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The Purposes of the Study

The purpose of this study was to determine if two (2)
central auditory processing tests, and an electrophysio-
logic assessment would prove to be discriminating between
children labeled "learning disabled" from those of a con-

trol group.

The Procedures

Two (2) groups of twenty (20) students were selected
for this investigation. The first group were children
that had previously been identified as having learning dis-
abilities by the school, while the remaining students act-
ed as a control group. All students were randomly selec-
ted, met minimum eligibility criterion and were required

to provide signed informed parental consent forms. Anon-



imity as to which group each individual belonged was main-
tained throughout the data collection and reduction pro-
cedures.

The data generated were behavioral test scores from
the Goldman-Fristoe~Woodcock (G.F.W.) Selective Attention
Test, and the Staggered Spondaic Word (S.S.W.) Test, (Katz,
1969). An electrophysiologic measurement, Brainstem Aud-
itory»Evoked’Potentials (B.A.E.P.) provided neurologic in-
formation of the auditory pathway.

A multifactor analysis of variance from the statis-
tical Package for Social Sciences (S.P.S.S.) was used with
the Goldman-Fristoe~Woodcock Selective Attention Test, and
the Staggered Spondaic Word Test information. A Fortran
Program for Difference in Proportions was used with the

Brainstem Auditory Evoked Potentials procedures.

e

The Summary Of Findings

Both behavioral instruments, the Goldman-Fristoe-
Woodcock Selective Attention Test, and the Staggered Spon-
daic Word Test, differentiated the labeled learning dis-
abled children from the control group. The Staggered
Spondaic Word Test demonstrated a left-right ear differ-
ence present in the normal condition, but not present in
the labeled learning disabled children to the same degree.

The Brainstem Auditory Evoked Potentials procedures
demonstrated a difference between the groups based upon

Wave V. Not only was Wave V more aberrant in the learn-



ing disabled children, but this abnormality decreased with
increasing age.

It is the finding of this study that the condition
"learning disability” has at least two (2) components;
one (1) able to be observed and measured behaviorally, the

other observed and measured electrophysiologically.

Summary of Conclusions

There was convincing evidence that the neurologic
information obtained through electrophysiologic measure-
ments was developmentally or maturationally linked.

This study provides information which will have a
direct impact not only on early identification, teacher
expectations and federal funding, but on the very defi-

nition of "learning disability".
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AN ASSESSMENT OF ELECTROPHYSIOLOGICAL
AND AUDITORY PROCESSING INSTRUMENTS
IN RELATION TO LEARNING DISABILITIES

CHAPTER I
INTRODUCTION

A current problem facing educators is the lack of an
operational definition for learning disabilities that is
concise, definitive and simultaneously exclusive of other
handicapping conditions.

The evolution of our current definition of learning
disabilities is prima facie evidence that the disorder is
difficult to describe. Most often the disability is des-
cribed from a behavioral observation. The behavior may
be poor academic performance. It may also be poor coordi-

nation. Often, it may manifest itself as disruptive be-

havior.

Background Of The Problem

The learning disability phenomenon appears to be
comprised of many different components. Among these,
(which appear to be significant to any definition,) are
academic, behavioral, and even as some suggest, neurologic
factors.

Neurologically, the sensory systems responsible for
information transport and delivery, become much more com-

plex as the neural pathways proceed inward and upward to
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the brain. This complexity is the result of the integra-
tion of more and more afferent (input) neurons from dif-
ferent sensory modalities blending their component infor-
mation to make up the aggregate or gestalt. The signifi-
cance of this concept may best be illustrated through a
currently used screening device.

Learning disabled children are often identified with
various screening instruments, one of which emphasizes
perceptual-motor tasks. These instruments assess be-
haviors as it relates to the individual as she/he per~
ceives herself/himself in space, i.e, balance.

Another screening device used for identification of
learning disabled children employs auditory perceptual
tasks.

Both sensory information for balance and hearing
share a contiguous afferent neural pathway. If that af-
ferent pathway is not neurologically mature, or is path-
ologic, information arriving at the brain for processing
could be less than complete. The brain processes infor-
mation that arrives, whether or not it represents an ac-
curate completion of the input signal.

This suggests that measurement of the transmission
of signal along the nerve fibers may provide insight as
to the location of possible lesions. Lesions include the
broad spectrum of anatomic and physiologic entities that
interfere with normal function. Foremost among these is

developmental neural delay.



We have available to us instruments that are sensi-
tive to specific areas along the auditory pathway. These
instruments are presently employed clinically, in the dif-
ferential identification of the foci of lesions in the
practice of audiology. 1If these instruments are capable
of discriminating between children labeled "normal"” and
those labeled as being "learning disabled", earlier iden-
tification might be possible. 1In addition, the implica-
tions for differential remediation strategies would be

immense.

Statement Of The Problem:

The problem is to ascertain if central auditory pro-
cessing tests, and an electrophysiologic assessment will
Prove to be discriminating between children labeled "nor-
mal® and those labeled as being "learning disabled".

Specifically, will the Goldman-Fristoe-Woodcock

"Selective Attention Test"; Katz's "Staggered Spondaic

Word Test", and Brainstem Auditory Evoked Potentials,
(BAEP), demonstrate significantly different scores between
normal children and children identified as having learn-

ing disabilities?

Assumptions:

The following assumptions underlie this study:

The heterogeneous nature of those individuals
grouped in this study includes a wide range of
differences. It is assumed that these differ-



ences are randomly distributed within each group
and will not, therefore, bias the results of
this study.

The school district's eligibility criteria
for the learning disabilities program is
selective, and uniformly applied. 1t is
assumed that children currently receiving
services for learning disabilities are
representative of that disorder.

Limitations Of The Study:

Although "learning disabilities" is a generic des-
cription representing a variety of possible entities, and
input mechanisms, our attention has been limited to fac-
tors involving the auditory system alone for purposes of
this study.

The selection of instruments is not to be construed
as exhaustive, even within the limits of the auditory
modality, merely as representative.'

Parficipants in this study represent a serial sample
of children labeled "learning disabled" and a sample
matched for age and sex alone from a randomly selected

group of children labeled "normal".

HYPOTHESES:

In order to examine the potential for some signifi-
cant neurologic differences between learning disabled
and non-learning disabled groups, both behavioral and
pPhysiologic test procedures must be utilized in assess-

ing performance. To that end, the following hypotheses



are set forth.

Staggered Spondaic Word Test:

1) Hy There is no significant difference of
total test scores as measured by the
Staggered Spondaic Word (SSW) Test be-
tween children labeled as being learn-
ing disabled and those of a control
group.

H There is a significant difference of
total test scores as measured by the
Staggered Spondaic Word (SSW) Test be-
tween children labeled as being learn-
ing disabled and those of a control
group.

2) H There is no significant difference of
test scores for the right ear as mea-
sured by the Staggered Spondaic Word
(SSW) Test between children labeled as
being learning disabled and those of a
control group.

H There is a significant difference of
test scores for the right ear as mea-
sured by the Staggered Spondaic Word
(SSW) Test between children labeled as
being learning disabled and those of

a control group.



3)

4)

5)

There is no signifiéant difference of
test scores for the left ear as mea-
sured by the Staggered Spondaic Word
(SSW) Test between children labeled as
being learning disabled and those of

a control group.

There is a significant difference of
test scores for the left ear as mea-
sured by the Staggered Spondaic Word
(SSW) Test between children labeled as
being learning disabled and those of

a control group.

There is no significant difference of
test scores for the right ear attributed
to sex as measured by the Staggered
Spondaic Word (SSW) Test between children
labeled as being learning disabled and
those of a control group.

There is a significant difference of
test scores for the right ear attributed
to sex as measured by the Staggered
Spondaic Word (SSW) Test between children
labeled as being learning disabled and
those of a control group.

There is no significant difference of
test scores for the left ear atﬁributed

to sex as measured by the Staggered
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Spondaic Word (SSW) Test between children
labeled as being learning disabled and
those of a control group.

Hy There is a significant difference of
test scores for the left ear attributed
to sex as measured by the Staggered
Spondaic Word (SSW) Test between children
labeled as being learning disabled and
those of a control group.

6) H There is no significant difference of
test scores obtained for the right ear
and those of the left ear as measured

by the Staggered Spondaic Word (ssw)
Test between children labeled as being
learning disabled and those of a control
group.

There is a significant difference of
test scores obtained for the right ear
and those of the left ear as measured

by the Staggered Spondaic Word (SSW)
Test between children labeled as being
learning disabled and those of a control

group.

Goldman-Fristoe~Woodcock Selective Attention Tests:

7) Hy There is no significant difference

of test scores obtained on the "fan"



8)

9)

H

subtest of the Goldman-Fristoe-~Woodcock
Selective Attention Test between child-
ren labeled as being learning disabled
and those of a control group.

There is a significant difference

of test scores obtained on the "fan"
subtest of the Goldman-Fristoe-Woodcock
Selective Attention Test between child-
ren labeled as being learning disabled
and those of a control group;

There is no significant difference of
test scores obtained on the "cafeteria"
sub-test of the Goldman-Fristoe-Woodcock
Selective Attention Test between child-~
ren labeled as being learning disabled
and those of a control group.

There is a significant difference of
test scores obtained on the "cafeteria"
sub-test of the Goldman-Fristoe-Woodcock
Selective Attention Test between child-
ren labeled as being learning disabled
and those of a control group.

There is no significant difference

of test scores obtained on the "voice"
sub-test of the Goldman-~Fristoe-Woodcock
Selective Attention Test between child-~

ren labeled as being learning disabled



10)

and those of a control group.

There is a significant difference

of test scores obtained on the "voice"
sub-test of the Goldman-Fristoe-Woodcock
Selective Attention Test between child-
ren labeled as being learning disabled
and those of a control group.

There is no significant difference of
total test scores as measured by the Gold-
man-Fristoe-Woodcock Selective Attention
Test between children labeled as being
learning disabled and those of a control
group.

There is a significant difference of totai
test scores as measured by the Goldman-
Fristoe-Woodcock Selective Attention Test
between children labeled as being learning

disabled and those of a control group.

Brainstem Auditory Evoked Potentials:

11)

H

(o}

There is no significant difference in
latency values between those children
labeled as being learning disabled and
those of a control group for the occur-
rence of Waves I, III and V for the right
or left ear as measured by the Brainstem

Auditory Evoked Potentials.



12)

13)

10

There is a significant difference in
latency values between those children
labeled as being learning disabled and
those of a control group for the occur-
rence of Waves I, III and V for the right
or left ear as measured by the Brainstem
Auditory Evoked Potentials.

There is no sigificant difference in
central conduction times of two admin-
istrations to the same ear between thase
children labeled as learning disabled
and those of a control group, when com-
paring Waves I-III, I-V, and III-V for
the right ear.

There is a significant difference in
central conduction times of two adminF
istrations to the same ear between those
children labeled as learning disabled
and those of a control group, when compar-
ing Waves I-III, I-V, and III-V for the
right ear.

There is no significant difference in
central conduction times of two adminis-
trations to the same ear between those
children labeled as being learning dis-
abled and those of a control group, when

comparing Waves I-III, I-V, and I1I~vVv,



14) H,
Hy
15) H,
Hy
16) Hg

11

for the left ear.

There is no significant difference in
latency values for the occurrence of

Wave V between ears at the same sensation
level, when comparing those children label-
ed as being learning disabled and those of
a control group.

There is a significant difference in
latency values for the occurrence of

Wave V between ears at the same sensation
level, when comparing those children label-
ed as being learning disabled and those of
a control group.

There is no significant difference in

the superimposability of two successive
stimulus runs for the right ear between
those children labeled as being learning
disabled and those from a control group.
There is a significant difference in

the superimposability of two successive
stimulus runs for the right ear between
those children labeled as being learning
disabled and those from a control group.
There is no significant difference in

the superimposability of two successive
stimulus runs for the left ear between

those children labeled as being learning



17)

18)

12

disabled and those from a control group.
There is a significant difference in

the superimposability of two successive
stimulus runs for the left ear between
those children labeled as being learning
disabled and those from a control group.
There is no significant difference in
amplitude reduction at any one of the
Peaks (I, III, V) when comparing the re-
sults of both ears, between those children
labeled as being learning disabled and
those from a control group.

There is a significant difference in
amplitude reduction at any one of the
Peaks (I, III, V) when comparing the re-
sults of both ears, between those children
labeled as being learning disabled and
those from a control group.

There is no significant difference in
wave shape abnormalities of Peaks I, 111,
V, of either ear between those children
labeled as being learning disabled and
those from a control group.

There is a significant difference in wave
shape abnormalities of Peaks I, 111, V,
of either ear between those children

labeled as being learning disabled and
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those from a control group.

19) H, There is no significant difference as
to "peak presence" or absence, of the
first five (5) of the Jewett Seven (7)
peaks when comparing those children
labeled as being learning disabled and
those from a control group.

H There is a significant difference as to
“"peak presence" or absence, of the first
five (5) of the Jewett Seven (7) peaks
when comparing those children labeled as
being learning disabled and those from a
control group.

20) H There is no significant difference in
latency values for the occurrence of Wave
V between ears at the samé sensation
level, by age groups, when comparing those
children labeled as being learning dis-
abled and those of a control group.

Hy There is a signifiéént difference in
latency values for the occurrence of Wave
V between ears at the same sensation
level, by age groups, when comparing those
children labeled as being learning dis-

abled and those of a control group.
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DEFINITION OF TERMS

Amplitude Reduction:

Refers to Brainstem Auditory Evoked Potential Trac-
ings; the maximum deflection of a specific wave.
When looking at the same wave between two (2) succes-

sive runs, is the height (amplitude) of the wave re-

duced by 50%?

Audiometric Evaluation:
Pure Tone Audiometric evaluation utilizing 500
Hertz (Hz) or cycles per second, 1000Hz, and 2000Hz.
Minimal eligibility requires that the average of

the above frequencies be no worse than 20dB for each

ear.

Auditory Pathway:
Refers to both the peripheral and central auditory
Sensory systems. Specifically refers to the afferent
neurological pathway from the Organ of Corti to
Heschl's gyrus in the Sylvian fissure of the tempor-
al lobes of the brain (see Figure #4)

Auditory Stimulus:
Pertaining to the organ of hearing. A stimulus,

either a tone or speech that is presented via head-

phones.
Brainstem Auditory Evoked Potentials:

Minute electrophysiological measurements obtained by

surface electrodes measuring neural activity to an



15

auditory stimuli. These electropotentials are pre-
amplified and sent to an averaging processor result-
ing in a graph of neurological activity usually
within the first 10 milliseconds following onset
- of aﬁditory stimulation.

Central Auditory Disorders; Dysfunction:
Refers to central nervous system disorders, spec-
ifically of the auditory pathway, usually from the
Acochlear nerve as it paSses through the brainstem,
cerebellum, thalamus, and cortex.

Central Conduction time:
Refers to the latency or time value between one
wave and another wave. These measurements were
made between Wave I-III, Wave I-V, and Wave III-V,
between two successive administrations to the same
ear. The latency values were judged to be the same
if they were within .2 msec of‘each other.

Central Testing:
Specialized tests that have demonstrated a sensi-
tivity to disorders involving the central nervous
system utilizing the auditory modality by stressing
the integrity of the system. (i.e., complex speech
messages and/or competing messages.)

Conductive Hearing Loss:
A type of hearing loss common to children, often
due to the presence of a fluid in the middle ear

space. The fluid may be described as Middle Ear
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Effusion, Otitis media. A conductive loss is

usually not considered to be a permanent hearing

loss, but may often be present yet unnoticed.
Demyelination:

A breakdown in the myelin sheaths or protective

covering around the nerve fibers located along the

neural pathway.

Dichotic:

A condition in which two separate signals are
presented, one to each ear at the same time.
Diotic: |
A condition in which two separate signals are pres-
ented, together, at the same time into one ear.
Electrophysiology:
A branch of science concerned with electrical phe-
nomena that are associated with physiological pro-
cesses. Electrical phenomené are prominent in neur-
ons and effectors.
Electrophysiologic Measurements:
Pertaining to the study and measurement of minute
changes in electrical potentials as the afferent
system transports its information to the brain.
Impedance Audiometry:
A measurement technique that assesses the resistance
of an acoustic signal to pass through the external

auditory canal, tympanic membrane and the middle ear

system.
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Inter-Peak Latency:
Compares latency or time differences for Peak V be-
tween ears, to stimulus presentations made at the
same intensity, or sensation level. Differences
greater than .2 milliseconds suggest a dysfunction
along the auditory pathway.

Intra-Peak Latency:
Measurement of the central conduction time between
peaks I-III, I-V, and III-V, for the same ear. Mea-
surements are made for time differences betWeen
peaks by comparing two successive stimulus runs on
the same ear. This conduction time is thought to be
abnormal if it exceeds +.2 milliseconds between the
two stimulus runs when comparing the same peaks.

Latency:
A measurement of time between two points, peaks or
waves.

Learning Disabled:
Those children who have met the Jefferson School
District's eligibility criteria for learning disabil-
ities (see learning disability)

Learning Disability:
Taken from Jefferson School District 14-J and used
in this study.
"Specific learning disability" means a disorder in
one or more of the basic psychological processes

involved in understanding or in using language,
spoken or written, which may manifest itself in an
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imperfect ability to listen, think speak, read,
write, spell, or do mathematical calculations.
Children with a specific learning disability

are unable to profit from regular classroom
methods and materials without special educational
help, and are, or will become, extreme under-
achievers. These deficits may be exhibited in
mild to severe difficulties with perception (the
ability to attach meaning to sensory stimuli),
conceptualization, language, memory, motor
skills, or control of attention.

The team may not identify a child as having a
specific learning disability if the discrepancy
between ability and achievement is primarily the
result of:

a. Visual handicap (as determined by a
licensed optometrist or Opthamologist),
hearing impairment (as determined by a
licensed audiologist or physician), ortho-
pedic impairment or other health impairment
(as determined by a licensed physician),

b. Mental retardation (as determined by a
qualified examiner such as a school or cer-
tified psychologist),

c. Emotional disturbance (as determined by
qualified educational authorities), or,

d. Environmental, cultural, or economic dis-
advantage (to be determined by the place-
ment team).
The child is assessed in all areas related to the
Ssuspected disability including, where appropriate,
health, vision, hearing, social and emotional status,
general intelligence, academic performance, communi-
cative status, and motor abilities.
Lesion:
Pertaining to a wound, or injury; a pathological
change in the tissues.
Middle Ear Effusion:

A term to describe several different conditions

of the middle ear producing a conductive hearing



loss, and thereby interfering with the reception
of auditory stimuli.

Peak Latency:

(See inter-peak latency or intra-peak latency)
Peak Presence:

Are all five peaks described by Jewett & Williston

present for both ears? The level where the peak

is missing or aberrant is thought to represent the

level of dysfunction in relation to the anatomical

site.

Peripheral Hearing Disorders:
Disorders of the outer and middle ear systems.
These are typically assessed via pure tone and im-~-
pedance measurements. Representative of peri—
pheral hearing disorders, but not limited to,

would be conditions of impacted cerumen (wax) and

Otitis Media.

Pure Tone Sensitivity:
A person's ability to hear various puretone freqg-
uencies. The usual frequencies tested included
250Hz, 500Hz, 1000HzZ, 2000Hz, 4000Hz and 8000Hz.
Our present method requires the individual to make
a behavioral response (raising the hand,) to indi—
cate they heard the tone.

Randomization Process:
The utilization of a table of random numbers for

purposes of selecting participants from a pool of



eligible students.

Response Stability:

| Response stability is demonstrated by the ability

to superimpose two (2) successive stimulus runs of
the same ear. ©Nodar reports that the peak where
response stability is lost suggests the level of
dysfunction in relation to the anatomical site.

Selective Attention:
Refers to the ability to concentrate on, or selec-
tively attend to and perceive a primary signal
when presented in a variety of environmenﬁal noise
or competing messages.

Sensori-Neural:
A hearing loss occurring in the cochlea, or nerve
fibers extending from the cochlea to the temporal
lobes. This type of hearing loss has been described
as a permanent hearing loss.

Spondaic Words:
Words with two (2) syllables having equal stress
on each syllable, (i.e., airplane, toothbrush, side-
walk, hotdog).

Staggered Spondaic Words Test:
Developed by Jack Katz, Ph.D., in 1962 as a test
to assess the central auditory system. A dichotic
speech procedure using spondaic words in an over-

lapping fashion.
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Superimposability:
Refers to the tracings of two successive stimulus
runs on the same ear, at the same sensation level
being identical with regard to the wave presence,
amplitude, latency of waves, etc.
Tympanograms :
A graphic record of the compliance (ability to move)
of the tympanic membranes and middle ear system.
These are usually described as being either Type A&,
B, or C. Type A Tympanograms represent a normal
condition, while B and C represent various states
of abnormal compliance.
Wavés:
Refers to the graph of Brainstem Evoked Potentials,
with each wave being generated by different ana-
tomical sites along the auditory pathway. (Jewett
and Williston 1971.)
Wave I. Generated by the VIIIth Cranial Nerve
(Auditory Nerve)
Wave iI. Generated from the coc