that the thiee samplas were from the Ssome population. Important
to the study was the fact that the children p

| ; , |  performed a8 ettectively as did
‘the aduits. The envelope sizeg:cbtained by the children were In fact about
2 dBlelﬂfﬁ?hlﬂ,’th,.’W d8 ;;’fh!ﬁf !scusﬂmrlw mn*ln adult groups. -




¥ b Sy
$ PR TR W LI W e
b Hag LY, e oy

v e L
S

e )

+ ek o\ b, ,f."’ X

guk

ot 3

_'«;'h"
.‘-~;,»'
A A
3%,
e

) -,
EREDLBcr




k 3""‘;1,‘:',:«'.7.“
TN

i

b

E
4

AN
: Y Loy
: ; "“,‘zﬁ- ‘Q‘,“,r" v
e A b, L0 : % 73
) v"ﬁ‘: R
3




- taken p lace.

LR
: el

o, - Oﬁs\;:“;j?i'&]f ?’Mf*puéposos };”of | fh}i s mftpar‘&'mnf

E4. Auditory Gene:allzati 3 » s of this exper o
‘ ‘ oF chllidren would, 2%ter having generalized from

wﬁs to determine w or or:

~one sensory system to ancther, continue to trace thresholds If other tones
were. introduced without furthor communicetion from the exper imenter. After

generalizatlion had taken ptace from V-T stinulus Yo an auditory stimulus of

f

1000 cps, half the subjects In each age group were presented with a 500 cps tone

followed by 4000 cps or *he reverse; }.e. the 500 cps and 4000 cps tones

were counterbzianced. Two of -the eleven year olds did not have residual hear-
ing at 4000 cps In which event they were tested at the rext iowest half-octave

‘a+ which measureable heering remained; one eleven year old ha' no residua!

hearing above 1000 cps. Table 4.11 summarizes the threshold data gathered 1

“on the twelve year old Ss. The twelve year oid chi Idren generallzed to 500

and 4000 cps from the Initial 1000 cps tone without apperent difficulty. The -

stabl ity -In threshold tracing that has characterized -these children as well

" as adult Ss was manifested In the small differences betwsen criterion trials., .
‘The absolute difference In dB between criterion trials ranged fi:om no difference
‘at 4000.cps to .2 dB at 500 cps. SR T s v

" Generallzation fo +he suditory system took place when the 1000 cps *ons

‘wes Introduced following the vibrotactile conditioning procedure. Therefore,
" +hat frequency was taken as the control with which tu compare the other two

tones, This was accomplished by taking +he dB difference between criterion.
trials and using this as each S's measure Iin a Friedman two-way analysis
of variance. Data from each frequency for each subject was used to determine

i

- whether or not the Ss performed at 500 and 4000 cps In a manner similar to
~ thelr 1000 'cps perfori:ince. . The obtained ﬁ “of 1.5 dld not reach the requirsd

.05 level. The nuil hypothesis was sccepted and It was assumed, therefore,

 +hat not only did the Ss generalize from one 'frqquency‘to;ano*herbwr also

traces thresholds.
The multifrequency data related to the elaven year old chiidren are. .

cummsrized In Table 4.12. The same type of analysis that was done with the

twelve yesr group was carried out with the elevens. The results were ths same.

The X% “value obtained was |.4 and quite short of the requires .05 valus of

" 5,99.7 Thess findings indicate that the threshold tracings from one trequency

to the other were similar and that genaral 1zation from the 1000 cps tone had

 E5. interfrequency Auditory. Generailzation. It was of interest in this

‘s,‘mdy: to gather data on envelope size in chlidren as well as to provide an
additional check on whether or not general 1zation from one fone to ancther

" might take place. The auditory envelope sizes of adults In Experiments i1

In the present. experiment averaged B dB at 1000 cps. “Table'4.13 {1lustrates
the varlous envelope'sizes that resulted from the frequency generailization:
aspect ,,ofa‘*hl”’sfea‘tpaﬂﬂm"ent. The grand mean of ‘afﬁ‘;l Ss and all frdqmﬁclos was

and 1 resulfed In means ot 10 dB at 1000 ¢ps. . Both/the |2 and || year olds

| . B.ZdB. : - | ) : T S T 7
" These data Indlcate In snother. way the competence witn which chiidren
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can operate the autometic audiometer. it Is apparent that they generalized

to the additiona! tones withwt difficuity. In order to ovaluate the results

of the interfrequency envelops sizes a Friedman two-wiy amelysis of varisnce

was carried out on the data trow sach of the two groups of Ss. The elevens per-
tormed at each frequency In a manner that wes statisticaliy similar. The
hypothes!s of no difference was accepted In the case of the eleven year olds.
The resulting X¢ velue of 1.4 did not reach the required level of .05. In

the case of the twelives the null hypothesis wes rejected st the .05 level of
sign!ficerce; the obtained X2 vaiue wes 7.2 and the required vaive for £.05
vas 5.99. This apparently was due to the smailor 4000 cps envelope.

" The overall results Indicste that auditory interfrequency goneraiization
Indeed occurred and whet Is equaliy Important Is that the chilidren psrformed
in @ fashion not unilike adulits. .

Fo Sumaty.

The present experiment wes designed +o test the velldity of & cross-
moda | ity generalization technique for eliciting auditory threshoids In deat
chi ldren twelve and eleven yeers of age. »

| As In the three prior expiriments, all Ss satistied criterion for the
vibrotectile and auditory threshold fracing tasks. Thus the resilts continue
to demonstrate the valldity of nonvertel! Instructions (as used In these experi-
ments) and the cross-modaiity generalization which was verified by equally
sensitive auditory thresholds derived by the two different methods (Iimits
and adjustment). The results of this experiment suggest thet deat chlldren
at the upper elementary school level (in this case CA 12 and || years)
chronological age can perform the cross-modslity generslization task ss
sfticiontly as do adults. In scdition, It has been demonstrated thet such
chiidron not only succesd In oross-mods!ity generalization from factile to
hearing, but alsc genersilze from one suditory stimulus to another; in this
cese from 1000 cps to 500 to 4000 cps In that order, and from 1000 cos to
4000 cps to 500 cps. | | |
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3 EXPERIMENT NUMBER V

A.  Purposs.

Experiment 111 was designed to test the valldity of cross-modality genersi-
ization from a vibrotactile to auditory threshoid tracing task by comparing
the control threshoids obtained by the psychophysica! method of |imits (moditled
Hughson-West lake technique) with the experimental threshoids resuiting from the
mod If led psychophysica! method of adjustment with the same audiometer (GS E-800).
The results of Experiment 1i) demonstrated the validity of nonverbel Instruc-
tions (as used in this study) and the cross-modaiity geners!ization task. it
was concluded that the experiments! method for deriving auditory thresholds
wos as sffective as the control method. L

Experimen’ IV attempted to accompiish the same task In & younger popula-

tlon with comparable procedures. The valldity of the data obtained on the
12 and 1] year old semples utliized In Experiment IV was determined in the
same menner as In Experiment (1l. The resuits continued to demonstrate the
valldity of nonverbal instructions and the cross-modality generaiization

- task for s younger population. Moreover, an examinetion of interfrequency
generailzation from one auditory stimulus to others was accompliished. |t wes
apparent from the data that generalization from 1000 cps to other tones (500
and 4000 cps) occurred without any epperent difficulty.

Experiment V wes an extension of Experiment IV with the exception of the
interfrequency generaiizaticn task which was elimineted from the procedures
because of the sase wl’h which i2.and || year old chiidren succesded. A more
detal led investigation of Interfrequency generallization will be mede in future
experiments. Of more Importance In the present experiment was the determination
of the minimum chronological age at which the present nonverbe i Instructional
procedure wes appiicable. The independent and dependent variables and the
Tﬁhods utlilzed for thelr control remained the seme as In Experiments 1] and
V.

B. Subjects.

Ten deat students were ssiected on the basls of age at sach age level
from CA ten (9 yrs.~6 mos. to 10 yrs.-5 mos.) down through and Including CA
five (4 yrs.~6 mos. to 5 yrs.-3 mos.). An additional student wes seiected
tor each of the two age levels seven and six years to suppiement the missing
dete due to the eiimimstion of one student from the project at sach of those
age levels because of thelir taliure to compliete adequately the roquired test
procedures; sixty-two chiidren served as Ss In this experiment with dets
resuiting for sixty. Hearing residual wes the second criterion for selection
of subjects; 1t was required thet ssch S have scme residual heatIng ot 1000 cps
Invstest 4, - — - | ‘

The vibrotsctiie Instrumentation (a Redioser B-TOA bone eonduction .
receiver with the Grason-Stadier E-800 éudiometer as signel source) and that
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used for Introduction of the audMory stimulus In the cross-modality and
standard audiometric comparison tasks (TDH=39 earphones and MX-4i/AR cushions
with E-800 audiometer signa! source) remained fho same as that used In
Exporlmn?s 1l and IV,

The Ss wers obtained from three sources; mos't of the Ss were obnlmd
from the Maryland School for the Deaf, and consequently, their test environ-
ment remained the same as In Exporlmm' iv. The remaining Ss were obtained
from the Hearing and Speech Center Preschoo! and Kendall Schoo! both of which
are on the Gallaudet College campus. For these subjects, the equipment was
relnstalied In & sound treated room In the Hearing and Spesch Center. The
test environment was Identical In both of the locatlons and consisted of 8
sound-treated one room set-up. The S was seated directly next to the audlo-
meter to allow the examiner (E) to operate the audiometer and also to Instruct
the S nonverbally In the vibrotactiie threshold tracing task. A screen wes

placed between the S and the audiometer to prevent the.S from beling distracted.
Tho attenuation rate (2.5 dB/sec.), the standard puised tone (interruption
rate of 2.5 lps), and rise-decay time (25 msec.) were agalin empioyed in the
automatic audiometric procedures, and thus, remained the same as those used

in the first three experiments.

it was necessary to substitute a smaller subject response switch (RS)
In place of the standard GS E-800 RS before beginning the test procedures
with Ss younger than CA 8 (7 yrs.-6 mos. to 8 yrs.-5 mos.) because of the
relatively large size of the standard RS and the smeil size of the S's hand.
The new RS utliized tor the remeining part of the present experiment was the
Rudmose.

D. Procoduros.

i. Procoduro to Esnbﬂsh Conditioning
procedures used 1 ond} Ing To
ldonﬂeﬂ to ﬂwu und lu Exwlmm' v,

2. Proccduru for Genera|ization to Audlfcr | S‘M‘ T Fol lowing satls-
factory complietion of the vibrotactiie task, cros 1ization
to an aud!itory sﬂmws uu tutd on cueh s. Tho procndum remsined the
same as In the preceding experiment. '

3. Dorlvaﬂon of c, ‘ ' j 1ilzing Standard
Technigues. Tmmec Iy following g gener ‘
s audlitory ﬂ\ruhow wu dmmm og mmrd MIMMc proeodum
This wes éone In order to alliow comparison of thresholds derived by the two
methods. Standerd audiometry (method of Mnlts) uls eawehd as stated in
the pmmws mmm (Exp. W). b

| 4. Messurement ot MQN.I““'.' . Fon lwlm ﬂn mhﬂm of ﬂn vibro-
tacti le and sndITory maasureman’s s l'n $ wes glven the Mormneo |
Scale of the mch:lar nmmm Scale tor chifdren. This test was not per-
formed on the sawme day &s the psychophysical muu #s. (nall cises, the
intelligence testing ws. dom after ﬂn empuﬂon of ﬂn vurcmefMo aw
audwory fuks. o |

?o T.c?McSﬂmMm. The
'he tactile 1 'mus were

4

~
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E. Resuits and mseuulon.

Tm crlfarlon of mw pcrcwf or grwtor success st each age level In-
cluded in.this experiment was satisfied by chiidren 5 years - six months to
10 years - tive months; the deta trom 50 Ss are repoited in yearly sge Incre-
ments each contsining ten Ss. Successive chiidren at esch level entersd the
oxperiment., One seven and one six year old did not succeed In the V-T con-
ditioning task. Each was replaced by successive S number sieven at each of
the age ieveis. Five yesr olds (l.e., 4 yrs.~ 6 mos. to 5 yrs.- 5 mos.) did
not meet the f1fty percent success criterion; only forty percent succeeded.
The anelysis of their resuits Is discussed separately from the five age groups

~ranging from six through ten yeers.

' Performance. The méans and stendard

V. Vlbrcheﬂlo OoMHUcnl »
deviations : ‘echoids by age groups are presented In Table 3.1.
Table 5.1. Means and Standard Devistions of
Vibrotactile Thresholds, 'by Age ™
(expressed In dB8, nominal SPI.)

Mean | 83,0 8.3

$0. | ¢ ! 4.6

n 4 w0 i 0

M dlid w ogpur 1) bn any less offective plrfornmn as age dccnuod

A simple anelysis of varisnce was cerrlied out to test whether or not vmbro-
tectile thruhuﬂds varied with age. Table 5.2 suserizes the results which
were s‘hﬂtﬂany mn-slgnlﬂcmt. Unaofnr a8 ammn vlbrthﬂ le ﬂorah—

qu 5.2. Su-lry of ﬂn Slmlo Am!ysh |
\hﬂlm of tb. Hw Age Wps |




old Is concerned, ﬂnrofon, it wvas feuml ﬂnt ﬂn ywmﬂ' reup P""M
In @ manner equal to the qmm -

- The means and standerd dovlaﬂom of the vlbrohcﬂu omolopo. or ex-
curslon uldﬂts. are sham ln TIM. 5.3.. There dld not sedm to be iw con=

hb@o 5.3. Means and Standard Dovhﬂom of
| Vibrotactile Envelops, by Mo o
(o&pﬂlud In dB)

Mean
S N TN S WS S N ,gg o !

sistent mﬁom of cmmgo between size of onvﬂm snd age. A simple analysis
of varlance of the performance of the five m greu showed thet the means
gld'no; :lffcr sﬂgnlﬂcwﬂy. The sumury h amlysls is pruom.d In
able 3.4, - -

Table 5.4. Summary of the smm Amlyﬂs
of Variance of the Five Ago Groum

‘Between Groups 4 s.on Au.zs a2
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Table 5.5. Means and Standard Dovlations of Number
of Vibrotactliie Trials to Criterion _

S0, 2.26 i
' |

Table 5.6.7‘ Summary of jﬂw -:Slmﬁo AM‘W:IS»
of Veriance of the Five Age Groups

na

Hmm . dt s M. F

|Between Groups 4 2872 7.8 L.

[wihin 43 W20 649
Totat 4 0000

The p.rformnco of the wldo rango of chudm:lne%udadr {nthis experiment
Indicated thet the norwerbe! Instructionel technique was learned quickliy by
chiidren as young as six; that absolyte threshold was traced and found to be
statistically aquivalent throughout the cwom“ lgo nngo of cMﬂdrm, and
that mﬂm slu dld not vtrv nM'h ago N |

7 ormance. The purpon of the vlbmhcﬂﬂo pmcoduro

ipd _To audiTory mee mwh. The dependent variable was auditory

_ bo@n renifested t’ijfvhrahold, énvelope size, and triais to criterion,
nirol veriable for sud|tory threshdid wes threshoid determined from

mmm audfometry. The mm, muam andwunqu of +hs absolute threshold

| m:n;y?mm fa- ﬂbrol lnd mrtmmw mmm are shaun m

The di¢+arence ncers betue ‘Standard (Gontrol) ammv
Hory -rmmm;t,;m épl fod um a3 fhe chawrvation t

I - .
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 Table 5.8. Sumery of Simpie Analysis of
Variance of the Five Age Group= on Difference
Between the Control and Experimental Thresholds

!

Source ot . ss _ws F |

Between Groups 4 20,68 5.17 | .20

Within 45 16187 25.82
Total 49

in provious studies with adults referred to In the Introductory chapter
standard and Bekesy thresholds were found to be statisticaliy equivalent. In
order to test the hypothesis of no differsnce between the control and experl-
_mental method In this study, a + test for correlated data wes computed in
the totai sample mesns of the fifty Ss. The results of this, as shown in
Table 5.7, Indicete that Bekesy thresholds and standard threshoids determined
as they were In this study with heering Impaired children yleided oquivaient
absolute threshoids at {000 cps.

Table 5.9. Sumrary of t test Between Means
of. Control and Experimentai Measures

{Observetion __n _ ~ Meen ___ Txy
Control 50  99.21 .92  0.96

EBxperimental 50 101,58

old wes traced following generalization from a vibrotactile to an auditory
signai. It was of special interest to determine whether or not snvelcpe size,
cursion ul varled with age. Tabie 5,10 shows the means and standard
devistions of suditory envelcpe size by ags. A simple amslysis of variance
. of the pertformence of the five age groups showed that the means did not
~ ditfer slgniticently. These tindings (see Table 5;11) showed that besting
“Impajred chiidren of the ages used In-this experiment performed in'a merkedly
 consistent teshion.. Thalr. performance |!lustretes thet the tracing tasks are
 indesd within their capebliities and thet autometic sudiometry can be =

O IR RO
o SRR

The dependent varisble In this experiment was the senner in which thresh-




Summry of the Simple \Amﬂysu
' Flve Age Groups -

rhrl n fn the v-T conditioning pro-
ﬂmnco bchno meens of the various age Uwﬂs. The
'.m:d devistions of number.of suditory,triails to criterion sre
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"age levels resulted In no ditference between the means. - This finding of no

" Table 5.13. Summary of the Simple Analysis of
Variance of the Five Age Groups

Source ¢ . S5 MS F ; I

" Betwesn Groups 4 41.88 1047  1.52

Within 45 309.00  6.87
Total 49 | |

;ﬁ—‘ \.t .

difference on bases of age and auditory trials to criterion Is similar fo

that found with the conditioning vibrotactiie stimulus. The difference score
between V-T and auditory trials to criterion wes used In a simple anelysis
of variance to test whether this varied with age. Table 3. 4 shows thet the
means of the Ss by age level did not differ significantly. The hypothesis
of no difference between mean triais to criterion of vibrotact! le and auditory

~ Table 5.14. Sumery of ;thg,nSl:gblb'M_alyslsof -
Varlance of the Difference son V-T and
Auditory Trials to Criterion by Age

P

| source N Ms____F j_i S

Between Groups 4 9532  23.83 2,42

Within 45 4320 9.85

stimull was evaiveted. Tab M,s. 15 shows: the mno.productmm ,coruloﬂoﬂ
and -+ value computed. between the cond '?'W'W.M _oxperimental variadbles. The
dlftm ‘betwesn the meens and variances. of the two samples were not ... -
Om PIOBWT . - o il et 6 S I it e EE “

v e Table 3.15. ‘Summary of the t Test Between Means.of ..
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3, Dete of Five Yesr Oid Group. Only four of ten successive cases at
¥ mos. level conditioned and gomnzod.
The anco of these Is summerized in Teble 5.16. - ‘

Table 5.16. Means of wal'acﬂ le ll\d Auditory Thresholds,
Envelope Size.and Trials to Criterion |
(Five Year Olds)

—Trials fo |

subject]| VT | Theshold |  Envelope Size Criterion
| Threshold |standard - Bekesy | V=T  Audi v-T___ Auditory
| # "AFa'J/ﬂod + 90.2 O 110d pommmmmmamcmceasoas -P;Q-f---Pﬁ_
2 87.7 | 99.1 | 13 5 S
3 Falled 129. 1 e e
4 | Fetted | 118.) Falied ..__.__.__..__..,._4,_____,__._,_.\_:;' ‘
s Fel led 113.1 _ Falled ------------m----‘F---------)
6 | Folled 95.1 _ Falled pomomemmcooocmoeedomoennaaes =
7 81.6 109.1  106.8 | 10.0 9.6 +|2 4
8 5.0 63.1  65.4 ° 8! 8.2 | 2 2
9 | Falled 96.1 _ Falled jmo=ssscmemcecmomefuancomm-
10_ 86.0 g6.i_ 886 | 43 39 | 2 2
X 84,1 | 9.0 9401} 7.4 8.8 7.8 3.5

The dah obtained on these four Ss appoand to be marawo In ovary way
7o that obtained by older desf chiidren. However, the meen vibrotactile

trials to criterion (7.0) was somewhet ‘larger’ ‘than thet obtained by the older

deaf Ss. The smail size of the sample (n-4) provably piayed an important
role In the coloration of the dets sincé two of the four Ss were able to
satisty the criterion of iracing two consecutive trials of ten presses and -

‘on relsases vhose mesn threshoids were within 8 UB In the tirst two trials.

once the S learned the vibrotact!is threshold tmlm task, his performance
In the nudltory threshold fraelm task wes comparable to mt of older dest Ss.
This Is lndlca'l'od ln the mean trlais to criterion score of 3.3.

None of ﬂn six Ss who falled o p.rtom the ﬂwuhold fﬂlﬂl? task llﬂs-
fmny m abu 1’0 uﬂm crffaﬂon tor omur the vibrotacttile eandlﬂonlm |
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or cross-modality generaiization (suiita‘y threshold tracing) tasks even after
nonverbai relnstruction.. Moreover, the votal threshold tracing performance
of those Ss who falled to satisfy criterion was so spuriocus as to make amlysis
of thelr data Impossibie. However, as shown in Tabie 3,16, It wes possible
to obtain approximations of suditory thresholds on esch of these Ss by the

of |imits (modified Hughson-Westlake technique).

psychophysicat wmet |
‘These #ive yesr old Ss wers given the Lelter internationai Pertormence
Scale. The mean 1Q score wes 117.6 with a S, D. of 18.0. |

4, Intelligence Test Results. (Imteliigence In the tive age groups from
ten through six years was messur with the WISC Performance Scaie for the

purpose of providing a description.of the sample used In this experiment.
Tabie 5.17 shows the means and standard dnvlaﬂom of these groups.

Table 5.17. Means and Standard Devlations
of the Five Age Groups. (WiSC)

o 113.2 ) 106.6
n ‘IO__ i0
F. Summery.

" This experiment wes designed to test the applicabl Ity of @ nomve el
Instructional procedure (IT-A) for eliciting suditory thresholds In children.

‘Vibrotactile and audltory date Gesed on tifty deat children, ten at esch .

‘annual Increment from ten through six. Statistical anaiyses of these deta

‘Indicated that age wes not a significant factor in lesrning the V-T threshold
 tracing task, in tracing asbsolute vibrotactile and suditory thresholds, In

i1zing from one sense modality to another, and In the precision with which
chiidren could track threshoid (as reveaied In envelope size). a

The vaildity of the experimental suditory test was tested »d by comparing

$s' performance on It with performence In standard sudiometry. The absolute

auditory threshold statistical comparisons revesied no differences. This new
nonverbe| Instructional techuique for use In autometic sudiametry with children

" hes bevh demonstrated as successful in more then fifty percent of chiidren six

yeers of age and. oider. -

o As wi 1 be seen In Experiments Vi and Viii, Bekesy sudlometry with siight
moditications cen work with even younger chiidren then those who succesded
In the present xperiment. , B | |
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EXPERIMENT NUMBER V!

~ Sixty percent of the deat chiidren st the five year level (dy-fm to Sy=5m)
talled to meet the requirements of the V-T conditioning and the auditory general-
ization tasks. Ninety percent of these children tested at the six and seven
year ievels saticfactorlly compisted both tasks. Experiment Vi, therefore, was
desigried fo test @ siight moditication fo the nonverbal Instructions In an effort

o lover further the chronological age (CA) at which young deat chiidren could
conplete the V-T conditioning and suditory generalization tesks, The modifled
I:T;A was labeled IT-B and Is discussed In length under the procsdures section

‘Atsc It was of primary ,lmEonanco.durlng this experiment to determine whether
those chiidren who falled In Experiment V could succeed with the modified, non-
verbal, V-T Instructions (1T-B). | | -

The dependent and Independent variables remsined sssentiaily the same as.
those In previous experiments; the same was trus of the methods for their control.
However, » new Independsnt varisbie was Introduced by the modification of the non-
verbal instructions! mode. The method for controliing this variable is expiained
in the section on procedures. . L | '

m;%_s_?_%h_ﬁ” in Experiment V, one sudject (Sﬂ) at each CA of seven and
six, and six Ss @1 CA of five falled to sstisfy criterion for elther the V=T
condi tioning or the suditory generalization tasks. These chllidren were retested

using the new modified nonverbal Instructions employed in the present experiment.

W Thirty new Ss were utiilzed to detwrmine the minimum CA at
which The modified nonverbal Instructions (17-B) were no ionger spplicable. These
Ss were ten children at each age level from CA six (Sy-6m to Gy-5m) down through
and Including CA four (Jy-6m o 4y-3m). It was required that each S have hearing
at 1000 cps In the better ear. . I N

c. A I ‘l“ ‘.,Vl Al 'ul “h‘l 2 | 3 ‘ Wiitle -

" The test anvironment snd all Instrumentation mamod exactly the same as
that utlilzed In Experiment V since the present experiment dealt only with a.
modification In Instructions. However, becauss the techniqus employed for

dellvaring the nonverbal V=T Instructions wes changed siightly, It was necessary

4o nenipuiste the equipment In a siightly different menner. The technique utli- |

i20d s’ @plained In the section on procedures. -
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a) after S was comfortably seated at a standerd chilidren's school desk
to which the rosponse switch (RS) wes sttached with adhesive tape, the bone
conduction transducer was placed on the thumb of the hand opposite to that used
tor writing. The elastic tape wes drawn around t+he transducer, its spring-
plate modification and the S's thumb with sufticlent tightness to "just berely

depress" the spring completely;

b) the E-800 pen was set at the prodminod poolﬂonéf ‘80 d8 (nominal
SPL) on the graph peper with the 20 dB pad In the plus position In preperstion

. for dellvering manueily a high intensity 500 cps V=T stimulus through the bone
~conduction transducer; ’

c) IT-B procedure: () the V-T stimuius wes presentec to the S by
manusily switching the Electronic Switch from the "Alternate On" position to
the "Stimulus On" position; 2) the duration time of the V-T stimulus was
varied in order to ald the S in grasping the concept that he was to keep the
RS depressed for the duration of the stimuius; 3) as soon as the tone
delivery began, the E depressed the Index finger of the S (hand used for writing)
on the RS for the duration of the stimuius; 4) the E then manually switched |
the Electronic Switch beck to the "Alternate On" position, thus removing the
stimilus while at the same time removing the finger of the. S from the RS; 3)
sfter this procedure was carried out for five consecutive stimuil, the S was
aliowed to depress the RS by himself for five more consecutive stimyti; 6)
i at this time the S demonstrated that he did not understand the precond ition-
ing test procedures, the entire procedurs wes repeated a second time; 7) It
at this time the S demonstrated he understood the procedurse, testing for V-T

conditioning was carried out in the following manner:

d) V-T thrishold tracing: 1) E returned the pen to an arbitrary sub-
threshold level, returned the chart table to the full-right position and de-
pressed the audiometer pen onto the graph paper, and S was then allowed to
trace his vibrotactile threshoid for five consecutive triais or for as meny
consecutive trials as were necessary unti| S traced thresholds for two con-
secutive trials whose mean thresholds did not differ by more than 10 dB; 2)
atter sach trial of ten presses and ten releases (without interruption of the
stimulus), € returned the pen to an arbitrery subthreshoid levei and ailowed
S to continue tracing his own V=T threshold; E reinforced correct responses
on the part of the S by nodding approvai and/or short applause; E always re-
malned passive and non-committal when no response or an improper response was
made; | | S \

e) criterion wes satisfled if, by observation, the maen threshoid of the
final two trials appeared to be within 10 dB of sach other and excursion size and
evenness of threshold tracing Indicated that S understood the task at hend; prep-
arations were made to test tor cross-modellty generailzation to an suditory stim-

ulus wMo only a short lmmpﬂon for ‘pr.pramlon; - |

$)  1f S appesred to heve falied to satisty criterion, & ton minute bresk
was allowed before repesting Steps c and d above; however, during this second
conditioning attempt, the S was allowed to trace his V=T threshold for ten con-
secutive triais or for as many consecutive trizis as were necessary until S
traced thresholds for two consecutive triais whose mean threshoids did not
 differ by more then 10 dB; o o T T
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g) those Ss who appesred to have setisfied criverion sfter this secomd -
conditioning attempt were prepered to continue with the cross-modal ity general-
ization task wlfb only a short lmml?n for preparstion;

h)  those who stiii falled o sstist criterion were aliowed another ten
minute bresk; each of these Ss was given a chance to sttempt the cross-mode ! Ity
generalization task to an suditory stimulus in @actly the seme-wanner s those
who did satisty criterion (refer fo "Procedures for Generallzation to Awiitory
Stimuil” beiow for procedures);

1) 1f the S falled the cross-modality generaiization task, he vas then
eiiminated from the experiment; however, If he paseed the generalization task,
his suditory threshold at 1000 cps was obtained by standard sudiometric tech-
niques (refer to Step 3, "Derivetion of Comparative Auditory Thresholds Utilizing
Standard Techniques for procedures); the S was then sllowed another attempt to
satisty the V-T conditioning criterion using the seme procedures (isted abtove;
it fh:s'tﬁw'r to establish V-T conditioning falied, the S was then classified
as 8 fallure. | | “ |

2. Procedures for Geners!ization to Auditory Stimull. Folliowing satls-
Je¥tTon of The vibrotactile Task, cross-modellty generaiization to an
suditory stimulus was tested on each S. The procedures were as follows:

8) +the osclilator with Its spring-piate modification wes removed from
the S's thumb atter the tactile conditioning procedure had besn completed, and
;.hokaubsy unit recailbrated In preparation for the auditory threshold fracing

sk; | | Sl ‘

b) the earphone was placed on the better ear of the S;

c) presentation of the stimuluss 1) the Bekesy audiometer was set to
present a fixed frequency of 1000 cps to the better ear of the S; the Input
selector switch was placed In the "STIM. CAL." position; 2) the chert table
was turned to full-right position !n preparstion for drawing & graphic repre-
sentation of suditory threshold from left to right; 3) the Electronic Switch
was placed In the "puised™ position; 4) the 20 dB pad was switched to the
"plus” position; 5) the pen was adjusted on the graph peper to an arbitrery

Asubt_hmhowd lovel; S

d)  the hand of the S was placed near the RS which was still taped to the

" desk (same hand used for wibrotactlle conditioning procedure); -

‘@) resting for generalization: 1) without Instructions, the audiometer
ws turned to the "Power On" position and the S was ailowed to trace his sudi-
tory threshoid for ten consecutive trials or for as many consecutive triais as
were necessary until the S traced threshoids for two consecutive trials whoss

‘mean thresholds did not differ by more then 8 dB; this procedure was carried

out without any Instructions| gestures, etc., from the E; 2) “atter esch trist
of ten presses and ten relsases (without Inferruption of the stimuius), E re-

* furned the pen to-an arbltrary subthrashold level end allowed S to continue

tracing his audltory threshold;

) qﬂforlon for generalization: 1) the mean threshold of two success-
ive ten-crossing trisls for each frequency must not differ by more than 8 dB;

L]
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- *'2) fallure fo mest criterion: 1 criterion was not satistied In ten consecutive
‘ triais at 1000 cps, the procedure to estabdlish conditioning 1o a vidbrotact!le
stimulus cutiined above was repested followed by a second attempt st satistylng
the cross-modality genersiization task; If criterion was satistied during the
secord sttempt at the cross-modelity generalization task (two consecutive trials
of ten presses and ten relesses at 1000 cps whose mesn thresholds were within

8 d0) testing was tinished and the $ was considered fo have passed; the S wes
considered to have falled the tesk and was classified as @ fallure for statisti-
cel purpoees if, during the second attempt to frace his sudl thresholids,
there were not two consecutive trials the means of which were w +hin 8 d8.

3. Derivetion of . Thresholds Utiiizing Standerd Tech-
nigues. Immediately following The vibrotect! aid generalization Tasks, eech
¢ suditory threshold was determined by stendard sudiometric procedures. This
wes dons In order to allow comparison of thresholds derived by the two methods.
Standard sudiometry (method of iimits) was conducted as fol lows:

8) each desf or herd of haering S was glven instructions using & combine-
tion of signs and verba! Instructions; the age of the S, ofc., determined the
mode of S response to the suditory. stimulius; the olider Ss were instructed to
raise thelr hands esch time they heard a sound no metter how soft or foud It
seemed; the younger Ss were to place a peg In a pegboerd for each sound; the
younger children were allowed to heer some sounds at the beginning of the test
seasion for the purpose of conditioning whenever It wes deemed necessery;

b) the E-800 wes not recalidbrated before performing this procedure 90
thet any siight changes In calibration occurring during the performance of the
sutomtic audiomstric procedures outliined above wouid aiso be present during the
performence of the present procedure; 1t was toit thet this would eliminate any
vartable which might be introduced by rocalibration and would give @ more accur-
ate indication of the differences between thresholds cbtalned by the two methods;

c)  4he S was sested In @ position which preciuded his observation of any
€ mocesents but which allowed sase of ocbservation of the 8 by the E; the E-800
headsct wes placed in position with the tone recelver on the ssme ear as thet
tested ' *: method of ad justment previcusly;

~ 4)  preliminary sudiometer adjustwents: 1) beceuse of the severity of
each S's heering loss at 1000 cps, It was decided to preset the E-800 pen on
~the chert table to » leve! suprethresholid to that threshold derived by the method
of adjustment before beginning the test; 2) the asttenuator: set (Hewlett-Packard
3508) was preset for 0 d8 sttenuation In preperation for delivery of the [nitial
ton:g " 3) the "Electronic Switch® on the E-800 wes placed In the "Alternate On"
position; - |

@)  test procedures: ) the tone was presented to the 3 by switching the
Eiectronic Switch from the "Alternate On" position to the "Stimulus On" position;
'2) attenuation of the stimulus was & amplished by menipulating the Attenuator
. Set moditication; 3) the Modit mmﬁm.-\nn estieke technique (Carhart and Jerger,
1959) was used to estabiish the §'s suditory throshold. e S
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E. Results and Discussion.

I Setet giblects The Ss who falled to satisfy the V=T and auditory
threshold Fracing task criteria in Experiment V and thel r pertformance with the
modl fled Instructions will be discussed first. « |

~ Seven of the eight retest Ss were given a chance to satisty criterion for
the V=T conditioning and suditory threshoid tracing tasks utliizing the mod! fled
nonverbal Instructions (IT-B). One S at CA 6 (3y=6m to Gy-5m) 188 no longer "
aval lable for testing. The criteria remained the same as In previous experiments:
yibrotectile, sbility fo trace two consecutive trials of ten presses and fen re-
lesses the mean threshoids of which were within 10 dB Iin a specified nuvber of
trisls; gyditory, sblilty to trece two consecutive triais of ten presses and ten.
;O:u'nn ihe mean thresholds of which wers within 8 dB in a specified nuber of
rials. :

Some of the Ss had previously been given a second chance to satisfy the
criters for the threshold tracing tssks utiiizing the original nonverbal instruc=
tions. All of these wers uitimetely classiflied as fallures. However, all seven
Ss retested utiilzing IT-B met criteria for both the V-T end auditory threshold
tracing tasks. ‘_ |

A review of the test results utillzing IT-B indicated the following charsc-
teristics. The mean V-T envelopg size was 9.5 dB, the mean triails fo criterion
wes 3.8, and the mean difference between criterion threshoids was .74 dB. Al
of these resul’s were comparsbie to resuits found In former sexporimeits, The
mean suditory envelope size wes 10.3 dB, the mean triais to criterion was 2.8,
and the meen difference between auditory criterion thresholds was .72 dB. Agein,
these resulfs were comparsble ‘o resulfs In former experiments. The difference
between mean thresholds derived by the method of adjustment and the method of
1inits was 3.04 dB and compares favorsbly with the 2.37 dB overal| di tference
between thresholds derived by the two methods for 50 chiidren tested in Bxperi-
ment V. The fallure Ss of Experiment V were retested in an attempt to determine
whether fallure related to the test criteria or the insbililty of the Ss to per-
::m ﬂ;'l's type of audiometry. On the basis of the retest data, the former seems

2. New Sublects. Thirty new Ss wers tested using IT-8. All of the ten
dest Ss were sble 1o satisfy criterion for both the V=T conditioning and the
suditory generallzation tasks st CA 6 (Jy-6m to Gy=9m) during the first test
session. The primary goal of this experiment wes to find the minimum CA 2t
which the moditled nonverbal instruction, 1T-B, wouid result in satisfsctory
suditory threshold measurement. . . -~ o |

Teble 6.1 Indicates that the lowest age for sstistactory completion of both
threshoid tracing tasks ut!ilizing the moditisd nonverbal Instructions wes CA.3
(dy-6m 10 =), Fewer than 508 of the chlidren: wers successtul .at completing
both tesks st CA 4 years. ‘When Method 1,1.e,,!T=A, was utliized ss an 1nstruc-

. 4lonst mode, all the $s who were sbie to succesd st M\%—T:ummoﬁlng tesk

were also sble 1o cavpiete .successtutty the auditory taetion tesk.’ : How-

" ever, when Method ‘11 (17-8) wes-utllized, 508 of the 35 psssed #he V-T oondition-

Ing task at CA 4 years, wherees, only 308 of those same $s were sblo fo satisty
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Percent Success In Two Instructional Technlques

(Five Independent sampies of 10 Ss)

4/6-5/5

. .

3/6-4/5

criterion for the auditory

this phenomenon s

. Some of thess chiidren ref
or the audifory generallzation tasks

~Wwmber 1n parentheses

Tndicates mean nusber of criferion frials

generalization task. One possible explanation for

‘ that seversi of those chiidren who failed to compliste one or
both tasks satisfoctorlly becams negativistic a short time after the test sesslion

continue on to the auditory generalizstion

the V=T conditioning task.

used 10 complete elther the V-T conditioning
whi is others were apparently reluctant to

tesk after successfully completing

Whether the apparent negativity was dus to Insbliiilty

10 comprehend the task or short attention span or a combinetion of both and pos~-

sible other factors Is not known,

1+ is possibie fo state with a high degree of

probebiilty that most of the fallures st one or both tasks might have compieted
both successfully If attention had not been withdrewn. it is possible, too, that

reinforcement other thm'

1o be mr! effective.

At this point

jated IT=A and IT-B procedures were esse

el ther procedurs |
The control varlab

threshold ss determ

merized in Table 6.2.

celved I1T-@ prior
score was wed 8.

“Whitney U of uﬂulhqﬂl‘n%om

that those 1netrix

i+ should be restated

~soclal mlntw‘u‘_’md in this study might prove

that the V=T conditioning and its re-
atiaily means to an end. The valus of

les In the outcoms of the audifory messurements that foiiow it.

ie In the auditory Jest In this experiment was the sbsolute

1o the B¢

Fh 138 #r

similar 1o their control : (stendard)

IT-A. The siight

woditicstion In the'inst

ined by stenderd sudiometry (method of limite).

“The means of ‘two Independent growps of

the cbservition for' conparing the

of the nut| hypothesis. This iIndiceted
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~ only_resuifed in.a greater percentage of successes than IT-A but aiso meintained
the stficlency of iT-A ss retlected. in sbsolute auditory threshoid comparisons.
The other. auditory msasure.with which fo compare. the two groups was the enveiope
size. The envelope size retiects. the accuracy and/or sttention a S pays to the
tracing task and thus is a -measure of varisbility, Tabie 6.3 presents & summery

of the means and standard deviations of the control (iT-A) and experimental growp

S8,

PR

L ,Tiblo 6-‘3.'~,,iMO‘ md.~$?lhdiﬁ_00vlatlom L
_ . .. of Auditory Envelope Sizs In Two Groups of Six Year Olds
SOV o 7 (expressed Ind8)

730 | 2.2

" The ditference between the means of the emwelope size of the two groups
approached but did not resch the required .03 level of significance. The Menn-
Whitney U test resuited in a.U valueof :24 wherses 25 was required st the +05 -
twel of signiticance. These findingh relative.to auditory Threshold and audl-
tofy wivetdpe =126 suggectel ho ditterent “l-outcome following IT-A of (T-B Ih
two groups: of -deaf six yeer old childrénts . - e

PN o

. _The present experiment sought fo Icwer. the age to which automstic sudiometry
in-the form of the Bekesy could be sppiied without any maditication fo the instru-
sed - in the envelope size,wes exsmined. in the six; #ive and four yeer old chiidren.
Teble 6.4:shows the mean threshold and mesn envelope size in each of the thres
age groups, There was 8 ditffe in the sampie sizes dus fo the faliures among

" Teble 6.4. Mean Threshold and Envelope Size
- | of Three Age Groups, |
(B re ,0002 dynes/ced)




The #ifference score between each S's contro! and experimental audwory
thresholé wes used as the cbservation to test whether the pertormence of the
, three groups differed. A Kruska!-Walils one-way anslys!s of varliance by ranks
test was used to test the hypothesis of no difference. An H value of .82 was
obtained wheross an H value of 5.99 was required at the .05 leve! of signifi-~
& cance. Thus we concluded thet agc did not have _sny s gnificant effect on the
» wxper iméntal suditory threshoid messure fol lowing u'l'-a with four, ﬂvo, and six

. ydtr oM deat cMMnn vho m m V-T and audltory suoeuh crworla. ,

‘ Tho meen mvowopo swu of oach subjocf was used as snother IMUcaMom ot
performance on- the dependent varisble. The mean ‘envelope size of each subject
was used as another indication of performence on the dependent variable. The
mean envelope sizes of the three groups ranged from 8.8 to Il.i. Table 6.4
llustrates these date. A Kruskel-Weliis one-wey analysis cf variance by ranks
test was cerried cut to help determine whether or not age had an effect on en-
velope size. No differsnce emerged In the. case of ten through six year olds
following I1T-A. The same finding occurred In this cass. The rewuiting H
‘value of 3.6! wes not statisticaliy ﬂnglcmt thus suggesting thet for those

~‘whodo succesd In meeting criterion,’ performance as mdm In this morlnm
is dﬂ'cﬂvo end cfﬂclom rcgardwoss of ago. R

T ~s_ng.', o
| The purpose of ﬂu prmm uporlmm' was an aﬁmnp? to uodlfy swgmwy
ﬂ» originel nonverbal instructions IT-A utillzed In past experiments In an

effort to lower the CA at which very young deef chiidren coi'd comelete both
the V-‘l’ condUﬂoMng und mdltory gomnzaﬂon tasks suocou?wMy. .

e | m Experiment V with iT=A It was pouswbwo to dorlvo accurate V-T and wdl-
’ tory thresholds for deat chlldren as young as CA 6. These Instructions were In-
adequate at the S yerr level, With the modified nonverbe! Instructions utillzed
in the nt experiment, 1+ was ms!b!omw’wmoﬁmflnmrolm
to complete the task smumny. ‘However & {w - chilidren between 3 years 6
mmsm&mmadummvammm MM
f N nm!m of ouor mmm. RO

| Qn crdor to m«:o ﬂn ago 01' chh very youm cm Mm can perform a rela-
ﬂveﬂy ob;cctive test procedure a Mlﬂmﬂm 'ro tm E-aoo nmmm was
-plommd tor-and walmm m Exporlmm VH.
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EXPERIMENT NUMBER Vil

L A Purposs.

The six preceding experiments referred to as Part | utiiized the E-800

f sudiometer as It exists in its present form. The nomwerbe! methods of In-
struction, IT-A and IT-B, were shown to be effective procedures thet lesd to

cross-modal ity generailzation and the measurement of absoiute suditory thresh-

old in adults and children. A fifty percent success criterion at sech age

leve! was set Ip the experiments; under this condition chiidren between 4 ysers -

6 mos. snd 5 yeers - 5 mos. easiiy met the criterion when utiiizing IT-B.

iT-8 was effective In f1¢ty percent of the cases In the V-T tracing task with

3 years - 6 mos. 10 4 years - 5 mos. chiidren but only thirty percent generai-

ized successfully to the suditory task (see Table 6.1 in Experiment Vi).

The purpose of Experiment Vii, the first in Part i, was to test an
operimentai modification (to the GS E-800 audiometer) designed by the experi-
menters and furnished by the Grason-Stad ler Company. It was hypothesized at
the outset of this project that at some then unknown age, young chllidren would
be unable to perform the Bekesy procedure as it is presentiy constituted even
with nonwerbe! Instructions. The ldea of tracing threshold by a tracking or
bracketing procedure, ccmpletely controlled via the response switch under the
control of the S, was assumed to be beyond the capabliities of very young
children; at least with soclia! reinforcament as routinely used in Bekesy audio-
metry and particulariy as appiled in the present research. The results of the
first six sxperiments suggested thet the effectiveness of routine Bekesy began
to faiter seriously arcund three and one~haif yesrs of age. However, individuali
Ss above this age had ditficuity and st the same time some Indlividuais below
this age succeesded. The reilatively good resuits with chiidren below six
yesrs of age wes not anticipated prior to the present project. In spite of
this, we were Interested in explioring the possibility of devising this relative-
ly objective test procedure for future use with grester numbers of young
children. The purpose of Experiment Vil, then, wes to modify and test what
we call the MAB test, which is a Modiflied Ascending Beskesy approach to vibro-
tact! ie conditioning with the cross-modality generalization to absolute auditory
threshold meesurement following. |

The resuits of the previous experiments In this project indicated thet
absolute auditory threshold obtained by the experimental psychophyslicai method
of adjustwent (Routine Bekesy) using the new vibrotactiie (V-T) conditioning
technique as a meens of nonveirbal Instructions was comparabie to thet ob-
tained by the control psychophysical method of limits (modified Hughson-Westlake
technique) for both young deaf adults and chilidren. in the present experiment
the experiments! variable wes auditory threshoid obtalned (cn hearing and deaf
sduits) with the modiflied Bekesy equipment (modifled psychophysicai method of
adjustment, utliiizing an ascending technique); the control variable wes the
auditory threshoid derived by the routine Bekesy procedure. -

The dependent variable in Part | was the reilabiiity with which the subject
(S) could activete the response mechanism. The quantitative measure of this
rellabliity was the threshoid and pesk-to-peak decibe! range (enveiope size)
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graphicaily preserved on the motor-driven recording attenuator. in the present
experiment, the dependent verlablie for the Routine Bekesy turesholid fracing
task remained essentiaily the same. However, In the Modifled Ascending Belesy
threshold tracing task, it was only necessary for S to respond to the auditory
stimulus by pushing the response switch (RS); the new timing mechanism (E-4300
bulit to specitication for the Es by the Grason-Stadler Company) Incorporated
Into the system then automatically attenuated the stimulus for a specifled
length of time (six seconds In this experiment) to a point of Ineudiblilty at
which polnt the tone incressed In sound intensity unttl the RS wes agein activated
by the S. Thus the dependent variablie was the quantitstive measure of thresh-
old. The control veriabies were standardized in the following manner: () the
Bekesy E-800 audlicmeter was modifled to ailow performance of threshold testing
by both Routine Bekesy and the Modified Ascending Bekesy (MAB) technique by
insertion of an sutomatic timer mechenism (see description under section on
Instrumentation); 2) utliization of the standard Bekesy puised tone with an
Inferruption rete of 2.5 lps with a rise-decay time of 25 msec.; 3) utiifzation
of the 2.5 dB/sec. atteruation rate Incorporated In the Bekesy unit; 4) three
frequencies, 500, 1000, and 2000 cps were tested for each S; however, the
presentation order wes varied with each S (as described In the section on
procedures); 5) a six second tone-attenuztion time was selected In order to
maks certaln that the tone became inaudible befors reversing Itseif to approach
ascending threshold again (see section on procedures); 6) verdel instructions
wers glven to these adult Ss.

8. Subjects.

Two s'mples were used In this experiment. The first sample of twelve
adult Se selected for derlvation of baseline data had some among them who had
previous knowledge and experience with Routine Bekesy autometic audiometry.
One-haif was: selected on the besis of reported normal hearing and the other
haif (classified as deaf) wes selected randomiy from the Gallaudet College
Summer institute students. Routine Bekesy audiometry demonstrated that the
three-frequency (500, 1000, and 2000 cps) average hearing loss for the deaf
Ss was 80.90 dB (ASA). The second samplie consisted of sighteen randomly selected
young col lege deef students.

C. Instrumentation and Test Environment.

A modification to the standerd Bekesy autometic audiometer (E-800) wes
mede In order to use the equipment for a combinetion of Routine Bekesy thresh-
oild tracing and the MAB threshold tracing tasks. This modified equipment was
menufactured to specification by the Grason-Stadier Compeny and consisted of @
continucusly variable timer celibrated In increments of one second. Detalled

i,

Information concerning the design of this equipment mey be obtained through

the Grason-Stadier Compony. ..

~ Of Importance to the present experiment wes the utiiizetion of this timer
mechanism which would aliow a single press of the response switch (RS) by the
S to drive the sttenuator motor In the opposite direction for s pressiected
period of time (variable up to 60 seconds) then sutometicaily reverse iiself

unti| depressed agein. This moditication was Incorporated In the overall equip-
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mont design as !llustrated In Figurs I3, In order to simplify the existing
thresholid tracin; task (Routine Bekesy) which requires the S to depress the
RS as soon as tiw auditory stimulus Just barely reaches threshold and keep It
depressed unti| the stim:lus just berely disappeers.

In the new auditory threshoid tracing task (referred to as the Modi\led
Ascending Belesy or MAB) the S merely learns to depress the RS each time i
auditory stimulus Just barely reaches threshold. [t was hoped thet this
technique would simplify the learning task sufficiently to make the test
applicablie to very young chlidren. |

Al]l hearing Ss were tested In an IAC Serles 400 sound room with the
sudiometer In a seperste control room. The desf Ss wers tested In the same
sound room. However, both the S and equipment were placed In the seme room.
The iarge sample of threshold trials necessary for each of the combined
techniques of Routine Bekesy and MAB and the length of time necessary for
their completion on sach S were the réssons for placing the equipment,
eaniner and $ In the same room. It was felt that closer contact with the
oeniner throughout the testing would keep the S more alert. (solation from
the equipment which preciuded the E's being In the same room with the hearing
S was necessary because of equipment nolse.

D. Procedures.

~ After being sested in the test room, the S was given a fuil explanetion
of the task at hand. His part in establishing norme for a new testing
technique which It Is hoped will be utililzed eventually In testing very young
deef chiidren was explained. This was done In order to heip stress the Im-
portance of accurete particlipation.

i. Routine Bekesy. The Instructions for Routine Bekesy remeined the
same for a and were as follows: «

ina fow minutes you will heer a pulising sound In your
oar (the test ear was the better esr as estabiished by the
of iimits prior to testing utliiizing the modiflied Hughson-Westlake
technique). Your task will t» to adjust the strength of this
sound so thet It will become softer and fade awey. You can do
this by pushing this switch. The instant it fudes away, you will
relesse the switch unti! you can hesr the sound agein. As soon
as you hesr the sound agsin, press the switch so the sound will
begin to fade away. It is important that the Instant you do not
hear the sound you release the switch so that the sound will
become stronger. As soon as you hear the sound, adjust it as
| have just Instructed you. Are there any questions?

Atter the routine Bekesy E-800 calibration, and as soon as the S Indicated
ﬂc:t he understood the Instructions, the following procedures were carried

&) with S comfortably seated with his arme on the armerests of the
chair, the air-conduction receiver (TDH-39 esrphones and MX-41/AR cushions)

wes placed over his better eer;

"
.
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‘ b) the response switch (RS) was placed In the writing hand of the S;

c) presentation of the stimulus: 1) the Bekesy audiometer was set fo
present a fixed frequency of elther 500, 1000, or 2000 cps to the better ear
of the S (as determined eariier by the method of Iimits) and the input selector
switch was pilaced in the "STIM. CAL." position; 2) the chart tabie was turned
to the fuli=-right position In preparstion for drawing a graphic representation
of auditory threshold from ieft to right; 3) the electronic switch vas placed
in the "puised”" position; 4) the 20 d8 pad was switched to the plus position
for the deaf Ss as warranted by the smount of hearing icss for the frequency
being tested; elther the "pad-out" or the minus 20 dB position was used for the
normal hearing Ss; 3) the pen was adjusted to the graph paper fo an srbltrary
subthreshold level;

d) check for S's understanding of thi:task: 1) the sudiometer was turned
to the "Power On" position and S was allowed to trace his suditory threshold
for ten practice presses and ten releases; relatively equai excursion width demon-
strated vwhen the task was understood; after this each S wes allowed to trace
+hreshold for ten more consecutive triais of ten presses and ten relesses; it
Indlcations were that S did not understand the task, he was relmstructed and
given another practice trisi; this procedure was continued untll S demonstreted
+hat he understood the task; 2) atter each trial of ten presses and fen reloases
(without Interruption of the stimulus), -the examiner (E) returned the pen 1o an
arbitrary subthreshold level and silowed S to contlinue tracing his auditory
threshold for a total of 100 threshold trials st each of three frequencles;

o) cross-frequency geners!ization: without Interruption except for prep=
sration, the sams procedurs ss In d was used fo test the other two frequencles;
sach frequency occurred twice in each position for the deaf Ss; specifically,
the pattern was: 512, 521, 152, 125, 215, and 251; the sams order of presenta-
+lon was carried out with the six hesring Ss;

2. 1£1 pndi (MAB). Each S was given a fifteen minute
bresk period after completing the control routine Bekesy threshoid tracing task.
During this period, the audiometer was recalibrated in preparation for testing
auditory threshoids by the MAB technique. BEefore carrying out the test pro-
cedures In the same manner as mentioned sbove, the following instructions were
given to each S:

| ‘In @ few minutes, you will be hesring the same pulsing sounds
‘ in the same ear as before. Your task will be siightly different
this time. You must remember to press the button the !
hear the sound. [t Is not necessary for you fo keep the buton
l depressed because the sound wiil go swey by itself atter you have
| pushed the button., However, be ready fo push the button again th
| Instent the sound returns. Are thers any questions? . ,

L. & (1R

The nm trequency psttern was utiiized for both the routine Bekesy and
the MAB threshold tracing tasks. A six-second tone deterloration time was set
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on the autometic timer. This time Interval wes utlilzed because previous
runs on several practice Ss Indicated thet during the Initial part of the test
period, the $ did not aiways activate the RS as soon as he began to hear the
tone. Thus, with smalier time intervals, the tone did not always disappesr
completely. This probiem made for confusion in learning on the S's part.

With the six second time Interval, this problem did not cccur since the
attenuation rate was 2.5 dB per second; the amount of attenuetion foliowing
each press of the responss awitch was 13 dB. C T

Apart from any difference mentioned above, the test procedures rema ! ned
the same as those utillized during the routine Bekesy threshold trecing task.
The tweive Ss Included In the ¢irst sample continued to |isten to each tone
until & tota) of 100 threshold trials were completed in 10 series of 10 trisis
each; the I8 Ss In the second sampie traced only 20 thresholds by esch technique.

E. Results and Discussion.

Auditory thresholds determined by the ascending technique have consistently
besh less sensitive than when measured by the descending technique (Hirsh, 1952).
Thus |t was snticipated In this experiment that the MAB technique wouid yleld
a siightly less sensitive threshoid than the threshoid bracketing technique
used In routine Bekesy sudiometry. -

in order to gather a relatively large mnbor of fhromom trials on each
S, only six deaf and six hearing Ss were included In the first part of this
exper iment designed to produce beseline date. | - ,,

" Data on the somple of tweive will bs presented first. These will be
foliowed with the resuits of the performance by the eighteen young deaf college
students. . | o

Table 7.1 sumerizes the means and standard devistions of the threshoid
measures derlved from the performance of deaf and hearing Ss on the MAB and
routine Bekssy tests. | | » - |

Table 7.1, Means and Standard Deviations
6t the Bekesy and MAB' Threshaid Measures.

(4B relative to .0002 dynes/cm2) .

| and Methed T~ 3500 I WO
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‘Each S contributing to data presented in Table 7.0 porfom-d 100 threshold
triais for each of the two measurement procedures.  One pair of thresholds from
sach of ten ten~trial series was selected for purposes of comparing the perform-
ance of the desf dy frequency and the performance of the hurlm by frequency.
The dlffcrm score wes used as ﬂn cboorvuﬂon.

~ Table 7.2 mrlm the results of ﬂn Frlodnn wo-uy muyﬂs
variance which was used to determine whether or not the desf and hearing Ss
performed differentiy on tl\o three froqumlu tmd. 500, &000. and 2000 cps.

Table 1 2. Summary of Friedmen Two-Way
Analysis of Variance with Deat and Heering Ss
on Routine Bekesy and MAB |

s

The ﬂMWms indicated that performatce from om tast to the otmor dbd nct vary
with frequency for either or both the deaf and the hearing. These data demon-
strated a consistency In performance by method; thet is, the difference between
scores did: not sysfmﬂca“y vnry under one frequency as eomfrum with another.

M @ result of lesrning that a nlaﬂvoly conslstent dlffma in the
threshold measures existed in terms of s more sensitive threshold by routine
Bokesy than MAB, It was of Interest to test whether or not this difference
was of a stetistically signiticant megnitude. The Wiicomon Metched-Peirs
Signed-Renks Test (Siegel, 1956) was m-d to. M the. hypothesis thet the
routine. Bekesy threshoid was more sensitive than thet of the MAB. A mry
of the one-tailed tests is presented In Table 7.3, At esch of the test
froqu:::lu. 500, woo, m 2000 cpl,u mﬂsﬂcﬂw Mgnmcom' difference
occurred.

Tebie 7.3, Summary of WMW m‘t'ehodmhln .
-~ Signed<Ranks Test Between Routine
- Belwsy lnd*w Ml;ﬁ or Thruhoﬂd&

¥
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~ The average ditference betwesn tho two thmhold m
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derived from the three froqum n was 5.0 dB. The

in the predicted dlmﬂon.

~ The MAB technique was dumgmd as Qn alterngte procedy
Bakesy In the event @ chlfid'was umcco»fyl“__; v The latter. It was
therefors, to ¢ & regression equet » the obte ;f m
M!ﬂm iquations are summerized rn};‘m 7.4 by freqiencies and as an’ mﬂm |
for the pooled data. Sifce no ditfarence sikisted befween frequencies the
equation detsimined on the bekls of the pooled data éan be In predicting
from MAB to routine Bekesy and from mﬂmfommwnma |
300, MOOO. and 2000 cps are used as :NNH. e,

‘Table 7.4. Regression eqnaﬂans Nuwhd
40 Routine B‘kuy lnd MB Thruhold Dl‘h

’x'-nosv-A.av_ . §
+v'g.9m+sm
X'= .97y + .68
v'-AL.o'zuL.;
Tx.,,m 5.8
er";le

" The second semple used In this ex fﬁ;um opnaisted of eighteen deat
col lege students. Each subject contributed to the date s total of ten
thresholds by each technique. Table 7.5 shows the meens and standerd deviations

of their Mmm st ueh of .the fhm frmmlu 'l'm-d Tho dlﬂm :

‘Table 7.5. Mednk ihd Starndard DSV Tatlons of
mmmw uuwrdum y RO *W D.huy m w\a




; butwesn the meens of routine Bekesy and WAB were 4.2 dB, 4.0 @8, and 4.5 @
‘ ot 300, 1000, and 2000 ¢ps; respextivaly. : The overat!' ditferance butween
the meane wes 4.1 @8, 77 e L O

parison at ooch ¢
ylelds less sanaf¥ , Ids. then rokiY oy
msmmm“mmmm‘mtmf d hearing Ss us a

Is this mrlm | T ‘- "

Teble 7.6. . Summery of Wiicowoh Matc :
Slm-mn Test mn lbuﬂm Bekesy and MAB mmhoﬂds (n=18)
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%

X m 5@ tmm ﬁ mmwmmm the. fagressian squartions
o > ot deat ol Ldran aa.
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Tabie 7.8. Summery of the Estimetes of MAB
Thresholds from Bekesy (r=}8)

Y' = 1,00K + 2.79

X (Routine) v ome) | Y (acteat)
9209' ”06 _ ) “07 B
99.0 | 101.8 r 103.0 ”

95.6 . 98.4 100. 1

taken as an observation to use In the computation of the predicted veius.
Tabies 7.7 and 7.8 lilustrate the similarity of performence under the two
methods and the score predicted from the regression equations.

F. - mﬂ’ . e e

. The present experiment was undertaken to sstadiish data concerning derlive-
+ion of auditory thresholds by a psychophysical method of sdjustment utilizing
s modificetion o soms existing Bekesy (E-800) equipment. The Ss tncliuded In
this experiment were six hearing snd six dest adults esch of whom contributed
a semple of 100 threshoids by esch technique; in addition, eightesn young adult
deat Se esch contributed twenty threshold triais for each technique for purposes
of comparison with the original baseiine data. - - B

ol .
il

The differences between threshoids derived by two techniques, routine
Bekesy and MAB (Modifled Ascending Bekesy) for the three frequenciss of 300,
1000, and 2000 cps were examined. The data Indicated that for all frequencies
absoiute threshoids derived by routine Bekesy were spproximutely 3 - 4 s
better_than those derived by the MAB technique. A cemperison betwesn the. : -
performance of hearing and deaf S8s Indicated no statisticsl diffoerences.

" The results of this experiment clearly Indicated that the MAB technique.
‘could be used to-achieve suditory thresholds and therefore led to Experiment
Viil which was designed to determine the ‘minimum age of sccepteble performence
of the technique on the part of hearing Impaired chitdeen. ~ -~ =




 However, during the present experiment, the Ss
Baminer (E):since amount of hearing ices. pre
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EXPERIMENT NUMBER Vil

A.  Purposs,

The present experiment sought to determine the minimum chronoiogical age
(CA) st which the MAB technique was !lkely to be adequate for obtaining accurate
auditory thresholids at 1000 cps. - in addition, s test of generaiization from

- tracing suditory threshoids at a fixed frequency (1000 cps) to a continucusly

veriable frequency ranging from 400 to 6000 cps was inciuded.

For this experiment, IT-B was the cholce of the two techniques studled
tor delivering the nonverbal instructions since, as Bxperiment Vi indicated,
it lowered by one year the minimum CA at which accurate V-T and auditory
Thresholds couid be obtained. ' .

The dcpéndom and Independent variables as well as the methods for thelr
conirol were the same as those In Experiment VIi, -

B. Subjects.

A total of 35 desf and hard of heering chilidren were selected for this
experiment. These chiidren did not have previous knowledge of the MAB automatic
sudiometric technique. All of the chlidren were between the chronologicel
ages of 6-5 and 2-6 years. Ten children at each of the chronological age levels
of 6 (5 yrs. - 6 mos. 10 6 yrs. - 5mos.), 5 (4 yrs. - 6 mos. to 3 yrs. - S mos.),
and 4 (3 yrs. - 6 mos. 10 4 yrs. - 5 moa.) years were utilized. Five children
at the 3 year chronological age level (2 yrs. - 6 mos. to 3 yrs. -~ 3 mos.) were

utilized: All of the ehiidren were students In the preschool progrem for desf

and hard of heering at the Gallaudet College Hesring and Speech Center. The
children were ali familiar with the sxperimenter to some extent and demonstrated
no particular appuhonamon of the test situation. -

c. lMMﬂbﬂJM*’l‘.ﬂ Envwr’omom.‘ -

~ The seme moditication of the Standard GS E-800 autometic audiometer
utilized in Experiment Vil to Introduce the MAB (Test (i) technique was used
in this experiment (See Experiment Vil for Instrument design). This modifi-
cation: Included the insertion of an automatic timer mechanism which would
allow a single press of the response.switch (RS) by the $ to drive the attom-

_ator motor in the opposite direction for a preselected period of time (veri-
‘abie up to 60.seconds) then sutcmetically reverse itself until depressed agaln.

This modificetion was Incorporated In the overall equipment design in order
to simplify the threshoid tracing task for children. . -~ -~ . -~

" pgain; - In Bgarimert Vi1, the Su vers testad In an IAC 400 scund room.

were in the ssme room with the

ziuded. the .nesd- for a two-

t

. set=ip;: The chiidren:were seated at & standerd schooi: desk and mmum

trom the 63 E-800 squipment by insertlon of a screen between the oqu Ipment
and the desk. However, the test equipwent and the desk were in ciose encugh
~ proximity to permit the £ to be in close contact with both the S and tha
oquipment. The RS wes-a:standard Rudmose RS and wes sttached to the school
desk with adhesive tape (Ses Figure 7, pege 16). | |

[
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D. Procedures.

e

- 1. Procedure to Establish condlﬂonm to a Wbrotacfwo (V-T) Stlmms.
The following proc wuworow ed To estadli ondiTioning tTo Imulus:

. a) after S was comtortably seated at & MMaM chlidren's school desk
to which the responss switch (RS) was attached with adhesive tape, the bone
conduction transducer was placed on the thumb of the hand opposite to thet used
for writing; the elastic tape wes drawn around the *ransducer, Its sprlm—pmm
modification, and the S's thumb with sufficient tightness to "just berely de-
press™ the spring compietely;

- b) the E-B800 pen wes set at the pmdqtomﬂm position of 80 dB lmwmm
SPL) on the graph paper with the 20 dB pad in the plus position In preperation

for delivering menuaily a high intensity 500 cps V-T sﬂwﬂus fhmgh the bone
conduction Mnsdum, '

c) V-T testing: 1) ﬂn V=T stimulus was prmmod to the $ by manuaily
switching the Electronic Switch from the "Aiternate On" position to the
"Stimulus On™ position; 2) the duration of the V-T stimuius wes varled in
order to ald the S In grasping the concept that no mettsr how long the stimulus
was present, he was to press the RS as soon as the stimulus wes felt, but
release the RS. immediately after the press even though the stimulus mlgm still
be present; 3) as socon as the tone delivery began, the E then menualily
switched the Electronic Switch back to the "Alternete On" position thus re-
moving the stimulus; 4) after this procedurs we= carried out for five con-
secutive stimull, the S was allowed to depress the RS by himseif for flive more
consecutive stimull; 5) 1f at this time the S demonstrated that he did not
understand the pmoMMﬂoMm fm procodum, the onﬂm procedure was re-
peated a second time;

d) &t the tormlmﬂon of Shp ¢, testing for conditioning wes carried
out In the following menner: |[) - the timer mechanism was set for a 6 second
attsnuation time (approximetely (5 dB) with Master Modification Panel pre-
pared for V-T threshold tracing utliizing the MAB technique as described in
Experiment Vii, the pen wes returned to an arbitrary subthreshoid leve!, the
chart table uas returned 1o the full-right position and the audlometer pen was
depressed onto the gmpb poper; S was then ailowed to trace his V-T threshold
for five consecutive trisis or for as many consecutive tris fs, as were necessary
untit S traced thresholds for two consecutive trials whose mesn thresholds -

did not differ by more than (0 dB;: 2) ‘atter each trisi of ten presses (with-
out Interruption of the stimulus), & raturnec -~ pert to an arbitrary sub-
threshold- m.o and allowed S to continue tracing his own V=T threshoid; E
relnforced correct responses on the part of the S by nodding approval and/or
short appﬂuuu. € alweys remsined puslvo am m—mtﬁtl whon no response
or an. H‘ roper rosponso was made; . . ‘

0) chorMon ws uﬁsﬂw if, by ohmaﬂon. the mean thresholds of
OGB ef wch oﬂm- end’ excursion
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size and evenness of threshold tracing Indicated that S understood the task at
hend; preparations were made to test for cross-modal(ty generaiization to an
suditory stimuius with oniy a short interruption for preparation;

f) If S appesred 1o have falled to satisty criterion, a ten minute
bresk wes aliowed before repesting Steps ¢ and ¢ above; however, during this
second conditioning attempt, the S was allowed to trace his V-T threshold
for ten consecutive trials or for as meny consecutive trials as were necessary
until S traced thresholds for two consecutive trials whose meen thresholds did
not differ by more than (0 dB;

g) those Ss who appesred to have satistied criterion after this second
conditioning attempt were prepered to continue with the cross-modality genersi-
ization task with only a short interruption for preparation;

- ) those who stiil falled to setisfy criterion were aliowed ancther
ton minute bresk; each of these Ss was given & chance to sttempt the cross~
modaiity generalization task to an auditory stimuius in exactly the same
manner as those who did satisfy criterion (refer to "Procedures for Generallza-
tion to Auditory Stimuli™ below for procedures);

1) It the S falled the cross-modality generalization tagsk, he was then
oliminated from the experiment; however, if he passed the generaiization task,
he was then aliowed another attempt to satisfy the V-T conditlioning criterion
using the same procedures |isted above In Step c; If this attempt to establish
V=T conditioning fallied, the S was then classifled as a fali“re.

2. Procedures “or Generalization to Audl}i-y_'z Stimulil. Fol iowing satis-
factory completion of -] Task, cross 8 generallzation *o an auditory

stimuius was tested on each S. The procedures were as fol lows:

a) the cscliletor with Its. spring-plate modification was removed frewm
the S's thumb after the tactile conditioning procedure had been completed,
and the Bekesy unit recalibreted In preparation for the auditory threshold
trecing task;

b) the ewrphones were placed on the S;

c) presentation of the stimuius: () the Bekesy audicmeter was set o
present & fixed frequency of 1000 cps to the better eer of the S; the Input
selector swiich was placed In the "STIM. CAL." position; 2) the modificetion
timing device was set for a 5 second attenuation time; 3) the chert table
was turned to full=-right pos!tion in preperation for drawing s graphic repre-
seontation of suditory threshold from left to right; 4) the Electronic Switch
‘was placed In the "pulsed” position; 3) the 20 dB ped was switched to the
"plus” position; 6) the pen was adjusted on the graph peper to an arbltrery
subthreshoid level; - | o . '

d) the hend of the S wes placed near the RS which was st1il taped to
the desk (ssme hand used for V-T conditioning Jprocduro).s o
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e) testing for generallization: 1) without Instructions, the sudiometer
wes turned to the "Power On" position and the S was aliowed to trace his auditory
threshold for ten consecutive trials or for as meny consecutive triails as were
necessary untli the S traced threshoids for two consecutive triais whose mean
threshoids did not differ by more than 10 dB; this procedure wes carried out
without any Instructionai gestures, etc., from the E; 2) after each trial
of ten presses and ten releases (without Interruption of the stimulus), E
refurned the pen to an arbitrary subthreshold level and allowed S to conﬂmo
tracing his auditory threshold;

t) criterion for generailzation: () the mean threshold of two success-
ive ten-crossing trials for sach frequency must not differ by more than 10 dB;
2) faliure to meet criterion: 2a) I criterion was not satisfied in ten
consecutive friais at 1000 cps, the procedure to estsbilish conditioning fo @
V-T stimuius outiined above In Step ¢ was repeated followed by a second attempt
at surisfying the cross-modality generslization task; 2b) (f criterion wes
satisfled during thc second attempt at the cross-modaiity generailzation task
(two consecutive triais of ten presses and ten reieases at (000 cps whose mean
thresholds were within (0 dB) testing was finished and the S was considered
to have passed; 2c) the S was considered to have falled the task and was
classitied as a fallure for statisticel purposes If, during the second attempt
to trace his auditory thresholds, there were not fwo consecutive triais the
meens of which were within 10 dB.

3

Dorwvaﬂon of Aud [ tory

Thresholds Uti!izing p-Frequency Audiometr

eps mnmm t+he MAB 'hcthuo, an UM to ufnb”sh
audlfory fhroshoMs at octave and haif-octave Intervais from 300 to 6000 cps
was accompiished In the folliowing manner:

8) headset ‘was removed freom the S and he wes given & ten minute
breck=-period; the E-800 was not recalibrated before performing this procedure
so thet any slight changes in calibretion occurring during the performance of
the previous procedure outiined above would aiso be present during the por-
formance of the present procoduro. |

b) <+the S was agaln sosted In poomﬂon, the E-800 headset was placed in
position with the tone recelver on the same esr as thet tested previousiy;

c) preliminary audiometer adjustments: 1) the E-800 pen was set at
an arbitrary subthreshold position with the 20 dB pad In the plus poomﬂon.
2) ‘the E-800 chart table and oscliletor were synchronized in preparation for
performing a sweep of the frequency range from 400 to 6000 cps; 3) the
flve second attenuation +ime was maintained on the modification timing device,
and the Modification Master Panel prepared for suditory testing by utliizing
the MAB technique (see Experiment Vii); 4) the chert table was turned to
spproximetely 400 cps; 35) the electronic switch was meintained In the "pulsed”
position with the standard 2.3 attenuation rate;

" d) check for S's understanding of the task: 1) ths sudicometer was turned
to the "Power-On" position and S was aliowed to trace his suditory threshoid
for ton presses wlﬂuout dapruslm the pon on the ch-rt MUQ It ot this
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time the S demonstrated thet he understood the task, the chert table wes returned
to spproximately 400 cps, the pen was depressed on the chart table, and the S
was allowed to frace his auditory threshold from 400 to 6000 cps; 2) !i S did
not demonstrate an understanding of the task (even though he satisfied criterion
tor 1000 cps auditory stimulus previcusly), the earphones were removed, and the
test session was considered complete. He was considersed a faliure only it he
talled to satisty criteria for the V-T conditioning or the cross-modallty
generaiization tasks. "

Ef Results and Discussion.

1. Attenuation Time. Ourling a pliot study prior to Experiment Vil It
wes determined The? an attenuation time of six seconds on the new timing modi-
fication to the GS E-800 was adequate to allow the V-T stimius to become
imperceptable to the S after the RS had been pressed. This was found to be
true even In cases where reaction to the stimuius tended to be slow. However,
it was deemed desirable to shorten the time for the auditory task since [+
reduced the test administration t+ime and theoretically helped the S to remein
attentive. Thersfore, during Experiment Vill & five second attenuation time
was utiilzed for the administration of the auditory generailzstion task and wes
tound to be.sufficlent time to attenuete edequately the stimulus to a sub-
threshoid level before reversal of direction of the attenuator. The two
sttenustion times, therefore, utlllized during the present experiment were six
seconds for the V-T conditioning task and five seconds for the auditory genera!-
ization task. These findings suggested that once the task was learned for
tracing tactile threshoids the necessity for an sttenuation time of six seconds
(1% dB) was no longer necessary because the S became awere of the need for
rapld response to s stimulus. .

2. Percent Success with Three Instructional Methods. During the total
project, three methods of Insfruction were employed In an effort to standardize
nonverba! Instructional techniques for conditioning hearing Impalred chlldren
to perform an suditory threshoid tracing task. :

Tabie 8.! summerizes the resuits of V-T performance of young chlidren,
As shown In Table 8.1, IT-A with children as young as six years of age resulted
in 508 or more success in ten successive Ss at that age ievel; however, IT-A
resulted in five year old chiidren not mesting the success criterion. As

~ Table 8.1. Percent Success of Young Chiidren
with Thres V-T Nonverba! instructional Techniques

(n=8%)
| Technique 6 5 AoE 4 3
v;f" 1 90 . 40 - -
1T-A ne| 0 |
VT 00 19 | % -
IT=-8 jn-lo n={0 + n=i0
VT 100 r 100 y

o=i0 | n=i0
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shown In Table 8.1, the iT-B wes effective with four year olds. Inthe
present experiment the performance of three year olds demonstrated the effective-
| ness of IT-C In which case 608 of the children at thet age level met criterion.

In this study, V=T performence has been s means to an end, which in this
case was the tracing of one's auditory threshold. None of the Ss who falled
the V-T trecing task was able to succesd on the auditory task; yet, nearly
1008 of those who succeeded in the V-T task also met criterion successful ly
In the suditory threshold measures. Table 8.2 presents the percent success
at esch age level by esch V-T conditioning method. The figure above In each
cell indicates the number of Ss who succesded with the V-T stimulus; the
tigure below In each cell Indicates the percentage of thet number that succeeded

In the auditory threshold messures.

Teble 8.2. Percent Success of Chiidren
for Auditory Generallzation

Y —

Technliquo L 6 5
IT-A ok l 4

| oo 100

w | o
-8 100 100

10 10
T 1w | 9 e

- % Figure sbove In each cell Indicates nu of chlldren
~ who satistled V=T conditioning criterion; tigure below
Indicates percent of thet number satisfying the suditory
generali lzation criterion. S | 5

13

~ As shown in Table 8.2, auditory generalization followsd success on the
V=T task In 2!l except six cases; one five-year-old in iT-C, two four-yesr-olds
in IT-8, two tour-year-olds in IT-C, and one thres~year-cld In IT«C. By
comparison of percent success: it wes-apparent thet IT-C was as oftective

as the other two methods at the older levels of five and six; ~|T=C tonded to
be more effective at ages four and. threo than either AT=A o 17«8,

3. Trisls fo Criterion. Percent of success on the specitic V=T and -
suditory task: "& quantitative meosurs of the relative effectiveness

of the mlm!nmwﬂqu | techniques. A cuantitative measurs of the kind
of. per{orwsnce repre ’ T ected In the required

epresented by éach age group wes reflected
number of triials o criterion In each of the threshold tasks.

| 'mrgf éaiayspw& g:mngmﬂ :ncrgfgr:gn' required by the sems
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Table 8.3. Mean Number of Trlels to
Criterion In Three instructiona! Techniques

‘Tochnlqua AGE !
!, 6 5 4 3 i
WT'* W ‘06 708 Lad g -
AUD 4.8 3.3 _
iT-8 VT 3.9 3.6 1 3.0 -
AD | 2.8 A3 4.0
— 4
1ITC vT 2.7 3.0 2.3 2.3
AUD ! 2.0 ; 2.6 2.6 2,9

N

were within 10 dB; this wes the same for [T-A and IT-B. Inspection of”
Table 8.3 reveals that at all ages the mean performance of Ss In Experiment
Vill CiT<C) equalied or excelled that of the other techniques; this held for
both vibrotactile and auditory stimuii. These findings demonstrated thet

IT-C was an effective procedure for iearning how to trace vibrotactile thresh-
old In young chiidren. The ready generaiization to auditory tracing of thresh-
old was aiso apparent from the statistical summary of triais to criterion

shown in Table 8.3. |

4. Generallizstion from Fixed to Variable F ry Thresholds.
For those who were successtuil In cross & genera on (from
touch to sound) In this experiment utiilizing the MAB technique, a test of
suditory frequency generalization wes made. Following a ten minute rest
period after the compietion of fixed frequency auditory threshold tracing at
1000 cps, an attempt wes made to estabiish auditory thresholds for a contin-
vously variable frequency auditory stimuius sweeping from 400 cps to 6000 cps.

Thirty=five children served as Ss in this experiment; three did not learn
the V-T conditioning procedurs, and an sdditions! four Ss falled to _generailze
to the auditory stim.ius following success with the V-T stimulus. Thus, @
total of 28 Ss were administered the varlable frequency auditory test. Table
8.4 presents the mean threshoids of each sge group on each of the two pro-
cedures. The threshold at 1000 cps was taken as the comparison frequency
between the two messurement procedures. As |llustrated in Table 8.4 the

Table 8.4. Summary of Mean Threshoids (1000 cps)
Obtained by Fixed and Varlable Frequency Audiometry

y—
.

Type 6 '8 4 - 3

Fixed MAB)> | 97.3 l101.9] 109.2] 101.4

Variable (MAB)| 99.0 104.9] 108.9] 104.1
LI, L o { 7| 2
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difterence between the means for the total group was only 1.8 d8 which Is of
no known clinical significance and Is evidence verifying that the Ss not only
generallzed from a single frequency auditory stimulus but aiso generalized to
a variable frequency suditory stimulus and, In addition, ilkely traced thresh-
old across the frequency range of 400 cps to 6000 cps as suggested by the
comparison at (000 cps.

During the conduct of this experiment, as well as In some previocus experi-
ments, thers was an awareness on the part of the E that there were some
pertinent characteristics concerning those Ss who falled to satisfy criteris
tor any of the tasks. Generaily, those chilidren who falled the criterion tasks
wers negative In sattitude in the classroom and were reluctant to fol low
directions in the structured situation. Other fallures came from among those
children who hed relatively short attention spans. Thus, It was the opinion
of the E thet In many cases the fallure to satisty criteria for the threshold
tracing tasks was In grest part due to negative attitude and attention span
rather than an Inabliilty to comprehend the task at hand. [t Is possibie thet
fy;;u of reinforcement, other than sociai, might be more effective In such
Ch ldl‘lﬂ. T ‘

F. Summery.

The present experiment was an attempt to evaluste a new method of deriving
auditory thresholds on young desf chiidren by a modified psychophysical method
of adjustment (MAB) Incorporating a new nonverbal Instructional technique, 1T-C.
A comparison of the present techniqus was made with two previously evaluated
instructiona| methods, IT-A and (T-8.

‘ The results Indicated that with IT-C (MAB) it was possible to obtain |
accurste auditory thresholds on deaf chiidren st a younger CA then with methods
IT-A and IT-B. Of the two methods for ocbtalning auditory threshoids by the
technique of routine Bekesy, IT-B appesred to be the quicker and essier method
lesrnsd. All three methods sppesred fo be valld methads of obtaining suditory
thresholds on young desf chi idren.

Theratore, |T-B, as opposed to (T-A, appeared to be the better norverbei
instructional mode for Introducing a test technique thet wouid result In cb-

taining both auditory threshold and diagnostic Informetion (reutine Bekesy).

The MAB technique, which was lesrned as rapidly as IT-B In routine Bekesy,

proved to be a good aiternstive method for cbtaining auditory threshoids from

those chiidren who could not learn the more difficult suditory threshold trecing
task with IT-8, o L o |

© Cross-trequency generalization was tested In this experiment snd the
resuits Indiceted thet this was the rule after fixed-frequency auditory thresh-
olds were traced by chiidren. | ~ | |
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SUMMARY AND CONCLUS IONS

A. hcgmnd.

The standard procedures for measuring the hesring of adults heve, In
large measure, required knowiedge of verbel language. In addition, tests
have been standardized In young aduit populations. Although it hes been
demonatrated thet chlidren can respond at simlisr levels of auditory sensi-
tivity as young aduits, the probiem of Inetructing a child to perform s
frequently a sericus one; particulariy 1t that chlld hes a comunication
disorder. Measurement of hearing utilizing s pure tone auditory stimulus
Is @ nowerba! test of hearing; yet, the Iinstructions for participating
properly In a routine or special test utilizing pure tones are invariably
verbel. Play audiometry, opersnt conditioning sudiometry and electrophysio= _.
logic procedures are notable axceptions.

A clinical spproach to a nonverbe! Instructional technique in preparstion
for a pure tone auditory test was worked out by one of us (ORF). In this
procedurs, a vidbrotactile stimulus dellvered vis the bone conduction transducer
included In conventional audicmeters was used to condition children to respond;
thereafter when an auditory signe! was used, i+ was found thet chiidren con-
tinued responding as they had done when the vibrotactile stimuius was pre-
sonted. Genersilzation from a vibrotactile stimulus to an suditory stimulus
appeared to be the rule. | _, |

A clinica! and resesrch purs tone test thet has been of demonstrated
valus In adults during the past seversi years hes been the Bekesy audiometric
procedure. The Grason-Stadler E-800 audiameter, in wide use today, Is a
precision Instrument thet provides for careful definition of a stimulius and
its controi. This instrument, therefore, wos seiected as the besic stimuius

tor for use in the present project which was an attempt to bring the
cilinlcal application of the vibrotactile conditlioning technique with chiidren
together with instrumentstion thet hes been of such usefuiness in adults.

The plan of the present project was to develop vibrotectile conditioning
procedures thet could be used as nonverbal Instructional techniques In the
sdministration of Bekesy audiametry. I(f proved to be & valid procedure, this
could provide a standardized mesns for measuring the hesring of young children
with comunication disorders. An accurate sssessment of suditory thresholds
at an eerly age In children with communication disorders can supply important
Informetion required for eariy and appropriate progrem planning. This type
of procedure could also contribute to more precise longitudine! studies of
the heering of children when test-retest data are gathered over a period of
yesrs, particulariy since carsful stimulus comtrol Is possible and the Im-
portant fact that exeminer Influence in threshoid is practicelly eliminated.

8. (bjectives.

The general cbjectives of the present study wers to stendardize a non-
verbal Instructional procedure for. use in. the sdministration of conventlions!

[
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what is the minimum CA for which the modifled equipment and non-
verbal V-T Instructions are appiicebie tor desf chlidren?

C. Procedure.

-t le. A total of 213 subjects wes used in this project. Hearing
and desf adu were used to obtain baseline date concerning the apperatus
snd procedures. Dest chiidren ranging in age from i2 yrs. - 5 mos. o 2 yrs. -
6 mos. wers used to ascertalin the efficacy of the suditory tests with young
children with desfness. '

-2 sratus. The basic plece of equipment used In this study wes the
GS E-800 Sekesy audicmeter. It was used in a variety of ways other then its
routine manner. - Specifically, It was used to generats a vibrotactiie stimuius,
to cbtain routine fixed trequency auditory thresholds, to obtaln vibrotactile
+hresholds via routine Bekesy procedures, to obtain Modified Ascending Bekesy
(MAB) thresholds with both fixed frequency and varlable frequency programming,
and to function as a conventionsl dlagnostic sudiameter by simply inserting a. -
step attenuator callbrated In | dB Increments. S

. 3. Procedure. There were essentially three procedures folliowed in
t+he collection of deta. The first, referred to as Instructions! Technique A
or IT=A In which a vibrotect!ie stimuius was used to allow the S to learn
the threshold tracing task, consisted of a variable intensity tone under the
control of the S via a response switch. The second technique called Instruc-
+ionai Technique B or IT-B consisted of a fixed suprathreshoid. intensity
vibrotactile conditioning procedurse. The third Instructional technique, 17-C,
consisted of an ascending method. The project consisted of eight experiments
designed to lead from one to the next In an attempt to provide information
reiated to the specitic objectives of the project. These three methods are

presented In detall In Appendix A.

D. Resuits am Discussion.

The total project consisted of eight consecutive and reiated experiments.

These will be presented and discussed briefly.

1. Experiment !. Adult heering and deef Ss contributed a totsl of
2400 vibr e Threshoid messurements. The resuits of thelr performence
folliowing verbal Instructions demonstrated the reliabliity and val idity of
+he adaptation of the experimental B-70A vibrotactile transducer developed
as a means for deiivering a tactile stimulus to adult Ss. .The date ‘Indicated
that the polnt of attechment to the thumb and the:250 gm. weighted spring
resuited In threshoids approximeting. those of classic studies concerned with
tactile thresholds. This experiment contributed new deta concerning tectiie
erveiope size, or excursion width, as It 1s sometimes cailed In sud itory
measures-using the E-800-Bekesy audicmeter. . The 2400 cbservations of envelope .
size demonstrated a mean size approximetely 2 d8 smeiler then'that of an

| auditory stimulus obtained under similar conditions tn.which the E~800 audio-
~ meter has been used.. These threshoids and: envelope: sizes demonstrated the

teasibliity of this epproach to conditioning: for ghomlmﬂmtommd':wv :
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2. wiment (1. This experiment wes designed to test the hypothesis

thet croes T¥y generslization from a learned vidbrotactile threshold tracing

procedure to an suditory threshald tracing performance would occur. Adults
with reported normal hearing were used as Ss who were Instructed through non-
verba! means to perform the vibrotact!ie threshold tracing task with the E-800.
After satisfying criterion to the vibrotactile stimulus these adult Se general-
1zed t0 an auditory stimuius without Intervening instructions. The suditory
threshold tracing performence of these Ss was compared with the new inter-
netional standards iIn audiometry and were found to be of a similar megnitude
to the normetive date. The tindings of this experiment demonstrated that
verbal and nonverbs! methods of Instruction ylelded a statistically equivalent
vibrotact!ie threshold and enveiope slze, that cross-modality generalization
took place, and that the Ss In fact traced threshoids to vibrotactile and
auditory stimuil. Since the Ss used In this experiment had normal heering 1t
was necessary to replicate the experiment using a sample of young deef aduits;
this was the purpose of Experiment (i1,

3. Experiment (i, This experiment was a repiication of the preced ing
oxperiment w exception that deat Ss comprised the sample. Whereas
t+he new ISO threshold standard served as the control threshold measure In
the case of normai-hearing Ss, standard audiometry was the control measure
In the present experiment utilizing deat Ss. The resuits of the vibrotactile
conditioning thresholds were comparable to thoss obtained In the prior experi-
ment In this project which Indicated the practicallty of the nonverbe! V-T
conditioning procedure and the highly consistent cross-sample threshold tracing
pertormance on the part of both deaf and hearing adult Ss. The performance
of the deaf Ss used In this experiment indicated a quick and accurate generai-
ization 10 an auditory stimilus of the type displayed by the previous sample
of hearing aduits. The question of whuther or not the deaf Ss traced absciute
auditory thresholds following generaltzation from the V-T stimulus was a
answered !n the afflrmetive; comparison of the experimentai threshoid with
the control suditory threshold resuiting from the standard audiometric pro-
cedure demonstrated s threshold equa!l to the control meesure. Vibrotactile
and auditory envelope sizes determined from the performence of this aduit
deaf group were found to be equivalent to those obtalned In Experiments | and
i1; the meen V-T envelope size wes 8 dB, and the mean suditory envelope size
4, Experiment I¥. This experiment essentialiy was a replication of
Experiment 11 except That tweive and elevenr year old chiidren were used as Ss
rather than &dults. In addition, a test of Interfrequency suditory general lza-
tion wes carrled cut with the children. It wes of Interest to determine
whether or not the procedures standardized with heering and deet aduits could
be used with older chlidren. The performance data collected from the tweive
and elsven yesr old groups were compared with those of the adult group in
Experiment 111, Vibrotectiie thresholds were more sensitive In aduits than
in the two Independent samples of sieven and tweive year oids. The twelves
learned to trace vibrotact!ie and auditory threshoids as quickly as aduits,
but the elevens required more triails to resch criterion then the adu its,
Having learned the VT procedure apparently had a positive- influence on
auditory threshoid tracing because there tas no differsnce betwesn aduits and
eleven &nd twelve year olds: In number: of:trials reqilred tomest the suditory

“criterion. The mesn differsice between the experimental suditory threshold
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(Bokesy) and the control threshold (Hughson-Westiake) wes siightly more
sensitive in the former In adults; this direction reversed itseif In the
twelves and eievens to a smai! degree but the ditference, less then 3 dB,
was statistically significant In both groups of children when compared with
the aduits but not differsnt from each other. The overall performance of
the chilidren Indicated that the procedures developed during the tirst three
experiments remained effective in obtaining suditory messures in oider deet
chl idren eleven and twelve years of age. As mentioned above, & test of
interfrequency generalization to auditory stimull was aiso completed with
the tweive and eleven year oid groups. It wes demonstrated that these .
children did trace auditory frequencies of 500 cps and 4000 cps without Inter-
vening Instructions following thelr successful generaiization performance
f'ggno the V=T task to that of tracing threshold to an auditory stimulus of
cps. -

5. Experiment V. This experiment was & replication of Experiment i1i
except thaT samples of deaf chiidren at various age leveis In annual Incre-
ments served as Ss. The age at which the standardized procedures wers no
longer successful In 50% or more cases at a given age level! was sought. [t |
was found thet tiie 50% success criterion was met by 10, 9, 8, 7, and 6 yeer |
old deat children; only 40% of the five year oids (4 yrs. - 6 mos. to 3 yrs. - |
5 mos.) met criterion. The flve age groups of ten through six were compared i
in the various vibrotact!le and auditory measures made In this experiment to
determine effect of CA upon performance. The mean V-T thresholds and auditory
snvelope sizes did not differ signiticantly among the five age groups in-.
cluded in This experiment; the youngest group pertormed as well as tho.other |
groups on these measures. This finding. also hald for number of triais re- |
quired to satisty the V-T criterion. The performance of these five groups « :
in the case of auditory stimuil demonstrated similerity from one age group -
to the next. The performance of the groups on the auditory experimental and
control thi'esholds and envelope sizes did not differ with age nor did the |
absolute Bekesy threshold differ significantly from that of the standard |
measure; this held for the Individual groups as weil as the groups combined. |
Thus, Bekesy and Standard (Hughson-Westiake) sudiometry were shown to result ;‘
in similar thresholds In deaf chiidren from 5-1/2 to 10-1/2 yeers of age.
The auditory envelope size dld not vary with age, and It was of interest to
find thet the present sampie mean for enveiope size approached 8 dB; approx-
imately 2 dB smailer than that reported In the eerilier experiments In this
and other studles. A comparison-of trials to criterion indlcated statisticaily .
oquivaient performance among the five age groups. in summery, the statistical
analyses of the data gathered in this experiment Indicated thet age was not
a significant factor In iearning the V-T threshold tracing task, in tracing
absolute vibrotactlie and suditory thresholds,.in generalizing from one sense
modality to another, and In the precision with which chiidren could frack
 threshoid as revealed 1n the sbsoluts threshold measure itseif and the size

B v Experiment Vi.  To this point the V-T stimulus used In the condition- |
ing procedure was of a veariable Intensity changing at the rate of 2.3 dB/sec. | “
A siight alteration wes used In this experiment In order to test whether .= :
chiidren younger than six might succesd In generaiizing-to routine Bekesy -

. ' e b8 a By . . . . B
auditory tracings. In place of the varisble 1 b neariarha | fnatruct 1
tory tracl pl “the .variasble Intensity bat instructone
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technique (IT-A), a flxod suprathreshold V-T ctimulus was used (iT-B). The

Ss used In this experiment were those who falled to mest criterion In the
preceding experiment and new samples of deaf and herd of hearing subjects
representing the age groups of six, five and four years; the actual age range
was trom 6-1/2 to.3~1/2 years. The resuits indicated that the seven retest
Ss, previcusly cilassed as falliures, met criteria successfully In V-T and
auditory parformance. - OF the new samples It was found that the six and tive
ysar old groups campleted V=T and auditory tasks successfully. The 30§ pass
‘criterion was not met by the fours. However, a few children between 3-1/2

am 5-»0/2 were succoufw in both arees.

7. : wmm VM., The purpou of Experiment VM, the first In Part I,
was to '~ an-experimenta | modiflcation (to the GS E-800 audiometer) designed
by the mpwmmmdrs and furnished by the Grason-Stadler Ccmpany. (t was

tynatheslized ot the cutset of this project thet at some then unknown age, young
cm idren would be unabie to perform the Bekesy procedure a3 It Is presently
constituted even with nonverbal Instructions. The ides of tracing threshold
by & tracking or bmckdnmg procedure, completely controlied via the response
. switch under the control of the S, was assumed to be beyond the capabliiities
of very young chiidren; at least with socia! reinforcement as routinely used
In Bekesy audliometry and particulariy as appiied In the present research. The
results of the tirst six experiments suggested that the effectiveness of
routine Bekesy begen to falter seriously around three and one-half years of
sge. However, Indjvidual Ss above this age had difficuity and at the same
time soms Indlviduals below this age succeeded. The relatively good results
with chiidren below six years: of age was not anticipated prior to the present

project. In spite of this, we were Interested in exploring the possibiiity

of devising this reiatively objective test procedure for future use with
grester numbers of young chiidren. The purpose of Experiment Vil, then, was
to modify and test what we call the MAB test, which is a8 Modifled Ascending
Bekesy approech to vibrotact!le comnﬂomimg with the cross-modality genera!-
mzaﬂon to absoiute audﬂtory threshold mnmrmmr fol lowl ng.‘

| Three NMopeQO groups of dut and hearing adult Ss provwod baseline
dats for the Modifled Ascending Bekesy (MAB) technique. The auditory thresh-
old data resulting from this new procedure was in the predicted direction, |.e.,
more sensitive threshold by routine Bekesy as opposed to the ascending method

- (MAB). It wes of Interest to determine the expected dB difference between the

- two psychophysical methods and to test whether or not the ditference wes of
mﬂsﬂmm signiticance. The overall resuits of the three independent samples
Indicated thet the average difference between routine Bekesy and MAB thresholds
wes approximately 3 - 4 dB with the former being more sensitive. This smell
dB ditference was found to be statistically signlﬂcum at the three frequencles
tested. Regression equations were computed and presented for resesrch interest
rather than assuming any merked ciinical significance.  The resuits of this
“experiment clearly mmmca«m that the MAB technique could be used' to achieve
auditory thresholds and therefore led to Experiment Viil which was designed

to determine the minimum age of acceptabie porfdrmmn of ﬂn -ucthuo on the
part of vory young hearing Impamrod chlidren.

" 8. Experiment Vill. This oxpornmm ovamwhd +the performm of 6. ,
'35, 4 and 3 year old deat and hard of heering with 1he MAB technique. Thelr

N porfomumo was conpamd on an ago mm am adm com'mwod wmu pmuous
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results from Independent samplies tested with IT-A and !T-B whereln routine -
Bekesy auditory threshold performance was tested. The results demonstrated
that children as young as three (2-1/2 to 3-1/2) satistied the 50§ pass
criterion to the V=T tracing task; however, auditory generallzation occurred
In only 308 of the three year olds. The overall results of this experiment
indicated thet with the MAB test it was possibie to obtaln accurste auditory
thresholids on deaft and herd of heering children at a younger CA than with

Methods IT-A and (T=B. Of the two methods for cbtaining auditory thresholds

by the technique of routine Bekesy, IT-B appeared to be the quicker and easler
method learned. All three procedures appeared to be valid methods of obtaln-
ing auditory thresholds in young deaf chlidren. The MAB technique, which wes
learned as repidly as iT-B In routine Bekesy, proved to be a good aiternetive
method for obtaining suditory thresholds In those children who did not learn
the more difficuit threshold tracing task with 1T-8,

Continucusly variable cross-frequency generalization with the MAB test

indicated that this was the rule after auditory threshoids wers traced with
8 fixed frequency. ‘ \ o
E. Summery.

~ The series of eight experiments comnieted In this project Included the
development and quantificetion of vibrotac!lle conditioning procedures thet
ied to the measurement of hearing in hearing and desf Ss ranging from aduits
10 as young as 2-1/2 years. A modification of the Radloser B-70A bone
conduction transducer was coupied with the Grason-Stadier E-800 Bekesy audio-
meter to provide s programmed stimulus used to instruct, nonverbelly, dest
and hearing Ss to perform routine Bekesy audiometry. Cross-modaiity generai-

ization tfrom a vibrotactile to an auditory stimulus was found to take place
mﬂmw in all age groups. | ,

A moditication to the E-800 audiomter was developed thet would alliow

"a single press of the response switch by the S o measure one's ascending

threshoid. This procedure referred to as MAB (Modifled Ascend ing Bekesy)
wos found to be effective with children as young as 2-1/2 to 3-1/2 yesrs of

a8ge. | | ‘
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 APPENDIX A

The m-oo lmtrucﬂoml procndum dwolopd Un ?Ms projccf have. bun
prmnﬁd ln de ln ﬂn upproprlah mlmm ln ﬂn body of this ropcrt.
Appendix A prnonu ﬂnu procodum ln . convonlon'l' fom for cMMuw snd

%

research nppwaﬂon.

INSTRUCTIONAL TECHNIQUE A (IT-A)

A. Preparstion of Equipment.
Al. Calibrate the GS E-800 audiameter In the standard wey recommended

by the nmhcjmm.
A2, Set the audiameter to deliver a fixed frequency of 300 cps.
A3, -Set the standard 20 dB pad to the +20 dB8 position.

A4. Insert the V=T transducer jack into the Tone-Fhone cutlet on
the resr of the E-800 chassis. For those sudiometers equipped with the E~800-8
earphone selector switch, Insert the V-T transducer jack and one esrphone plug
into the E~800-8 switch. Turn the selector switch to the V-T transducer position.

A3. Set the Electronic Switch to the Alternate-On position.

A6,  Set the E-200 recording pen to the SPL cam (Heering Loss cam and
iSO cam can be used In place of $PL).

Al. Prepero a one lncn‘ strip of .mﬂc tape long enocugh to wind
complietely around the V«T trsneducer, its oprl‘.m-pl‘m mdl;leoﬂon.um the
thumb of the subject. )

- B. Vibrotactiie Conditioning Procedure.

Bl. Have chiid sit st & smeil student's desk. Adult Ss should be
provided » comtartable cheir with arme. |
e n. Place 'tho Nlm 8-J0A: vmmm franaducesr on ﬂn ped of
the thumd en “the: nmi cpmm to m# uud mr wrlﬂm. Drav the elastie: 'hpo

e

t
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around the mmduw. its spring=plate, and the S's thumb with suttficlent
pressure to Just barely depress compietely the 250 gm. spring.
~ @5. Hold the rosponse switch in close proximity to the S's thumb to
which the transducer I stteched. The response switch may be taped to the top
of the school desk within easy resch of young Ss. ‘
B4. Place your: left Index finger and thumb on the sides of the trans-
ducer attached to the thumb of the S.
B3, Without depressing the pen to the recording peper, set the pen
nesr the +20 dB (lne on the recording pager (+40 dB nominel SPL).
BS. Switch the Electronic Switch to the Pulsed tone position. -

87. As soon as the V=T stimulus Is perceived, push the response
switch and hold down untl! the V=T stimulus is no longer perceptible. Reiease
the switch until the VT stimulus agalii becomes perceptibie. Repest this

demonstration for spproximetely six or elght pairs of presses and relesses.
Turn off the stimulus. |
B8. Return the chert to the full-rigM' position.
89. Remove your -index finger and thumb from the trensducer atteched
to the S's thumb, | | o |
B10. Place the pen fo the recording paper at o level of 420 dB on
the recording pe.er (+40 dB nomins! SPL). |
 Bil. Place the response switch In ﬂ\o MM of the 8 cppollfo that to
which the V=T transducer is sttached. It the response switch Is: hpcg to the .
"desk, have the child place his Index #inger sbove the switeh l-nrﬁdlmq,o to .

812, Turn the Electronic wm to.the. Mad pu.l'blm nnd m Motor
wlfeb o the: m—m mﬂﬂmm l’l low. the 8 M RS Mm%‘!’ mmw,

Ii!. Mter s mju af wpmm uw 19. mnm wqm&; Mﬂm :
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the recording pen to the +20 dB level on the recording chart and allow @
second tris! of five presees snd five releases.

Bl4. Applaud correct behevior and smile encouragement when $ appears
fo be performing sppropriately. Remaln passive when S appears to perform in-
correctly. ”

Bi3. Criterion is defined as two mecuslvo trials of !0 presses and
10-roleases the meens of chh do not differ by more than 10 dB. If necessary,
the S is QNM ® mwmm of ﬁvo triais to satisty the criterion. It st the
ond of five ?rluh fho s don not uﬂsfy crltorlon, he is rolmfwc‘l‘od as per
B4 ﬂlmgh BI3. 'N\o loeond lﬁ‘mp't by the $ to trace Ml V-T ﬂ\ruhold ny
extend to ten triais.

B!6. Those Ss wbo nﬂsfy the V-T fraclm c*!*hrlon nro thon My
to be tested for gmnMwNon to an wdl‘rory sﬂmws.

C. GonomMuﬂon an Procodum.
ct. Mnovo V-T tmnsduoor fm. ﬂn ﬂmnb oi' ﬂn s.
e Place the mr urphom over m S's wr to bo fnm. nM ot
the E-800-8 swifch to the sarphone position.

c:. Chock to bo cmm tm ﬂw 500 cps nm fnqmncy mtormpm
fono ls fo be doﬂ ivered ﬂarough ﬂn mt nrphom

u. Tho +20 a8 pod rmtm m, rmd ﬂn m ls rcturmd ?o un orblfnry
subthreshold lovel.

| cs. Nm m mpom mm n ﬂn hand af m s. w m mpam
wlfch ls nm 1ro tho dnk. Maco the. S's mm In close proximity to It.

06 Polm 1‘9 ﬂ\o nr to M W‘,fﬁ",‘“ potn't 'to ﬂ\o responss switch,

_CT. Turn on the pulsed tone, und allow the § To trace his suditery
ﬂummm. m.-.. m pon n;nmi\m ' Ifly Jovel fol muw och
| f‘"'rrul m ton m .m m nh»to. g 'ﬂ\b Qiilljm :; h::v ’ﬂ'lll; n

(‘Lx«vﬂxm ..... M u»,.ﬁ‘\\a ,.. NN
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necesrary to frace fwo consecutive triais the means of which do not: differ by

more than (0 dB. Ofher frequencies can be selected at the discretion of the
mlmr fol lowing successfui generaiization Yo the 300 cps tones del ivered

via the esrphone. Fixed or variable frequencies and pulsed or continucus tones
may be combined. in order to derive sdditions! data concerr.ing the S's audlitory

status.

ummnom. TECHNIQUE B m-m

A. Prggraﬂon of Egglmgm'. \
Al cammo the 65 E-eoo auawam.r m the mmra uy mmondd

by ﬂn nmucw"r.

A2.\ 801' ﬂn mwm'hr 'ro donor 8 Mxod froquoncy of 500 cps.

AS. s.t the standard 2o dB p-d to the +20 dB position.

‘A, mm the V-‘!’ ?ramducor jack Into ﬂn ‘W'om-mom outlet on
the rur of the E-GOO chusls. For ﬂuou audﬁcmcton oqulppod with the s-ooo-e
urphono ulocfor stch. lnsorf ﬂn V=T ?nmducor jack am one oorphom plug
wm ﬂn E-BOO-O swlfch. Tum tho uhc‘l'or swhch to ﬂmo V-‘lf tnmdueor poslﬂon.

”. Set the Emmmnc sumn 1'0 m Mwm.-m poclﬂon.

A6, s.t the E—OOO rncord@m pen 'ro tho SPLm (Hulrlm ms cam
md 150 com can be uud m MIOO of SPM. o |

| A7, Proporo ® om Imh umdo mlp of owuﬂc npo mong omugh fo

| mnd canpwmﬂy urwm ﬂn v-1r 'tramduw. M‘s sprlm-pm'a mmmm and
| ﬂ\o fhunb of the mmecr. |

B.“

Vl‘brcmcﬂ le vco}ndl-tlml;. _‘ HWoenduro.w’ .
| bj'. Have chué‘m w . mu swdowr'l dnk. Acmw s- shouw bo

< k‘f_
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OUNH’IMMLV pmwm M m m ﬂmmﬁﬂn& wm m tm;fcn af
\ the MM"‘ “‘“"" nd “°“ anbiy-the ialgret:is turned off. Rep

=l §6~
the M on the hand oppoulu 10 thet um tor: m‘mm. onw ‘the -elastic tape
around the mnm, Its lprlm-plm, m e 8's ﬂmb with sutticlent

pressure to Just berely depress campletely the 250 gm. spring.

‘83, Hold the response switch: ln clm proximity to the $'s thumb to
which the transducer -is atteched. The mponu chh may be taped to the top
of ﬂn lchnol:dukwwn;nw:mn of young s:.

B4. Position the recording pen at approximetely 80 dB off the record-
Ing paper (100 dB nominel SPL). | | |
| B5. Present the 500 cps fixed frequency continuous tone to the V=T
trensducer by switehing from the Alternete-On to the Stimilus=-0n position.
Keep tone on for approximetely 4 -~ 5 seconds. | |
B.b.‘ As 300N 8s Mn 'S acknowledges. in any. overt manner tho presence
of the V=T stimulus, press the response switch. |

- B7, After presenting the stimulus for appmlmuly 4 - 5 seconds,
gwitch from s'l-lmuws-m back o Alternata=On, and at the same time nmnu
the button on the response switch: |

mt B85, B6 and €7 for severs! prasus and reieases, and
vary the dunﬂon of the slgmu rather than proummg H' for 4 = 3 seconds
oech time. . | B Rt )
B9, Place the mpom. switch In the S's hand oppoom thet to chh |
the V-T tmmduw ls nﬁ‘lchod ln cases m ﬂl& nl‘tch is taped ta the
'MMQ top, place ﬂn cMM's hand ln cﬂm pmlmhy ‘o 'l'ho buMon ot ﬂn
swlfch., T RIS LIRS E e JOVE T = | | |

~.8io, M m V=T nlgms m»fmm. &ml lpncm.d In. 84, lM

\mommwn

cod jm Mr M*Mvo m .
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e, Mt the ﬂgm%, and aflow ﬂn $ to mnlpulnu the responss
‘switch ulm‘ouf help for as many rials us‘rmlnd tor the $ to respond
approprlately.’ X | | -

812. Return the mrr table 1o the tull-right position.

© B13. Engags the rooordlmr pen at a level of approximetely +20 d8 on
the graph popor (+40 dB nomine) SPLY. | | SRS

Bl4. Turn on the 500 cps fixed froquoncy lnforruphd tone, and
sllow the S o trace his threshold.

815, Mhr a serles of uo presses and 10 reisases by the S, return
the roecrdlm pm to the +20 dB Iwﬂ on the recording chart and ollon s second
trial of tive prum and flve releases. - '

-~ BI6, Appnaud correct beliavior and smile encouragement when S appears
to be pcrtomwm appropruhly. ‘Remeln peulvo when § appnrs 0 pcrfom
“incorrectly. | “ |

BW. Criterion Is doﬂmd as two successive trials of uo presses
and 00 romum tho mans of uMch do not differ by more than 10 dB. |If

'mm-ry. m s ms auom . mamm of tive trisls to satisty the criterion.

it ot ﬂ\o ond of Mvo trmuls m s dou not uﬂm crhoﬂm. m Us rolnstruc-‘”
‘M upormmrouqh ms. The muﬂm byms'l'om«hls V=T |
threshold mey cud'ond 1'@ 'hm *rlah. IR L
- B8, mou s: who mmy m v-r fnclrg crmrtm are then rcldy
to be fufod for gononlluﬂon to un audwory :ﬂnulus.r o |
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tone s to be detivered through the test ‘earphone.

|
| CA., The 420 ¢8 pad remains In, and the pon 1s. returned fo an
ummry subthreshoid lovels
©5. ‘Place the response switch In the mm of the S. Jf the mpomo
i swltch: u taped to the desk, place the S's hand In close pmmm to It.
_ C6. Point o the ear to be tested; then point to the msponu switch,

C7. Turn on the pulsed tone, and allow the S to trace his suditory

threshold; Return +he pen to an arbltrary subthreshold level following each
trisl of fen presses and ten relesses. Tho S s n“ondl as mny trials as

" hecessary to trace two consecutive trials the mesns of which do not differ. by
more mn 10 d8; Other frequencies can be ul-ac’“d\ at the dlscretion of the
“mlm fol lowing successtul generalization to the 300 cps tones «WVM
‘via the earphone. Fixed or varliable frequencles and pulnd or conﬂmous jones
‘may be combined In’order to derive additionel am;.;momm the S's auditory

status. o ' |
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| 'M’. caum-m ﬂn es s-eoa ammanmr wn the s'nndard ny mmnm
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“ A?‘, Sot m Ewoetroulc a-mh 'to 'ﬂn M‘hrmto-m ponwﬂon.
A8, Set the E-BOO rccordlm pen 'l'o ﬂn SPL cm (Hnrwm H.on cam
and HSOcmcmbomed in place of SPL). R |
A? Propom 8 one inch wide strip of nmasﬂc 'npo long cmgh to
umm compﬂofoly nround 'l'ho VT mnwncor, its sprlng-ptm mdlﬂcaﬂon. and
the thumb cf ﬂn mbjm e
A8, Set mhwﬂc timer mcmmm to six seconds aﬁomaﬂon time.
. B, Vibrdhcﬂﬂo condwlonlm Procoduro. |
| Hpvo cth sit n't 3 mM wudom"s duk. Muif"Ss'shoul.dfho |
provMod &Moﬂlbﬂo cmn- with. ams. :
- B2 Naco tho Radlour B-70A vwbrmcﬂﬂo tmmsduoor on the pad of
the ﬂnmb on m hand oppasite to that usod for wrﬂﬂm. Draw 'Mn onasﬂc tepe

around the w-amdm:nr, its sprlm-puh, and ﬂp S's thumb wﬂﬂu sufflclonf

pruwro 'ro Jus‘r bersiy dmms ccmplmmy the 250 m. spring. N
BJ How the response swlfc,h m clou pmlmty to the S's ﬂmub
to which the transducer Is attached. . “The response switch may be mod to the

top of the school duk uumm easy reach of young S8,

m Posljlm ﬂn mordmg pen a-!r uwoxwmnw 80 d8 off ﬂn
rmdﬂm paper (100 ds mmlmﬂ SPL). - o | | | |
e 55 Prom't tho 500 cpq*mod fmquomy eonﬂmws tone to the VT
j_i‘mnsaucqr by switching from the Alternate-on 70 the sﬂmnus-m pomﬂon. |

" M ?om on for approxlmﬂ&y 4 5 monds. | ‘ -

o8 wnon ot m mspoma o
swh'ch.‘ " v

Turn 'ﬂoo Elmtmwc Swhch m
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8. Nlco ‘ﬂh nspmn Mtch m ﬂw S's hand oppooh‘o 'ﬂ!lt 1‘0
which the V-T fmnwucor h mmm. m cnm mmrc ﬂn wlmh u 'mpod to
| ﬂw ‘l'aMO m, puaco m chiid's hand In cﬂou pmﬂml'l‘y to ﬂn buﬂ'on of the
switch, o | “ 2y iy i o EET
B9, Present the V-T stimulus at ﬂn spL l&&i » sp-cinmd In B4, -
am sﬂmmhnmsly pms the thumb or index finger of the S on the buﬂ'on of
 the resporase switch; then release imediately. Repeet this demonstration -
procndun four or tive times. R T
oBIO,, Present the signal and allow the § to mmpwm the mpom
swlfch without help for as many trials as roqulrod tor the S 'l'o mpond
approprhhwy. .
- Bil. Mum ﬂ\o cmm table to the fu“ermm poolﬂon. |
- Bl2, Emago m roccrdmm pen at a level of approuﬁmhly +20 dB
on the. graph papen wm d8 mminaﬂ SPLY. - ,
BIS. Turn on ﬂw 500 cps ﬂxod froquoncy Bm.rmp'tod tone, and
;,aHow tm S to plot Ms ascmw ?hrnhoﬂd. Mlow S Nvo ﬂwuhold tﬂaﬂs
to chock on his uMers?aMlm of 1!'lrw task, 1] 'hvo conmufﬂvo thmho@ds
‘among ﬂm ﬂvo pmcﬂc., truaﬂs are wlﬂwm 10 dB of ono anothor, H' ls asoumd
\ ‘m* the mk Is uMors'lrood 1 1'Ms crUWﬂon 1s w mlsma. m S ms
‘rom:'l'mcfcd by mpoaﬂm s'ups 89. mo, BM, BM amd BM. | Thou s: vho «
e mccoumwy compu?o B@S aro My 1'0 procood wH‘h ﬂn wdﬂmy gomMzaﬂon

e comraumm T“* Proemm.
o Ch ,

movo v-'f ?raniduc M




- | :~I2!-‘
tone Is to be~deﬂ!verad fhrough fhe ?osf earphone.
ca. The +20 dB pad ramalns ln, and the pan Is refurned to an arbu-
trary subthreshold level. | -
- C5. Place. the response switch in the hand o# the S. if the response
swl?ch Ms ?aped to the desk, place the S's hand In close proximity to it.
 C6. Polnt to the ear o be tested; then point to the response switch.
c7. Turn on the puised tone and allow the S to plot his ascending
auditory +hresh§ld for ten presses. Return the pen to an arbitrary subthresh-
old SPL ueve‘l following eaqh trial of ten presses. The Sls aHouedras many
1rlaﬁs as'necessary to plo¢‘+wo‘cdnsecqfivé'frlals the means of which do not
differ by more than 10 dB. Other frequencles can be selected at the discretion
of the euamlnér folﬂoﬂﬁng succéssfuﬂ generalization to the 506¢éps tone dellver-
ed via the earphone. Fixed or varlable frequencles and pulsed or contlnuous
tones may be combined in order to derive additional data concerning the S's

auditory status.




