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ABSTRACT 

Statement of the Problem 

The purpose of this study was to determine the efficacy of an 

application of "Bayesian revision of subjective probabilities" tech

nique in an experimental procedure for the identification of children 

with learning disabilities. 

The specific objectives were 

1. to review the literature for a list of factors found to be 

related to learning disabilities, 

2. to organize these factors into a systematic framework of com

ponent disabilities, 

3. to construct a questionnaire for the collection of specialist 

opinions concerning the component disabilities, 

4. to apply Bayes' Theorem and other statistical measures to the 

returns of the first part of the questionnaire, 

5. to conduct a supplementary pilot investigation concerning the 

interrelationship of the component disabilities via the second 

part of the questionnaire. 

Procedure and Results 

Because the procedure in this study was sequential in nature 

and followed the specific objectives in order, the results of each 

objective determined the next procedural step. 
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Based on the justification for the methodology and the process 

outline of component disabilities, this study yielded the following 

results: 

1. The manner in which the 100 specialists responded to the ques

tionnaire varied: 

a. 41 did not respond, 

b. 19 disqualified themselves or gave reasons for non-

participation, 

c. 40 responded to the first part of the questionnaire, 

d. 14 out of the 40 did not respond to the second part 

of the questionnaire, 

e. 26 responded to both parts of the questionnaire. 

2. The 40 learning-disability specialists were in agreement con

cerning the relative weightings assigned to the component dis

abilities. This result was demonstrated through the 

application of coefficients of concordance. 

3. The application of Bayes1 Theorem indicated that the most effi

cient identification of learning disabilities can be made by 

using those component disabilities with the highest likelihood 

ratios. 

4. Based on the likelihood ratios, the three most discriminating 

component disabilities for the identification of learning dis

abilities were attention deficit, auditory-visual coordination 

deficit, and visualization deficit. 



When processes were compared, the results indicated the fol

lowing: 

a. Sensory orientation and integration processes contain 

component disabilities which seem to be the most ef

fective identifiers. 

b. Reception and expression processes appear to have the 

least effective identifiers. 

c. The memory process has the fewest number of component 

disabilities and consequently yields the least infor

mation. However, at the .80 level of confidence, the 

memory process is as effective as the sensory orienta

tion process or the integration process. 

A pilot investigation considered the independence or non-

independence of the component disabilities. The 26 special

ists who responded to this portion of the questionnaire 

indicated that no component disability was independent from 

all others although some were not related to each other. 



CHAPTER I 

METHODOLOGICAL BASIS AND STATEMENT OF THE PROBLEM 

Introduction 

At the present time, there is no one procedure which accurately 

allows us to identify the existence of all learning disabilities. In

stead, clinicians are using a number of tests along with diagnostic 

judgment. In most clinical situations, the time and money expended on 

the analysis of referred cases is well spent. However, clinical diag

nosis presents problems when it becomes necessary to screen a large 

number of referrals for public school services. These problems relate 

to economics (clinical diagnosis is expensive), to personnel (there 

are not enough clinicians to do the job), and to administrative imple

mentation (there is no economical and efficient procedure for screen

ing) . 

These problems may be alleviated by analyzing clinical diag

nosis in such a way that identification of learning disabilities can 

be separated from the more intensive diagnosis of deficits. Such a 

division of clinical diagnosis is suggested as follows: (1) subjective 

judgment for identification of learning disabilities leading to place

ment in special learning disability services, and (2) in-depth indi

vidual diagnosis leading to remediation plans and programs. This 

study will be concerned with the first aspect—subjective clinical 

1 
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judgment for identification of learning disabilities which leads to 

placement in special services. 

Identification of children with learning disabilities is a 

complex problem. Part of this complexity is due to the fact that 

these children sometimes manifest behavior which may be identified 

with other handicapping conditions such as mental retardation, emo

tional disturbance, or hearing deficits. Another reason is that the 

condition of learning disabilities may be comprised of various factors 

and these may exist in different combinations. However complex, iden

tification of learning disabilities is necessary for administratively 

determining whether a child is in need of, or eligible for, a special 

program designed for such children. 

The process of identifying children with learning disabilities 

in schools involves a decision by personnel who must adhere to legal 

stipulations and/or local school guidelines, but who themselves may 

not be clinically trained. The question of how the identification 

made by a clinical specialist can be adapted to the public school situ

ation was the initial concern from which this study developed. 

Clinical identification of learning disabilities is a process 

of making decisions in the absence of complete models or complete 

causal explanations. In this study, clinical identification was con

sidered to be based upon synthesized perceptions which the specialist 

has derived from past experience and knowledge conccrning learning 

disabilities. 
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Because the specialist has internalized his experience and 

training, it is difficult for him to completely articulate all the 

factors and their weightings which make up the decision that a child 

be placed in a service for learning disabilities. This study explored 

a technique for weighting certain component disabilities which may 

combine to produce a handicap in learning. Each component disability 

by itself may not be sufficient for the identification of learning 

disabilities even though it may have high probability of occurring in 

this handicap. The technique explored in this study is called "Bayesian 

revision of subjective probabilities." It permits expert opinion, 

which is given in the form of estimates, to show a probabilistic re

lationship between a component disability (such as memory) and the 

existence of learning disabilities. 

Terminology 

Some terms, which require specific definitions for the pur

poses of this study, are the following: 

1. "Learning disabilities" refers to a complex handicapping con

dition composed of "component disabilities," some or all of 

which may combine to affect efficiency in learning. 

2. "Component disabilities" is a term used to refer to separate 

handicapping factors within central learning processes. These 

separate disabilities may be correlated and/or may be found 

to some degree in the normal population. 

3. "Bayesian revision of subjective probabilities" refers to a 

technique for collecting and employing expert opinion, given 
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in the form of percentage estimates, concerning probabilistic 

relationships among component disabilities and the existence 

or non-existence of learning disabilities. 

4. "Specialist in learning disabilities" refers to personnel who 

had been invited to two federally-funded Special Study Insti

tutes for Leadership Personnel in Learning Disabilities (Kass, 

1970a; Minskoff and Lokerson, 1972). 

Methodological Basis 

The method of extracting and interpreting the data in this 

study was a technique called "Bayesian revision of subjective proba

bilities." This technique yields a probabilistic relationship between 

a component disability and the existence of learning disabilities. 

This investigator is not aware of another attempt in special education 

to employ this specific research methodology. Therefore, this study 

is an initial attempt to investigate its usefulness as a tool for edu

cational research in learning disabilities. 

The Bayesian technique requires the application of Bayes' 

Theorem, which is defined as "a rule for modifying or revising ex

pressed probabilities in the light of new evidence (Schum, 1969, p. 

29)." It provides a mathematical means for estimating the probability 

of the existence of learning disabilities in a child when component 

disabilities are expressed in conditional probabilities or likelihood 

estimates. For a more complete review of Bayes1 Theorem, refer to 

Good (19 50), Savage (19 54), or Jeffreys (1961). 



Justification for the use of the Bayesian technique is ex-

in the following statements: 

Bayes' Theorem provides a means for elegantly describing data 

which are in the form of subjective estimates concerning the 

state of nature. The actual combinations of component disabil

ities in the handicapping condition labeled "learning disabili

ties" are not known precisely. The interactions between central 

processes and the environment further complicate the problem of 

identification. Only a sophisticated methodology will allow 

these interactions to be noted. The methodology proposed in 

this study is one such attempt. 

Bayesian statistics provide a means for increasing accuracy in 

identification of learning disabilities by using estimates of 

experts. Peterson and Beach (1967) indicate that man can 

quantify opinion and may be conceived of as an "intuitive 

statistician." They maintain that he is surprisingly adept at 

making estimates with realistic and/or complex data. They 

concluded from a review of experiments on predictive estimates 

that, "In general, the results indicate that probability theory 

and statistics can be used as the basis for psychological 

models that integrate and account for human performance in a 

wide range of inferential tasks (p. 29)." 

In order to provide public school services for children with 

learning disabilities, an economical and efficient identifica

tion procedure is needed. Since the most accurate 
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identification relies heavily upon expensive clinical diag

nosis, a method for analyzing clinical procedures is required. 

An adaptation of Bayes1 Theorem provides a means for extract

ing the essential elements out of diagnosis for more widespread 

use. 

Application of Bayesian Statistics 

Meyer (1969) summarizes modern-day Bayesian statistics as 

developing in three slightly overlapping stages: 

The first stage occurred in the 19 50's and can be character
ized as a period of philosophical foundation building. The 
second stage occurred in the 1960's and was a period of ex
tensive derivation of posterior distributions applicable to 
many of the problems familiar to users of the traditional or 
"classical" statistics. The third stage is just beginning 
and hopefully will be characterized by a wealth of applica
tions of the thought and theorems of the first two stages 
(p. 723). 

The foundations of Bayesian statistics is stressed in The 

Foundations of Statistics by Savage (1954). The second stage concern

ing research problems is reported by Hill (1967). The third stage, 

stressing applications, is underway. An application of Bayesian sta

tistics which may have lasting influence has been advanced by Edwards 

(1962). He proposes that experts state the estimates or probabilities 

of some event and have computers calculate the sequential Bayesian 

arithmetic. The task of the expert would involve stating the proba

bilities of the initial hypotheses and the estimated effect a datum has 

on these hypotheses. 

Edwards' proposal is called a Probabilistic Information Pro

cessor (PIP) and is based on the notions that: 



1. Men are effective transducers of probabilities and can 
imagine or model the environment as it would be under 
different hypotheses and estimate the relative likeli
hood of different occurrences under each. 

2. Men are not effective in translating judgments of 
probabilities of data into judgments about the truth 
of hypotheses—but this can be done automatically by 
applying Bayes' rule sequentially to inputs furnished 
by men (Ferrell, 1971). 

Gustafson (1969) compared the PIP system with other predic

tion methods and found it as good or better than the other methods he 

investigated. He used a practical application involving the length 

of hospitalization stay for hernia patients. Gustafson's study repre

sents an exce]1ent example of a practical adaptation of Bayesian 

statistics. 

In its most elementary form, the PIP operates in four steps 

as follows: 

1. Information is gathered and sorted for relevance. 

2. Experts assign the probabilities of the truth of each hypothe

sis and they assign some quantitative measure (such as a per

centage estimate) concerning each bit of information as it 

relates to the hypothesis under question. 

3. A computer then processes the estimates by combining them 

according to Bayes' rule. This process produces new estimates 

of the probabilities of the hypotheses. 

4. These revised probabilities are then displayed to people who 

are responsible for decision making. 
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An example of an application of the four-step elementary PIP 

system to the identification of learning disabilities follows: 

1. Component disabilities are labeled and defined. 

2. Specialists in learning disabilities assign estimated percent

ages to (1) prevalence of learning disabilities in the total 

school population, (2) the degree to which a child with learn

ing disabilities will display the component disability, and 

(3) the degree to which a child without learning disabilities 

will display the component disability. 

3. A computer, using an application of Bayes1 Theorem, processes 

these estimates. 

4. The new estimates of the probability of learning disabilities 

may be given to professional personnel who are interested in 

the identification of children with learning disabilities. 

An advantage of the above hypothetical Pip system is that it 

can efficiently handle huge amounts of data (e.g., different component 

disability estimates). Unfortunately, an important consideration has 

been ignored in the above example; namely, the independence or non-

independence of the component disabilities. If each component dis

ability were independent, the estimates could be sequentially 

calculated in a straightforward fashion. If the component disabilities 

are non-independent, each sequential estimate must take into considera

tion the estimated amount of non-independence by stating new estimates 

for each additional component disability while combining these esti

mates with the preceding information. For example, if it is estimated 
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that an auditory discrimination deficit is related to an auditory 

short-term memory span deficit, the memory estimate is stated after 

taking into consideration the discrimination deficit. 

Statement of the Problem and Procedure 

This study attempted to determine the efficacy of the applica

tion of "Bayesian revision of subjective probabilities" technique in 

an experimental procedure for the identification of children with 

learning disabilities. 

The specific objectives were 

1. to review the literature for a list of factors found to be 

related to learning disabilities, 

2. to attempt to organize factors found in the review of the 

literature, 

3. to construct a questionnaire for the collection of specialist 

opinions concerning the component disabilities, 

4. to apply Bayes' Theorem and other statistical measures to the 

returns of the first part of the questionnaire, 

5. to conduct a supplementary pilot investigation concerning the 

interrelationship of the component disabilities via the second 

part of the questionnaire. 

Because the procedure in this study was sequential in nature, 

the specific objectives were followed in the order given. The results 

of each objective determined the next procedural step. Therefore, 

these can best be discussed as they occur in the development of the 

dissertation. 



CHAPTER II 

REVIEW OF THE LITERATURE 

The first step of this investigation was to search the litera

ture for a list of factors found to be related to learning disabili

ties. A search of the literature on learning disabilities indicates 

prima facie problems in terminology and definitions. Different 

authors present the phenomenon under different rubrics. Different 

labels are attached to similar factors which comprise the condition. 

The following review came from representative sources in which a syn

drome was presented. Definitions were not included because it was 

assumed that these are relatively well-known and that these would de

tract from the purpose of a factor listing. Definitions, with appro

priate context, can be found in the original references. 

Alfred A. Strauss (Strauss and Lehtinen, 1947) is considered 

a pioneer in the observation of a cluster of behavioral characteris

tics in a syndrome to which he gave the label "brain-injured." He 

described the characteristics of this population as 

1. perceptual disorders, 

2. perseveration, 

3. thinking or conceptual disorders, 

4. behavioral disorders, 

5 slight neurological signs, 

10 



6. history of neurological impairment, 

7. no history of mental retardation in the family. 

Objections were raised to the term that Strauss used. Stevens 

and Birch (19 57) promoted the term "Strauss syndrome" to describe a 

collection of behavioral characteristics noted in some children. 

These characteristics are 

1. erratic and inappropriate behavior on mild provocation, 

2. increased motor activity disproportionate to the stimulus, 

3. poor organization of behavior, 

4. distractibility of more than ordinary degree under ordinary 

conditions, 

5. persistent faulty perceptions, 

6. persistent hyperactivity, 

7. awkwardness and consistently poor motor performance (p. 348). 

Krupp and Schwartzberg (1960) list four broad areas of deficit 

which are ascribed to brain-injured children as 

1. faulty powers of inhibition and control, 

2. disturbances in perception, 

3. predisposition to anxiety, 

4. secondary psychological defense mechanisms. 

Siegel (1969) also describes the characteristics of brain-

injured children. He gives >-he major characteristics as 

1. hyperactivity, 

2. distractibility, 

3. impulsiveness, 
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4. perseveration, 

5. irritatibility (p. 26). 

Secondary characteristics were listed by Siegel as 

1. disorganization, 

2. poor self concept, 

3. social immaturity, 

4. general anxiety (p. 28). 

The label, "hyperkinetic impulse disorder," is discussed by 

Laufer and Denhoff (1957). This syndrome, they claim, is often ac

companied by emotional disturbances. The behavioral symptoms of this 

disorder are 

1. hyperactivity, 

2. short attention span and poor powers of concentration, 

3. variability, 

4. impulsiveness and inability to delay gratification, 

5. irritability, 

6. explosiveness, 

7. poor school work. 

Cruickshank (1967) prefers the label "brain-injured child" as 

a serviceable and functional designation of components which appear 

to have common meanings. He summarizes the characteristics of the 

"brain-injured child" as one of the following: 

. . . (1) those with a definite diagnosis of a specific or 
diffuse neurological injury and who are also characterized 
by a series of significant psychological problems; (2) 
those with no positive diagnosis of neurological injury 
(although such may be suspected by the neurologist), but 
whose psychological and behavioral characteristics are 



identical with those children for whom a diagnosis can be 
definite, or (3) some children in specific clinical groups 
such as cerebral palsy, epilepsy, aphasia, mental retarda
tion, cultural deprivation, emotional disturbance, and others 
whose members show the common psychological characteristics 
of brain injury and where it is either definitely known or 
logically suspected that some neurological deficit is pre
sent (p. 29). 

Myklebust (1968) suggests the concept of "psychoneurological 

learning disabilities," defining such as the psychological concomi

tants of neurological deficits. The major characteristics are 

1. a deficit in learning, 

2. generalized integrity, 

3. a brain dysfunction (p. 2). 

Myklebust and Boshes (1969), in an exhaustive identification 

study of 2,767 third and fourth graders, used labels interchangeably— 

the title of their report is Minimal Brain Damage in Children—but the 

experimental groups were designated as "learning disability" and 

"borderline." The characteristics of the two experimental groups 

were 

1. lower mental ability (although within the average range) than 

the control group, 

2. significantly inferior performance on measures of educational 

achievement, with special note made by the researchers of a 

syllabication deficit on the Gates-McKillop Diagnostic Read

ing Test and a reading comprehension deficit, 

3. defective social maturity, 

4. relatively high incidence of abnormal neurological signs. 
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Kephart (1960), in The Slow Learner in the Classroom, stated 

that the "slow learner's" perceptual-motor world is unstable and un

reliable. As a result, this child exhibits cognitive problems. 

Frostig and Horne (1964), referring to disabilities in visual 

perception, have isolated five subskills of visual perception. These 

are problems in 

1. visual-motor coordination, 

2. figure-ground perception, 

3. perceptual constancy, 

4. perception of position, 

5. perception of spatial relationships. 

Another pioneer dealing with school problems (working at the 

same time as Alfred Strauss) was Samuel T. Orton (1937), a physician 

who specialized in both neurology and psychiatry. Orton coined the 

term "strephosymbolia," meaning "a delay or difficulty in learning to 

read which is out of harmony with a child's general intellectual 

ability. At the outset it is characterized by confusion between 

similarly formed but oppositely oriented letters, and a tendency to a 

changing order of direction in reading (p. 214)." 

As far back as 1956, Lauretta Bender (in Hoch and Zubin, 1958, 

p. 155), a psychiatrist, referred to the recognition of the label 

"learning disability," in a speech to the American Psychopathological 

Association. She said, "There is today general recognition of an 

educational problem in children variously designated as learning dis

ability (including reading, spelling, and writing disability), 



language retardation, developmental or maturational alexia, dyslexia 

dyslalia, or aphasia, word-deafness and word-blindness, or cortical 

deafness and blindness (p. 155)." 

The characteristics Bender noted in a hospital clinic popula 

tion of problem readers were 

1. maturational lags in learning language skills, 

2. a slower maturation in neurological patterning, 

3. uneven intellectual development, 

4. preschool evidences of motor, perceptual, and emotional weak 

nesses, 

5. a cortical dominance problem, 

6. lack of orientation or right-left development, 

7. immature personality development, 

8. larger number of boys than girls, 

9. a familial pattern (pp. 158-160). 

Another prominent child psychiatrist, Ralph Rabinovitch (in 

Arieti, 1959, p. 857), may have been the first to insert the term 

"learning disabilities" in the title of an article, "Reading and 

Learning Disabilities." Rabinovitch was particularly interested in 

acquisition of academic knowledge (reading) in this article, but 

emphasized that learning disability was not a discrete diagnostic 

entity. Disturbance in any of the following may lead to the symptom 

of learning retardation: 

1. general intelligence, 

2. specific capacities, 
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3. developmental readiness, 

4. emotional freedom to learn, 

5. motivation, 

6. opportunity (p. 858). 

Kirk (1962) stressed school-related problems in his list of 

characteristics which appeared in a textbook on exceptional children. 

He stated that the children with learning disabilities display one or 

more of the following: 

1. delay in learning to talk, 

2. lack of development in language facility, 

3. difficulty in learning to read, 

4. difficulty in learning to write, 

5. difficulty in learning to spell, 

6. difficulty in learning to calculate arithmetic problems 

(p. 262). 

Clements (1966), in a national task force study (Task Force I) 

of terminology and identification, reported 38 terms which were used 

to describe a condition which the committee called "minimal brain dys

function." Eighteen of these terms were used in reference to organic 

aspects, while the remaining 20 terms were behaviorally oriented. In 

Clement's review of symptoms attributed to children with "minimal 

brain dysfunction," the characteristics which were most often named, 

in order of frequency, were 

1. hyperactivity, 

2. perceptual-motor impairments, 
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3. emotional lability, 

4. general coordination deficits, 

5. disorders of attention (short attention span, distractibility, 

perseveration), 

6. impulsivity, 

7. disorders of memory and thinking, 

8. specific learning disability, 

(a) reading 
(b) arithmetic 
(c) writing 
(d) spelling 

9. disorders of speech and hearing, 

10. equivocal neurological signs and electroencephalographic 

irregularities (p. 13). 

The Committee on Medical and Health-Related Services (in 

Haring and Miller, 1969, p. 52) of a second national task force (Task 

Force II), in an analysis of medical services required for children 

with minimal brain dysfunction, recognized the acceptance of the term 

"learning disabilities" by adding to the title of Task Force I 

("Minimal Brain Dysfunction") the phrase "... National Project on 

Learning Disabilities in Children." The definitive characteristics 

of this population, from the medical point of view, were 

1. developmental irregularity, especially in delayed or atypical 

use of language, 

2. behavioral deviation, 

3. school failure, 



4. medical assessments which suggest the possibility of minimal 

brain dysfunction (p. 54). 

The report of the Educational Services Committee of Task Force 

II (in Haring and Miller, 1969, p. 1) carried a recommendation that 

. . 'special learning disabilities' be mentioned by name or syno

nym in State and Federal laws. Special learning disabilities include 

conditions which have been referred to as minimal brain dysfunction, 

perceptual handicaps, brain injury, dyslexia, developmental aphasia, 

etc. (p. 50)." The definitive characteristics of this population, 

from the educational point of view, were 

1. discrepancies between potential and current level of perfor

mance, 

2. dysfunction in the learning processes, 

3. absence of other primary factors such as mental retardation, 

blindness, deafness, etc. (p. 7). 

Rogan and Lukens, for the Task Force II report (iri Haring and 

Miller, 1969, p. 21) analyzed program information from over 1,000 

administrators and teachers concerning the legal category and nomen

clature identifying the programs. They found that the terms used to 

identify services were, in order of frequency, the following: 

1. Educationally Handicapped 19.5% 

2. Learning Disabilities 19.5% 

3. Perceptually Handicapped 14.9% 

4. Brain Injured . . 9.2% 



5. Minimal Brain Damage 5.1% 

6. Special Learning Disorders 3.8% (p. 22). 

One section of the Rogan and Lukens survey investigated the 

curriculum areas which teachers indicated to be important in the spe

cial programs for children with learning disabilities: (1) academic 

skill development (language arts) was stressed by 77 per cent of the 

special teachers, (2) oral communication skills, by 52 per cent, and 

(3) fine visuo-motor skills, by 56 per cent. 

Chalfant and Scheffelin (1969), in a third national task force 

(Task Force III) report, presented a review of scientific knowledge 

regarding "Central Processing Dysfunctions in Children." In spite of 

reference to the number of different population labels in the litera

ture, these authors chose to introduce yet another term which has 

merely extended the semantic confusion. This review of research re

vealed that 

Characteristics which are often mentioned include disorders 
in one or more of the processes of thinking, conceptualiza
tion, learning, memory, speech, language, attention, percep
tion, emotional behavior, neuromuscular or motor coordination, 
reading, writing, arithmetic, discrepancies between intellec
tual achievement potential and achievement level and develop
ment disparity in the psychological processes related to 
education (p. 1). 

The February, 1966, issue of Review of Educational Research 

contained a chapter on learning disorders (Bateman, 1966) for the 

first time. In Bateman's review of research, she summarized repre

sentative characteristics of children with learning disorders. These 

are 
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1. poor performance on certain WISC subtests, particularly In

formation, Coding, Arithmetic, and Digit Span, 

2. poor auditory memory, 

3. poor sound-blending ability, 

4. problems in right-left discrimination, 

5. problems in intersensory integration (p. 100). 

The Kass (1969a) review of educational research in learning 

disabilities reiterated the point that "... learning disabilities 

has gained widespread acceptance as a professional label despite the 

continuing problem of providing an adequate definition of the term 

(p. 71)." In this review, characteristics of learning disabilities 

were treated as correlates, which were grouped in the following manner, 

as 

1. predictive, 

2. age-related, 

3. psychological, 

4. neuro chemi ca1. 

In a study by Dykman, Ackerman, Clements, and Peters (in 

Myklebust, 1971, p. 56), the authors argue for a 

. . . specific learning disability syndrome with the cardinal 
symptom of defective attention. Attention is treated as if 
it were a unitary trait consisting of but four interrelated 
components: alertness, stimulus selection, focusing, and 
vigilance. It may be, however, that future research will 
show these components to be independent (p. 57). 

The labeling and definitional problems surrounding this popu

lation are well-known. In the task force report mentioned above, 

Clements (1966) wrote: "With few exceptions, the most striking 



omission throughout the literature was the lack of attempt at a defi

nition of the terms used or the condition discussed. Although there 

is a more than ample supply of terminology and characteristics, there 

is a shortage of interpretative elucidation (p. 9)." 

Kass (1969b) discusses the problems associated with labeling 

in the following excerpt: 

It is amazing with what alacrity laymen and professionals 
alike have applied such labels as "dyslexia," 'tninimal brain 
dysfunction," "interjacent child," "hyperkinetic child," 
"brain-injured," "invisibly crippled," and "shadow children" 
without having more than a superficial list of characteris
tics, all of which can probably be found to some extent 
within the normal population. As a result, labels become 
misused. "Learning disabilities," too, as a label is being 
misused rather generally (p. 240). 

In spite of semantic difficulties and misuse, the term "learn 

ing disabilities" has gained widespread acceptance. Dunn (in Haywood 

1968, p. 161) reports that 

The term, pupils with learning disabilities, has been se
lected through recommendation of representatives from pro
fessional organizations and special educators working with 
the Terminology Compatibility Branch, National Center for 
Educational Statistics, in the U.S. Office of Education. 
Use of this term is suggested in a handbook being developed 
for use in pupil accounting by local and state school sys
tems (p. 164). 

A final indicator of the acceptance of the term is evidenced 

by the recent publication of books (excluding books of readings) in 

which "learning disabilities" appears in the titles (Johnson and 

Myklebust, 1968; Myers and Hammill, 1969; McCarthy and McCarthy, 1969 

Lerner, 1971; Kirk and Kirk, 1971; and Koppitz, 1971). 

"Learning disabilities" is probably a construct of hetero

geneity, including a wide variety of syndromes. The components of 



these various syndromes appear to be overlapping. In order to do 

empirical research, it is necessary to organize the components into 

system which lends itself to study. The next chapter will present 

such an organization. 



CHAPTER III 

ORGANIZATION OF THE QUESTIONNAIRE 

The second step of this investigation was to organize the 

characteristics found in the review of the literature into a system

atic framework of component disabilities. For the technique employed 

in this study—"Bayesian revision of subjective probabilities"—it 

was necessary to prepare an instrument to which specialists in learn

ing disabilities could respond. The questionnaire technique was 

chosen because it provided a structured method for gathering subjec

tive clinical estimates of the degree to which the component dis

abilities exist within the entity known as "learning disabilities." 

If the literature in this field were conclusive, and if diagnostic 

tests were economical enough to use for identification purposes, 

clinical estimates would not need to be gathered. 

The component disabilities which were found in the foregoing 

review of the literature were compiled into a list of approximately 

110 items. A perusal of the list indicated 

1. overlap of items, 

2. no consistency of language, 

3. no over-all organization, 

4. various purposes arising out of diverse groups, 

5. incompleteness of definitions of items, 

23 



24 

6. variability in scope, 

7. impracticality due to length. 

Therefore, in order to deal with the unwieldy list, several organiza

tion schemes were reviewed. 

There are several systems which approach the organization of 

underlying factors through classifying these into categories. One 

such system defines the classes in terms of academic skills, such as 

reading, writing, arithmetic, spelling; another does the classifica

tion through communication or language processes. Some systems com

bine both procedures. 

Johnson and Myklebust (1968) address themselves to the follow

ing categories of disorders; 

1. disorders of auditory language, 

2. disorders of reading, 

3. disorders of written language, 

4. disorders of arithmetic, 

5. nonverbal disorders of learning. 

Myers and Hammill (1969) categorized characteristics into what 

they called "arbitrary" groupings, which are not necessarily mutually 

exclusive. They indicated that children with learning disabilities 

tend to exhibit behavior associated with several, and occasionally all, 

categories. Following is a quote regarding this system: "The charac

teristics observed in children with specific learning disabilities may 

be divided arbitrarily into at least six categories, including dis

orders of (1) motor activity, (2) emotionality, (3) perception, 



(4) symbolization, (5) attention, and (6) memory (Myers and Hammill, 

1969, p. 16)." 

Lerner (1971) used the following framework to discuss corre

lates of learning disabilities: 

1. sensory-motor and perceptual-motor development, 

2. perception and memory, 

3. language, 

4. cognitive skills, 

5. maturational, psychological, and social factors. 

Again, it may be noted that children with learning disabilities may 

have deficits in many areas of functioning. 

Kirk and Kirk (19 71) grouped learning disorders under three 

rubrics: 

1. academic disorders, 

2. nonsymbolic disorders, 

3. symbolic disorders. 

"In so doing, it should be recognized that one disorder may be basic 

to another. An academic disability, such as reading disability, may 

relate to nonsymbolic disorder of perception, which is the psychologi

cal deficit that can inhibit the child's ability to learn to read 

(p. 7)." 

An information processing system was constructed by Chalfant 

and Scheffelin (1969). They identified, screened, and categorized 

approximately 5,000 references in order to compile a report concern

ing central processing dysfunctions in children. Chalfant and 
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Scheffelin used a computer model for information processing in order 

to communicate a conceptual framework into which the research they 

reviewed could be placed. Their computer model showed that auditory, 

visual, and haptic stimuli (or sensory information) are transmitted 

to the central processing mechanism (brain) where they are analyzed, 

integrated, and stored. The behavioral response of the subject 

serves as an additional input source (feedback) for correcting or ad

justing further behavioral responses (p. 3). 

The Meeting Street School Screening Test (Hainsworth and 

Siqueland, 1969) was developed from an information-processing model: 

Information flows through the processes of orientation, in
take, integration, output and feedback. This flow may occur 
within or between the three major modalities through which 
children are educated—the visual-perceptual-motor, the lan
guage and body awareness and control (kinesthetic-gross 
motor). Characteristically, children with learning dis
abilities break down in one or more of these five processes 
within or across one or more of these three modalities, or 
break down in behavioral organization such that they do not 
orient, integrate or feedback properly during the learning 
process (pp. 6-7). 

The Illinois Test of Psycholinguistic Abilities (Kirk and 

Kirk, 1971) was constructed on the basis of a theoretical communica

tion model. Component disabilities may be represented in three dimen

sions: 

1. channels of communication, including auditory-vocal and 

vi s ua1-mo tor, 

2. psycholinguistic processes, including receptive, organizing, 

and expressive, 

3. levels of organization of communication, including representa

tional and automatic. 
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None of the above organizational schemes lent themselves to 

the needed system for collecting the data for this study. Since each 

of the above schemes was designed for other purposes (such as, text

book organization, review of research, and diagnostic test construc

tion), it was determined to prepare a scheme specifically designed 

for this study. The advantages of such a scheme are (1) the number 

of component disabilities can be reduced to a manageable size by com

pacting these into uniform language, and (2) a more uniform mental set 

can be provided for the completion of the task of filling out the study 

questionnaire. The classification scheme which was selected allows 

components (both academic skill deficits and communication deficits) 

to be organized into a process outline. 

The processes which were chosen for the outline were taken 

from Kass (1970b), who refers to five processes within the human being 

in which component disabilities may occur: 

1. sensory orientation, 

2. memory, 

3. reception, 

4. expression, 

5. integration. 

Step three was to construct a questionnaire for the collection 

of specialist opinions concerning the component disabilities. Kass 

and Wissink (see Appendix A) developed the following process outline 

as a system which might be considered to be inclusive (at least, 

theoretically) of the component disabilities within the learning-

disability population: 
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I. Sensory Orientation—the process by which the child shows a 

physiological or functional orientation of the sensory receptors 

to the states of (a) arousal, (b) body awareness, (c) discrimi

nation of sensory information, and (d) sensory coordination. 

A. Arousal means the excitability of the sensory receptors. 

1. Attention deficit—an impairment in the child's ability 

to focus on specific sensory input. 

2. Hyperexcitability—an impairment in the child's ability 

to control the arousal of his sensory receptors. 

3. Hypoexcitability—an impairment in the activation of 

the child's sensory receptors. 

4. Perseveration—an impairment in the child's auility to 

switch focus—i.e., the termination of activation of 

certain sensory receptors and in the subsequent arousal 

of other sensory receptors. 

B. Body awareness means the recognition of the spatial and tem

poral location of sensory input. 

5. Body balance deficit—an impairment in the child's 

ability to maintain equilibrium. 

6. Spatial deficit—an impairment in the child's ability 

to relate two or more objects in space. 

7. Temporal deficit—an impairment in the child's ability 

to locate himself within a time perspective. 

8. Visual pursuit deficit—an impairment in the child's 

ability to follow visual stimuli. 



9. Auditory direction deficit—an impairment in the child's 

ability to locate the origin of auditory sensory input. 

10. Maturational lag—an impairment in the development of 

the child's body awareness system. 

C. Discrimination of sensory information means the ability to 

note differences within any one sensory system. 

Auditory discrimination deficit—an impairment in the 

child's ability to note differences within the auditory 

sensory system. 

Visual discrimination deficit—an impairment in the 

child's ability to note differences within the visual 

sensory system. 

Kinesthetic discrimination deficit—an impairment in 

the child's ability to note differences within the 

kinesthetic (muscle sensation) sensory system. 

Tactile discrimination deficit—an impairment in the 

child's ability to note differences within the tactile 

(touch) sensory system. 

D. Sensory coordination means the integration of two or more 

sensory systems. 

15. Visual-haptic (kinesthetic and tactile) coordination 

deficit—an impairment in the child's ability to re

ceive and associate information from visual and haptic 

sensory systems. 

12. 

13. 
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16. Auditory-visual coordination deficit—an impairment in 

the child's ability to receive and associate information 

from the auditory and visual sensory systems. 

17. Auditory-haptic coordination deficit—an impairment in 

the child's ability to receive and associate informa

tion from the auditory and haptic sensory systems. 

18. Auditory-visual-haptic coordination deficit—an impair

ment in the child's ability to receive the same informa

tion from the auditory, visual, and haptic sensory 

systems. 

II. Memory—the process by which the child shows (a) immediate re

trieval of sensory information, (b) storing of sensory impres

sions through rehearsal, and (c) delayed retrieval of organized 

material. 

19. Visual short-term memory span deficit—an impairment in 

the child's ability to retrieve immediately a match of 

the visual stimulus input. 

20. Auditory short-term memory span deficit—an impairment 

in the child's ability to retrieve immediately a match 

of the auditory stimulus input. 

21. Rehearsal deficit—an impairment in the child's method 

of storing the match of the sensory input for later 

recall. 

22. Long-term memory deficit—an impairment in the child's 

ability to retrieve stored material at a delayed time 

after stimulus input. 
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III. Reception—the process by which meaning is attached to external 

or internal stimuli without being aware of the specific stimuli. 

23. Visual figure-ground deficit—an impairment in the 

child's ability to gain meaning from the appropriate 

visual stimuli while ignoring inappropriate visual 

stimuli. 

24. Listening comprehension deficit—an impairment in the 

child's ability to gain meaning from the appropriate 

auditory stimuli. 

25. Visual closure deficit—an impairment in the child's 

ability to gain meaning from incomplete visual stimuli. 

26. Auditory closure deficit—an impairment in the child's 

ability to gain meaning from incomplete auditory stimuli. 

27. Reading comprehension deficit—an impairment in the 

child's ability to gain meaning from the printed page. 

28. Mathematical comprehension deficit—an impairment in the 

child's ability to gain meaning from the appropriate 

quantitative symbols. 

29. Social comprehension deficit—an impairment in the 

child's ability to gain meaning from the appropriate 

inter-personal stimuli. 

IV. Expression—the process by which meaning is communicated. 

30. Oral expression deficit—an impairment in the child's 

ability to communicate meaning through the spoken word. 



31. Writing deficit—an impairment in the child's ability 

to communicate meaning through the written word. 

32. Body language deficit—an impairment in the child's 

ability to communicate meaning through gestures and 

other physical movements. 

33. Quantitative deficit—an impairment in the child's 

ability to communicate meaning through a mathematical 

system. 

34. Affect deficit—an impairment in the child's ability to 

communicate meaning through appropriate emotional reac

tion. 

V. Integration—the process by which separately-learned components 

from the processes of sensory orientation, memory, reception, 

and expression are unified and compacted into one internal rep

resentation or gestalt (the whole is more than the sum of its 

par ts). 

35. Visualization deficit—an impairment in the child's 

ability to respond quickly and consistently from inter

nal representations. 

36. Sound blending deficit—an impairment in the child's 

ability to synthesize sounds into an internal represen

tation. 

37. Prediction deficit—an impairment in the child's ability 

to recognize a match between his performance and his 

internal representations. 



38. Monitoring deficit—an impairment in the child's ability 

to recognize dissonance between his performance and his 

internal representations. 

39. Visual speed of perception deficit—an impairment in the 

child's ability to respond quickly and consistently from 

internal visual representations. 

40. Auditory speed of perception deficit—an impairment in 

the child's ability to respond quickly and consistently 

from internal auditory representations. 



CHAPTER IV 

TREATMENT OF RESULTS 

The fourth step of this investigation was to apply Bayes' 

Theorem and other statistical treatments to the returns of the ques

tionnaire (Appendix A). The questionnaire was sent to 100 specialists 

in learning disabilities, as defined in Chapter I. Responses from 59 

specialists were received, 19 of whom either disqualified themselves or 

gave reasons for non-participation (Appendix B). Forty specialists 

completed the first set of questions, and 26 of these responded to the 

second set of questions. 

The questionnaire results were transferred to data sheets which 

were independently rechecked for accuracy. A specialist from the Mathe

matics Department of The University of Arizona completed the keypunch 

and computer programming. 

The data resulted from two sets of directions for completing the 

questionnaire; one set calling for percentage estimates of the occur

rence of component disabilities (CD) in both the learning-disability 

population (LD) and the non-learning-disability population (Non-LD), 

and the second set calling for judgments about interrelationships among 

component disabilities. The first section of this chapter will show 

the application of Bayes1 Theorem to the first set of questions. 

34 
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Bayesian Revision of Subjective Probabilities 

The first set of questions concerned the percentage estimates 

of the degree to which component disabilities are found in learning 

disabilities. For use in filling out the questionnaire, the following 

"game rules" were given to the specialists: 

1. Please use the definition which is given for each component 

disability. 

2. Base your estimates on your experience and subjective intuition. 

3. Component disabilities are assumed to be age-related and within 

the K-12 school population. 

4. Assume integrity of peripheral senses of the children with 

learning disabilities. 

5. As you consider each component disability, conceive each as 

being severe enough by itself to interfere with learning. 

Since the questionnaire called for any percentage estimate be

tween zero and 100%, a significant agreement in the choice of numbers 

by the specialists was not likely. In fact, the choices were varied, 

as noted in the raw data (Appendix C). However, if there were agree

ment among the specialists on the relative weightings of the component 

disabilities, then Bayes' Theorem could be applied with more confidence. 

The statistic which was used to show amount of agreement was the coef

ficient of concordance. The details of the computations are to be 

found in Walker and Lev (1953, pp. 283-6). An F test was applied to 

the coefficients of concordance to determine significance. 
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Table 1 presents the coefficients of concordance and F values 

for the percentage estimates given to both the LD and Non-LD popula

tions. There was significant agreement in the relative weightings as

signed to component disabilities. 

Table 1. Coefficients of concordance and F values for percentage esti
mates of CD for LD and Non-LD populations. 

Coefficient of 
Concordance F Value 

LD 0.2684 14.3013* 

Non-LD 0.1255 5.5982* 

*Probability > .999 5 

Prior Probabilities 

Bayes' Theorem first calls for prior probabilities which are 

said to represent the state of knowledge prior to observations. In 

this study, prior probabilities were derived from the question, "What 

percentage of school-aged children (K-12) have learning disabilities? 

(Please do not specify a range)." No definition for the population was 

given to allow the specialists to use their own definition and so as 

not to bias the results. One specialist did not respond to this por

tion of the questionnaire because no definition was given. This preva

lence figure was obtained merely to provide a starting point from which 

to apply Bayes' Theorem. It represents the probability (chance) of 

identifying learning disabilities without any observations. Table 2 
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Table 2. Prevalence estimates, mean and standard deviation, median and 
range, for the prevalence of LD within the school population. 

Specialist Probability 

Number Estimate 

1 .10 
2 .02375 
3 .03 
4 .20 
5 .035 
6 .04 
7 .03 
8 .02 
9 .07 
10 .05 
11 .20 
12 .15 
13 .20 
14 .50 
15 .20 
16 .015 
17 .05 
18 .05 
19 .04 
20 .20 
21 .0025 
22 .05 
23 .15 
24 .03 
25 .18 
26 .07 
27 .08 
28 .05 
29 .15 
30 .05 
31 .05 
32 .03 
33 .12 
34 .05 
35 .15 
36 .02 
37 .15 
38 .01 
39 .04 
40 * 

*No estimate was given. 

Mean .09 
Median .05 

Standard Deviation .09 
Range .4975 
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gives the prevalence estimates of learning disabilities within the 

school population, hereinafter to be called prior probabilities. 

In order to determine central tendency, computations of the 

mean and standard deviation were compared with the median and range. 

The results of these computations are also in Table 2. It was deter

mined that the median (5%) was the preferred measure of central ten

dency because of the range of responses. There were a few specialists 

whose estimates were widely deviant from the majority of respondents. 

The estimates range from .25% to 50%. 

Prior probabilities are needed for the establishment of hypothe

ses. The hypotheses must be mutually exclusive in that, if one is true, 

the other is not; and they must be exhaustive in that one of them must 

be correct. The hypotheses may be expressed as 

P (Hx) = x% 

P (H2) = 1 - X% 

This is read, "The probability of hypothesis 1 is any given per cent; 

the probability of hypothesis 2 is the remainder." 

The hypotheses of this stucfy were constructed from the notion 

that, on the basis of chance alone, some learning disabilities would be 

identified (hypothesis 1). The median prevalence estimate from Table 2 

is the prior probability for this study and is expressed in the follow

ing hypothesis: 

P (H1) = .05 

P (H2) = .95 

This is read, "The probability of hypothesis 1 (LD exists) is 5%; the 

probability of hypothesis 2 (Non-LD) is 9 5%. 
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Conditional Probabilities 

Second, Bayes' Theorem calls for conditional probabilities, 

which are the experimental observations. In this study, the conditional 

probabilities were derived from the 40 component disabilities which were 

organized into a process outline in the questionnaire. 

The questionnaire gave the following directions in order that 

conditional probabilities could be gathered: 

1. Read the definition for each component disability (CD). 

2. In the blank labeled LD write your estimate of the percentage 

of children with learning disabilities who are likely to have 

this component disability (LD). 

3. In the blank labeled Non-LD write your estimate of the percent

age of children without learning disabilities who are likely to 

have this component disability (Non-LD). 

After calculating means and standard deviations, and medians 

and ranges, the median of the percentage estimates was considered to be 

the most representative of the majority of the respondents. There were 

a few specialists whose estimates were widely deviant from the mean. 

Table 3 presents the medians and ranges of the percentage estimates 

that each component disability might occur within the LD population. 

These are given in decreasing rank order. The component disabilities 

are numbered as they are in the questionnaire (Appendix A). 

The rank order of percentage estimates in Table 3 is meaning

less without requiring the specialists to estimate the probabilities of 

the same component disabilities occurring within the Non-LD population. 
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Table 3. Medians and ranges of percentage estimates for CD within the 
LD population given in rank order. 

Median 
Component Disabilities* Percentage Range 

Estimates* * 

27. Reading comprehension deficit .55 .995 
1. Attention deficit . 50 .890 
16. Auditory-visual coordination deficit .40 .960 
28. Mathematical comprehension deficit .40 .800 
31. Writing deficit .40 .910 
35. Visualization deficit .40 .945 
36. Soundblending deficit .40 .945 
21. Rehearsal deficit .38 .89 5 
40. Auditory speed of perception deficit .38 .845 
22. Long-term memory deficit .30 .970 
33. Quantitative deficit .30 .89 5 
24. Listening comprehension deficit .30 .790 
20. Auditory short-term memory span deficit .30 .900 
39. Visual speed of perception deficit .30 .89 5 
2. Hy per ex ci ta bi 1 i ty .30 .835 
26. Auditory closure deficit .28 .860 
38. Monitoring deficit .28 .89 5 
18. Auditory-visual-haptic coordination deficit .25 .895 
37. Prediction deficit .25 .745 
19. Visual short-term memory span deficit .25 .880 
12. Visual discrimination deficit .25 .740 
11. Auditory discrimination deficit .25 .890 
30. Oral expression deficit .23 .850 
23. Visual figure-ground deficit .20 .840 
29. Social comprehension deficit .20 .945 
4. Perseveration .20 .84 5 
10. Maturational lag .20 .890 
15. Visual-haptic coordination deficit .20 .845 
34. Affect deficit .20 .69 5 
8. Visual pursuit deficit .18 .890 
25. Visual closure deficit .15 .830 
17. Auditory-haptic coordination deficit .15 .84 5 
5. Body balance deficit .15 .900 
6. Spatial deficit .15 .850 
7. Temporal deficit .15 .845 
14. Tactile discrimination deficit .10 .495 
3. Hypoexcitability .10 .490 
13. Kinesthetic discrimination deficit .10 .34 5 
32. Body language deficit .10 .64 5 
9. Auditory direction deficit .05 .845 
* As numbered in questionnaire. 
**Rounded off from as many places as necessary to establish ranking. 
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Table 4 represents the medians and ranges of the percentage estimates 

that each component disability might occur within Non-LD population. 

These are given in decreasing rank order, and it will be noted that 

this listing is different from the one in Table 3. The component dis

abilities are numbered as they are in the questionnaire (Appendix A). 

The relative strength of the component disabilities for the 

identification of learning disabilities is shown through the applica

tion of a likelihood ratio (LR). An LR is the ratio of the probability 

of occurrence of an observation, given hypothesis 1, to the probability 

of the same observation, given hypothesis 2. This ratio is expressed 

as 

P (CD | %) 

P (CD | H21 

Table 5 presents the likelihood ratios (LR) based on a component dis

ability within the LD population to the same component disability with

in the Non-LD population, in decreasing rank order. 

The conditional probabilities assigned to a given CD may be 

expressed as 

P (CD | Hx) = x% 

P (CD I H2) = y% 

This is read, "The probability of a component disability, given hy

pothesis 1, is x%; the probability of a component disability, given 

hypothesis 2, is y%. 

The median percentage estimates from Tables 3 and 4 are ex

pressed as conditional probabilities in the following notations for the 

first component disability, attention deficit (CDacj): 
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Table 4. Medians and ranges of percentage estimates for CD within the 
non-LD population, given in rank order. 

Median 
Component Disabilities* Percentage 

Estimates** 
Range 

27. Reading comprehension deficit .13 .495 
10. Maturational lag .10 .300 
11. Auditory discrimination deficit .10 .497 
12. Visual discrimination deficit .10 .398 
16. Auditory-visual coordination deficit .10 .500 
18. Auditory-visual-haptic coordination deficit .10 .500 
19. Visual short-term memory span deficit .10 .498 
20. Auditory short-term memory span deficit .10 .498 
21. Rehearsal deficit .10 .495 
22. Long-term memory deficit .10 .495 
24. Listening comprehension deficit .10 .39 5 
1. Attention deficit .10 .492 
28. Mathematical comprehension deficit .10 .49 5 
29. Social comprehension deficit .10 .492 
30. Oral expression deficit .10 .497 
31. Writing deficit .10 .497 
33. Quantitative deficit .10 .498 
34. Affect deficit .10 .500 
35. Visualization deficit .10 .698 
36. Sound blending deficit .10 .698 
37. Prediction deficit .10 . 598 
38. Monitoring deficit .10 .597 
39. Visual speed of perception deficit .10 . 500 
40. Auditory speed of perception deficit .10 .598 
15. Visual-haptic coordination deficit .09 .500 
5. Body balance deficit .09 .29 8 
26. Auditory closure deficit .08 .498 
25. Visual closure deficit .08 .498 
23. Visual figure-ground deficit .08 .395 
8. Visual pursuit deficit .07 .500 
7. Temporal deficit .07 .397 
32. Body language deficit .05 .499 
9. Auditory direction deficit .05 .500 
17. Auditory-haptic coordination deficit .05 .500 
2. Hyperexcitability .05 • .494 
6. Spatial deficit .05 .398 
3. Hypoexcitability .05 .500 
13. Kinesthetic discrimination deficit .05 .498 
14. Tactile discrimination deficit .05 .500 
4. Perseveration .05 .39 5 
* As numbered in questionnaire. 
**Rounded off from as many places as necessary to establish ranking. 
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Table 5. Medians and ranges of LR for CD within the LD and non-LD 
populations, given in rank order. 

Component Disabilities* 
Median 
Likelihood 
Ratios** 

Range 

1. Attention deficit 4.2 24.8 
16. Auditory-visual coordination deficit 4.0 248.5 
35. Visualization deficit 3.5 39.0 
40. Auditory speed of perception deficit 3.5 49.0 
24. Listening comprehension deficit 3.1 29.8 
26. Auditory closure deficit 3.0 19.3 
27. Reading comprehension deficit 3.0 24.0 
4. Perseveration 3.0 44.7 
6. Spatial deficit" 3.0 29.9 
2. Hyperexci tabili ty 3.0 24.0 
29. Social comprehension deficit 3.0 70.0 
31. Writing deficit 3.0 28.0 
18. Auditory-visual-haptic coordination deficit 3.0 39.0 
37. Prediction deficit 3.0 39.0 
38. Monitoring deficit 3.0 49.0 
39. Visual speed of perception deficit 3.0 199 .0 
21. Rehearsal deficit 3.0 79.0 
25. Visual closure deficit 2.8 39.3 
30. Oral expression deficit 2.8 27.6 
23. Visual figure-ground deficit 2.8 19.8 
20. Auditory short-term memory span deficit 2.8 39.7 
32. Long-term memory deficit 2.7 29.7 
15. Visual-haptic coordination deficit 2.7 299.4 
36. Sound blending deficit 2.5 39.0 
19. Visual short-term memory span deficit 2.5 49.3 
13. Kinesthetic discrimination deficit 2.5 16.4 
17. Auditory-haptic coordination deficit 2.5 299.4 
11. Auditory discrimination deficit 2.5 19.7 
33. Quantitative deficit 2.5 59.0 
34. Affect deficit 2.5 500.0 
12. Visual discrimination deficit 2.4 9.7 
10. Maturational lag 2.2 299.8 
7. Temporal deficit 2.2 29.8 
14. Tactile discrimination deficit 2.0 199.8 
8. Visual pursuit deficit 2.0 19.8 
28. Mathematical comprehension deficit 2.0 24.0 
32. Body language deficit 2.0 34.5 
5. Body balance deficit 1.8 29.9 
9. Auditory direction deficit 1.8 199.8 
3. Hypoexcitabi1i ty 1.0 799.8 
*As numbered in questionnaire. 
**Rounded off from as many places as necessary to establish ranking. 
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P (CDad | = .50 

P (CDad I H2) = .10 

This is read, "The probability of component disability (attention defi

cit), given hypothesis 1 (LD exists), is 50%; the probability of compo

nent disability (attention deficit), given hypothesis 2 (non-LD), is 

10%. 

Posterior Probabilities 

Third, Bayes' Theorem yields posterior probabilities. Posterior 

probabilities are the revised estimates after the observations have 

been made. These estimates reflect the strength of the inferences 

which can be made from the conditional probabilities (observations). 

These, for the first component disability, attention deficit, may be 

expressed as 

P (Hx I CDad) = x% 

P (H2 I CDad) = 1 - x% 

This is read, "The probability of hypothesis 1, given a component dis

ability (attention deficit), is any given per cent; the probability of 

hypothesis 2 is the remainder." 

The formula for hypothesis 1, (LD exists), by which a prior proba

bility is transformed into a posterior probability, is mathematically 

expressed as 

I p <CDart I Hl) p <Hl) 
p (u pn } ts — _ 

1 ad P (CDadl Hl> + P (CDad|V p (H2) 
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After solving for P (H^ CD
ad^' t*ie f°rmula for hypothesis 2 (non-LD), 

is expressed as 

P (H2 I CDad) = 1 - P <Hl i CDad) 

Demonstration of Efficiency of Bayes' Theorem 

A demonstration of the application of Bayes1 Theorem to the 

data, taken from Table 5 (the rank order of the likelihood ratios), is 

presented below: 

1. The prior probabilities for LD and non-LD populations are 

P (Hx) = .05 

P (H2) = .95 

2. The conditional probabilities for component disability No. 1, 

attention deficit (CDad), given hypotheses 1 and 2, are 

P (CDad I = .50 

P (CDad |H2) = -10 

3. The above information yields the posterior probabilities for 

hypotheses 1 and 2, given CDad/ which are 

P (H-,^ I CDad) = >50 x #05 + .10 x .95 = •21 

P (H2 | CDad) = 1 - .21 = .79 

The above demonstration shows that the posterior probability 

(that an attention deficit will identify learning disabilities) is 21%. 

The ideal in identification would, of course, be a probability as close 

to 100% as possible. Bayes' Theorem can accurately increase probabili

ties through a process of adding additional component disabilities se

quentially. A continuation of the above demonstration, taking each 

component disability from Table 5 in order follows: 
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Posterior probabilities derived from the data for CDâ  (calcu

lated above) now substitute for the prior probabilities in the 

previous hypotheses [P (H-^) = .05 and P (I^) = .95] as 

P (H, I CD J = .21 
1 ad 

P (H2 1 ^ad' = '79 

5. Conditional probabilities for component disability No. 16, 

auditory-visual coordination deficit (CD ) are J avc 

P (CD H.) = .40 
avc 1 1 

P <CDavc I V = -10 

6. The above information yields the posterior probabilities for 

the substitute hypotheses 1 and 2, given CDad and CDavc, which 

are 

P (H, I CD , ) = .52 
-1- ad, avc 

P (H„ I CD ) = .48 
2 ad,avc 

7. Posterior probabilities derived from the data for CD act, avc 

now substitute for the prior probabilities for CDad as 

P (H, I CD ) = .52 
1 ad,avc 

' p <H2 1 CDad,avc» " -4S 

8. Conditional probabilities for component disability No. 35, 

visualization deficit (CDvd), are 

P (CDvd| Hx) = .40 

P (CDvdl H2) = -10 

9. Posterior probabilities are 

P (H^ I CDa<3f avCf V(j) = .81 

P (H I CD ) = .19 
2 ad,avc,vd 
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10. Substitute prior probabilities are 

P (H, I CD , J = .81 
1 1 ad,avc,vd 

P (H9 I CD , J = .19 
2- 1 ad,avc,vd 

11. Conditional probabilities for component disability No. 40, 

auditory speed of perception deficit (CDas), are 

P (CDas | H1) = .38 

P (CDas| H2) = .10 

12. Posterior probabilities are 

P (H1 I CDad,avc,vd,as' " *94 

p '"2! CDaa,avc,vd,as' = -06 

13. Substitute prior probabilities are 

P (H1 I CDad,«vc,vd,as> = *94 

p <"2 I CDad,avc,vd,as> " -06 

14. Conditional probabilities for component disability No. 24, 

listening comprehension deficit (CD ĉ), are 

P (CDlc | H1) = .30 

P (CDlc | H.,) = .10 

15. Posterior probabilities are 

P (H I CD , . ) = .98 
1 1 adfavc,vd,as, lc 

P (H0 I CD , „ . ) = .02 
2' ad,avc,vd,as,lc 

16. Substitute prior probabilities are 

P (H. | CD , , . ) = .98 
1' ad,avc,vd,as,lc 

P (H. | CD , , n ) = .02 
2 ad,avc,vd,as,lc 
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17. Conditional probabilities for component disability No. 26, 

auditory closure deficit (CD.), are 
AC 

P (CDac | Hj_) = .28 

P 'CDac I H2) = '°8 

18. Posterior probabilities are 

P (H, I CD , , , ) = .994 
1 ad,avc,vd,as,lc,ac 

P (H„ I CD , - i % ™ .006 
2' ad, avc, vd,as,lc,ac) 

19. Substitute prior probabilities are 

P (H^ | CDa(jfavCfvd,as,lc,ac> ~ 

P (H2 | CDad̂ avĉ vd/as,lc,aC) ~ *006 

20. Conditional probabilities for component disability No. 27, 

reading comprehension deficit (C°rc)» are 

P (CDrc | Hx) = .55 

P (CDrJ H2) = .13 

21. Posterior probabilities are 

P (H. | CD . , n ) = .999 
1 ad,avc,vd,as,lc,ac,rc 

P (H2 | CDad(avc,vd,as,lc,ac,rc' .001 

This procedure can be followed through all the component dis

abilities without ever actually reaching the ideal 100% because the 

line plotted from the probabilities is asymptotic in nature. Figure 1 

illustrates the plotting of the posterior probabilities for each com

ponent disability in the above demonstration. 

Component disabilities could be added indefinitely. Therefore, a 

cut-off point is needed which would give enough information without 

wasting diagnostic time. The demonstration showed that the closer one 
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100-

ad avc vd as lc ar rc 
Component Disabilities* 

*Designations: 
ad—Attention deficit 
avc—Auditory-visual coordination deficit 
vd=—Visualization deficit 
as—Auditory speed of perception deficit 
lc—Listening comprehension deficit 
ac—Auditory closure deficit 
rc—Reading comprehension deficit 

Figure 1. Asymptotic curves of sequential posterior probabilities 
for CD taken from LR ranking. 
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gets to the ideal, the less the increments in posterior probabilities. 

The number of component disabilities which one chooses to use for iden

tification depends upon how much confidence is desired. Table 6 gives 

the number of component disabilities, as ranked above, which are re

quired to reach different levels of confidence. 

Table 6. Number of CD from LR ranking needed to reach different levels 
of confidence. 

Number Levels of 
of CD Confidence 

5 P = .95 

4 f) &
 
o
 

4 P = .85 

3 

o
 

CO • 

11 f
t 

Application of Methodology to Process Outline 

The questionnaire was organized into five processes: sensory 

orientation, memory, reception, expression, and integration. The com

ponent disabilities were theoretically divided among the processes, 

which resulted in the fact that some processes have more components 

than others. Table 7 shows the total number of component disabilities 

under each process. 

Bayes' Theorem was further studied in relationship to the 

theoretical processes. The results of computing Bayes' Theorem for 
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Table 7. Total number of CD within each process. 

Total Number 
Process of CD 

Sensory Orientation 18 

Memory 4 

Reception 7 

Expression 5 

Integration 6 

each process in turn are shown in the following outline (up to .95 

level of confidence—(except in the cases where the total number of 

component disabilities within the process were used up before the .95 

level of confidence was reached): 

Sequence one: Sensory Orientation Process 

1. Attention deficit (CD ,) 
ad 

P (H1) = .05 

P (H2) = .95 

P (CD.JH^ - .50 

P (CDaalH2' = -10 

P (Hl | CDad) - .21 

P (H2 I CD«d> = -79 
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Hyperexcitability (CDj^J 

P (H11 CDad) = .21 

P (H2| CDad) = .79 

P (CD^ | = .40 

p <CDhr I "2) = -10 

Hypoexcitability (CDh0̂  

P (Hll CDad,hr' " *52 

p <h2I CDad,hr> " -4S 

p <CDho I Hl> " -10 

p (CDhol H2» " -05 

Perseveration (CD^) 

P IHll CD.d,hr,ho> " "68 

P (H2l CD,d,hr,ho> " *32 

P (CDpd| Hx) = .20 

P (CDpd' V = -10 

P (Hll CDad,hr^ = «52 

P (H2 I ^.hr' " "48 

P (H, I CD , ) = .68 
l1 ad,hr,ho 

P (H_ | CD , , , ) = .32 
2 1 ad,hr,ho 

P (H, | CD , , , ,) = .89 
1 1 ad,hr,ho,pd 

P (H2 I CDadfhr>h0fpd) = .11 
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5. Body balance deficit (CDbb) 

p <Hil CDad,hr,ho,pd ̂ = »89 

P (H2 | CDad,hr,ho,pd) = •11 

P (CDbb | Hx) = .30 

P (CDbb | H2) = .10 

P (H1 | CDad/hr/h0/pdfbb) -98 

P (H2 | CDad,hr,hofpd,bb^ = *02 

Sequence two: Memory Process 

1. Visual short term memory span deficit (CDvst) 

P (H^ = .05 

P (H2) = .95 

P (CDvst |H1> - *25 

P (CDvst I H 2> "  - 1 0  

P (Hll CDvst = -12 

P <H
2I CDvst " -88 

2. Auditory short-term memory span deficit (CD ) 
ast 

p "V CDvst> - -12 

p <H2l "vat1 " "88 

P (CDast I V " -30 

p (CDast I V " -10 

P (Hll CDvst,.st> " -28 

P (H2I CDvst,ast^ — * 2̂ 
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3. Rehearsal deficit (CDrcj) 

p <H1 I CDvst,ast> = -28 

P (H2 | CDvstfast) = .72 

P (CDrd | = .38 

P (CDrd | H2) = .10 

P <HI I CDvst,ast,rd> " -60 

P (H2 I ODvst t rd) - .40 

4. Long-term memory deficit (CD̂ m) 

p <Hll ̂ vst^st,^ = *60 

p <H2I ̂ vst^st^d* = -4° 

P (CDlm • Hl} = -30 

P (CDlJ H2) = -10 

p (»ll CDvst,ast,rd,lm^ = -82 

P (H2| CDvst/ast,rd,lm^ = *18 

Sequence three: Reception Process 

1. Visual figure-ground deficit (CD 

P (H1) = .05 

P (H2) = .95 

P (CD f | H1) = .20 

P (CDvf | H2) = .08 

P (Hll CDvf' = -12 

P (H2| CDV£) = .88 



Listening comprehension deficit (CD ĉ) 

P | CDvf) = .12 

P (H2 | CDvf) = .88 

P (CDlc | H.^ = .30 

P (CDlc | H2) = .10 

P (Hll CDvf,lc> -

p Wjl cdv£,1C» -

Visual closure deficit (CDvc) 

p (Hll CDv£,lc> " -28 

p <h2 I CDvf,lc> " -72 

P (CDvo| Hx) = .15 

P <CE>V0I H2) - .08 

p <Hl' CDvf,lc,vc> 

P (H2I CDvf^icvc^ 

Auditory closure deficit (CD ) 
cLC 

P <Hil CDvf,lc,vc> = -42 

P <H2' CDvf,lc,vc> = -58 

p (CDacl V = .28 

P (CDacl H2) = .08 

P (H1< CDvf,lc,vc, 

P (H21 CDvf,lc,vc, 



5. Reading comprehension deficit (CDrc) 

P (H^ | CDvf/ic,vcfac^ *7̂  

P (H2 | CDvfflCfVCfac) = .28 

P (CDrc I J^) = .55 

P (CDrc | H2) = .13 

P (H^ | CDvfriC/VCfacf rc^ ~~ 

P (H2 | CDvfflc,vc,ac,rc^ = 

6. Mathematical comprehension deficit (CDmc) 

P (H-j^ | CDvf,lc, vc,ac,rc^ * 2̂ 

P (H2 I CDvf/lĉ vc,fac;,frc) = .08 

P (CDmc I Hl> = *40 

P (CDmc I H2> = -10 

P (H^ | CDvf̂ 1C/VC/ac,rc,mc) 

P (H2 | CDvffic,vc,acfrc,mc^ 

Sequence four: Expression Process 

1. Oral expression deficit (CDoe) 

P (H1) = .05 

P (H2) = .95 

P <CDoa | Hl) - ,23 

P <CDoe I H2> = -10 

P (H. | CD ) = .11 
1 oe 

P (H2 | CD ) = .89 
oe 
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2. Writing deficit (CDwd) 

P (Hl | CDoe) = .11 

P (H2 | CDoe) = .89 

P (CDwd I Hl) = *4° 

P (CD„dlH2> " -10 

3. Body language deficit (CDbl) 

P (H, | CD J = .33 
1 oe,wd 

* «21 CDoe,v,a> " •" 

P (CDbl | H-^ = .10 

P (CDbl | H2) = .05 

v (H1 1 CDoe,wd> - -33 

P «2 I CDoe,wd> " -67 

e Wj CDoe_wdjbl) - .49 

P (H2I C&oe»wd,bl' =° .51 

Quantitative deficit (CDqd) 

P <Hl' CDoe,wd,bl,qd> = -49 

P (H2I CDoe,wd,bl,qd^ = *51 

P (CDqd I H1) = .30 

P (CDqdl H2) = *10 

P (HJ CDoe,wd,blfqd) = '74 

P (H2< CDoe,wd,bl,qd^ = *26 
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5. Affect deficit (CD^) 

p (H1 1 ®oe,«i,bl,qa> " -74 

p <h2 1 CDoe,wd,bl,qd> " *26 

P (CDaf | t^) = .20 

P (CDaf | H2) = .10 

P (H^ | CDoe/Wd,bl,qd,af^ *85 

P (H2 | af) = .15 

Sequence fives Integration Process 

1. Visualization deficit (CDvd) 

P (H^) = .05 

P (H2) = .95 

P (CDvd I V = -4° 

P (CDvdl "2) = -10 

P (H | CD ,) = .17 
1 vd 

P (H2 I ^vd* = '83 

2. Sound blending deficit (CD^) 

P (H. | CD ) = .17 
1 vd 

P (H2 I CDvd) = .83 

P (CD I H ) = .40 
sb 1 1 

P <CDsb| H2! - .10 

P (HJ CDvd,sb> " -46 

P (H
2I ̂ vd.sb1 " "54 



Prediction deficit (CDpdd) 

P (H1 1 CDvd,sb> - •46 

p (h
2I CDvd,sb> - •» 

p (CD
Paa I Bi' - •" 

11 (CDpdd I H2> - -10 

P (Hl' CDvd,sbfpdd} " -68 

P (H2I CDvd(Sbfpdd) = .32 

Monitoring deficit (CDmd) 

P (HJ CDvd,sb,pdd> = -68 

P (H2 | CDV(̂ sbfpdd) = .32 

P (CDmdl Hl) = .28 

P (CDmdl H2) = -10 

P (Hx | CDvdf sbfpddflnd) = •86 

p <H2' CDvd,sb,pdd,md) = -14 

Visual speed of perception deficit (CDvs) 

P <Hll CDvd,sb,pdd,md^ = -86 

P (H2I CDvdfsb,pdd,md^ = 

P (CDvs | Hx) = .30 

P (CDVS | H2) = .10 

P (H. I CD , , ,, , ) = .95 
1' vd, sb,pdd, md, vs 

P (H2 | CDvdf sbfpddf]mdf vs) = .05 
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As explained earlier, cut-off points (or levels of confidence) 

are needed to establish how many component disabilities will give 

enough information. Table 8 gives the number of component disabilities 

within each process which are required to reach different levels of 

confidence. 

Table 8. Number of CD within each process needed to reach different 
levels of confidence 

Processes P = .95 P = .90 p = .85 p = .80 

Sensory Orientation 5 5 4 4 

Memory * * * 4 

Reception 6 5 5 5 

Expression * * 5 5 

Integration 5 5 4 4 

*Criterion probability not reached in total number of CD available. 

The following conclusions can be drawn from Table 8: 

1. Sensory orientation and integration processes contain component 

disabilities which seem to be the most effective identifiers. 

2. Reception and expression processes appear to have the least 

effective identifiers. 

3. Memory process has the fewest number of component disabilities 

(only 4), and consequently yields the least information. 
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However, at the .80 level of confidence, its effectiveness as 

an identifier compares with the sensory orientation and inte

gration processes. 

Consideration of the Independence or 
Non-Independence of Component Disabilities 

An important constraint which must not be ignored in the appli

cation of Bayes1 Theorem concerns the independence or non-independence 

of the component disabilities. It is possible, of course, that these 

component disabilities are related. If the component disabilities were 

independent, the estimates could be sequentially calculated in a 

straight-forward fashion, as done in the previous section. However, if 

the component disabilities were non-independent, the output of Bayes1 

Theorem would be inflated. Additional estimates for the hypotheses and 

all previously-related data must be made to correct for this inflation. 

Conditional probabilities of another type would need to be gathered, 

and would be expressed as 

P (CD3 I Hx, CDX, CD2 . . .), and P (CD3 I H2, CD , CD2 . . .) 

which is read, "The probability of component disability 3, given hy

pothesis 1 (LD exists) and component disability 1 and component dis

ability 2, etc." The conditional probability for hypothesis 2 (non-LD) 

is read in the same manner. 

It is difficult to estimate the conditional probabilities of the 

above type, and, therefore, the component disabilities in this study 

were logically constructed as if independent. A pilot investigation, 
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only, was attempted in which the specialists were asked to judge all 

possible interrelationships of the component disabilities. 

The second section of this chapter deals with the second set 

of responses to the questionnaire. The following directions appeared 

on the questionnaire: 

Direction two. After completing direction one, go over the ques

tionnaire again for the purpose of noting relationships among the 

component disabilities. 

1. Scan the definitions of the component disabilities again. 

2. Based on your clinical experience, if you think that any 

component disability is related to any other component 

disability write the number(s) of the related component 

disabilities in the appropriate box on the answer sheet 

for direction two. For example, if you estimate components 

1 and 2 are related to 3, write 1 and 2 in the box numbered 

3 and 3 in the boxes numbered 1 and 2, etc. 

Twenty-six specialists returned data concerning this portion of 

the questionnaire. Table 9 is a matrix showing the number of special

ists in each cell who indicated a relationship between the two compo

nent disabilities represented in that cell. 

A review of Table 9 indicates that, while certain component 

disabilities were not judged to be related to some others (some cells 

in the matrix are blank), none of the component disabilities were 

judged to be totally independent (no row and column for a single compo

nent disability is blank). 



Table 9. Interrelationship matrix indicating the number of specialists who specifii 
relationships between each two CD (N - 26). 

** 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1 
2 19 __ 

3 11 2 — 

4 12 6 6 — 
5 2 * * 1 — 

6 2 * * * 12 — 
7 2 1 1 3 2 7 — 
8 11 7 2 4 5 6 * — 

9 12 4 3 3 3 4 2 * — 

10 7 5 6 3 14 13 10 8 1 — 
11 15 8 4 6 * 1 3 1 10 3 — 
12 16 9 4 7 1 3 * 9 1 4 2 — 
13 8 7 5 6 10 7 * 1 1 9 * * — 

14 7 6 4 6 5 3 * * * 7 * * 7 — 
15 7 7 4 8 8 10 2 8 * 8 * 10 11 10 — 
16 9 6 4 8 1 4 5 3 9 3 15 14 11 * 3 — 
17 9 8 4 8 3 5 3 * 8 4 14 * 10 8 1 6 — 
18 8 9 4 9 5 7 3 5 7 6 13 13 11 8 9 11 10 — 

19 14 11 6 8 * 5 3 4 * 3 1 16 1 * 4 4 * 5 — 
20 15 11 6 8 * * 7 1 9 2 14 1 * * * 9 5 7 2 — 
21 12 7 4 6 1 3 4 * 1 1 4 5 4 2 2 5 2 4 7 8 — 
22 11 10 6 6 1 3 5 1 2 2 6 5 3 2 3 5 3 5 8 9 9 — 
23 14 11 4 11 3 8 * 10 * 4 * 18 * * 6 3 * 5 5 * 2 4 
24 15 10 6 8 1 1 5 * 13 1 20 1 * * 1 8 5 7 * 12 7 9 
25 8 6 3 6 * 3 1 6 * 1 2 14 * * 7 2 * 3 8 * 4 5 
26 12 6 3 6 * * 2 * 5 * 14 * * 1  * 5 2 5 * 13 5 5 
27 9 7 5 4 1 1 2 5 1 1 6 6 2  1  3 12 2 10 10 5 7 12 
28 10 6 5 5 2 10 7 1 * 5 3 6 3 1  4 6 3 11 8 5 7 10 
29 9 7 5 7 2 3 5 1 4 3 4 2 2 * 2 7 3 8 4 6 4 7 
30 7 3 3 7 * * 4 * 4 2 13 1 2 1 1 7 6 8 2 9 7 13 
31 7 4 3 7 4 6 2 6 * 5 5 10 9 7 10 6 5 10 10 6 6 13 
32 6 4 5 5 8 7 2 2 1 9 1 3 10 6 5 1 4 6 3 2 4 5 
33 6 3 3 4 2 7 7 1 * 4 2 3 4 1 5 3 2 8 6 3 7 10 
34 5 10 6 4 2 2 2 1 2 2 2 1 2 1 1 1 2 6 2 3 3 4 
35 6 5 3 4 * 2 * 1 2 3 2 7 * * 2 8 3 5 9 4 8 9 
36 9 4 3 5 * * 3 * 5 1 13 * * * * 7 5 5 1 10 6 8 
37 6 5 3 6 3 5 4 3 2 2 6 6 5 5 6 6 5 8 4 5 6 10 
38 9 6 3 10 3 3 4 2 1 2 5 4 4 4 4 6 5 8 3 5 5 8 
39 7 6 5 8 1 5 1 7 1 2 2 14 1 1 10 7 2 6 11 2 5 8 
40 8 6 5 9 1 * 7 * 8 * 14 * * * * 10 8 5 2 11 5 8 

* No relationship specified. 
**As numbered in questionnaire. 
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24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

1 2  —  
4 7 8 --
5 8 9 9 — 

5 5 * 2 4 — 
7 * 12 7 9 * — 

3 8 * 4 5 8 * — 

5 * 13 5 5 * 8 1 — 

10 10 5 7 12 8 8 8 7 — 
11 8 5 7 10 8 7 6 5 5 — 
8 4 6 4 7 4 6 3 4 * 1 — 

8 2 9 7 13 1 10 1 6 6 * 6 — 
10 10 6 6 13 8 8 8 4 6 1 * 6 — 
6 3 2 4 5 1 3 3 3 * 1 12 3 1 — 

8 6 3 7 10 4 7 4 3 5 16 * 2 2 3 — 
6 2 3 3 4 1 5 2 3 1 * 14 6 * 11 1 — 
5 9 4 8 9 7 3 10 3 7 2  2 3 9 2 3 * — 

5 1 10 6 8 * 8 * 14 9 1  * 4 2 1 1 * 3 — 

8 4 5 6 10 5 7 6 7 4 6 8 5 4 6 6 10 8 3 — 
8 3 5 5 8 4 7 5 5 3 4 7 6 9 6 6 7 7 3 8 
6 11 2 5 8 10 3 11 1 8 4 2 1 6 3 5 1 9 1 6 
5 2 11 5 8 * 11 * 11 8 3 3 8 1 1 1 2 2 10 5 
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Due to the limited number of respondents to this portion of the 

study and the type of data gathered, this portion of the study must be 

interpreted with caution. More sophisticated type of data than was 

gathered in this study is required before more absolute conclusions can 

be reached. 

In order to gain some insight into which component disabilities 

tended to be judged as more independent than others, sums of the rows 

and columns for each component disability were calculated and placed in 

rank order. Table 10 shows results in decreasing order. 

A review of Table 10 indicates that tactile discrimination 

deficit is judged to be the most independent while attention deficit 

is judged to be the most non-independent. 

Conclusions 

Based on the justification for the methodology and the process 

outline of component disabilities, this study yielded the following 

findings: 

1. The manner in which the 100 specialists responded to the ques

tionnaire varied: 

a. 41 did not respond, 

b. 19 disqualified themselves or gave reasons for non-

participation, 

c. 40 responded to the first part of the questionnaire, 

d. 14 out of the 40 did not respond to the second part 

of the questionnaire, 

e. 26 responded to both parts of the questionnaire. 
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Table 10. Sums from interrelationship matrix, given in decreasing rank 
order, from most independent CD to least independent CD. 

Component Disability* Sums 

14. Tactile descrimination deficit 104 
5. Body balance deficit 107 
7. Temporal deficit 121 
8. Visual pursuit deficit 122 
34. Affect deficit 128 
9. Auditory direction deficit 129 
36. Sound blending deficit 145 
25. Visual closure deficit 155 
13. Kinesthetic discrimination deficit 156 
6. Spatial deficit 158 
3. Hypoexcitability 159 
32. Body language deficit 159 
33. Quantitative deficit 160 
35. Visualization deficit 163 
10. Maturational lag 166 
29. Social comprehension deficit 167 
26. Auditory closure deficit 169 
17. Auditory-haptic coordination deficit 173 
30. Oral expression deficit 174 
23. Visual figure-ground deficit 177 
40. Auditory speed of perception deficit 181 
15. Visual-haptic coordination deficit 182 
28. Mathematical comprehension deficit 188 
21. Rehearsal deficit 189 
19. Visual short-term memory span deficit 190 
39. Visual speed of perception deficit 191 
27. Reading comprehension deficit 205 
38. Monitoring deficit 205 
20. Auditory short-term memory span deficit 215 
37. Prediction deficit 215 
12. Visual discrimination deficit 216 
31. Writing deficit 216 
24. Listening comprehension deficit 231 
11. Auditory discrimination deficit 234 
4. Perseveration 240 
16. Auditory-visual coordination deficit 240 
2. Prediction deficit 252 
22. Long-term memory deficit 253 
18. Auditory-visual-haptic coordination deficit 283 
1. Attention deficit 362 

*As numbered in questionnaire. 



The 40 learning-disability specialists were in agreement con

cerning the relative weightings assigned to the component dis

abilities. This result was demonstrated through the application 

of coefficients of concordance. 

The application of Bayes' Theorem indicated that the most effi

cient identification of learning disabilities can be made by 

using those component disabilities with the highest likelihood 

ratios. 

Based on the likelihood ratios, the three most discriminating 

component disabilities for the identification of learning dis

abilities were attention deficit, auditory-visual coordination 

deficit, and visualization deficit. 

When processes were compared, the results indicated the follow

ing: 

a. Sensory orientation and integration processes contain 

component disabilities which seem to be the most effec

tive identifiers. 

b. Reception and expression processes appear to have the 

least effective identifiers. 

c. The memory process has the fewest number of component 

disabilities and consequently yields the least informa

tion. However, at the .80 level of confidence, the 

memory process is as effective as the sensory orienta

tion process or the integration process. 



67 

6. A pilot investigation considered the independence or non-

independence of the component disabilities. The 26 specialists 

who responded to this portion of the questionnaire indicated 

that no component disability was independent from all others 

although some were not related to each other. 

Limitations of the Results 

The investigator would like to specify some limitations of 

this study. 

1. "Specialists in learning disabilities" were defined as per

sonnel who had been invited to two federally-funded special 

study institutes for leadership personnel in learning dis

abilities. It would be of interest to know if different 

weightings of the component disabilities and/or different 

prior probabilities would result from other groups of personnel 

associated with children with learning disabilities. 

2. The questionnaire outline was based on one method of classify

ing component disabilities. Various other methods could be 

employed and might yield different results. 

3. The language and terminology used in this study may not be in 

common use by the specialists. Use of different definitions, 

examples, descriptive situations, or test scores may alter the 

results. 



CHAPTER V 

SUMMARY AND IMPLICATIONS FOR FURTHER RESEARCH 

Methodological Basis of the Problem 

Identification of children with learning disabilities is neces

sary for school administrative decisions in determining which children 

are eligible for, or in need of, learning-disability services. A new 

accurate and efficient procedure for identification is needed because 

the present procedure is too expensive (takes too long) and there are 

not enough clinicians to do the screening. Identification often is 

combined with in-depth diagnosis. However, in this study, identifica

tion of learning-disability is studied separately from diagnosis. 

Since clinical judgments comprise a large measure of the identifica

tion process, a technique for exploiting clinical judgments was at

tempted in this study. 

The methodological technique employed in this study—"Bayesian 

revision of subjective probabilities"—provided the means for (1) 

gathering the subjective clinical judgments of specialists in learning 

disabilities, and (2) applying a mathematical procedure (Bayes' Theorem) 

to these judgments for use in identifying learning disabilities. This 

technique yields a probabilistic relationship between a component dis

ability and the existence of learning disabilities. It provides a 

mathematical means for estimating the probability of the existence of 
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learning disabilities in a child when component disabilities are ex

pressed in conditional probabilities or likelihood estimates. This 

study is an initial attempt to investigate its usefulness as a tool for 

educational research in learning disabilities. 

Statement of the Problem 

The purpose of this study was to determine the efficacy of the 

application of "Bayesian revision of subjective probabilities" tech

nique in an experimental procedure for the identification of children 

with learning disabilities. 

The specific objectives were 

1. to review the literature for a list of factors found to be 

related to learning disabilities, 

2. to organize these factors into a systematic framework of com

ponent disabilities, 

3. to construct a questionnaire for the collection of specialist 

opinions concerning the component disabilities, 

4. to apply Bayes' Theorem and other statistical measures to the 

returns of the first part of the questionnaire, 

5. to conduct a supplementary pilot investigation concerning the 

interrelationship of the component disabilities via the second 

part of the questionnaire. 

Procedure and Results 

Because the procedure in this study was sequential in nature 

and followed the specific objectives in order, the results of each 

objective determined the next procedural step. 
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Objective One 

The first procedural objective was to review the literature 

for a list of factors (component disabilities) found to be related to 

learning disabilities. A review of various labels and syndromes re

sulted in a list of approximately 110 factors. A perusal of the list 

indicated 

1. overlap of items, 

2. no consistency of language, 

3. no over-all organization, 

4. various purposes arising out of diverse groups, 

5. incompleteness of definitions of items, 

6. variability in scope, 

7. impracticability due to length. 

Objective Two 

The second procedural objective was to organize the list of 

factors into a systematic framework. A review of various schemes for 

the organization of component disabilities revealed that these were 

designed for purposes other than identification. Therefore, a "process" 

classification was selected which would be inclusive of both academic 

skill deficits and communication deficits, and would provide a more 

uniform language and mental set for the specialists who were asked to 

provide the data for this study. The five process were (1) sensory 

orientation, (2) memory, (3) reception, (4) expression, and (5) inte

gration . 
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Objective Three 

The third procedural objective was to construct a questionnaire 

for the collection of subjective clinical judgments concerning compo

nent disabilities in a learning-disability population. This instrument 

contained 40 component disabilities within the process outline. Each 

component was theoretically assumed to be independent. This procedure 

was necessary because the Bayes1 Theorem calls on independent data. 

Obj ective Four 

The fourth procedural objective was to apply Bayes1 Theorem 

and other statistical measures to the 40 returns from the first part 

of the questionnaire. Since the questionnaire called for any percent

age estimate between zero and 100%, a significant agreement in the 

choice of numbers by the specialists did not occur. The coefficient 

of concordance was the statistical measure used to determine the amount 

of agreement among the specialists on the relative weightings of the 

component disabilities. Significant agreement was noted in the weight

ings assigned to the component disabilities. Therefore, Bayes1 Theorem 

could be applied with more confidence. Another consequence of the wide 

choice of percentage estimates was large standard deviations. The use 

of means as a measure of central tendency was not representative of 

the amount of agreement noted by the coefficient of concordance. 

Therefore, the median was determined to reflect the most representa

tive central tendency measure. 

Bayes' Theorem first calls for prior probabilities which are 

said to represent the state of knowledge prior to observations. A 



prevalence estimate for the existence of learning disabilities in the 

school population was obtained in order to provide a starting point 

from which to apply Bayes' Theorem. It represents mere chance of 

identifying learning disabilities without any observations. In this 

study, median prior probability was .05. This means that .95 is the 

median prior probability for the remainder of the school population. 

The second step in Bayes* Theorem calls for conditional prob

abilities, which are the experimental observations. In this study, 

conditional probabilities were collected in the form of percentage 

estimates for the 40 component disabilities as they relate to both 

learning disabilities and non-learning disabilities. The resulting 

ratios (likelihood ratios) gave the information necessary for the 

third step in Bayes1 Theorem, which yields posterior probabilities, or 

revised estimates after the observations have been made. Posterior 

probabilities reflect the confidence with which learning disabilities 

can be identified. A demonstration of the application of Bayes' 

Theorem to the likelihood ratios, given in decreasing rank order, 

showed that five component disabilities were required to reach .95 

level of confidence; four were required to reach .90 and .85; and only 

three were required to reach .80. Similar demonstrations were pre

sented for each of the five processes from the questionnaire outline. 

Objective Five 

The fifth procedural objective was to conduct a supplementary 

pilot investigation concerning the interrelationship of the component 

disabilities via the second part of the questionnaire. An important 



constraint which must not be ignored in the application of Bayes' 

Theorem concerns the independence or non-independence of the component 

disabilities. In this study, the component disabilities were theoreti

cally assumed to be independent. However, if non-independence were 

the case, the output of Bayes* Theorem would be inflated. Percentage 

estimates would have to be collected, not only for the two hypotheses 

(H^: LD exists, and H2: non-LD), but for all related component dis

abilities in order to correct for this inflation. In this study, the 

specialists were asked to judge only whether such relationships do 

exist, not the degree to which they exist. The 26 specialists who 

responded to this portion of the questionnaire indicated that, while 

some component disabilities were not related to each other, no compo

nent disability was totally independent from all others. 

Conclusions 

Based on the justification for the methodology and the process 

outline of component disabilities, this study yielded the following 

findings: 

1. The manner in which the 100 specialists responded to the ques

tionnaire varied: 

a. 41 did not respond, 

b. 19 disqualified themselves or gave reasons for non-

participation, 

c. 40 responded to the first part of the questionnaire, 



d. 14 out of the 40 did not respond to the second part 

of the questionnaire, 

e. 26 responded to both parts of the questionnaire. 

The 40 learning-disability specialists were in agreement con

cerning the relative weightings assigned to the component dis

abilities. This result was demonstrated through the 

application of coefficients of concordance. 

The application of Bayes' Theorem indicated that the most effi

cient identification of learning disabilities can be made by 

using those component disabilities with the highest likelihood 

ratios. 

Based on the likelihood ratios, the three most discriminating 

component disabilities for the identification of learning dis

abilities were attention deficit, auditory-visual coordination 

deficit, and visualization deficit. 

When processes were compared, the results indicated the follow

ing: 

a. Sensory orientation and integration processes contain 

component disabilities which seem to be the most effec

tive identifiers. 

b. Reception and expression processes appear to have the 

least effective identifiers. 

c. The memory process has the fewest number of component 

disabilities and consequently yields the least informa

tion. However, at the .80 level of confidence, the 
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memory process is as effective as the sensory orienta

tion process or the integration process. 

6. A pilot investigation considered the independence or non-

independence of the component disabilities. The 26 special

ists who responded to this portion of the questionnaire 

indicated that no component disability was independent from 

all others although some were not related to each other. 

Implications for Further Research 

Any initial investigation may yield results which could lead 

to further study or net zero. This study, as an initial investigation, 

can be interpreted as leading to further study. Since the advent of 

services for learning-disability children, there has been a need for 

improved screening procedures. This study does not provide the total 

answer to such a need, but does plant a seed concerning the type of 

methodology which may lead to a streamlined identification procedure 

in the future. 

The method of exploiting clinical judgment concerning compo

nent disabilities has been shown to be worthy of further research. 

Future research, particularly in reference to the experimental method

ology, may follow several avenues: 

1. Bayesian technique may be adapted to account for non-independence 

of component disabilities. As was noted in this study, special

ists indicated that no component disability was independent 

from all others. However, they were asked to judge only 

whether such relationships do exist, not the degree to which 



these exist. This question should be researched further. A 

possible procedure would be to collect conditional probabili

ties from specialists specifically calling for percentage 

estimates of the relatedness of the various component dis

abilities. 

Bayes* Theorem could also be applied to assets as well as 

deficits. Research concerning the effect which assets may 

have in identification procedure needs to be conducted. A 

possible procedure would be to collect percentage estimates 

for components defined in asset form as well as deficit form. 

Bayes1 Theorem could be applied in identification procedures 

for all of special education (including the gifted). The pro

cedure would be to collect prior and conditional probabilities 

of the type used in this study for each exceptionality. 

Research concerning the problem of the level of confidence 

which is desired for screening purposes needs to be done. 

Another problem which needs investigation concerns the level 

at which a component disability would, for example, be con

sidered a "significant" deficit. The questionnaire used in 

this study asked the specialists to consider each component 

disability as being severe enough, by itself, to interfere 

with learning. They were asked to base their estimates on 

their experience and subjective intuition, not on actual test 

data. 



APPENDIX A 

QUESTIONNAIRE 

3401 North Columbus 
Apartment 23-E 
Tucson, Arizona 85712 
March 6, 1972 

Enclosed is the questionnaire with instructions about which I wrote 
you previously. Would you please complete the questionnaire and 
return to me in the self-addressed envelope as soon as convenient. 

This questionnaire will be of assistance in the gathering of data for 
my dissertation entitled "A Procedure for the Identification of 
Children with Learning Disabilities." As you will remember from my 
previous letter, this study will attempt to explore the subjective 
clinical judgment which experts use in identifying children with 
learning disabilities. In addition, this study will use an applica
tion of Bayesian theory for measurement purposes. 

Your assistance in this study will be greatly appreciated. All 
replies will be kept confidential—not even my faculty advisors will 
see the individual replies. If you have any remarks about the ques
tionnaire, please feel free to write them on the back of the instru
ment. When this study is completed, you will, of course, receive a 
summary. 

Thank you for your cooperation. 

Sincerely 

John Wissink 
Graduate Student 
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QUESTIONNAIRE INSTRUCTIONS 

Purpose of the Study 

At the present time there is no one instrument which accur
ately allows us to identify the existence of all learning disabili
ties. It is possible, however, to identify learning disabilities 
through clinical diagnosis. At the same time, clinical diagnosis 
presents problems when it becomes necessary to screen a large number 
of referrals for public school services. These problems relate to 
economics (clinical diagnosis is expensive), to personnel (there are 
not enough clinicians to do the job), and to administrative implemen
tation (there is no economical and efficient procedure for screening). 

These problems may be alleviated by analyzing clinical diag
nosis in such a way that identification of learning disabilities can 
be separated from the more intensive diagnosis of deficits. Such a 
division of clinical diagnosis is suggested as follows: (1) subjec
tive judgment for identification of learning disabilities leading to 
placement in the special learning disability services, and (2) in-
depth individual diagnosis leading to remediation plans and programs. 
This study will be concerned with the first aspect—subjective 
clinical judgment. 

This study will explore a technique for quantifying the judg
ment that learning disabilities exist when certain component dis
abilities combine to produce a handicap in learning. Each component 
disability by itself is not sufficient for the identification of 
learning disabilities. For example, a memory deficit might be present 
in a child without learning disabilities. Usually, several 
component disabilities must be combined to establish a high proba
bility that the condition of learning disabilities is present. In
dependence or non-independence of the component disabilities cannot 
be assumed. 

The technique to be explored in this study is called "Bayesian 
revision of subjective probabilities." It permits expert opinion, 
which is given in the form of estimates, to show a probabilistic re
lationship between a component disability (such as memory) and the 
existence of learning disabilities. An application of Bayes1 Theorem 
provides a mathematical means for estimating the probability of the 
existence of learning disabilities when component disabilities are 
expressed in likelihood estimates. 

This study will (1) define a set of component disabilities 
which may be related to learning disabilities, (2) collect likelihood 
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ratios for each component disability from experts in the field of 
learning disabilities, and (3) apply the "Bayesian revision of subjec
tive probabilities" technique to the likelihood estimates for purposes 
of developing a procedure for the identification of children with 
learning disabilities. 

The purpose of this questionnaire is to gather clinical esti
mates for component disabilities which may or may not be related to 
learning disabilities. If research studies in this area were conclu
sive, clinical estimates would not need to be gathered. The inclusion 
of the selected component disabilities should not be taken as evidence 
that they are factors exclusively related to learning disabilities. 
An outline format has been used as a framework for this instrument. 
The major headings are central processes and are defined for your 
convenience in estimating percentages. 

Game Rules 

You are requested to follow these game rules when considering 
the component disabilities: 

Please use the definition which is given for each component 
disability. 

Base your estimates on your experience and subjective intuition. 

Component disabilities are assumed to be age-related and within 
the K-12 school population. 

Assume integrity of peripheral senses of the children with learn
ing disabilities. 

As you consider each component disability, conceive each as being 
severe enough by itself to interfere with learning. 

Directions for Completing the Questionnaire 

1. Complete directions a, b, and c before completing direction two. 

a. Read the definition for each component disability. 

b. In the blank labeled L.D. write your estimate of the per
centage of children with learning disabilities who are 
likely to have this component disability. 

c. In the blank labeled Non L.D. write your estimate of the 
percentage of children without learning disabilities who 
are likely to have this component disability. 
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2. After completing direction one, go over the questionnaire again 
for the purpose of noting relationships among the component 
disabilities. 

a. Scan the definitions of the component disabilities again. 

b. Based on your clinical experience, if you think that any 
component disability is related to any other component dis
ability write the number(s) of the related component dis
abilities in the appropriate box on the answer sheet for 
direction two. For example, if you estimate components 1 
and 2 are related to 3, write 1 and 2 in the box numbered 
3 and 3 in the boxes numbered 1 and 2, etc. 

SAMPLE BOXES: 

1. 6- <2., jr to
 

C
D

 
• 

0̂
 

Si 

If you think that a certain component disability is not 
related to any other disability, please leave the appro
priate box blank. 

Examples 

As an example for direction one, consider a hypothetical 
component disability such as: 

Toe tapping deficit—an impairment in the child's 
ability to respond quickly and consistently in 
toe tapping activities. 

LD % Non LD % 

After reading the definition, you are asked to consider the 
learning disability population you have observed in your clinical 
work. What percentage of this population do you estimate exhibit a 
"toe tapping" deficit severe enough to be a handicap in learning? 
For our example, let us assume this estimate to be x% of the learn
ing disability population. 

Now consider the same definition and think about the normal 
population, including all other handicaps. What percentage of this 
remaining population do you estimate exhibit a "toe tapping" deficit? 
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For our example, let us assume an estimate of y%. Please record your 
answers on the questionnaire as follows: 

While completing the estimates for the component disabilities, 
the thought may occur to you that one component disability may lead 
you to expect finding an associated component disability. Therefore, 
as an example for direction two, consider the hypothetical "toe 
tapping" deficit defined above. If you have clinically observed this 
hypothetical deficit, you might also expect to find a related "patty-
cake" deficit. If you think these hypothetical deficits are directly 
related, you would place the number for "toe tapping" in the "patty-
cake" box and the number for "patty-cake" in the toe tapping box. 

PLEASE NOTE: 

1. The non-learning disability population, for the purposes of 
this study, includes all normal as well as all exceptional children 
other than children with learning disabilities. 

2. In some cases the percentage for the non-learning disability 
population may be higher than for the learning disability population. 
The inclusion of the component disabilities found in this questionnaire 
does not reflect a necessary relationship to the learning disability 
population. 

3. The percentages need not add to 100%. 

4. If you estimate a certain component disability is found equally 
in both populations, record an equal percentage for both categories. 

5. There are no incorrect answers. 

6. You may find it helpful to separate the pages when completing 
direction two, and spread them out for ease in filling out the answer 
sheet. 

THANK YOU FOR YOUR COOPERATION. Please discard the instruc
tions and return the questionnaire and answer sheet in the enclosed 
self-addressed envelope. 

February, 197 2 
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QUESTIONNAIRE 

By Corrine E. Kass and John F. Wissink 

I. Sensory Orientation—the process by which the child shows a physi-
cological or functional orientation of the sensory receptors to 
the states of (a) arousal, (b) body awareness, (c) discrimination 
of sensory information, and (d) sensory coordination. 

A. Arousal means the excitability of the 
sensory receptors. 

1. Attention deficit—an impairment 
in the child's ability to focus 
on specific sensory input. LD % Non LD % 

2. Hyperexcitability—an impairment 
in the child's ability to control 
the arousal of his sensory re
ceptors. LD % Non LD % 

3. Hypoexcitability—an impairment 
in the activation of the child's 
sensory receptors. LD % Non LD_ 

4. Perseveration—an impairment in 
the child's ability to switch 
focus—i.e., the termination of 
activation of certain sensory 
receptors and in the subsequent 
arousal of other sensory recep
tors. LD % Non LD 

B. Body Awareness means the recognition 
of the spatial and temporal location 
of sensory input. 

5. Body balance deficit—an impair
ment in the child's ability to 
maintain equilibrium. LD % Non LD_ 

6. Spatial deficit—an impairment 
in the child's ability to relate 
to two or more objects in space. LD % Non LD_ 

7. Temporal deficit—an impairment 
in the child's ability to locate 
himself within a time perspec
tive. LD % Non LD 
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8. Visual pursuit deficit—an impair
ment in the child's ability to 
follow visual stimuli. LD % Non LD % 

9. Auditory direction deficit—an 
impairment in the child's ability 
to locate the origin of auditory 
sensory input. LD % Non LD % 

10. Maturational lag—an impairment 
in the development of the child's 
body awareness system. LD % Non LD % 

C. Discrimination of sensory information 
means the ability to note differ
ences within any one sensory system. LD % Non LD % 

11. Auditory discrimination deficit— 
an impairment in the child's 
ability to note differences 
within the auditory sensory 
system. 

12. Visual discrimination deficit— 
an impairment in the child's 
ability to note differences 
with the visual sensory system. 

13. Kinesthetic discrimination de
ficit—an impairment in the 
child's ability to note differ
ences within the kinesthetic 
(muscle sensation) sensory 
system. 

14. Tactile discrimination deficit— 
an impairment in the child's 
ability to note differences 
within the tactile (touch) sen
sory system. LD % Non LD % 

D. Sensory Coordination means the inte
gration of two or more sensory systems. 

15. Visual-haptic (kinesthetic and 
tactile) coordination deficit— 
an impairment in the child's 
ability to receive and associate 
information from visual and hap-
tic sensory systems. LD % Non LD % 

LD % Non LD % 

LD % Non LD % 

LD % Non LD % 
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16. Auditory-visual coordination 
deficit—an impairment in the 
child's ability to receive and 
associate information from the 
auditory and visual sensory 
systems. LD % Non LD 

17. Auditory-haptic coordination 
deficit—an impairment in the 
child's ability to receive and 
associate information from the 
auditory and haptic sensory 
systems. LD % Non LD 

18. Auditory-visual-haptic coordina
tion deficit—an impairment in 
the child's ability to receive 
the same information from the 
auditory, visual, and haptic 
systems. LD % Non LD 

II. Memory—The process by which the child shows (a) immediate re
trieval of sensory information, (b) storing of sensory im
pressions through rehearsal, and (c) delayed retrieval of 
organized material. 

19. Visual short-term memory span 
deficit—an impairment in the 
child's ability to retrieve imme
diately a match of the visual 
stimulus input. LD % Non LD % 

20. Auditory short-term memory span 
deficit—an impairment in the 
child's ability to retrieve imme
diately a match of the auditory 
stimulus input. LD % Non LD % 

21. Rehearsal deficit—an impairment 
in the child's method of storing 
the match of the sensory input 
for later recall. LD % Non LD % 

22. Long-term memory deficit—an 
impairment in the child's ability 
to retrieve stored material at a 
delayed time after stimulus 
input. LD % Non LD % 
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III. Reception—the process by which meaning is attached to external 
or internal stimuli without being aware of the specific stimuli. 

23. Visual figure-ground deficit— 
an impairment in the child's 
ability to gain meaning from 
the appropriate visual stimuli 
while ignoring inappropriate 
visual stimuli. LD % Non LD % 

24. Listening comprehension deficit— 
an impairment in the child's 
ability to gain meaning from the 
appropriate auditory stimuli. LD % Non LD % 

25. Visual closure deficit—an im
pairment in the child's ability 
to gain meaning from incomplete 
visual stimuli. LD % Non LD % 

26. Auditory closure deficit—an 
impairment in the child's 
ability to gain meaning from 
incomplete auditory stimuli. LD % Non LD % 

27. Reading comprehension deficit— 
an impairment in the child's 
ability to gain meaning from the 
printed page. LD % Non LD 

28. Mathematical comprehension defi
cit—an impairment in the child's 
ability to gain meaning from the 
appropriate quantitative symbols. LD % Non LD 

29. Social comprehension deficit—an 
impairment in the child's ability 
to gain meaning from the appro
priate interpersonal stimuli. LD % Non LD 

IV. Expression—the process by which meaning is communicated. 

30. Oral expression deficit—an im
pairment in the child's ability 
to communicate meaning through 
the spoken word. LD % Non LD % 

31. Writing deficit—an impairment 
in the child's ability to com
municate meaning through the 
written word. LD % Non LD % 
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32. Body language deficit—an impair

ment in the child's ability to 
communicate meaning through ges
tures and other physical move
ments. LD % Non LD 

33. Quantitative deficit—an impair
ment in the child's ability to 
communicate meaning through a 
mathematical system. LD % Non LD 

34. Affect deficit—an impairment in 
the child's ability to communi
cate meaning through appropriate 
emotional reaction. LD % Non LD % 

V. Integration—the process by which separately learned components 
from the processes of sensory orientation, memory, reception, 
and expression are unified and compacted into one internal rep
resentation or gestalt (the whole is more than the sum of its 
parts). 

35. Visualization deficit—an impair
ment in the child's ability to 
respond quickly and consistently 
from internal representations. LD % Non LD % 

36. Sound blending deficit—an im
pairment in the child's ability 
to synthesize sounds into an 
internal representation. LD % Non LD_ 

37. Prediction deficit—an impair
ment in the child's ability to 
recognize a match between his 
performance and his internal 
representations. LD % Non LD_ 

38. Monitoring deficit—an impair
ment in the child's ability to 
recognize dissonance between 
his performance and his internal 
representations. LD % Non LD 

39. Visual speed of perception 
deficit—an impairment in the 
child's ability to respond 
quickly and consistently from 
internal visual representations. LD % Non LD 
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40. Auditory speed of perception 
deficit—an impairment in the 
child's ability to respond 
quickly and consistently from 
internal auditory represen
tations. LD % Non LD % 

Question: What percentage of school-aged children (K-12) have learn
ing disabilities? % (Please do not specify a range). 

March, 1972 



ANSWER SHEET FOR DIRECTION TWO 

1. 9. 17. 25. 33. 

2. 10. 18. 26. 34. 

3. 11. 19. 27. 35. 

4. 12. 20. 28. 36. 

5. 13. 21. 29. 37. 

6. 14. 22. 30. 38. 

7. 15. 23. 31. 39. 

8. 16. 24. 32. 40. 



APPENDIX B 

REASONS FOR NON-PARTICIPATION IN THE STUDY 

Nineteen of the 100 specialists who were selected for this 

study either disqualified themselves or indicated they did not wish 

to participate. Seven specialists indicated they did not agree with 

the methodology of the study. Due to confidentiality, unidentified 

quotes are given below which indicate reasons: 

1. I find it very difficult to justify the type of ques
tionnaire that you were developing. One of my major 
concerns in the area of research is with norming. This 
is one of the weaknesses and probably the influence in 
my returning your questionnaire. 

2. I spent considerable time puzzling through the informa
tion you sought. I concluded that my own conceptuali
zation of learning disabilities is not amenable to this 
kind of analysis. Let me be specific. You have phrased 
your questions in a way which assumes that some deficit 
condition within the child causes his learning dis
abilities. You have then asked for estimates of what 
percent of learning disordered and non-learning dis
ordered children have specific deficits. I truly find 
this impossible to estimate as I believe that single 
deficit conditions do not explain why a child is or is 
not learning disordered. In other words a child might 
have problems of "body awareness" but have such strong 
compensating abilities that it makes no difference. 

By the same token there is an assumption that if a 
child has a deficit, it is an "in-child" impairment, 
and thus would appear in most situations. Yet the re
search on hyperactivity, as example, suggests that 
hyperactivity is for the most part situational and not 
just an in-child condition. I cannot make accurate 
estimates of conditions within LD or non-LD children 
when the circumstances are not specified, or when a 
single condition is viewed separately from other 
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abilities or conditions. My problem with your questions 
was that I could not respond outside the frame of refer
ence which emphasizes a child by task interaction. 

3. Thank you very much for considering me as a candidate to 
contribute to your doctoral research program. However, I 
do not support the type of questionnaire research which 
you have proposed and therefore, would prefer not to con
tribute to it. I hope this does not seem like an overly 
harsh response to your request, however, I do have strong 
feelings that we are beyond the point where a question
naire, opinion kind of responses from so called experts 
can contribute anything meaningful to our field. I be
lieve we have had too much speculation, politics and 
opinion already and that we should be doing the mundane 
job of gathering data, trying things and finding out em
pirically what works. 

4. I am sorry I have not completed your questionnaire. How
ever, there is so much detail involved and too much pro
fessional time would be taken. Possibly if you could 
refine the questionnaire to more generalized and less de
tailed responses, it would be easier to obtain the in
formation you need. 

5. After having struggled with the enclosed questionnaire 
for more than four hours, I give up and return it to you 
incomplete. The only reason I continued to work with it 
after cursory examination was my sincere desire to be of 
help to students and my investment in the field of spe
cial education. 

The first two sentences of your Purpose of the Study 
turned me off. Any search for "one instrument" seems to 
me not only impossible but misleading as to need in the 
field; and if it is possible to identify learning dis
abilities through "clinical diagnosis" I am not aware of 
it. You do not define the term, deliberately I assume, 
but you refer to the plural ("all learning disabilities") 
some of the time and the singular ("the condition of 
learning disabilities") some of the time. The implica
tions are of some thing or things abnormal in and of 
themselves, whereas I think of learning disabilities as 
variations of learning rate and style which interact 
continuously with the environment and are constantly 
changed in significant ways by training. If we seek to 
pin down a condition inferred from sets of behaviors I 
feel we are in danger of attempting to treat for the 
supposed condition rather than for the ways in which it 
is exhibited, and in further danger of having been 



influenced in dubious ways by the fact that certain be
haviors may be foci of attention less because they reflect 
"learning disability" than because they discommode or dis
turb teachers. We have seen in the past that labeling 
may be the forerunner of other functions (e.g. treatment, 
research, segregation, legislation) and divert attention 
away from the urgent aims of rendering aid and toward 
pursuing a system of classification. We start to con
sider the condition rather than the person. 

Above I downgraded "clinical diagnosis." Since you did 
not directly define it (though I assume that the entire 
questionnaire is elaboration of your definition), cre
dence is being accorded to my guesses as one who has had 
years of experience which is not accorded to those of 
others. Perhaps there is some cumulative value in long 
observation, but I tend to suppose that the greenest 
teacher neophyte can be alerted within a few hours of 
information to identify the most obvious signs of learn
ing irregularity, and be ready to take whatever steps the 
district may make possible for help. 

The whole thing is probably far more complex than we even 
guess, but I don't think I want my "guesses" computerized. 
I don't have that much confidence in them. It is a little 
like physical health, perhaps. The complexities of human 
functioning are beyond imagining, but we do know a little 
about health maintenance. The ramifications of learning 
are complex, but we haven't yet put into practice what we 
know. 

I don't know whether to apologize for not being able to 
fulfill your expectations, or to bear down on you for try
ing to codify guessing. I resist the temptation to write 
two or three more pages in reaction to your proposal, and 
extend the hope that others to whom you have appealed may 
not be as disappointing to you as I am. 

On the one hand, your questions raise such fundamental 
issues that it would take me many more hours than I can 
afford to give to think through each question enough for 
me to reply at a responsible professional level. On the 
other hand, I doubt that my responses would be helpful to 
you even if I took the time because they would likely 
turn out to be all 0 or 100 percent entries in Section 1 
and all boxes would be filled with all numbers in Section 
21 

The basic problem, as I see it, is the matter of defini
tion, particularly of the terms "learning disability" and 
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"impairment." I do not, for example, accept the most 
common formal definition of learning disabilities and, 
unless otherwise directed (which is probably an impos
sibility) would have to use my own. Mine pretty much 
boils down to the view that at least 90% of us have 
serious "learning disabilities" because of deficits 
within ourselves and our environments. 

I'm sure that this reply is disappointing to you as well 
as to me, but I cannot do you and myself the disservice 
of filling in blanks with essentially meaningless num
bers. 

7. I was most intrigued with the particular approach you 
are using. The "subjective probabilities" technique 
certainly has promise in our nebulous field. I find, 
however, that the assumptions concerning Learning Dis
abilities underlying the questionnaire are untenable to 
me by virtue of my training, experience, and further 
study. I am also engaged in "promoting" other than sub
jective judgment for clinical work. Subjective judgment 
is "out" in many clinical professions. I am most con
cerned about the tendency in LD to "catch up" with other 
fields only when they have vacated the positions once 
valued so highly. I hope also that we can soon cease 
being Astrologers. But the "unexplainable" successes are 
enough to keep the gamblers coming back, even with the 
larger proportions of "unexplainable" failures. So much 
for the sermon. 

Fourteen specialists completed Question 1 of the questionnaire 

which required percentage estimates for the component disabilities, 

but did not complete the interrelationship section (Question 2). Some 

reasons for non-completion of Question 2 are quoted below: 

1. I must confess that an effort to respond to this last page as 
you have directed would be a highly academic pursuit, requir
ing many hours and which would probably have little reli
ability. Here I would simply state that there is a great 
deal of interrelatedness in every conceivable way in the 
learning disability population, but varying in individual 
children. 

2. Time commitment for completing this seems more than I can 
allow—sorry. 
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3. I found this nearly impossible—I have to take each one 
and run through the whole list for each one. Then I find 
myself rating channels. Visual and related—auditory and 
related, etc. Attention relates to all of them. 

4. Impossible to do this because of all permutations and 
combinations possible. 

5. An impossible task~SorryGood luck. 

6. The second part seemed like a staggering clerical job to 
me. I found myself in such a state of resistance that I 
decided to return it as is. 

7. Your second operation is a clerical job that I just don't 
have time for. 

8. Part 2 is not completed, but from what I have done, you 
will see that I was tending to view almost everything as 
being interrelated. This is not because I believe every
thing is interrelated, but because the definitions as I 
understand them lead me to see such relationships. 

9. Query 2 I found impossible. 



APPENDIX C 

RAW SCORE DATA 

Appendix C presents the raw score percentage estimates for the 

40 specialists in the research sample. Data abbreviations follow: 

1. Attention deficit ad 
2. Hyperexcitability hr 
3. Hypoexcitability ho 
4. Perseveration pd 
5. Body balance deficit bb 
6. Spatial deficit sd 
7. Temporal deficit td 
8. Visual pursuit deficit vp 
9. Auditory direction deficit add 
10. Maturational lag ma 
11. Auditory discrimination deficit ads 
12. Visual discrimination deficit vds 
13. Kinesthetic discrimination deficit kds 
14. Tactile discrimination deficit tds 
15. Visual-haptic coordination deficit vh 
16. Auditory-visual coordination deficit avc 
17. Auditory-haptic coordination deficit ah 
18. Auditory-visual-haptic coordination deficit avh 
19. Visual short-term memory span deficit vst 
20. Auditory short-term memory span deficit ast 
21. Rehearsal deficit rd 
22. Long-term memory deficit lm 
23. Visual figure-ground deficit vf 
24. Listening comprehension deficit lc 
25. Visual closure deficit vc 
26. Auditory closure deficit ac 
27. Reading comprehension deficit rc 
28. Mathematical comprehension deficit mc 
29. Social comprehension deficit sc 
30. Oral expression deficit oe 
31. Writing deficit wd 
32. Body language deficit bl 
33. Quantitative deficit qd 
34. Affect deficit af 
35. Visualization deficit vd 
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36. Sound blending deficit sb 
37. Prediction deficit pdd 
38. Monitoring deficit md 
39. Visual speed of perception deficit vs 
40. Auditory speed of perception deficit as 



Specialists 1-6 

Component 
Disability Specialist Numbers 

1 2 3 4 •5 6 

LD LD LD LD LD LD LD LD LD LD LD LD 

1. ad .50 .10 .50 .05 .25 .05 .60 .20 .03 .02 .90 .20 
2. hr .50 .10 .50 .05 .10 .05 .70 .15 .02 .01 .85 .05 
3. ho .05 .05 .10 .10 .05 .05 .20 .20 .01 .01 .02 .04 
4. pd .25 .05 .10 .05 .05 .01 .40 .20 .02 * .30 .04 
5. bb .25 .05 .05 .05 .05 .05 .30 .15 .015 .03 .005 .006 
6. ad .15 .05 .05 .05 .10 .05 .30 .10 .015 .03 .50 .02 
7. td .10 .10 .05 .05 .10 .02 .20 .20 .02 .03 .20 .02 
8. vp .10 .10 .05 .05 .05 .05 .35 .35 .02 .04 .01 .001 
9. add .05 .05 .02 .02 .05 .01 .40 .10 .015 .04 .01 .001 
10. ma .20 .10 .02 .02 .10 .02 .30 .20 .14 .15 .85 .15 
11. ads .15 .10 .02 .02 .20 .05 .10 .15 .40 .50 .20 .01 
12. vds .15 .10 .02 .02 .15 .05 .35 .10 .35 .30 .50 .05 
13. kds .10 .05 .02 .02 .03 .03 .20 .05 .05 .05 .05 .003 
14. tds .05 .05 .02 .02 .05 .02 .15 .05 .05 .05 .03 .003 
15. vh .10 .05 .05 .02 .20 .02 .50 .15 .30 .25 .30 .001 
16. avc .40 .10 .05 .02 .35 .03 .70 .20 .98 .50 .25 .001 
17. ah .10 .05 .01 .01 .05 .02 .50 .20 .75 .50 .30 .001 
18. avh .25 .10 .02 .02 .30 .05 .30 .10 .50 .40 .02 .0005 
19. vst .10 .05 .02 .02 .15 .10 .40 .10 .70 .50 .10 .002 
20. ast .10 .05 .75 .20 .20 .20 .60 .15 .80 .50 .15 .04 
21. rd .20 .05 .50 .02 .20 .10 .60 .10 .90 .50 .40 .05 
22. 1m .20 .05 .05 .05 .15 .05 .75 .25 .90 .50 .30 .07 
23. vf .15 .05 .05 .02 .05 .02 .75 .25 .35 .30 .70 .05 
24. lc .15 .05 .10 .02 .15 .05 .60 .20 .40 .30 .75 .08 
25. vc .05 .01 .05 .02 .05 .05 .80 .30 .10 .10 .30 .04 
26. ac .10 .05 .25 .02 .10 .05 .90 .25 .40 .30 .70 .10 



Specialists 1 - 6—Continued 

Component 
Disability Specialist Numbers 

LD LD LD LD LD LD LD LD LD LD LD LD 

27. rc .15 .05 .005 .005 

o
 

1—
I 

• .05 .95 .30 1.00 .50 .25 .05 
28. mc .25 .05 .15 .15 .05 .05 .85 .20 .75 .50 .50 .08 

• 

0 s* CM 

sc .15 .05 .15 .15 .05 .05 .95 .25 .10 .10 .25 .10 
30. oe .15 .05 .10 .05 .10 .02 .80 .30 .75 .50 .35 .06 
31. wd .25 .05 .10 .05 .10 .05 .95 .35 .90 .50 .10 .02 
32. bl .05 .05 .02 .02 .05 .02 .65 .15 .05 .05 .02 .005 
33. qd .25 .05 .10 .10 .10 .05 .65 .20 .70 .50 .50 .08 
34. af .25 .05 .15 .05 .05 .05 .60 .25 .05 .10 .35 .10 
35. vd .50 .05 .05 .05 .10 .05 .10 .10 .95 .70 .15 .01 
36. sb .25 .05 .60 .30 .20 .10 .60 .10 .95 .70 .70 .08 
37. pdd .25 .05 .20 .05 .15 .05 .60 .20 .75 .60 .30 .03 
38. md .50 .05 .15 .05 .10 .02 .20 .15 .80 .60 .30 .03 
39. vs .15 .05 .15 .05 .20 .03 .30 .20 .80 .50 .10 .0005 
40. as .15 .05 .15 .05 .20 .05 .40 .10 .85 .60 .25 .02 

*No estimate was given. 



Specialists 7 - 12 

Component 
Disability Specialist Numbers 

10 11 12 

LD LD LD LD LD LD LD LD LD LD LD LD 

1. ad 

o
 

in • .10 .20 .008 .90 .30 .80 .20 • to
 
o
 in o

 • .80 .15 
2. hr .85 .30 .10 .006 .40 .40 .60 .20 .20 .10 .10 .10 
3. ho .10 .15 .10 .006 .20 .20 .40 .05 .05 .05 .04 .15 
4. pd .40 .10 .15 .007 5 .20 .20 .40 .10 .15 .05 .60 .15 
5. bb .85 .10 .05 .0025 .10 .10 .25 .08 .05 .02 .40 .20 
6. sd .80 .15 .05 .0025 .10 .10 .20 .05 .05 .01 .80 .20 
7. td .10 .05 .01 .0035 .50 .10 .35 .08 * * .60 .20 
8. vp .35 .15 .01 .0005 .25 .10 .30 .10 .05 .02 .40 .20 
9. add .10 .10 .01 .0005 .05 .05 .15 .10 .20 .10 .05 .05 
10. ma .40 .20 .15 .0055 .20 .10 .25 .08 .15 .10 .20 .20 
11. ads .30 .10 .01 .0032 .20 .10 .40 .10 .25 .20 .50 .20 
12. vds .40 .10 .01 .0017 .20 .10 .40 .10 .15 .10 .50 .20 
13. kds .30 .10 .01 .0017 .15 .05 .25 .10 .10 .05 .50 .20 
14. tds .30 .10 .01 .0017 .10 .10 .20 .10 .10 .05 .50 .20 
15. vh .30 .05 .02 .0005 .25 .05 .50 .10 .15 .10 .80 .20 
16. avc .60 .10 .02 .0005 .75 .20 .65 .10 .15 .10 .80 .20 
17. ah .15 .05 .02 .0005 .75 .10 .50 .10 .15 .05 .10 .10 
18. avh .15 .05 .03 .001 .90 .10 .65 .10 .15 .05 .80 .20 
19. vst .90 .20 .10 .0025 .25 .10 .65 .15 .20 .05 .20 .20 
20. ast .95 .20 .10 .0025 .25 .10 .65 .15 .25 .10 .20 .20 

21. rd .10 .10 .10 .005 .25 .10 .60 .15 .20 .15 .60 .30 
22. lm .25 .10 .10 .005 .75 .10 .75 .15 .20 .10 .70 .30 
23. vf .35 .15 .10 .005 .25 .05 .65 .12 .10 .05 .80 .30 
24. lc .65 .10 .10 .005 .75 .05 .65 .12 .05 .05 .80 .30 

25. vc .30 .10 .05 .0025 125 .05 .55 .10 .05 .02 .80 .30 
26. ac .35 .10 .05 .0025 .25 .05 .55 .10 .05 .02 .80 .30 



Specialists 7 - 12—Continued 

Component 
Disability Specialist Numbers 

10 11 12 

LD LD LD LD LD LD LD LD LD LD LD LD 

27. rc .45 .20 .20 .008 .50 .10 .45 • o
 

00
 

.20 .15 
o
 

CO • .30 
28. mc .15 .10 .10 .005 .50 .10 .35 .08 .20 .10 .60 .30 
29. sc .80 .10 .10 .008 .50 .10 .30 .08 .20 .05 .70 .30 
30. oe .60 .10 .10 .003 5 .20 .10 .30 .08 .15 .05 .10 .10 
31. wd .35 .10 .10 .003 5 .50 .10 .55 .15 .10 .05 .75 .30 
32. bl .20 .10 .02 .001 .10 .10 .60 .15 .05 .05 .40 .15 
33. qd .15 .10 .05 .0025 .50 .20 .60 .20 .20 .05 .70 .30 
34. af .70 .25 .10 .008 .25 .10 .65 .20 .10 .08 .60 .30 
35. vd .55 .15 .10 .0025 .75 .20 .35 .06 .10 .05 .70 .40 
36. sb .45 .15 .10 .0025 .75 .20 .45 .12 .15 .08 .70 .40 
37. pdd .15 .10 .05 .0025 .75 .20 .50 .15 .15 .05 .60 .30 
38. md .15 .10 .10 .0035 .75 .20 .30 .10 .15 .05 .60 .30 
39. vs .50 .10 .10 .0025 .75 .20 .35 .10 .15 .05 .80 .30 
40. as .65 .15 .10 .0025 .75 .20 .35 .10 .20 .05 .80 .30 

*No estimate was given. 
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Specialists 13 - 18 

Component 
Disability j Specialist Numbers 

13 14 15 16 17 18 

LD LD LD LD LD LD LD LD LD LD LD LD 

1. ad .25 .05 .20 .15 .40 .10 .40 .05 .05 .15 .50 .10 
2. hr .15 .05 .20 .15 .30 .10 .10 .05 .10 .10 .20 .10 
3. ho .02 .02 .15 .15 .20 .20 .10 .05 .05 .15 .10 .05 
4. pd .05 .02 .15 .15 .30 .20 .20 .05 .05 .15 .10 .05 
5. bb .10 .05 .15 .15 .30 .20 .20 .10 .01 .05 .20 .05 
6. sd .05 .01 .15 .15 .40 .10 .10 .05 .01 .05 .15 .05 
7. td .03 .01 .15 .15 .40 .10 .10 .05 .01 .05 .10 .05 
8. vp .15 .08 .15 .15 .40 .20 .25 .05 .01 .05 .05 .03 
9. add .02 .01 .25 .10 .30 .10 .05 .05 "k * .05 .03 
10. ma .05 .02 .15 -.15 .40 .20 .10 .20 .05 .15 .05 .05 
11. ads .15 .05 .25 .15 .50 .20 .30 .10 .05 .15 .40 .10 
12. vds .15 .09 .25 .15 .50 .10 .30 .10 .05 .15 .10 .05 
13. kds .03 .01 .15 .15 .30 .10 .05 .02 * * .05 .03 
14. tds .03 .01 .15 .15 .30 .10 .05 .02 * * .05 .03 
15. vh .05 .01 .15 .15 .50 .20 .05 .02 * * .05 .04 
16. avc .08 .02 .25 .15 .70 .20 .10 .05 .30 .15 .40 .10 
17. ah .03 .01 .25 .15 .70 .10 .05 * * * .20 .10 
18. avh .02 .01 .25 .15 .80 .20 .05 * * • .30 .15 
19. vst .05 .01 .15 .15 .50 .20 .20 .20 .30 .15 .25 .10 
20. ast .05 .01 .15 .15 .70 .20 .30 .20 .05 .15 .40 .15 
21. rd .03 .01 .25 .15 .70 .10 .40 • * * .50 .10 
22. lm .03 .01 .25 .15 .70 .20 .50 .20 .05 .15 .30 .10 
23. vf .03 .01 .15 .15 .80 .10 .10 * .15 .15 .10 .05 
24. lc .10 .03 .25 .15 .80 .10 .05 * .15 .15 .30 .10 
25. vc .02 .01 .10 .10 .60 .10 .05 "k .15 .15 .10 .05 
26. ac .04 .01 .10 .10 .70 .20 .10 * .15 .15 .20 .08 



Specialists 13 - 18—Continued 

Component 
Disabilitv Specialist Numbers 

13 14 15 16 17 18 

LD LD LD LD LD LD LD LD LD LD LD LD 

27. rc .15 .10 .10 .10 .60 .20 .60 .15 .45 .15 .40 .10 
28. mc .10 .05 .10 .10 .60 .20 .20 .15 .20 .15 .20 .10 
29. sc .15 .05 .10 .10 .60 .20 •k .25 .20 .15 .30 .10 
30. oe .20 .10 .25 .15 .50 .10 .15 .15 .30 .15 .40 .10 
31. wd .10 .05 .25 .15 .40 .20 .15 .25 .30 .15 .40 .10 
32. bl .02 .01 .10 .10 .30 .10 .05 .05 * * .20 .10 
33. qd .15 .05 .25 .10 .60 .20 .15 .10 * * .20 .10 
34. af .15 .05 .15 .15 / .60 .10 * .25 * * .40 .10 
35. vd .05 .02 .15 .10 .70 .20 .10 * .20 .15 .40 .10 
36. sb .10 .05 .25 .10 .70 .20 .20 * .20 .15 .25 .10 
37. pdd .10 .03 .15 .15 .60 .20 .20 * .20 .15 .25 .10 
38. md .10 .03 .15 .15 .70 .20 .25 * .20 .15 .25 .10 
39. vs .03 .01 .15 .15 .70 .20 .25 * .30 .15 .30 .10 
40. as .03 .01 .15 .15 .70 .20 .25 * .30 .15 .40 .10 

*No estimate was given. 



Specialists 19 - 24 

Component 
Disability Specialist Numbers 

19 20 21 22 23 24 

LD LD LD LD LD LD LD LD LD LD LD LD 

1. ad .60 .40 .75 .15 .01 .04 .10 .03 .75 .50 .60 .15 
2. hr .50 .50 .50 .05 .02 .02 .15 .05 .80 .20 .50 .10 
3. ho .50 .50 .30 .01 .01 .04 .05 .05 .50 .50 .50 .10 
4. pd .60 .40 .50 .05 .005 .01 .15 .05 .85 .15 .35 .15 
5. bb .90 .10 .20 .20 .005 .005 .20 .15 .85 .15 .35 .20 
6. sd .60 .40 .20 .20 .005 .005 .15 .05 .85 .15 .50 .20 
7. td .60 .40 .40 .20 .005 .005 .05 .05 .85 .15 .50 .20 
8. vp .90 .10 .20 .20 .01 .04 .10 .10 .75 .50 .35 .15 
9. add .50 .50 .20 .20 .01 .04 .05 .03 .85 .15 .25 .10 
10. ma .90 .10 .40 .10 .01 .04 .15 .10 .85 .15 .65 .25 
11. ads .90 .10 .30 .10 .03 .05 .35 .15 .10 .10 .50 .15 
12. vds .60 .40 .30 .10 .03 .05 .35 .15 .10 .10 .25 .05 
13. kds .50 .50 .30 .10 .005 .02 .05 .03 .75 .25 .25 .05 
14. tds .50 .50 .30 .10 .005 .02 .05 .03 .10 .10 .25 .05 
15. vh .50 .50 .20 .10 .05 .08 .15 .10 .85 .15 .30 .10 
16. avc .90 .10 .20 .10 .25 .08 .15 .10 .85 .15 .70 .25 
17. ah .50 .50 .20 .10 .05 .08 .05 .05 .85 .15 .25 .10 
18. avh .50 .50 .20 .10 .25 .08 .20 .10 .85 .15 .30 .10 
19. vst .60 .10 .50 .20 .08 .11 .10 .10 .75 .50 .45 .20 
20. ast .60 .10 .50 .20 .08 .11 .20 .10 .75 .50 .45 .20 
21. rd .50 .50 .70 .30 * * .20 .10 .10 .10 .60 .20 
22. lm .50 .50 .70 .30 .08 .11 .05 .05 .85 .15 .25 .25 
23. vf .60 .40 .10 .05 .01 .04 .15 .10 .85 .15 .35 .15 
24. lc .60 .40 .20 .05 .01 .04 .20 .10 .10 .10 .55 .25 
25. vc .60 .40 .40 .10 .10 .15 .15 .10 .85 .15 .60 .20 
26. ac .90 .10 .40 .10 .10 .15 .20 .10 .50 .25 .40 .15 



Specialists 19 - 24—Continued 

Component 
Disability Specialist Numbers 

19 20 21 22 23 24 

LD LD LD LD LD LD LD LD LD LD LD LD 

27. rc .60 .40 .60 .30 .80 .20 .30 .15 .75 .50 .75 .25 
28. mc .60 .40 .40 .30 .85 .25 .10 .05 .75 .50 .60 .20 
29. sc .60 .40 .10 .40 .10 .15 .30 .10 .75 .50 .75 .25 
30. oe .90 .10 .20 .20 . .10 .05 .10 .05 .10 .05 .50 .20 
31. wd .90 .10 .60 .20 .80 .20 .10 .05 .15 .05 .60 .25 
32. bl .50 .50 .20 .20 .02 .04 .20 .05 .15 .05 .35 .15 
33. qd .90 .10 .30 .20 .85 .25 .15 .05 .10 .10 .50 .20 
34. af .50 .50 .20 .40 .10 .15 .20 .10 .10 .10 .35 .10 
35. vd .50 .50 .40 .40 .80 .20 .10 .05 .50 .25 * * 

36. sb .60 .40 .60 .40 .40 .15 .25 .10 .50 .25 .60 .25 
37. pdd .60 .40 .20 .20 .10 .10 .15 .05 .50 .25 .70 .20 
38. md .90 .10 .20 .20 .85 .40 .25 .10 .50 .25 .45 .15 
39. vs .90 .10 .60 .50 .85 .25 .10 .03 .50 .25 .50 .15 
40. as .70 .30 .60 .50 .85 .25 .20 .05 .10 .05 .50 .15 

*No estimate was given. 

o u> 



Specialists 25 - 30 

Component 
Disability Specialist Number 

25 26 27 28 29 30 

LD LD LD LD LD LD LD LD LD LD LD LD 

1. ad .70 .12 .50 .10 .90 .40 .50 ..10 .30 .05 .60 .08 
2. hr .50 .05 .40 .10 .70 .40 .50 .02 .30 .05 .40 .05 
3. ho .03 .03 .05 .02 .30 .10 .40 .0005 .01 .01 .15 .10 
4. pd .20 .05 .40 .15 .30 .10 .45 .01 .10 .05 .05 .05 
5. bb .10 .10 .30 .04 .30 .10 .30 .01 .10 .02 .75 .15 
6. sd .10 .10 .30 .04 .30 .10 .30 .01 .10 .05 .75 .15 
7. td .45 .15 .60 .10 .10 .05 .60 .02 .15 .01 .60 .10 
8. vp .15 .10 .20 .05 .30 .10 .20 .02 .20 .02 .20 .10 
9. add .10 .10 .15 .05 .30 .10 .10 .0005 .10 .01 .05 .02 
10. ma .25 .10 .80 .30 .20 .05 .15 .0005 .30 .02 .85 .10 
11. ads .15 .15 .60 .15 .70 .40 .25 .15 .40 .02 .75 .10 
12. vds .30 .20 .40 .15 .70 .30 .50 .15 .20 .05 .75 .10 
13. kds .30 .10 .20 .05 .30 .05 .25 .05 .10 .01 .50 .10 
14. tds .15 .15 .20 .05 .30 .05 .10 .0005 .10 .01 .20 .05 
15. vh .45 .12 .70 .20 .20 .05 .30 .10 .10 .01 .60 .05 
16. avc .75 .12 .80 .20 .50 .05 .50 .10 .30 .05 .80 .10 
17. ah .20 .08 * • .10 .02 .30 .03 .10 .02 .30 .05 
18. avh .60 .15 * * .07 .02 .30 .05 .20 .02 .85 .15 
19. vst .65 .12 .20 .10 .40 .10 .33 .01 .25 .02 .25 .05 
20. ast .65 .08 .30 .10 .50 .20 .25 .01 .40 .05 .60 .05 
21. rd .60 .10 .70 .20 .50 .20 .50 .01 .30 .05 .75 .10 
22. lm .75 .15 .30 .05 .70 .30 .60 .02 .40 .05 1.00 .15 
23. vf .50 .12 .40 .15 .60 .20 .20 .01 .20 .05 .60 .05 
24. lc .65 .15 .60 .15 .80 .40 .30 .01 .10 .02 .40 .05 
25. vc .25 .08 .50 .50 .60 .30 .40 .01 .10 .02 .25 .05 
26. ac .25 .08 .70 .50 .70 .30 .40 .02 .30 .05 .30 .05 



Specialists 25 - 30—Continued 

Component 
Disability Specialist Number 

25 26 27 28 29 30 

LD LD LD LD LD LD LD LD LD LD LD LD 

27. rc .85 .08 .20 .20 .50 .30 .60 .03 .40 .10 1.00 .05 

to
 

00
 

• mc .65 .10 .05 .05 .40 .35 .50 .02 .20 .10 .30 .05 
29. sc .20 .04 .20 .05 .10 .30 .70 .01 .40 .10 .10 .02 
30. oe .12 .02 .15 .05 .40 .30 .30 .03 .30 .10 .25 .05 
31. wd .35 .05 .40 .10 .60 .40 .60 .05 .40 .05 .40 .10 

• 

CN CO 

bl .05 .05 .05 .05 .05 .01 .35 .01 .10 .10 .20 .05 
33. qd .65 .12 .30 .30 .40 .30 .60 .01 .20 .10 .30 .10 
34. af .20 .08 .20 .05 .40 .40 .25 .0005 .30 .10 .15 .05 
35. vd .60 .10 .60 .15 .90 .30 .45 .02 .25 .05 .90 .15 
36. sb .60 .10 .70 .15 .70 .40 .60 .03 .30 .10 .90 .15 
37. pdd .30 .20 .70 .15 .30 .10 .60 .02 .30 .10 .70 .10 
38. md .30 .20 .50 .20 .30 .10 .50 .02 .25 .05 .60 .10 
39. vs .60 .10 .40 .20 .70 .30 .40 .01 .25 .05 .80 .20 
40. as .70 .12 .60 .15 .80 .30 .35 .01 .30 .10 .80 .20 

*No estimate was given. 



Specialists 31 - 35 

Component 
Disability Specialist Number 

31 32 33 34 35 

LD LD LD LD LD LD LD LD LD LD 

1. ad .20 .20 

O
 

in • .10 .15 .05 .05 .03 .20 .05 
2. hr .10 .05 .50 .10 .25 .05 .08 .03 .25 .05 
3. ho .05 .03 .10 .30 .15 .02 .04 .02 .10 .15 
4. pd .15 .10 .50 .10 .10 .10 .09 .01 .10 .05 
5. bb .05 .05 .50 .30 .10 .10 .06 .09 .10 .15 
6. sd .05 .05 .50 .30 .65 .20 .16 .05 .15 .10 
7. td .10 .08 .50 .20 .50 .25 .08 .03 .10 .10 
8. vp .05 .05 .60 .10 .15 .05 .04 .01 .25 .15 
9. add .05 .05 .40 .10 .10 .10 .03 .01 .05 .05 
10. ma .15 .10 .50 .10 .15 .05 .02 .05 .25 .10 
11. ads .15 .10 .70 .10 .60 .05 .03 .01 .25 .10 
12. vds .15 .10 .30 .30 .10 .10 .05 .02 .15 .05 
13. kds .05 .05 .10 .10 .10 .10 .03 .01 .05 .02 
14. tds .05 .05 .10 .10 .10 .10 .02 .01 .05 .02 
15. vh .10 .05 .50 .10 .10 .10 .02 .01 .05 .02 
16. avc .40 .20 .85 .10 .60 .05 .08 .03 .50 .20 
17. ah .05 .02 .50 .10 .50 .10 .07 .03 .10 .05 
18. avh .10 .05 .40 .40 .50 .10 .05 .01 .05 .05 
19. vst .20 .10 .80 .10 .10 .10 .15 .05 .05 .03 

to
 
o
 

• ast .20 .10 .80 .10 .60 .05 .18 .10 .10 .05 
21. rd .15 .10 .60 .10 .10 .10 .18 .07 .10 .10 
22. lm .10 .05 .10 .10 .10 .10 .20 .06 .10 .15 
23. vf .15 .10 .50 .30 .05 .05 .06 .02 .05 .02 

to
 

• lc .20 .10 .50 .10 .60 .05 .03 .03 .10 .10 
25. vc .10 .05 .30 .30 .10 .10 .10 .03 .05 .02 
26. ac .05 .03 .40 .20 .60 .05 .05 .02 .05 .02 



Specialists 31 - 35—Continued 

Component 
Disability Specialist Number 

31 32 33 34 35 

LD LD LD LD LD LD LD LD LD LD 

27. rc .75 .40 .70 .10 .60 .05 .25 .08 .75 .15 
28. mc .50 .30 .40 .10 .50 .10 .12 .08 .50 .10 
29. sc .50 .25 .30 .30 .10 .10 .30 .06 .20 .15 
30. oe .25 .25 .30 .10 .80 .10 .05 .04 .05 .02 
31. wd .75 .40 .25 .10 .97 .10 .10 .08 .75 .15 
32. bl .30 .15 .30 .10 .20 .20 .02 .02 .05 .02 
33. qd .50 .30 .30 .10 .65 .25 .28 .25 .50 .20 
34. af .25 .15 .30 .30 .10 .10 .20 .08 .10 .05 
35. vd .10 .05 * * .65 .10 .40 .05 .15 .10 
36. sb .10 .05 * * .80 .10 .35 .05 .25 .15 
37. pdd .20 .10 •k * .25 .15 .18 .05 .05 .02 
38. md .20 .10 * * .30 .10 .25 .08 .05 .02 
39. vs .10 .05 * * .10 .10 .30 .10 .25 .15 
40. as .10 .05 * * .80 .10 .16 .03 .10 .05 

*No estimate was given. 



Specialists 36 - 40 

Component 
Disability Specialist Number 

36 37 38 39 40 

LD LD LD LD LD LD LD LD LD LD 

1. ad .25 .10 .50 .08 .40 .30 .40 .05 .75 .10 
2. hr .15 .05 .40 .04 .30 .20 .15 .03 .25 .10 
3. ho .10 .05 .03 .01 .15 .10 .15 .02 .25 .05 
4. pd .60 .10 .55 .02 .40 .20 .20 .05 .25 .05 
5. bb .02 .05 .0005 .005 .20 .10 .03 * .15 .05 
6. sd .05 .05 .0005 .005 .20 .10 .05 .01 .15 .05 
7. td .05 .05 .65 .15 .40 .20 .03 * .20 .05 
8. vp .05 .05 .15 .05 .20 .20 .15 .02 .50 .05 
9. add .05 .05 .05 .02 .05 .03 .03 * .50 .05 

« 

o
 

1—1 

ma .10 .05 .60 .06 .20 .10 .10 .02 .25 .10 
11. ads .15 .10 .20 .25 .20 .10 .05 .01 .25 .05 
12. vds .20 .10 .60 .10 .20 .10 .20 .04 .25 .05 
13. kds .05 .05 .10 .10 .20 .10 .10 .02 .15 .05 
14. tds .05 .05 .10 .08 .20 .10 .02 * .15 .05 
15. vh .10 .05 .60 .10 .20 .10 .10 .03 .25 .10 
16. avc .40 .10 .75 .10 .30 .10 .15 .02 .25 .10 
17. ah .15 .05 * •k .20 .10 .10 * .25 .10 
18. avh .15 .05 .90 .12 .30 .10 .10 .02 .25 .10 
19. vst .15 .05 .20 .10 .30 .10 .30 .05 .75 .10 
20. ast .25 .05 .15 .10 .40 .10 .20 .03 .75 .10 
21. rd .30 .10 .35 .10 .50 .20 .20 .03 .75 .10 
22. lm .50 .15 .10 .05 .70 .30 .15 .02 .75 .10 
23. vf .40 .10 .65 .10 .20 .10 .08 .02 .25 .05 
24. lc .30 .10 .40 .10 .40 .10 .06 .02 .25 .05 
25. vc .15 .05 .60 .08 .20 .10 .12 . .02 .15 .05 
26. ac .20 .05 .45 .05 .30 .10 .09 ' ^ .02 .15 .05 



Specialists 36 - 40—Continued 

Component 
Disability Specialist Number 

36 37 38 39 40 

LD LD LD LD LD LD LD LD LD LD 

to
 

• rc .60 .10 .85 .15 .40 .20 .30 .05 

o
 

00 • .05 
28. mc .40 .10 .50 .10 .50 .30 .06 .01 .75 .05 

• 

CM 

sc .15 .05 .20 .05 .30 .20 .03 .02 .50 .15 
30. oe .15 .05 .05 .05 .50 .20 .20 .02 .50 .15 
31. wd .10 .05 .80 .05 .70 .30 .06 .01 .75 .15 
32. bl .10 .05 .05 .05 .20 .10 .17 .04 .25 .05 
33. qd .15 .05 .20 .10 .50 .30 .05 .01 .80 .05 
34. af .15 .05 .25 .03 .30 .20 .04 .01 .50 .15 
35. vd .60 .10 .80 .10 .30 .20 .15 .03 .50 .05 
36. sb .15 .05 .25 .05 .20 .10 .40 .05 .25 .25 
37. pdd .25 .10 .75 .10 .30 .10 .10 .03 .75 .10 
38. md .40 .10 .80 .15 .20 .10 .15 .02 .75 .10 
39. vs .45 .10 .75 .25 .30 .20 .10 .02 .50 .05 
40. as .55 .10 .75 .25 .40 .20 .08 .02 .50 .05 

*No estimate was given. 
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