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ABSTRACT 

The purpose of this study was to find and apply a methodology 

which would quantify a theoretical framework of learning disability. 

The theory of deviance proposed by Kass was subjected to quantification 

through a technique which is as yet little used. Fuzzy set theory was 

chosen as the methodology because it is capable of capturing human 

thought processes. 

The goal of the study was to quantify the Kass verbal theory of 

learning disability and to demonstrate that a procedure useful for iden­

tifying learning disability children could be developed. Five specific 

procedures were the following: (1) developing a verbal statement of 

the theory, (2) establishing a quantified model of the verbal state­

ment, (3) constructing a questionnaire based on the quantified model, 

(4) developing a computer program for outputting membership functions 

from the questionnaire data, and (5) confirming the model using case 

data. 

In the Kass theory of deviance used in this study, a child is 

said to pass through five age-related functions with four criteria for 

learning disability membership in each function. A child must deviate 

to such a degree that he exhibits each of the four criteria to be 

classified as learning disabled within a function. Children may be 

affected by the handicap to a greater or lesser degree. The degree to 

which a child is classed as learning disabled is dependent upon the 

ix 



X 

combination of factors within each criterion for each function and for 

the combination of functions as a whole. 

Fuzzy set theory was used to model the thought processes of a 

clinician in her identification of children with learning disability. 

Learning disability is a handicap in which the boundaries between 

learning disability and nonlearning disability are not sharp. Deviance 

from the norm can be thought of as being continuous, i.e., transition 

from membership to nonmembership is gradual rather than abrupt. Be­

cause of a basis in probability theory, traditional methods do not 

allow this continuity to be expressed. Fuzzy set theory does not have 

this limitation. It allows the handicap to be expressed as a degree of 

membership in the class "learning disabled." 

The clinician was asked to intuitively assign membership values 

on a set of data. A computer program was developed until it was 

thought that the outputted membership values matched those intuitively 

assigned by the clinician. The match was tested through the Pearson 

product-moment correlation technique, which confirmed that it is possi­

ble to predict clinical classification of children who are learning 

disabled with a computer program when fuzzy set theory is applied as 

the methodology. 

The reliability of the clinician was checked. She was asked to 

intuitively assign membership values to the same set of data on three 

occasions separated by three week and fifteen week intervals. Reli­

ability was tested by computing F statistics through use of the one-

factor repeated measures ANOVA design. The results show that the 

clinician was reliable in her assignment of membership values. 
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It can be concluded from this study that theories about learn­

ing disability can be quantified through use of fuzzy set theory. The 

process for identification of learning disability based on the Kass 

theoretical framework described in this study could be developed into 

a standardized identification instrument, as could other theories after 

being successfully quantified. Given such quantified data, the door to 

the development of a consensus definition of the handicap would be open. 

An identification procedure acceptable to a majority might follow. 



CHAPTER 1 

INTRODUCTION 

Consensus has not been reached on a definition of learning 

disability. There appears to be a universal assumption that the 

condition exists (Public Law 94-142 mandates services for the learning 

disabled), and the literature conveys a number of theories regarding 

the condition. 

Consensus about what constitutes the handicap will not come 

about through a reliance on mere verbalization of theory and then 

debate in the literature. Nor will consensus come about through data 

collection and dissemination. It is necessary to relate theory and 

empirical evidence for several theories, then make comparisons. In 

order to do this, science must be employed. Science is described by 

Freeman (1942, p. 39) as "neither facts alone nor theory alone. It 

consists in facts in a scheme of things, and the scheme of things is 

made up of relations between facts. When the set of relations becomes 

sufficiently complete and coherent, we have a science." 

Scientific reasoning consists of both imaginative and critical 

thought (Medawar, 1969; Kerlinger, 1973). The sequence appears to be 

something like this: the scientist reflects upon what problems should 

be solved in light of experience, forms hypotheses, gathers data, which 

in turn forces reformulation of the hypotheses, and continues gathering 
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more data and reformulating the hypotheses until an acceptable picture 

of reality emerges. The process is never completed. Popper (1968, 

p. 278) offers the following description of the never-ending search for 

reality by suggesting that 

Science is not a system of certain, or well-established, state­
ments, nor is it a system which steadily advances towards a 
state of finality. Our science is not knowledge (epist^ir iS) :  
it can never claim to have attained truth, or even a substitute 
for it, such as probability. 

Application of Science to Learning Disability 

The application of science to the field of learning disabilities 

has several inherent problems, some of which are as follows: (1) the 

field is relatively new, (2) applied research has been underwritten, 

both locally and federally, to a greater degree than has basic research 

(Cronbach, 1966; Carroll, 1968), (3) there is a lack of a substantive 

body of information which could provide a basis for scientific investi­

gation (Kaspar and Schulman, 1972; Bateman, 1967), (4) measurement (for 

gathering empirical evidence) has not been related to definition (Mann 

and Phillips, 1967), (5) theories have typically been taken from the 

areas of communication and intelligence, or have been deduced from an 

examination of remedial practices (Frostig, 1967; Bateman, 1967; Kirk, 

McCarthy, and Kirk, 1968; Lerner, 1976). 

Criteria for Calling Research 
in Learning Disability a Science 

In searching for scientific methodology, it must be pointed out 

that there is no one technique for studying a particular question. 
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Easley (1966, pp. 40-41) indicated this in his historical analysis of 

scientific method, as follows: 

Fifty years ago many philosophers and scientists talked of a 
single scientific method. In some versions, it proceeded 
step-wise from problem to conclusion; in others it proceeded 
from observation to theory. Duhem and Dewey did not view it 
in this way, but they spoke of the scientific method forcefully, 
and the idea of steps involving empirical, hypothesis testing 
became generally identified as the scientific method. Today, 
faith in a ubiquitous, step-wise method of scientific inquiry 
has been badly shattered by careful historical research and 
philosophical analysis. Instead, a wide variety of techniques 
and criteria of accepted research are seen as covering many 
fields of inquiry. 

The application of some criteria for determining that research 

in learning disability fulfills the definition of "science" was recom­

mended by the Seminar of Scholars (Bryant and Kass, 1972b, pp. 60-63). 

The summary of their recommendations is presented below: 

The Seminar of Scholars concurred that the most urgent need 
of the field of learning disabilities at the present time is 
need for accumulation of knowledge. The Seminar then isolated 
three major research questions which were felt to be the most 
fruitful areas of investigation. These questions are: 

1. How can an explicit operational definition of the 
population of children with which we are concerned 
be developed? 

2. How can a remedial technology that will effectively 
modify the behavior of these children be developed? 

3. How can this technology be translated into an 
efficient service delivery system? 

Alternative strategies for attacking each question were then 
formulated. 

Question 1: How can an explicit operational definition of the 
population with which we are concerned be developed? It was 
agreed that there is urgent need for an operational definition 
in order to allow comparison of research results. The following 
strategy for evolving an operational definition and a descrip­
tion of the characteristics of the population was devised. 
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Step 1; Selection of initial population. The initial 
population shall include all children referred by teachers, 
parents, etc. as having learning problems or difficulties. 

Step 2; Selection of subpopulation. If, for any reason, 
it is decided to exclude any children from the initial 
population gathered in Step 1, the criteria for exclusion 
should be stated explicitly so that the procedure can be 
replicated. If it is decided to include only a part of 
the initial population, the criteria for inclusion should 
be stated explicitly so that the procedure can be repli­
cated. (NOTE: The field of learning disabilities 
acknowledges its responsibility to provide services for 
children with severe learning problems whether they be 
learning-disability children or others. However, the pur­
pose of this strategy is to formulate a definition for 
research purposes). 

Alternative A. Children shall be excluded from the 
initial population if their learning problems are due 
to causes other than learning disability, e.g. , mental 
retardation, visual impairment, etc. 

Alternative B. Children shall be selected from the 
initial population by a test procedure which assesses 
ability to learn. If the child's performance does not 
improve within a standard period of time with standard 
presentations of either academic tasks or other develop-
mentally appropriate tasks, he will be included in the 
subpopulation. 

Alternative C. A combination of alternatives A and B. 

Step 3: Determination of characteristics of the subpopula­
tion. 

Alternative A. The subpopulation shall be described in 
terms of the precise academic responses they are making 
in the regular classroom situation. 

Alternative B. The subpopulation shall be described in 
terms of a profile of their cognitive abilities and 
disabilities. 

Alternative C. The subpopulation shall be described 
both in terms of a profile of cognitive abilities and 
disabilities and also in terms of affective, motivation­
al, situational, environmental, demographic, and other 
non-academic characteristics. 
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Step 4; Identification of homogeneous subgroups within 
the heterogeneous subpopulation. There are two empirical 
questions which must be answered once homogeneous sub­
groups are found: (1) To what extent do the different 
approaches in Step 3 lead to different groupings, or do 
all approaches arrive at essentially the same groupings? 
(2) Which system of classification is most relevant to 
efficient remediation? 

Question 2: How can a remedial technology which will effec­
tively and efficiently modify the behavior of learning-
disability children be developed? It was agreed there is 
urgent need to validate new and existing remedial methods and 
materials, which are collectively termed "remedial technol­
ogies." 

Step 1; Statement of rationale. The rationale on which 
the proposed technology is based must be described. The 
rationale should include a statement of the frame of 
reference or model, and a specification of goals. 

Step 2: Description of technology. The intervention must 
be described explicitly in terms of curriculum, method, 
materials, setting, community, etc. 

Step 3; Measurement of changes in child's behavior. In 
order to determine if changes have been effected in the 
child's behavior, performance should be measured if possi­
ble on (a) specific tasks in various contexts, (b) similar 
tasks in various contexts, and (c) dissimilar tasks in 
various contexts. Measurement should be done both directly 
after treatment and after a reasonably long period of time. 
It is the responsibility of the investigator to state 
explicitly the tasks on which performance is measured. 

Step 4; Demonstration of the relative efficiency of this 
technology. The relative efficiency of this technology 
should be tested by comparing it with other technologies 
on similar populations. 

Question 3: How do we translate this technology into an effi­
cient service delivery system? It was agreed this would be 
the next logical question. 

Specific Recommendations 
1. The Bureau of the Education for the Handicapped should: 

a. Make research the number one funding priority. 
b. Utilize the research strategy outline above both for 

proposal guidelines and for evaluation of proposals. 
c. Promote programmatic research in learning disabilities. 
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The Seminar outlined the following procedures for per­
suading BEH to follow the above suggestions: 

a. Dr. Norris Haring was charged with the responsi­
bility of presenting the Seminar's conclusions 
about the need for research and the proposed 
research strategy to the National Advisory 
Committee. 

b. The LTI was charged with the task of formulating 
guidelines on the basis of the research strategy 
for both writing and evaluation of proposals. 

2. Professional journals should include the research 
criteria proposed by the Seminar as part of their 
selection procedure. For example, no research article 
should be considered for journal publication unless it 
explicitly specifies the methodology by which the 
population was selected. The Seminar drew up the 
following procedures to persuade journals to use the 
prepared research criteria: 

a. The guidelines for research should be sent to all 
journal editors and to all members of journal 
review boards. 

b. The LTI was charged with the task of analyzing 
journal articles according to the guidelines and 
reporting the results of the study to journal 
editors. 

3. Professionals should adopt the proposed research 
strategy and criteria. All research in the field 
should meet the criteria. For example, research 
carried out as part of degree requirements, applied 
research in school settings, and university- or 
clinic-based research should meet the specified 
criteria. The following two criteria are of utmost 
importance: 

a. Precise specification of the methodology by which 
the population is selected. 

b. Precise, detailed conventional measurement (e.g., 
precision measurement). 

Ways of accomplishing this include: 

a. Dissemination of guidelines to DCLD members. 
b. Dissemination of the guidelines to heads of train­

ing programs. 

4. Professionals should develop and publish new research 
methodologies. 
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5. The great diversity of published materials on the 
market for the learning-disability population must be 
evaluated. Suggestions regarding this include: 

a. The appropriate research strategy was outlined 
by the Seminar (see Question 2 above). 

b. A Buros-type journal or yearbook could be pre­
pared to keep teachers abreast of current 
research findings on materials, techniques, and 
programs. 

6. Training of personnel in this field at all levels 
should be encouraged. 

7. A diversity of backgrounds of students in graduate 
learning-disability programs should be encouraged. 

8. Professionals from other fields should be encouraged 
to carry on basic research applicable to learning 
disabilities, and this research should meet the pro­
posed criteria. Methods of accomplishing this include: 

a. Invite basic researchers to learning-disability 
conferences, seminars, and symposia. 

b. Disseminate the guidelines for research to basic 
researchers. 

Concluding Statement 

It can be said that research in learning disability has gener­

ally not met the criteria stated above. Some reasons for this which 

have been given are the following: 

1. Definitions of samples are often incomplete (Bryant and Kass, 

1972a). 

2. Definitions of samples are often simplistic (Bryant and Kass, 

1972a; Harris, 1976). 

3. Research methodology is not always described in enough detail 

(Bryant and Kass, 1972b; Spring and Sandoval, 1976). 

4. Subpopulations are not clearly specified within a classifica­

tion system (Bryant and Kass, 1972a; Black, 1976). 



5. Remedial technology is not always clearly described in terms of 

rationale and curriculum (Bryant and Kass, 1972a). 

6. Changes in behavior as a consequence of the interaction may not 

always be measurable (Hammill and Larsen, 1974; Bannatyne, 

1975). 

7. Tests often have questionable validity and reliability (Berman, 

1977; Vellutino, Steger, Moyer, Harding, and Niles, 1977; 

Neisworth, Kurtz, Ross, and Madle, 1976; Ritter and Ysseldyke, 

1976). 

8. There is an absence of longitudinal research (Bryant and Kass, 

1972a; Colarusso, Martin, and Hartung, 1975; Smith, Coleman, 

Dokecki, and Davis, 1977). 

9. Results obtained with adults and animals are often used to 

substantiate claims made about the characteristics of children 

(Chalfant and Scheffelin, 1969). 

10. Theory and empirical data are not effectively related (Bryant 

and Kass, 1972a, 1972b; Cruickshank, 1977; McCarthy, 1976; 

Colarusso, Martin, and Hartung, 1975; Larsen, Rogers, and 

Sowell, 1976). 

This study was undertaken to seek a research methodology which 

would make it possible to relate the Kass theory and empirical data 

through quantification of the theory. A theory is a hypothetico-

deductive system (Bunge, 1973) which in this study was assumed to be 

a system of thought. 
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Quantification of Thought 

Quantification of thought can be divided into two camps: (1) 

behavioristic systems and (2) humanistic systems. Each will be 

described below, will be discussed in relation to learning disability, 

and the limitations of each will be pointed out. 

Behavioristic Systems 

In the past, quantification of human thought may not have been 

completely successful because thought processes could not be communi­

cated to the precise degree needed in order to satisfy traditional 

mechanistic mathematical requirements. Instead of developing new 

mathematical systems to match human thinking, scientists, mathemati­

cians, and philosophers generally tried to explain human thought 

through application of mechanistic principles. It was believed that 

human thought could be modeled through the mathematics of astronomy 

and physics, leading Rosenfield (1968, p. 205) to state: 

In the transition from animal to human automatism, we have 
endeavored to show how the general mathematical mechanics of 
the early seventeenth century passed into the Cartesian 
mechanistic physiology, and how that scientific principle in 
turn penetrated the general thought of the eighteenth century 
until it culminated in LaMettrie's total elimination of all 
non-mechanical forces from his philosophic system. Psychology 
had become physiology, and such it remains in the behaviorist 
school of today. 

Psychology was not the only discipline affected. George (1973, 

p. 1) equates cybernetics with behaviorism, states that cybernetics 

regards human beings and animals as essentially very complicated 

machines, and declares: 
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The title of the book, The Brain as a Computer, is intended 
to convey something of the methodology involved; the idea 
is to regard the brain itself as if it were a computer type 
of control system, in the belief that by so doing we are 
making explicit what for some time has been implicit in the 
biological and behavioral sciences. 

Even more comprehensive statements can be made. Humans are 

increasingly accepting the limitations which machines are imposing on 

their way of life. Wiener (1954, p. 46) recognizes the impact of the 

new way of life when he states: "We have modified our environment so 

radically that we must now modify ourselves in order to exist in this 

new environment." 

Thus, technical activity seemed to become an end in itself. 

Mumford (1970, p. 95) describes the climate by stating: 

From Descartes' time on until the present century, to all but 
the most penetrating minds in science, a "mechanistic" expla­
nation of organic behavior was accepted as a sufficient one. 
And as machines became more lifelike, Western man taught him­
self to become in his daily behavior more machinelike. This 
shift was recorded in the changing meaning of the word 
"automaton" which was used in English as early as 1611. At 
first this term was employed to describe autonomous beings 
with the power to move alone; but it soon came to mean just 
the opposite: a contrivance that had exchanged autonomy for 
the powers of motion "under conditions fixed for it, not by 
it" (New Oxford Dictionary). 

Given this climate, it is not hard to see that objectivity in 

the form of empiricism became paramount for any effort to be consid­

ered scholarly and thereby respected. Subjectivism was relegated to 

virtual nonexistence. Consciousness had become an enigma. Intuition 

and insight could be explained away immediately as unscientific and 

not worthy of consideration, reason could be explained as nothing more 

than an "adding and subtracting of names for that which is sensibly 
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experienced," sense experience could be explained as "simply a motion 

in the nerves," and the will as "simply the last phase, before overt 

action, in any conflict of opposing incipient notions" (Hall, 1956). 

Even consciousness has now been explained in mechanistic fashion. 

Asmonov (1967) describes consciousness as attention generated by an 

amplified stimulus in the form of electrical activity moving from one 

model to another in the cortex. The "mind" construct of Descarte has 

been increasingly superceded by the "body" entity. 

Dijksterhuis (1961) feels that this environment came about as 

an outgrowth of man's search for a more rational working-method. The 

constant handling of matter with tools and the precision necessary for 

architectural design and construction led to the need for increasing 

technical knowledge. Physics, mechanistic mathematics, and empiricism 

began to be considered indispensable. The best minds were devoted to 

their study and propagation. 

Zadeh (1973, p. 28) has made a general summation of the justi­

fication for the application of tools of mechanistic systems to the 

analysis of humanistic systems. He states: 

At present, most of the techniques employed for the analysis 
of humanistic, i.e., human centered, systems are adaptations 
of the methods that have been developed over a long time for 
dealing with mechanistic systems, i.e., physical systems 
governed in the main by the laws of mechanics, electro-
magnetism, and thermodynamics. The remarkable successes of 
these methods in unraveling the secrets of nature and enabling 
us to build better and better machines have inspired a widely 
held belief that the same or similar techniques can be applied 
with comparable effectiveness to the analysis of humanistic 
systems. 
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Quantification seems to have become a synonymous term for analysis. 

Bergmann (1957, p. 67) analyzes the mathematics of mechanistic pro­

cesses when he states: 

In itself quantification is of course no more a magic key or 
cure-all than is axiomatization. If the material available 
warrants it, then its advantages are indeed incomparable. To 
bring out clearly why this is so is the task of the philo­
sophical analyst. But how much of it the material warrants 
is a question not of principle but of strategy, on which the 
philosophical analyst of science cannot advise its practi­
tioners. The matter is one of tact and judgment, the sort 
of thing one must have at his fingertips. Another cause of 
all the stridency in favor of quantification lies, I think, 
in the social climate, of late the behavior sciences have 
become the basis, or the alleged basis, of professions whose 
numerous members are rapidly acquiring managerial power and 
who, for better or for worse, aspire to even more. Such 
aspiring groups are in need of prestige symbols. The white 
coat of the medical man is one; the mathematical formula is 
another. 

Learning Disability as a Behavioristic System 

If learning disability was to be studied scientifically, be-

haviorists thought that respectability required that only objectivity 

(collection of enpirical data) be employed. The mathematical formula 

is the sine qua non of such research (Scriven, 1969). This striving 

for objectivity can be seen most clearly in the behavioral-theoretical 

school of thought, described by Bryant and Kass (1972a, pp. 212-213): 

2. Behavioral-theoretical treatments. The behavioral-
theoretical remediation approach assumes that the most 
important aspect of the teaching-learning situation is the 
actual behavior of the child in that situation. Treatment 
is aimed directly at arranging the contingencies of the 
situation in such a way that the behavior of the child is 
changed and academic therapy can be applied. Behavior 
modification which has been utilized as a major approach 
in many special services and teacher training programs and 
precision teaching are outgrowths of the practical appli­
cations of the theoretical principles derived from operant 
conditioning. 



a. Behavior modification. When a child fails to attain 
some criterion of performance, this failure may reflect diffi­
culties in communication between the teacher and the child 
rather than an inherent process deficit (Estes, 1970). Prin­
ciples of reinforcement, response measurement, and cueing can 
be applied which will allow appropriate responses to occur and 
inappropriate responses to be extinguished. The treatment, as 
applied to special education, deals with the "acceleration" of 
complex processes of the three R's as well as the more familiar 
"deceleration" of undesired behaviors as talk-outs, tantrums, 
and out-of-seats. As in the clinical-theoretical treatments, 
the individualized nature of assessment and correction is 
stressed in behavioral-theoretical treatments. Lovitt (1970) 
describes the distinctive nature of a behavior modifier in 
contrast to clinicians of other methodologies in the words 

Certainly, other disagreements exist between behavior 
modifiers and clinicians of other methodologies, as 
well as among behavior modifiers. Generally, however, 
the behavior modifier (a) is committed to the individual 
diagnosis, treatment, and analysis; (b) is concerned 
with observable events and the direct measurement of 
their occurrence; (c) obtains several measures of a 
designated behavior before arriving at a decision or 
adjusting the environment; and (d) if change is 
warranted, manipulates systematically some aspect of 
the environment in order to reliably evaluate the 
effects of that variable. 

b. Precision teaching. More recently, precision teaching 
has become the identifying badge in the discipline of educa­
tion for the application of operant principles. For an orga­
nized view of the field of learning disabilities from this 
viewpoint, see Dr. Haring's presentation at the Seminar of 
Scholars (Appendix G) . Alper and White (1971) give a general 
overview of the use of precision teaching as a tool for school 
psychologists and teachers: 

The precision teaching language emphasizes precise des­
cription of behaviors and events which are directly 
observable and countable, thus greatly reducing connota-
tive confusion. The format of the precision teaching 
language also guides the teacher or psychologist in 
identifying those events in the environment which have 
the highest probability of effecting the behavior. 

Three phases are included in precision teaching: (a) the 
before phase—pinpointing the behavior and its environment, 
(b) the during phase—intervention, and (c) the after phase— 
termination of intervention. The criteria which must be met 
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are (a) the behavior must be directly observable in order that 
description may be accurate and reliable; (b) the behavior 
should involve movement; and (c) the behavior should be 
cyclical, meaning the behavior may be repeated. The identi­
fied behavior is called the Movement Cycle. Examples are: 
verbalizations (sentences or phrases) during quiet reading 
time, or questions answered incorrectly. The rate for each 
movement is computed and recorded through all phases of inter­
vention. Aspects of the environment to be altered in treat­
ment are taken from an analysis of the environmental aspects 
which have the greatest influence on the behavior of a child 
at the exact time of analysis. The results of intervention 
are also analyzed and reported as the Consequence. 

Limitations of Behavioristic Systems 

Behaviorists have attempted to answer objections to the use of 

behaviorism by citing specific criticisms and then refuting them. Ross 

(1967) feels that calling behavior therapy impersonal, mechanical, 

manipulative, and authoritarian may be attributed to an unfortunate 

choice of terminology chosen by behavioral scientists. Substituting 

"learning" for "conditioning," "planning" for "programming," and 

"handling" for "control" is said to clear up semantic misunderstandings. 

Bribery is differentiated from contingent reinforcement on ethical 

grounds, i.e., a bribe is used to corrupt, while desirable behaviors 

are reinforced. Other ethical issues have been discussed. Roos (1974) 

states that the problem of using aversive conditioning, controlling 

behavior, and selecting goals is faced by all approaches. This seems 

to be a reasonable statement if subjectivity is allowed to operate in 

the responses of the decision-makers. What are good goals? What are 

desirable behaviors? For what ends will the technique of behaviorism 

be applied? 
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The issues discussed above are concerned with the superstruc­

ture of behaviorism. Behaviorism has been criticized at a much more 

fundamental level. The set of beliefs and the rules of behaviorism 

have been criticized as being nonscientifically formed. Breger (1969, 

p. 35) states: 

It is crucial that we recognize that these aspects of behavior­
ism have become ideological; they consist much more of a set 
of beliefs, value laden terms, prescriptions for action, and 
catch phrases concerning how a science of psychology should be 
then they do of a well established body of scientific knowledge. 
In fact, it is hard to find much solid scientific knowledge of 
the kind that behaviorist ideology would lead one to expect. 

As an example of the nonscientific foundation of behaviorism, consider 

the comment of Smith and Lovitt (1976, p. 21): "Although reinforcement 

contingencies have been applied in many different situations, little 

research has been conducted to verify the general use of such proce­

dures for academic subjects—e.g., arithmetic, spelling, and reading." 

After tracing the evolution of behaviorism in psychology, Johnson 

(1975, p. 216) states: 

We can agree that the appropriate starting point for the devel­
opment of any meaningful science must be the nature of the 
subject matter itself. Experimental methods then evolve which 
are directly relevant to the basic scientific and philosophical 
parameters of the phenomena which are to be investigated. Any 
deviation in the progression of this sequential development 
leads inevitably to the distortion of data and events to make 
them fit a model of science developed for another subject 
matter and for another purpose. But psychology did not merely 
deviate from this developmental progression—it completely 
reversed the process. Psychology started with an established 
experimental model that had been developed for the physical 
sciences and worked backwards to make the philosophy of its 
subject matter and the data itself fit the model. The un­
fortunate reality of such a developmental reversal is that now 
psychology cannot advance our knowledge of its own subject 
matter, because the method which defined psychology restricted 
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a priori the very nature of that subject matter. Consequently, 
any dimensions of psychological phenomena that do not fit the 
method must be rejected, since a challenge to the method is a 
challenge to the basis upon which psychology defends itself as 
a physical science. Thus the abortive historical and philo­
sophical origins of psychology have trapped it in the dead end 
of a method that blocks meaningful investigation of its own 
subject matter. 

The subject matter of psychology should be concerned with the compo­

nents of being human as well as objective. The objectivity of physical 

sciences has been adopted by behaviorists. In this study, the identi­

fication of learning disability was not treated as a physical science 

but rather as a humanistic science. 

Humanistic Systems 

Human thought processes cannot be captured with mechanistic 

mathematical models (Zadeh, 1975). The unsuitability of these models 

is explained by Zadeh (1973, p. 28) in the following way: 

The conventional quantitative techniques of system analysis 
are intrinsically unsuited for dealing with humanistic systems 
or, for that matter, any system whose complexity is comparable 
to that of humanistic systems. The basis for this contention 
rests on what might be called the principle of incompatability. 
Stated informally, the essence of this principle is that as 
the complexity of a system increases, our ability to make 
precise and yet significant statements about its behavior 
diminishes until a threshold is reached beyond which precision 
and significance (or relevance) become almost mutually exclu­
sive characteristics. It is in this sense that precise 
quantitative analyses of the behavior of humanistic systems 
are not likely to have much relevance to the real world 
societal, political, economic, and other types of problems 
which involve humans either as individuals or in groups. 

Zadeh (1975, p. 200) has described a humanistic system as: 

A system whose behavior is strongly influenced by human judg­
ment, perception or emotions. Examples of humanistic systems 
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are: economic systems, political systems, legal systems, 
educational systems, etc. A single individual and his 
thought processes may also be viewed as a humanistic 
system. 

The application of technology developed for the computer has not met 

with a great deal of success when humanistic systems have been ana­

lyzed. This is because the precision demanded by the traditional 

methods of quantification is incompatible with the complexity of human 

thought (Zadeh, 1975). Hersh and Caramazza (1976, p. 259) are among 

those who choose not to juxtapose computers with brains. They state: 

Computer scientists and systems engineers have long recognized 
that people can understand and operate upon vague, natural 
language concepts. Computers, however, are extremely rigid 
and precise information-processing systems. This inherent 
rigidity severely limits a computer's ability to abstract and 
generalize fundamental conceptual functions. 

Similarly, Huchings (1964, p. 160) criticizes those who would 

desire to eliminate subjectivity in favor of objectivity. He states: 

Francis Bacon (1561-1626), Lord Chancellor of England, was one 
of the most influential writers of his day. He stressed the 
need for facts, which he thought could be collected, then 
passed through a sort of automatic logical mill to give the 
results. This is an oversimplification of scientific inquiry 
since it takes no account of what is, after all, the most 
important and most difficult part of scientific investiga­
tion—use of judgment. How does the scientist choose his 
facts in the first place? Bacon's method simply cannot be 
applied in practice since facts are infinite in number. Some 
guidance can be obtained by those who follow in the footsteps 
of others in observing the success or failure of previous acts 
of choosing but, in the last resort, the man of science must 
use his own judgment. 

Kaiser (1974, p. 3) puts it succinctly when he says: "The 'objectivity' 

of science has led investigators away from a valuable source of 
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knowledge and has imposed the single dimension of objective data on 

man's epistemological investigations." Cherry (1966, p. 246) resolves 

the same question by addressing the role of subjectivity in man's 

milieu. He states: 

It is, of course important to distinguish between the objec­
tive and subjective views, but we cannot pretend the latter 
are of no concern. Dismissal of subjective matters as being 
scientifically indecent springs from an excessive zeal for 
detachment, from the view that the observer is a kind of 
inanimate transducer of the raw data of nature, which reaches 
his senses, is coded there into meta-language .... but it 
must never be forgotten that the observer, too, is one of 
God's creatures—he experiences emotions and desires, he has 
prejudices and beliefs. The "observations" he makes are 
nothing but his own hypotheses, which he frames as best he 
can in the light of his personal experience. 

Learning Disability as a Humanistic System 

Learning disability is a humanistic system in which specialists 

have formed constructs of the handicap. This can be seen most readily 

in the efforts of those theorists classed by Bryant and Kass (1972a, 

pp. 209-212) as clinical-theoretical as follows: 

1. Clinical-Theoretical Treatments. The clinical-theoretical 
orientation assumes inherent psychological dysfunctions which 
must be treated before academic therapy begins. This type 
separates into three distinct approaches to dealing with the 
psychological dysfunctions of learning-disability children. 

a. The first approach, neurology-based treatments, 
attempts to alleviate the characteristic symptoms observed in 
the conditions variously labeled "brain injury," "minimal brain 
dysfunction," "perceptual handicap." Among the authors of this 
approach are Orton (1937), Strauss and Lehtinen (1947), and 
Cruickshank, Bentzen, Ratzeburg, and Tannhauser (1961). 

(1) Orton was concerned with the establishment of 
hemispheric dominance in the brain for children with language 
disorders. Educationally, the treatment provides a very 
systematic way of teaching such children to read, especially 
those children who reverse letters, v/ords, etc. The approach 
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to treatment in reading disability (or "strephosymbolia," as 
Orton called it) was "an attempt to capitalize on their audi­
tory competence by teaching them the phonetic equivalents of 
the printed letters and the process of blending sequences of 
such equivalents so that they might produce for themselves 
the spoken form of the word from its graphic counterpart." 
The approach to writing problems was to change handedness in 
the "natural sinistral," which, according to Orton, was the 
primary reason for writing difficulties. The proper position 
of paper and hand had to be taught. Speech problems were 
corrected through training in phonetic synthesis—in Orton's 
words, "we have undertaken to teach the child orally the 
separate phonetic units and to purify or correct such as he 
produced improperly or in confusion and then to proceed 
through simple blending to short words, at the same time 
building a visual association of the word with an object of 
the environment or with a picture to fix its meaning." 

(2) Strauss, like Orton, worked from a background of 
knowledge and experience in brain-injury. Strauss and Kephart 
(1955) developed the concept of certain disturbances in brain 
functioning (distractibility, perceptual disturbances, think­
ing disorders, and behavior disorders) in what came to be 
known as the "Strauss syndrome" and more recently, the "hyper­
active" child. Strauss and Lehtinen (1947) developed educa­
tional procedures of a remedial nature in which teachers 
function as therapists who prescribe the remediation and adapt 
the environment to the needs of their students. The environ­
ment should have a minimum of visual stimulation. The pupil-
teacher ratio is one-to-one or small group instruction. The 
materials are teacher- and pupil-made. The remediation in­
cludes major focus on a synthetic phonetic approach to reading, 
the use of concrete materials in the teaching of math, and 
cursive writing. 

(3) Cruickshank tested the treatment procedures of 
Strauss and Lehtinen in a public school setting, with a major 
adaptation in the organization of the environment. A struc­
tured program was provided by isolation booths in order to 
reduce environmental space, and stimulus value was enhanced 
through the use of color and sound. The program of instruction 
was designed to "include work that will develop finer muscular 
control, eye-hand coordination, form perception, and perception 
of figure-background relationships; it must help in establish­
ing left-right progression and integration of behavior re­
sponses. This is a therapeutic program and as such cannot be 
justified if the child is allowed to keep on doing only the 
things he is able to do. One must lead him through the things 
he cannot do—step by step up the developmental ladder." 
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Form perception was considered basic to arithmetic and 
concrete materials were used for teaching arithmetic. As in 
the Strauss and Lehtinen approach, cursive writing was taught. 
The approach to reading was one in which all other factors in 
the program of instruction are considered subordinate to read­
ing. Discrimination between a square and triangle (or form 
perception) is taught in this approach before the distinction 
between two alphabet letters. Similarly, ear training is 
suggested before phonics is initiated. In beginning reading, 
one vowel sound with several consonant sounds is the basis for 
building words into "word families." Oral reading was stressed. 

b. The second approach, readiness treatments, attempts to 
go back in development in order to fill in prerequisite learn­
ing which has not occurred. The absence of this prerequisite 
learning is posited as the cause of the learning disability. 
Among the advocates of this approach are Kephart (I960) and 
Frostig (1968). 

(1) Kephart's theory assumes that all learning has a 
sensori-motor base. Beginning with innate responses to the 
environment, the developmental stages continue through 
perceptual-motor match, figure-ground*relationships, movement 
control including a feedback mechanism, systematic exploration, 
perception, intersensory integration, and concept. Roach and 
Kephart (1966) designed the Purdue Perceptual-Motor Survey to 
measure the earliest developmental stage. The approach to 
educational treatment is to restore the course of development 
in order to alleviate the achievement lag. Customary teaching 
techniques for an earlier stage than is reasonable for a 
child's age do not work for the child with learning disabili­
ties. Kephart writes "we must work backward so that, using 
his present processing, the child can piece together what went 
before and weld it into a solid, permanent structure." 
According to Kephart, "the crux of the problem is to teach 
development—to help the child achieve a developmental task 
rather than presenting him with facts to be learned." Multi-
sensory stimulation (MSS) is suggested for producing sensory 
integration. The remedial program utilizes walking boards, 
balance boards, trampolines, "angels-in-the-snow," games, 
stunts, rhythm activities, gross motor activities, fine motor 
activities, perceptual-motor matching tasks, ocular control 
training exercises, chalkboard training, and form perception 
training before symbolic materials (letters and numbers) are 
taught. 

(2) The Frostig approach begins with the "develop­
mental concept as a cornerstone of diagnostic and teaching 
procedures." The specific need of the child to which a 
remedial approach is geared is defined as "a discrepancy 



between the child's actual level of performance in any aspect 
of development and the optimum level which he could achieve 
in this area." The educational program is based on test re­
sults in four developmental phases: sensory-motor, language, 
perceptual, and higher cognitive processes. The Frostig 
Developmental Test of Visual Perception was designed to meas­
ure five visual perceptual functions: eye-motor coordination, 
figure-ground perception, perception of constancy of shape, 
perception of position in space, and perception of spatial 
relationships. An important diagnostic finding justifying 
this emphasis is difficulty on the part of many children with 
learning disabilities to make the step from the perceptual 
phase in development to the higher cognitive functions. Work­
sheet materials were designed as a preventive remedial percep­
tual training program (Frostig and Home, 1964) . 

Overall, the Frostig approach is more than just the 
visual perception program. She suggests that "an adaptation 
of the usual educational procedures must be made for children 
with learning disturbances who have difficulties in attention, 
planning, memory, and sequential learning. These global 
difficulties can be conceptualized in developmental terms in 
the same way as the specific ones." While Dr. Frostig uses 
general principles of teaching, she suggests that teaching 
techniques usually differ for the child with learning dis­
abilities. For example, success must be supplied as a moti­
vating factor; learning sets must be externally provided; 
accurate feedback must be supplied frequently; step-by-step 
procedures should be followed for disturbances in attention, 
memory, and comprehension; and developmental phases and 
academic skills must be presented in the classroom in an 
integrated fashion. All of the above techniques also benefit 
the child's improvement in emotional and social adjustment. 

c. The third approach, language treatments, attempts to 
ameliorate all dysfunctions relating to communication: oral, 
the language arts, and channel inputs. Among the advocates of 
this approach are Johnson and Myklebust (1967), and Kirk and 
Kirk (1971). 

(1) The emphasis in the Johnson and Myklebust approach 
to remediation is on the functions (or malfunctions) of the 
psychoneurological systems. Integrities are as important to 
study as deficits. Remedial techniques for disorders in verbal 
language (expressive, receptive, and inner language), in non­
verbal language (time, space, size, direction, social- and 
self-perception), and in arithmetic are provided in the Johnson 
and Myklebust textbook. The clinical teaching approach re­
quires that the teacher understand the total "syndrome" of the 
child—intelligence level, home background, emotional status, 
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the nature of the problem in learning, the deficits, the in­
tegrities, the levels of function in spoken, read, and written 
language, the nonverbal, and the medical aspects—in order to 
apply educational procedures "with precision and accuracy." 
Evaluation of the effectiveness of remedial work is stressed 
with the suggestion that application of objective measures and 
observations be repeatedly made. 

(2) The Kirk approach views the child with learning 
disabilities as having disorders of one or more of the follow­
ing types: academic, nonsymbolic, and symbolic. The most 
common academic disabilities are reading, writing, and arith­
metic. Nonsymbolic disabilities are perceptual and expressive 
in nature. Symbolic or linguistic disabilities occur in the 
reception or expression of ideas. Intraindividual discrepan­
cies are emphasized in diagnosis which leads to organizing a 
remediation program. 

Kirk, McCarthy, and Kirk (1968) revised an experimental 
edition of the Illinois Test of Psycholinguistic Abilities 
(ITPA) which was constructed as a battery of psychological and 
communication functions (Kirk and McCarthy, 1961). The three 
dimensions of the ITPA model are (a) channels of communication, 
(b) psycholinguistic processes of reception, association, and 
expression, and (c) levels of organization—representational 
and automatic-sequential. 

Basic principles for sound teaching practices are 
suggested by Kirk and Kirk (1971) for the remediation of 
deficiencies "which obstruct the acquisition of information 
and the development of skills and proficiencies." The basic 
principles are given as the following: "showing success at 
every step in the teaching process, using minimal steps of 
increasing difficulty, providing for appropriate reinforcement, 
avoiding overloading, and retroactive and proactive inhibition." 
The sequence in remediation is stressed, beginning with the 
prerequisite deficits first. Other remediation guidelines 
include training the deficient areas. 

The Kirk and Kirk book gives specific guidelines for 
remediation in each of the functions measured by the ITPA, 
utilizing areas of strength, using multisensory presentation 
appropriately, making provisions for feedback, developing 
abilities functionally, starting remedial programs early, and 
individualizing instruction. The N-of-One, or idiographic, 
methodology has been advocated by Kirk (1966) as a springboard 
for generalizing systematic observations in a single case to 
other cases. 
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Limitations of Humanistic Systems 

Constructs of handicap may be used by theorists as descriptions 

of reality and may be useful to clinicians in predictions concerning 

the handicap. The problem is how to model the structure underlying the 

constructs. This may be thought of as a two-part process. The first 

part involves eliciting the content or characteristics of the handicap. 

The second part involves specifying the configuration of relationships 

among the characteristics. The solution to the second part is the most 

difficult. 

Gestalt psychologists feel that it is impossible to break down 

perceptual experiences into elementary units (Lundin, 1972). The whole 

is not equal to the sum of its parts. Within a whole, appropriate 

relationships are experienced through insight, a sudden mastery of the 

problem. Insight and understanding are synonymous terms (KShler, 

1969), which cannot generally be presented in a quantified way (Lundin, 

1972). If that is true, each learning disability clinician must 

develop a construct of the handicap through experience. The solution 

to the second part, specifying the configuration of relationships among 

the characteristics, is more difficult because experience cannot be 

readily transferred to others. The experience of each clinician is 

locked within that individual. 

Concluding Statement 

Traditional mathematical attempts at quantification of human 

thought result in incomplete models because the richness of relevant 

experience has so far eluded confinement by a series of mathematical 
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equations (algorithms). In this study, traditional mechanistic math­

ematics have been discarded in favor of a mathematical process which 

allows consideration of the subjectiveness of human thought. The fore­

going review of theoretical formulation of learning disability indicates 

that the literature contains verbal descriptions, rather than quantified 

models of theory. 

Theoretical Framework 

Learning disability in this study was considered to be a 

hypothetical construct. The definition of hypothetical construct as 

given by English and English (1958, p. 116) is the following: "A con­

struct referring to an entity or process that is inferred as actually 

existing (though not at present fully observable) and as giving rise to 

measurable phenomena, including phenomena other than the observables 

that led to hypothesizing the construct." 

Definition 

Definitions in the literature run the gamut from relating 

learning disability to brain damage to relating the condition to 

achievement deficiencies. An example of the brain damage definition 

is given by Clements (1966, p. 9) as: 

The term "minimal brain dysfunction syndrome" refers in this 
paper to children of near average, average, or above average 
general intelligence with certain learning or behavioral 
disabilities ranging from mild to severe, which are associated 
with deviations of function of the central nervous system. 
These deviations may manifest themselves by various combina­
tions of impairment in perception, conceptualization, language, 
memory, and control of attention, impulse, or motor functions. 
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An example of the achievement deficiency definition is given by 

Bateman (1965, p. 220) as: 

Children who have learning disorders are those who manifest 
an educationally significant discrepancy between their esti­
mated intellectual potential and the actual level of perfor­
mance related to basic disorders in the learning process, 
which may or may not be accompanied by demonstrable central 
nervous system dysfunction, and which are not secondary to 
generalized disturbance or sensory loss. 

The one feature of the condition which most clinicians agree 

upon is the heterogeneity within the learning disabled population 

(Myers and Hammill, 1976). However, heterogeneity may have been over-

stressed because the field has not yet progressed to the stage where 

researchers can combine the multitude of symptoms into syndromes. The 

study of learning disability as a condition may be likened to the 

search for explanations about any named condition. Siegler and Osmond 

(1974, pp. 62-63) have compared the history of studying tuberculosis 

and the study of schizophrenia in the following statement: 

For centuries tuberculosis, like schizophrenia, was character­
ized by what Duboses called "a confusing array of signs and 
symptoms, bearing no obvious relation one to the other." Most 
physicians tried to bring order into this chaos by postulating 
a number of separate diseases, characterized by various tuber-
cules, ulcers, and cavities. But slowly and with great diffi­
culty, a unified view of the illness evolved. The discovery 
of what we now call tuberculosis was an enormous, imaginative 
effort over hundreds of years by many physicians and research­
ers. 

Learning disability is undergoing a similar scrutiny, but is in 

a much earlier stage. It could be argued that the metamorphosis in 

learning disability has barely begun, as witnessed by the lack of con­

sensus among proponents of various approaches to learning disability 



26 

and the fact that there is no one instrument capable of identifying 

learning disability (Tabachnick and Tabachnick, 1976)• As with tuber­

culosis or schizophrenia, learning disability presents a complex 

problem. 

It is through experience, training, and intuition that clini­

cians are able to cope with this corrplexity and to distinguish learning 

disability behavior from the normal, and from mental retardation, 

emotional disturbance, hearing impaired, visual impairment, etc. 

Clinicians develop mental models, but each model is useful only to a 

particular clinician because of the intuitive, experiential nature of 

the model. Each model is built through years of synthesizing knowledge 

with experience. Clinicians find it difficult to explain their under­

standing to others because intuitive insights are not easily structured. 

If such personal clinical models could be quantified, professionals 

would have a basis for communication, experimentation, and validation. 

What is needed for consensus about learning disability is the accep­

tance of some parameters of learning disability, first within particu­

lar schools of thought and, then, within the field of learning 

disability as a whole. In this study, one clinical theory (Kass, 1977) 

was quantified. The definition for learning disability, or dyssymbolia 

as it is named in the Kass (1977, p. 426) theory, was the following: 

The handicap of dyssymbolia is characterized by extreme devi­
ance in the acquisition and use of symbols in reading, writing, 
computing, listening, or talking; which deviance is due to an 
interaction between significant deficits in developmental 
functions and environmental conditions which make the individ­
ual vulnerable to those dysfunctions. 
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Identification Criteria 

A set of criteria is necessary to operationalize a definition. 

With the Kass definition, four criteria are used to identify children 

with learning disability. Each child classed as learning disabled must 

exhibit deficiencies in each of the four criteria. These criteria are 

as follows: (1) normal achievement potential, (2) behavioral charac­

teristics indicative of learning disability, (3) evidence of component 

deficits within age-related functions, and (4) low achievement. Each 

criterion will be discussed below. 

1. Normal achievement potential. A child's score must fall 

within at least the normal range for a diagnosis of learning disability. 

The clinician must be careful in assessing the potential of children 

under the age of eight. Intelligence scores of young children fluctu­

ate, sometimes increasing dramatically under the influence of early 

intervention for the correction of problems. It is suggested that 

normal achievement potential can be assumed when the young child scores 

at or above the second percentile or above two standard deviations be­

low the mean on a standardized predictive measure. The McCarthy Scales 

of Intelligence (McCarthy, 1970), the Stanford Binet (Terman and Mer­

rill, 1960), and the Wechsler Preschool and Primary Scale of Intelli­

gence (Wechsler, 1963) are examples of instruments suitable for use 

with children below the age of eight. 

A child, aged eight and above, can be said to score in the 

normal range when his score is at or above one and one-half standard 

deviations below the mean. This is roughly an IQ score of 75 or above, 

or a percentile of seven or above. Normal achievement is best 



predicted by individual verbal intelligence tests such as the Stanford 

Binet (Terman and Merrill, 1960), and the Slosson (Slosson, 1973), and 

the verbal scale of the Wechsler Intelligence Scale for Children-

Revised (Wechsler, 1974). Nonverbal children may be assessed by using 

the Columbia Mental Maturity Scale (Burgemeister, Blum, and Lorge, 

1972) , or the Raven's Progressive Matrices (Raven, 1947). 

The Altitude Quotient concept (Jastak, MacPhee, and Whiteman, 

1963) may be useful in predicting achievement potential. It is the 

highest score on a set of tests. The idea is that a child should be 

able to operate at the level of his highest score if the low areas can 

be remediated. Tests of motor ability are not useful for assessing 

potential achievement in learning disability; vocabulary tests are more 

predictive of potential achievement. 

2. Behavioral characteristics indicative of learning disabil-

These may be thought of as the more obvious manifestations of 

age-related deficits. These characteristics, along with low achieve­

ment, can indicate to the teacher that a child should be referred for 

evaluation for special class placement. Kass theorizes that there are 

five classes of behavioral characteristics which are typical of learn­

ing disability. The following list was adapted for this study from 

Kass (1977): 

a. Attending deficit: noted in confusion about the direction 
of letters and numbers, in lack of eye and hand coordina­
tion, and in not focusing on the task at hand. 

b. Labeling deficit; noted in not remembering symbols, re­
membering one day but not another, confusion in what 
things are called, and seeming not to have a technique 
for rehearsing what is to be memorized. 
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c. Understanding deficit; noted in not separating figure 
from background, not learning more than one meaning per 
word, inaccurate guessing from context, and not follow­
ing directions. 

d. Integrating deficit: noted in inaccurate performance in 
skills such as spelling, writing, syntax, and sometimes 
in word-calling to such a degree that remediation re­
quires getting rid of bad habits. 

e. Expressing deficit: noted in difficulty in expressing 
ideas through reading, writing, and talking, not because 
of lack of intelligence, but because of inadequate basic 
skills which are ordinarily acquired in the first few 
grades. 

3. Evidence of component deficits within age-related func­

tions . It is hypothesized that children pass through five stages of 

development (Kass, 1973, 1975, 1977; Hawaii Department of Education, 

1977) called functions. Each function is qualitatively different from 

the others, and it is critical that certain learnings occur within 

each function, or later learning will be impaired. Failure to develop 

as expected is cause for concern. If intelligence falls within the 

normal range or above, if sensory acuity is intact, and if opportunity 

to learn has been present, reasons for academic failure could be 

caused by dysfunctions within the child. Each of the five functions 

have been defined by Kass (1978) for this study as follows: 

Sensory Orientation (from birth to 18 months). This is the 
physiological or functional readiness of the child to respond 
to the environment. In Piagetian terms, this involves sensori­
motor interaction with the environment. Dysfunctions during 
this age-range occur through deficits in body balance (inabil­
ity to maintain equilibrium), visual pursuit (inability to 
follow visual stimuli), and auditory discrimination (inability 
to react differentially to sound stimuli). 

Memory (from 18 months to 8 years). This involves the re­
production of sensory impressions when these are no longer 
externally present. The young child imitates models and later 



recalls those imitations. It is well known that children can 
readily learn more than one language before seven years of 
age. Some of the deficits which may be noted during the 
development of the memory function are in hyper- or hypo-
excitability (inability to control own reactions to sensory 
stimuli, resulting in diminished input), in rehearsal 
(inability to practice input for later recall), and in short-
term memory span (inability to imitate sensory impressions 
immediately). 

Re-cognition (from 8 to 11 years). This is the understanding 
of semantic meaning (as in synonyms, antonyms, homonyms, and 
multiple meanings) and structural meaning (as in tenses, pre­
fixes, and suffixes). Sensory impressions are colored by 
concepts, thus changing earlier cognition of the world. 
Children of this age engage in word play, reflecting more 
flexibility in thinking than during the memory function with 
its liberal nature. Accurate reproduction of models is re­
placed by reversible use of symbols. Some important deficits 
to watch for during the Re-cognition function are in haptic 
discrimination (inability to note differences in muscle and 
touch sensations), in visual figure-ground distinctions 
(inability to gain meaning from relevant stimuli while ignor­
ing irrelevant stimuli), and in visualization (inability to 
imagine from sensory input). 

Synthesis (from 11 to 14 years). This involves the automati­
zation of modes of response to the environment. Sensory 
inhibition (von Bekesy, 1967) is normally handled by the 
central nervous system without special attention except when 
mistakes occur. Observations made by the individual during 
the previous functions of Sensory Orientation, Memory and 
Re-cognition become compacted into internalized representa­
tions. Whereas sensory discriminations were learned 
previously, sensory associations must be made during the 
synthesis function. Examples of deficits in children with 
dyssymbolia are noted in impairments in temporal sense 
(inability to understand time), monitoring (inability to note 
and correct errors when these occur and to ignore correctness), 
and auditory-visual-haptic coordination (inability to associ­
ate information among all sensory modalities). 

Communication (from 14 years of age and up). This is the 
process by which meanings are received from others and ex­
pressed to others, either consciously or unconsciously. 
Synthesized skills of speaking, writing, gestures, and read­
ing now take on a personalized style, and personal respon­
sibility is taken for the consequences of what is 
communicated. This is the most complex of the human 
functions and involves processing what is received through 
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one's senses and awareness of what one is transmitting to 
others. Deficits in the communication function are mani­
fested in mathematical comprehension (inability to deal with 
quantitative concepts), reading comprehension (inability to 
gain meaning from the printed page), and in writing (inabil­
ity to communicate meaning in the written word). 

4. Low achievement. The student must earn a score falling at 

or below the 16th percentile on at least one subtest of an achievement 

test standardized on a sample of the same age or grade placement. 

Subtests of the Metropolitan Achievement Battery (Durost, Bixler, 

Wrightstone, Prescott, and Balow, 1971), The Wide Range Achievement 

Test (Jastak and Jastak, 1965), and the Iowa Tests of Basic Skills 

(Lindquist and Hieronymus, 1964) are examples. Because averaged 

scores may hide deviance at either the high or low achievement end, 

they are unacceptable. Each skill in achievement must be assessed 

individually. 

How to quantify the above definition and operational criteria 

was the question of this study. Since consensus has not been reached 

in the field of learning disability, a system must be found for 

gathering data which will allow for comparisons among ideas. The next 

chapter contains a review of possible quantitative techniques. 



CHAPTER 2 

REVIEW OF PROMISING QUANTITATIVE TECHNIQUES 

Calder (1970, p. 12) has stated that the human brain: 

is the most intricate and powerful of all the works of nature 
known to us. It is a machine millions of times more complex 
than the mightiest computers now built; furthermore, it is a 
machine that is conscious of its own existence. Here, and 
nowhere else, we presume, are generated the thoughts and 
feelings, dreams, and creative actions which are the essence 
of human life; it is the organ of the mind of man. 

Man has tried to understand the workings of that brain and the behavior 

thought to be indicative of those workings. When that has been done, a 

basis will have been laid for the combining of both the subjective and 

objective sides of science. Three possible methodologies will be re­

viewed. These are: (1) Bayesian revision of subjective probabilities, 

(2) interpretive structural modeling, a subset of the cross impact 

matrix technique, and (3) fuzzy set theory, a subset of multi-valued 

logic. 

Bayesian Methodology 

Are there more appropriate techniques than traditional mathe­

matical methods to capture human thought processes? One technique 

which has shown promise is Bayesian revision of subjective probabil­

ities. Kaiser (1974, p. 4) describes the method as follows: 

Bayesian methodology provides a means of mathematically in­
corporating the hunches of specialists into the probability 

32 
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of a given event. The statistics parallel closely the pro­
cedures man uses intuitively in dealing with his milieu. 
Rather than saying one hypothesis is false and another is not 
false, Bayesian statistics ask what are the probabilities of 
the alternate hypothesis. In addition to the determination 
of the probabilities of the alternate hypothesis, Bayesian 
statistical procedures incorporate the prior information 
which is available to the specialist because of his profes­
sional experience. 

Novick (1975, pp. 377-378) believes that the Bayesian method­

ology is superior to traditional statistical methods because two 

major problems are solved. He states: 

The major problem with both Neyman-Pearson and Fisherian 
classical statistics is that neither system makes it possi­
ble to construct direct probability statements about the 
parameter of interest. Using classical statistics, we can 
talk about the probability of a random interval covering the 
mean, but we cannot talk about the probability of the mean 
being within a specified interval. This seems very peculiar 
indeed. We are not to be permitted to make statements about 
these things that are the subject of our investigation. This 
is an unsatisfactory state of affairs. What we want is a 
system that permits us to say: "The probability that the 
u n k n o w n  p r o p o r t i o n  i s  g r e a t e r  t h a n  0 ^  a n d  l e s s  t h a n  0 i s  
1 -d." But to make probability statements about 0, we must 
have a probability distribution for J0. In Bayesian statistics 
such a distribution is possible and meaningful and indeed is 
the central objective of a statistical investigation. 

A second problem with classical procedures is that they pro­
vide no mechanism for incorporating into the statistical 
processing prior information we may have about the parameter. 
Basically we must ask whether it is reasonable to evaluate 
evidence from an experiment while ignoring other available 
information extraneous to the particular experiment. Upon 
reflection, this does not seem reasonable. 

It is the second problem which is of concern in this consideration of 

the quantification of human thought or opinion. The Bayesian method 

may be thought of as a rule for modifying or revising opinion ex­

pressed as probabilities in light of new evidence. The process begins 



by having an expert estimate what he considers to be the probabilities 

of a given set of events. These are known as the prior probabilities, 

i.e., the state of knowledge prior to observations of a specific event 

or condition. The next step is to make an experimental observation and 

to estimate its conditional probabilities. These conditional probabil­

ities are then combined with the prior probabilities to yield a 

posterior probability, which may be thought of as a revised estimate 

after the observations have been made. In light of new evidence, the 

posterior probability becomes the prior probability and the process is 

repeated if the observations are independent. This process may be 

repeated as long as new information is available. 

An example may be illustrative. Assume that one wants to know 

the probability that the condition of learning disability (LD) exists 

in a given child. An expert believes that the prevalence of LD in the 

school-aged population is 5%. This is a prior probability. In his 

experience with the school-aged population, the expert finds that 50% 

of those labeled LD and 10% of those labeled nonlearning disabled (LD) 

exhibit a characteristic called "A." These are the experimental ob­

servations or conditional probabilities. What if the child under 

observation exhibits "A?" Is that child LD? The Bayesian technique 

can give a probability estimate with simple calculations. The formula 

is as follows: 

P(A|LD) P (LD) 
P (LD A) = =~  ( 1 )  

P (A |LD) P (LD) + P (A| LD) P (LD) 

Where P(LDfA) is the posterior probability (the probability that the 

child is LD when he exhibits "A") 



is the prior probability (the prevalence of LD in the 

school-aged population) 

is another prior probability (the prevalence of LD in 

the school population) 

is the conditional probability (the probability that 

"A" will be exhibited if a child is, in fact, LD) 

is another conditional probability (the probability 

that "A" will be exhibited, given that fact that a 

child is LD) 

(.5) (.05) 
P(LD|A) = 

(.5) (.05) + (.1) (.95) 

Then, it can be stated that if a child exhibits "A," the probability 

that the child is LD is .21, and that the probability that the child 

is LD is 1.00 minus .21, or .79. 

The expert next observes that 40% of those labeled LD exhibit 

characteristic "B" and 10% of those labeled LD exhibit this same 

characteristic. The previous posterior probability (assuming that "A" 

and "B" are independent) obtained from the equation (.21) now becomes 

the prior probability and the data is applied to the formula: 

(.4) (.21) 
P(LD)A&B) = 

(.4) (.21) + (.1) (.79) 

It can now be stated that if a child exhibits both "A" and "B" the 

probability that that child is LD is .52 and the probability that the 

child is LD is 1.00 minus .52, or .48. 

P (LD) 

P (LD) 

P (A| LD) 

P (AJLD) 
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This process could go on indefinitely. As many characteristics 

as a theoretician desired could be considered if the characteristics 

were independent of each other. There is even some evidence (Liechten­

stein, 1972) to show that the Bayesian methodology is robust enough to 

withstand nonindependence. 

It is reasonable to assume that the Bayesian method would be 

even more useful if measures of the characteristics could be incorpo­

rated. The method can also be used with continuous (e.g., test scores) 

rather than discrete data. In the example cited above, the method 

assumes discrete data and makes no provision for degree of severity of 

each characteristic. If each characteristic is continuous rather than 

discrete, consider Figure 1. 

Characteristics "C" and "D" in Figure 1 have been measured by 

separate test instruments. Each abscissa represents the scores on a 

measure of one characteristic and each ordinate represents the fre­

quencies of scores. In the first graph, the distributions of scores 

for the hypothetical characteristic "C" are plotted for both the LD 

and LD sample. The shaded area represents the area of overlap or 

commonality. The second graph is a similar plot for the hypothetical 

characteristic "D." The question concerns a child whose score places 

him in the shaded area. Is that child LD or LD? 

If characteristics which an expert believes to be indicative of 

LD were measured and their distributions for LD and LD children were 

obtained, then for each score of each characteristic, a likelihood 

ratio (LR) could be established. This would be the ordinate of the 

score distribution for LD children divided by the ordinate of the 
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LD 

f 

LD 

Scores 
Characteristic "C" 

Figure 1. Representative plots of continuous data for LD and LD 
on two different measures 
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distribution for LD at the abscissa value for the score in question. 

Figure 2 presents a graphic representation of the likelihood ratio. 

f 

LD LD 

50 0 100 

Scores 
Characteristic "D" 

Figure 2. Graphic representation of likelihood ratio 

At the score of 50 for characteristic "D," the likelihood ratio 

would be calculated as follows: 

RT 
LR = ST (2) 

For any score, a likelihood ratio greater than 1.00 indicates that LD 

children have that score more often than LD children. If the likeli­

hood ratio is less than 1.00, LD children have that score more often 

than LD children. To obtain a probability estimate for LD, the 
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Bayesian technique dictates that one or more scores be obtained for 

a child in question, the likelihood ratio for each score be calculated, 

and these likelihood ratios be subjected to the following formula: 

P(LDlC „ „ „) = 
' C,D,E,F 

"oTT"8 (3, 

(LR^LR) + 1 

Where P(LD|C „) is the probability of LD given the character-
C / D / £ *r 

istics C,D,E,F, 

LRQ is the prior odds ratio (in this example 5% 

of the school-aged population is presumed to 

be LD and 95% is LD, hence LR^ = .05/.95). 

TTLR is the product of the likelihood ratios—the 

likelihood ratio for the set of four data 

(C,D,E,F) observed (if the observations are 

statistically independent) 

Then, if LR^ = .07, LR^ = 1.5, LR^, = 10.2, and LR^, = 4.5, the 

calculation of the probability of LD for the child is as follows: 

(.05/.95) (.7) (1.5) (10.2) (4.5) 
P(LD|C_ „ „ „) = 1 C,D,E,F ((.05/.95) (.7) (1.5) (10.2) (4.5)) + 1 

2.54 
3.54 

= 0.72 

It can be said that a child who earned the scores depicted above on 

instruments designed to measure hypothetical characteristics "C," "D," 

"E," and "F" had a probability of .72 of being LD. 
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The above discussion illustrates the concept of applying Bayes 

rule to a group of test scores. But before that can be done, certain 

mathematical requirements must be satisfied. The distributions must 

be standardized so that comparisons are compatible. One approach is 

to model the test score distributions by the beta distribution. The 

steps are as follows: 

1. Rescale the scores into the range 0-1 

2. Use those transformed scores to obtain the beta distributions, 

each of which is assumed to have a beta density of: 

1 Xm_1 (l-x)n_1 (4) 
f (x) = ^5(m,n) 

where n = (*~X) 

SX 

x n m = 

^(m,n) is the beta function 

3. Calculate the likelihood ratios 

f(x)LD 
LR(x) " f(x) 

LET 

4. Apply the formula to obtain a probability 

LRo"ITLR 

P(LD|C) = (LR^LR) + 1 

When this standardization has been completed, one need only look in a 

table to find the likelihood ratio for a score and then apply it in 

the formula shown in step four. 
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Previous Research 

Wissink (1972), Kaiser (1974), DeRuiter (1973), and Johnson 

(1973) studied the efficacy of Bayesian techniques when applied to the 

problem of identification of children with learning disability and are 

reviewed below. 

Wissink (1972). This was the first study in the series and 

drew upon specialist judgment for the identification of children with 

learning disability. Even in the absence of complete models, clinical 

identification was considered possible because the clinicians were able 

to draw upon synthesized perceptions which they had derived from past 

experience with learning disability. Wissink first searched the 

literature to find characteristics which various writers thought were 

indicative of learning disability. These characteristics were over­

lapping, not well defined, unorganized, and were expressed in incon­

sistent language. The original list of 110 characteristics was reduced 

to 40 component disabilities. Each one of these was then assigned to 

one of the five functions hypothesized by Kass (1969, 1977) in a model 

of deviance. The five functions were: (1) Sensory Orientation (the 

physiological or functional readiness of the child), (2) Memory 

(immediate or delayed retrieval of information, and rehearsal), (3) 

Reception (acquisition of personal meaning from external or internal 

stimuli, (4) Expression (communication of meaning), and (5) Integra­

tion (coordination of the separate components from the above processes 

into internal representations). The entire outline is given in 

Appendix A. 
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This set of 40 component disabilities was then sent to 100 ex­

perts in learning disability. Each was asked to (1) estimate the 

prevalence of learning disability in the population and (2) consider, 

across the range of K-12th grades, each component deficit and estimate 

what percentage of the learning disabled population exhibited each 

deficit and what percentage of the nonlearning disabled population ex­

hibited the deficit. The median estimate of the prevalence of learning 

disability in the population was the prior probability, and the medians 

of the estimates of the prevalence of learning disability/nonlearning 

disability for each deficit were the conditional probabilities. When 

these data were used with the Bayesian method, the existence of five 

component deficits was sufficient to yield 95% probability. These 

were: (1) attention deficit (an impairment in the child's ability to 

focus on specific sensory input), which appeared in the sensory orien­

tation function, (2) auditory-visual coordination deficit (an impairment 

in the child's ability to receive and associate information from the 

auditory and visual sensory systems), which appeared in the sensory 

orientation function, (3) visualization deficit (an impairment in the 

child's ability to respond quickly and consistently from internal audi­

tory representations), which appeared in the integration function, (4) 

auditory speed of perception deficit (an impairment in the child's 

ability to respond quickly and consistently from internal auditory 

representations), which appeared in the integration function, and (5) 

listening comprehension deficit (an impairment in the child's ability 

to gain meaning from the appropriate auditory stimuli), which appeared 

in the reception function. 
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Kaiser (1974). Kaiser did a follow-up of the Wissink study. 

Part of the study involved subjecting the diagnosticity values which 

Wissink gathered from the 100 experts for the 40 component deficits to 

factor analysis. The factor analysis grouped 22 components into five 

factors. Although some components were statistically assigned to dif­

ferent factors than had originally been specified, the new groupings 

did correspond to the current refinements in the Kass model. The fac­

tors in the Kaiser dissertation were labeled as follows: (1) Sensory 

Orientation, (2) Reception, (3) Expression, (4) Integration, and (5) 

Memory. The revised outline is given in Appendix B. 

Kaiser performed a cluster analysis on these diagnosticity val­

ues which revealed that the experts could be characterized as belonging 

to one of three groups. In the first group, the experts thought that 

no one factor (function) was more important than others for identifying 

the presence of learning disability. Those in the second group thought 

that the expression factor was most important for identifying learning 

disabled children. In the third group, the experts thought that the 

expression and integration factors were most important. 

Another part of the Kaiser study involved an attempt to see how 

well the Bayesian technique was able to capture the thought of the ex­

perts. Posterior probabilities calculated by Wissink were compared 

with probabilities which 11 experts subjectively specified from the 

same data. Correlation was not attempted, but a definite pattern 

emerged. The experts tended not to assign as high a probability of 

learning disability to children as the Bayesian formula. It was 

hypothesized that this might be due to the effects of hedging, the 
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tendency to give a response nearer that of maximum uncertainty (0.5) 

when one is not confident about his response, and to the effects of 

conservatism, the tendency to stay close to a previous position in 

light of new evidence. One conclusion which is possible is that the 

Bayesian technique failed to capture the thought of the experts; 

another conclusion is that the Wissink questionnaire did not reflect 

the thought of the experts. 

DeRuiter (1973). DeRuiter studied the efficacy of the Bayesian 

technique in identifying learning disabled children through use of test 

data. Experts were given data about children, who had already been 

referred as either learning disabled (50% of the sample) or nonlearning 

disabled by the school system, and were asked to estimate learning dis­

ability according to data provided by the school. The top 11 of the 

component deficits which were specified by the experts in the Wissink 

study were considered. Standardized psychological instruments which 

were thought to be reasonable measures of those components were admin­

istered to the expert-selected sample of 7-11 year olds, 25 of whom 

were labeled learning disabled, and 25 labeled nonlearning disabled. 

The list of tests chosen for the 11 component deficits is given in 

Appendix C. 

It was found that both the Bayesian technique and traditional 

discriminant analysis identified essentially the same children as being 

learning disabled and nonlearning disabled from a group consisting of 

an equal number of each. DeRuiter suggested, however, that the Bayesian 

technique was easier to use, the technique yielded a probability that 
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learning disability was present, and the use of a varied number or set 

of tests was permitted within a given comparison (i.e., one can use un­

equal sample sizes and an unequal number of tests). It was found with 

the Bayesian methodology that as few as five tests were sufficient to 

identify the learning disabled at the 98% level of confidence. The 

five tests were: (1) The abstract-concrete score from the Picture Story 

Language Test (Myklebust, 1965), (2) The words score from the Monroe 

Visualization Test (Monroe, 1970a), (3) The Monroe Word Discrimination 

Test (Monroe, 1970b), (4) The reading comprehension test from the Gates-

MacGinitie Reading Readiness Tests (Gates and MacGinitie, 1968), and 

(5) The words per sentence score from the Picture Story Language Test. 

Another DeRuiter finding was that more subjects were classi­

fied correctly when the samples were divided at the mean age of the 

samples (9-4) than when age was not considered. This was the first 

time that age appeared as a significant factor in using the Bayesian 

technique for identification of children with learning disability. 

Johnson (1973). Johnson investigated the educational judgment 

of 37 third grade teachers and 39 learning disability teachers to see 

if this information could be used to design a subjective screening 

procedure based on teacher judgment rather than expert judgment. Seven 

learning tasks representative of the elementary school curriculum were 

designed: visual-motor copying, verbal alphabet labeling, listening 

for absurdities, math processes quiz, oral reading, oral story telling, 

and writing from dictation. Thirty-two component disabilities from the 

Wissink outline were restated as postulated reasons for failure. The 
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teachers were asked to give estimates of the percentage of students 

they would expect to fail on each of the seven learning tasks, and the 

percentage who would fail the tasks for each of the stated reasons. 

One task with reasons for failure is shown in Appendix D. 

Johnson found there was little difference in the estimates given 

by third grade teachers and learning disability teachers, and that the 

teachers agreed on the relative weightings of the reasons for failure. 

When the Bayes technique was applied to this data, it was found that 

the best indicator of learning disability at the third grade level was 

the verbal alphabet task. Three reasons for failure on the task were 

found to be highly indicative of learning disability. They were as 

follows: (1) monitoring deficit—an impairment in the child's ability 

to recognize dissonance between his performance and his internal repre­

sentations, (2) auditory-visual coordination deficit—an impairment in 

the child's ability to receive and associate information from the audi­

tory and visual sensory systems, and (3) visual figure ground deficit— 

an impairment in the child's ability to gain meaning from the appropriate 

visual stimuli while ignoring inappropriate stimuli. 

From these results, Johnson concluded that it was possible for 

teachers to give subjective estimates of failure which might be incor­

porated into an identification procedure. This was the first time that 

identification had been tied to a specific age group. 

Conclusion 

Wissink (1972), Kaiser (1974), and DeRuiter (1973) looked at 

expert thought on a macro-level in two respects: (1) a method for the 
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identification of learning disability was developed which did not take 

into consideration in-depth diagnosis, and (2) the method would identify 

a learning disabled child independently of the age range in which that 

child fell. 

Kass (1977) has described characteristics associated with 

learning disability within a particular age-related theoretical frame­

work, and hypothesized that the processes important at each range 

(function) were qualitatively different from the important processes 

occurring in other age ranges. If that is true, identification methods 

should take into consideration the function for the child in question. 

Johnson did investigate age relatedness for purposes of identification, 

but did not consider in-depth diagnosis in her study. Because differ­

ent components are hypothesized to be important in each function, it is 

reasonable to assume that separate measures should be applied to each 

of the five functions for accurate diagnosis. 

None of the preceding researchers (Wissink, 1972; Kaiser, 1974; 

DeRuiter, 1973; Johnson, 1973) captured the thought of one theoretician 

in depth. While the Bayesian technique is useful for identification of 

learning disability children, a median estimate does not elicit the 

intuitive insights, wisdom, and knowledge of each clinician. This 

study attempted to document the model of one theoretician. 

Another problem with applying Bayesian methodology or tradi­

tional statistics to the identification of children with learning dis­

ability is that each child is presumed to be either learning disabled 

or nonlearning disabled. The Bayesian theorem yields a probability 
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estimate. What if learning disability were thought of as an entity in 

which the change from membership to nonmembership was gradual rather 

than abrupt? In that case, any characteristics and severity of those 

characteristics would interact to determine the degree of handicap of 

each child. For purposes of illustration, consider a continuum in 

which there are degrees of severity of neurological dysfunction. One 

end would be called "classic cases" and the opposite would be "per­

fectly neurologically functional." Each child would then be placed at 

some point on this continuum. Of course, this example is only illus­

trative and simplistic because other handicapping conditions are not 

taken into account. A continuum model may be more indicative of the 

conception of learning disability since clinicians appear to prefer 

different cut-off points along a continuum. To one side of a given 

cut-off point would be those called learning disabled; to the other 

side of the cut-off point would be those who would be called normal, 

or something else. Because clinicians have specified prevalence fig­

ures for learning disability of from one percent to over 30 percent 

(Lerner, 1976), credence is lent to the notion that learning disabil­

ity results from an interaction between the number of characteristics 

and the degree of severity of those characteristics. If learning dis­

ability is thought of as a range of degrees of dysfunction, then 

probabilities become less useful than a depiction of a point on the 

continuum where an individual falls. This study was predicated on the 

assumption that learning disability may be thought of as a condition in 

which the transition from membership to nonmembership is gradual rather 

than abrupt. 
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Interpretive Structural Modeling 

Another promising approach to the question of interaction be­

tween number of characteristics and degree of severity is interpretive 

structural modeling. Farris and Sage (1975, p. 153) describe inter­

pretive structural modeling as follows: 

Interpretive structural modeling is a tool which permits 
identification of structure within a system. The system may 
be technical, social, medical, or any system which contains 
identifiable elements which are related to one another in 
some fashion. The system may be large or small in terms of 
numbers of elements; and it is in the larger, complex systems 
which benefit the most from interpretive structural modeling. 

The characteristic which these complex systems have in common 
is that each has a structure associated with it. That struc­
ture may be obvious as in the managerial organization of a 
corporation, or it may be much less obvious as in the value 
structure of the decision maker. In the physical sciences, 
structure is most often articulated in the form of mathe­
matical equations. In the behavioral and social sciences, 
structure is usually not articulated in such a clear fashion. 
Whether articulated or not, the structure of a system must be 
dealt with by individuals and groups. The interpretive 
structural modeling process transforms unclear, poorly artic­
ulated mental models of systems into visible well-defined 
models. 

Because the human brain is severely limited in dealing with 

complexity (problems involving a significant number of elements and 

relations among the elements), mental models of phenomena tend to be 

muddy and piecemeal (Waller, 1975). In interpretive structural model­

ing, the term "mental model" means the mental picture that a person 

holds regarding the relationships among the elements of a system. 

Examples of interpretive structural models (Warfield, 1974) are: 

block diagrams, flow charts, and the organization of books such as 

Organizations (March and Simon, 1958). Because interactive computer 
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programs have recently been developed, it is now possible to structure 

complex relationships so ';hat mental models can be transformed into 

clear, precisely defined, well-organized documentation. 

The process is represented graphically in Figure 3. In this 

method, a complete knowledge of content is not necessary. If a spe­

cialist knows the relationships among the elements, structuring may 

take place. 

Waller (1975) applied this process to the analysis of the 

learning disabled child. The first step was to replace a mental model 

with a matrix model. A specialist describes or is given the elements 

(content) of a system. The specialist in the Waller study was a learn­

ing disability teacher. She was given as a system the 13 categories 

(elements) of the Kirk and Kirk (1971) psycholinguistic diagnostic 

paradigm. The 13 categories were: (1) auditory reception, (2) visual 

reception, (3) auditory association, (4) visual association, (5) verbal 

expression, (6) manual expression, (7) grammatic closure, (8) auditory 

closure, (9) sound blending, (10) visual closure, (11) auditory sequen­

tial memory, (12) visual sequential memory, and (13) visual-motor 

coordination. 

The number assigned to each was used in the construction of a 

binary matrix. This was done by asking the teacher to consider a 

particular child and answer a series of questions until the relation­

ships concerning the psycholinguistic process of that child were com­

pletely specified. Examples of questions were the following: Is the 

child weaker in auditory reception (1) than visual reception (2); 

Is the child weaker in auditory reception (1) than auditory 
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Figure 3. Block diagram of interpretive structural modeling process, 
adopted from Warfield (1974) 



association (3); Is the child weaker in auditory reception (1) than 

visual association (4)? 

Questions such as these were asked until the matrix was com­

pleted. An affirmative answer on the part of the teacher was coded as 

1 and a negative answer was coded as 0 (hence the term binary matrix). 

The matrix for one child is presented in Figure 4. 

From this matrix, a digraph (directed graph) was constructed. 

This is shown in Figure 5. Since elements 1, 2, 4, 5, 10, and 12 had 

an equal number of negative responses, and more negative responses than 

any other elements, it was concluded that the teacher believed that 

this particular child demonstrated strengths to the same degree in 

elements 1, 2, 4, 5, 10, and 12. Similarly, element 11 had the next 

highest number of negative responses, element 7 was below that, and so 

on. The process is much more complicated than this when the relation­

ships among elements are more complex (Warfield, 1973) . An example of 

what could happen, given complex relationships, is shown in Figure 6. 

The interpretive structural model is simply the substitution 

of written statements or labels for the number codes. This has been 

done in Figure 7 for the Waller study (1975). 

This method can be used to establish a profile of each child's 

strengths and weaknesses according to a particular theoretical frame­

work. Data tempered by experiential judgment may be included in the 

model, leaving those who use the method to formulate a more precise 

personal mental model, i.e., establish a more definite and complete 

set of relationships among the elements. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 1 1 0 1 1 0 1 1 0 1 1 1 1 

4 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 0 0 0 0 0 0 

6 1 1 1 1 1 0 1 0 1 1 1 1 1 

7 1 1 0 1 1 0 0 0 0 1 1 1 0 

8 1 1 0 1 1 0 1 0 0 1 1 1 1 

9 1 1 1 1 1 0 1 1 0 1 1 1 1 

10 0 0 0 0 0 0 0 0 0 0 0 0 0 

11 1 1 0 1 1 0 0 0 0 1 0 1 0 

12 0 0 0 0 0 0 0 0 0 0 0 0 0 

13 1 1 0 1 1 0 1 0 0 1 1 1 0 

Figxire 4. The matrix for one child 



Figure 5. Digraph of LD child 

Figure 6. Example of a complex digraph 
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Interpretive structural modeling seems to have value as a way 

to structure relationships among theoretical elements for purposes of 

making general diagnoses. In the Waller (1975) study, however, a glance 

at the test results alone might have precluded the use of the interpre­

tive structural modeling technique. It is a time consuming technique 

which is not designed for gaining an understanding of the meaning of 

the content of a theory. In complex systems, computer assistance is 

necessary. The method would be useful if diagnosis could be done 

directly instead of using the categories of a diagnostic instrument. 

The diagnosis by interpretive structural modeling may be less useful, 

however, than that by the instrument itself because the digraph cannot 

specify the quantitative relationships of the instrument. Interpre­

tive structural modeling allows one to structure complex relationships 

into a computer program, but does not aid understanding of these rela­

tionships. Nonclinicians without extensive theoretical background can 

successfully use this technique in dealing with individual children, 

but the results are not generalizable. 

Fuzzy Set Theory 

Human thought processes can be captured and quantified, as 

stated by Korner (1966, p. 35): 

Classical elementary logic, i.e., the logic of unanalyzed 
propositions of quantification, rests on the requirement that 
all classes definable within it be exact, i.e., do not admit 
of neutral candidates for membership. This does not mean 
that inexact classes are, therefore, incapable of precise 
logical treatment. An imprecise logic would be a contradic­
tion in terms. A precise logic of inexact classes is not. 
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It is obvious that once we extend elementary logic by allowing 
inexact classes, not only the algebra of classes, but also its 
theory of quantification will be affected. 

For we then have to allow the quantifiers to range over inexact 
extensions; and allow propositions which express that an object 
is a neutral candidate for membership of a class. 

The complexity of the real world forces humans to think not in numbers 

or sets, but by manipulating classes of objects in which the transition 

from membership to nonmembership is gradual rather than abrupt. In­

stead of manipulating numerical variables by precisely defined, 

sequential mathematical operations, humans manipulate both numerical 

and linguistic variables in parallel to reduce complex phenomena 

systematically to approximate characterizations. This summarizing 

ability allows humans to walk, understand distorted speech, read, drive 

a car, play chess, decipher sloppy handwriting, search for lost objects, 

exclude irrelevant information in making decisions, and give weightings 

to data in using it in meaningful ways. So instead of taking a mass of 

preselected data, sequentially comparing each bit of datum against all 

the others to make yes/no decisions, and drawing precise, but possible 

insignificant answers as mechanistic systems such as computers do, the 

human system selects the information it will use, reduces it to a 

trickle, summarizes it, and manipulates it to draw relevant, but not 

necessarily precise, conclusions. Fuzzy set theory is a way to capture 

that uniquely human process. For more complete descriptions of the 

method, see Kaufmann (1975), Bellman and Giertz (1973), and Zadeh 

(1971). 
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Fuzzy sets may be thought of as classes in which the boundaries 

are not sharp. An example of such a class is age. At what age is one 

old rather than young? If age is thought of as consisting of those two 

distinct periods in life, one could picture these in the classical 

dualistic sense (Figure 8). 

1 

Young Old 

0 
J age 

Figure 8. Young-old dichotomy 

The problem is that humans don't operate under such precision. 

The boundaries between young and old are not that sharp. A person who 

is called old by someone yovinger than himself may not be willing to 

apply that label to himself. The transition between "young" and "old," 

then, can be said to be a fuzzy boundary and could more appropriately 

be pictured as gradual as in Figure 9, rather than abrupt. 

The ordinate represents the degree of membership in a class. 

The abscissa is the age in question. A person of age "A" would be said 

to have .2 membership in the class "young." Linguistically, this might 

be described as being not very young and not very old. 
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.5 
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1 
i—— — 
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Figure 9. Age as a fuzzy set 

In this system, both numerical variables and linguistic vari­

ables are taken into consideration. Linguistic variables are summarized 

descriptions of fuzzy sets. Examples are the following terms (called 

"hedges" by Zadeh, 1975): "sort of," "a little," "not very," "extreme­

ly," "a lot of," "very very," "a few," "quite," and "more or less." 

Humans manipulate both linguistic and numeric variables in 

conditional statements and algorithms. Three examples of conditional 

statements are: 

If x = .2, then y = .7. 

If x is small, then y is sort of large. 

If x is very large, y = .4. 

When the complexity of the relationships increase, algorithms are used 

to define the functions. Zadeh (1973, p. 30) speaks of this when he 

says: 
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Essentially, a fuzzy algorithm is an ordered sequence of 
instructions (like a computer program) in which some of the 
instructions may contain labels of fuzzy sets, e.g.: 

Reduce x slightly if y is very large 
Increase x very slightly if y is not very large 
and not very small 
If x is small then stop; otherwise increase x by 2. 

Some other examples of fuzzy sets are baldness, height, size, 

and the earth1s atmosphere. How many hairs does a man have to lose 

before he becomes bald? How tall is tall in a person? By adding one 

stone at a time, when does the size of a pile change from small to 

large? At what point in something out, rather than in, the earth's 

atmosphere? These questions may be thought of as an extremely small 

sample of the problems that man encounters in trying to conceptualize 

the world around him. Zadeh (1965, p. 338) summarized the dilemma by 

stating: 

More often than not, the classes of objects encountered in the 
real physical world do not have precisely defined criteria of 
membership. For example, the class of animals clearly includes 
dogs, horses, birds, etc., as its members, and clearly excludes 
such objects as rocks, fluids, plants, etc. However, such ob­
jects as starfish, bacteria, etc. have an ambiguous status with 
respect to the class of animals. The same kind of ambiguity 
arises in the case of a number such as 10 in relation to the 
"class" of all real numbers which are greater than 1. 

Clearly, the "class of all real numbers which are much greater 
than 1," or "the class of beautiful women," or "the class of 
tall men," do not constitute classes or sets in the usual 
mathematical sense of these terms. Yet the fact remains that 
such imprecisely defined "classes" play an important role in 
human thinking, particularly in the domains of pattern recog­
nition, communication of information, and abstraction. 
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Inexact classes may be quantified through use of fuzzy set 

theory (Goguen, 1969), a generalization of the traditional theory of 

sets (Hersh and Caramazza, 1976). 

Learning Disability—A Fuzzy Set 

To scientific thinkers, understanding and analysis in quanti­

tative terms are synonymous. Humans can think this way if few vari­

ables and precise relationships are specified. However, the complexity 

of the real world forces humans to think not in numbers or sets, but by 

manipulating classes of objects in which the transition from membership 

to nonmembership is gradual rather than abrupt. The Bayesian technique 

allows the inclusion of both subjective and objective data, thereby 

taking human experience and judgment into account. But Bayes also is 

a technique which does not match human thought processes because it is 

limited by the abrupt membership assumption. When this assumption is 

applied to learning disability, a child would be said to be either 

learning disabled or nonlearning disabled. Discussion must necessarily 

be centered around the probability that a particular child is, in fact, 

learning disabled. Learning disability, however, is a phenomena which 

does not have precisely defined criteria for membership. The hetero­

geneity mentioned in the literature indicates a degree of complexity 

which defies precise definition. 

In this study, learning disability was considered to be not 

only a hypothetical construct, but a fuzzy set as well. Instead of 

defining learning disability in opposition to nonlearning disability 

as had been done in previous research (Kass, 1977), the condition was 
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defined according to theorized boundaries, with membership within those 

boundaries ranging from mild to severe. No account is taken of non-

learning disability. A portrayal of learning disability as a fuzzy set 

is given in Figure 10. 

Figure 10. Fuzzy set portrayal of learning disability 

The universe of discourse is the school-aged population, repre­

sented by the rectangle. The concentric rings represent the condition 

of learning disability, with the outer rings depicting the milder range 

and the inner rings depicting the more severe range. Fuzziness is 

shown by the increasing number of breaks in each circle as one moves 

from the center outward. The innermost circle may be thought of as 

hard-core learning disabled children or "classic" cases. Children with 

mild learning problems would be placed in the outermost circle. 

Application of Fuzzy Set Theory 

WenstgSp (1976) demonstrated that it was possible to use present 

computer technology to arrive at conclusions in this new system of 
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fuzzy set logic. MacVicar-Whelan (1976) stated that there was a dearth 

of fuzzy set applications of a practical nature and concluded that 

since man and machine use different algorithms, a fuzzy algorithm 

should be developed which captures the adaptability of the human opera­

tor. Hersh and Caramazza (1976) concluded that natural language con­

cepts could be described more completely and manipulated more precisely 

using fuzzy set theory. 

It should be possible for clinicians to quantify their mental 

models in a meaningful way. The advantages would be twofold: (1) the 

construct called learning disability could be elicited, and (2) learn­

ing disabled children could be identified by persons other than clini­

cians. 

Applying science to a problem involves an interaction between 

theory and data. Scientists must form hypotheses before they can be 

tested. Similarly, a condition must be defined before an instrument 

to test it can be constructed, even if specific characteristics have 

not been stated. Construction of a standardized instrument is possible 

after theory and data have been synthesized into an acceptable picture 

of reality. That synthesizing process should be reflected in the 

instrument itself. 

In this study, fuzzy set theory was applied to a theoretical 

framework of learning disability (described in Chapter 1). The process 

of quantification involved a clinician and a modeler. First, the 

clinician verbalized the model by talking through which data were 

needed for identification, the relationships among these data, and 

the importance of each datum to the model. The quantifier recorded 



this information and then asked the clinician to weight the importance 

of the various data. Formulae were constructed according to the 

specifications laid down by the clinician. The data and formulae were 

manipulated until the results agreed with the clinician. These formulae 

were then placed in several algorithms so that the data fed in yielded 

as output the value of the membership function for the fuzzy set 

"learning disability" for the child whose data were used. These 

values were the degrees to which the clinician would have classified 

the children as learning disabled. The end result was a quantified 

model of a theory in the form of a computer program. 

With this methodology, a theory can be subjected to verifica­

tion and comparison with other models which have been similarly quan­

tified. When several clinicians have quantified their models in this 

way, there can be a basis for research and discussion leading perhaps 

to ultimate consensus about a definition for the field of learning 

disability. The next chapter will describe the process of quantifica­

tion by fuzzy set theory as followed in this study. 



CHAPTER 3 

STATEMENT OF THE PROBLEM AND PROCEDURES 

There is little consensus about what constitutes learning 

disability. If science could be applied, perhaps theory and empirical 

data could be related, leading to quantified theoretical models. Then, 

various models could be compared. This study investigated the process 

of model quantification. A new technique (fuzzy set theory) which 

captures both the objectivity of data and the subjectivity of using 

data in human thought was used to quantify the Kass theoretical frame­

work. 

Assumptions 

The following assumptions about learning disability led to the 

selection of fuzzy set theory as the methodology for this study: 

1. The identification of learning disability is a science. The 

ultimate aim of science is prediction and control (Johnson, 

1975) through theory building (Kerlinger, 1973). A science is 

a systematic body of facts (Freeman, 1942) in which the criter­

ion of science is not the subject matter, but the methods of 

investigation which are used (Sargent and Stafford, 1965). 

Medawar (1969) describes investigation as an "exploratory 

dialogue that can always be resolved into two voices or two 

episodes of thought—imaginative and critical, which interact." 

65 
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In Chapter 1, several theories of learning disability were 

described. This study investigated the quantification of a 

particular theory which had already been subjected to study as 

described in the preceding two chapters. Through the quanti­

fication of one theory, it is suggested that predictions about 

the handicap can be made. 

2. Learning disability is a theoretical (hypothetical) construct, 

and as such, is presumed to exist. Even a cursory perusal of 

educational, psychological, and medical literature will uncover 

references to learning disability. Congress has recognized it 

as an entity through such legislation as Public Law 94-142. 

Tests are in existence which purport to measure some aspect of 

the handicap and schools have set up classes for remediation. 

Universities offer courses of study in learning disability and 

states grant certification in this area. However, consensus 

about the handicap has not yet been reached. In Chapter 1, 

several theories about the construct were presented. 

3. Learning disability is a humanistic system. A humanistic 

system is one in which behavior is influenced by human judg­

ment, perception, or emotions (Zadeh, 1973). The construct 

learning disability involves such complexity that precision and 

relevance become almost mutually exclusive terms. This is 

stated in the "law of incompatibility"; as systems increase in 

complexity, precision and relevance become more and more in­

compatible (Zadeh, 1973). Processes of human thought, rather 

than the processes of mechanistic mathematics, are necessary 



to gain understanding. While humanists are not less scientific 

than behaviorists, they do rely on a different conception of 

science. Intuition, subjective experience, and active partici­

pation are more important to a humanist than experimentation 

and objectification (Poppen, Wandersman, and Wandersman, 1976). 

Learning disability can be defined and operationalized through 

a systematic framework. Two major frameworks appear to be in 

existence: one deals with behaviors directly, and the other 

deals with developmental deviations. One purports to be ex­

tremely objective, while the other is subjective, in the main. 

In this study, a particular definition was proposed in which 

four operational criteria were specified (see Chapter 1). It 

is hypothesized that all four criteria must be met before an 

individual can be said to have the handicap. 

Learning disability is a "fuzzy set," that is, it is a handicap 

in which the transition from membership to nonmembership is 

gradual rather than abrupt. This assumption is based on the 

notion that the number of characteristics, interactions among 

the characteristics, and degrees of severity of each character­

istic lead to a continuum of severity. 

In quantifying learning disability, it is more productive to 

start from theory rather than empirical data. This study was 

undertaken to find a research methodology which would make it 

possible to relate a particular theory and empirical data. 

Clinicians build elaborate constructs about handicap by syn­

thesizing knowledge and experience. Before data can be gathered 
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about a problem, some framework must be in existence so that 

only relevant data are collected from all available data. The 

results of analyses of such data lead to reformulation of the 

framework and more data collection and analyses in a never-

ending search for accuracy. A framework cannot be created by 

passing data, which have been collected in an unguided fashion, 

through an automatic logical mill (Huchings, 1964). 

Statement of the Problem 

It was shown in the previous chapter that the theory of devi­

ance used in this study (Kass, 1977) is multi-dimensional and has been 

researched. The purpose of this study was to find and apply a method­

ology which would quantify this theoretical framework. The theory of 

deviance proposed by Kass was subjected to quantification through a 

well-developed technique which is as yet little used. Fuzzy set theory 

(Zadeh, 1965) was chosen because it is capable of capturing human 

thought processes. 

Procedures 

The goal of the study was to quantify the Kass verbal theory 

of learning disability and to demonstrate that a procedure useful for 

identifying learning disability children could be developed. Five 

specific procedures were the following: 

1. Developing a verbal statement of the theory. 

2. Establishing a quantified model of the verbal statement, i.e., 

expressing the verbal statement in fuzzy set terms. 

3. Constructing a questionnaire based on the quantified model. 
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4. 

5. 

Verbal Statement 

A verbal statement resulted from modeling one clinician's con­

cept of learning disability. Characteristics of learning disability in 

an age-related framework were obtained in a series of interviews with 

the clinician, who first gave statements of conditions and logical rela­

tions. Sources of information and cut-off points were included. 

Through discussion and revision, these statements were reduced to lin­

guistic variables and logical relations in the context of fuzzy set 

theory. Relationships were shown through use of the terms AND and OR 

in the verbal statement. Between two characteristics or criteria, an 

AND indicated that both conditions must be met for learning disability 

to exist. 

For example, the clinician stated that one characteristic of 

learning disability in the Sensory Orientation function included symp­

toms suggestive of neurological disorder. After further discussion, 

the specific symptoms were stated as: excessive crying as reported by 

a parent, supersensitivity to stimuli as reported by a physician or 

parent, convulsions as reported by a parent or physician or both, 

rigidity of body as reported by a parent, screeching as reported by a 

parent, lethargy as reported by a parent, premature birth as reported 

by a physician, high fever for several days as reported by a physician, 

and reverse swallowing as reported by a physician. Any one of these 

Developing a computer program for outputting membership 

functions from the questionnaire data. 

Comparing the model using case data. 



symptoms suggests a neurological disorder. For that reason, an OR was 

used between each symptom to denote a suspected neurological disorder. 

The resulting verbal statement was used in this study as the 

first approximation of the construct of the handicap as conceived by 

the clinician. Revisions were subsequently made, but the original is 

presented as the first step in quantification of theory in Appendix E. 

Quantified Model 

This step involved having the clinician assign membership func­

tions (M values) for each characteristic verbally expressed above. 

Class membership functions were assigned a value on [0, 1], which rep­

resents the degree to which a child would be said to display the 

associated characteristics. The values range anywhere from 0 to 1. 

The combinations of membership functions derived from the theory of 

deviance through the application of fuzzy set theory would yield a 

fuzzy model. All the input data were either judgments or specified 

test data, and the output was a value of the membership function for 

the fuzzy set, learning disability. For example, in the Sensory 

Orientation example cited in the above section, the symptom of convul­

sions reported by a parent was assigned a JUL value of .3, convulsions 

reported by a physician was .5, and convulsions reported by both was 

.6, premature birth was .1, and so on. 

In those cases where age within a theoretical function influ­

enced the value of the membership function, a graph was drawn which 

reflected that influence. For example, delay in developmental mile­

stones must be evaluated month by month. The membership values 
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assigned to each of the data for each of the characteristics in the 

verbal statement are given in Appendix F. 

First Questionnaire 

The next step was to prepare a questionnaire for collecting 

data on individual children based on the quantified model. Two ques­

tionnaires were constructed. The first was a direct outgrowth of the 

quantified model presented above. It is called the original question­

naire. The numbering system corresponds to the number of questions in 

the quantified model rather than the characteristics as stated in the 

verbal statement. For example, there were one, two, or more questions 

per characteristic, depending on the number of available sources. 

After collecting data with the first questionnaire, a second question­

naire was designed to more closely match the operational criteria. The 

first questionnaire is presented in Appendix G. 

Data from First Questionnaire 

At this point, data were put through the original questionnaire 

and membership functions (>u values) were generated. It was discovered 

that the relationships among the characteristics, in terms of OR's and 

AND's, were not placed most efficaciously in the questionnaire. A re­

vision was made in which characteristics were grouped according to the 

four operational criteria: (1) normal achievement potential, (2) behav­

ioral characteristics, (3) component deficits, and (4) low achievement. 

Another discovery was that information for each question was 

not always available. Additional questions were included in an attempt 

to collect sufficient information about deficits. 
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Revised Questionnaire 

In the revised questionnaire, characteristics within each age-

related function were grouped into four sets of data corresponding to 

four operational criteria: (1) achievement potential, (2) behavioral 

characteristics, (3) age-related deficits, and (4) achievement. For 

example, in the Sensory Orientation example cited previously, convul­

sions, premature birth, and high fever were grouped under achievement 

potential; excessive crying, screeching, lethargy, and reverse swallow­

ing were grouped under behavioral characteristics, and so on. Since 

the assumption is that all four criteria must be present for learning 

disability to exist, an OR was placed between each characteristic and 

an AND was placed between each set of criteria. Three exceptions 

occurred: 

1. In Sensory Orientation, membership in learning disability is 

difficult to determine because of problems with differential 

diagnosis at young ages. A high membership function indicates 

only that the child is at risk and intervention should take 

place. Any one characteristic by itself is sufficient, and, 

therefore, only OR was used. 

2. In Memory and Re-Cognition, it is difficult to differentiate 

behavioral characteristics and component deficits, since it 

is rare that a case report for that age child has enough 

information. Therefore, OR was placed between those two cri­

teria in Memory and Re-Cognition. 



3. In Communication, age-related deficits become closely tied to 

achievement. Therefore, deficits in either age-related 

deficits OR achievement indicate learning disability. 

For the process of filling out the revised questionnaire, rules 

and explanations for given items were necessary. These were added to 

the questionnaire as needed. Some cross-indexing of items was done, 

based on the theoretical assumption that certain deficits which appear 

at an older age have always been present. Therefore, if certain ques­

tions are answered in the affirmative in older functions, corresponding 

questions in earlier functions must be answered affirmatively. This 

process was written into the computer program presented in Appendix H. 

The instructions for filling out the questionnaire were the following: 

To fill out this diagnostic questionnaire, place a 1 in 

the blank if the answer to the question is YES, a 2 in the 

blank if the answer is NO, a 0 in the blank if the answer 

is UNKNOWN, or a VARIABLE (i.e., months, percentiles, or 

code as specified) in the blank if required. For each of 

the five sections, consider information about the child 

which was gathered while the child was in that particular 

age range only. 

Outline of questions. The questions are listed below as they 

appeared in the revised questionnaire (consecutive numbering was used 

for the questions): 
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I. Sensory Orientation (0 to 18 months) 

A. Achievement Potential 

1. Did a physician report convulsions? 

2. Did a parent report convulsions? 

3. Did both a physician and parent report convulsions? 

4. Did a physician report premature birth? 

5. Did a physician report a high fever? 

B. Behavioral Characteristics 

6. Did a parent report excessive crying? 

7. Did a parent report excessive screeching? Answer NO if 

the child was saying words at 9 months. 

8. Did a parent report lethargy? 

9. Did a physician report reverse swallowing? 

10. Did the child run off? 

11. Did the child make excessive demands for attention? 

12. Did the child insist on regularity of environment? Answer 

YES if the child perseverates, exhibits rigidity, or de­

mands a regular routine. 

C. Age-Related Deficits 

13. Did a physician report extreme sensitivity to happenings 

around the child? 

14. Did a parent report extreme sensitivity to happenings 

around the child? 

15. Did the parent report rigidity of body? 

16. Did a physician report transitory hearing loss? 

17. Did an expert report excessive motor movements? 
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18. Did a parent report excessive motor movements? 

19. Was the child afraid of strangers (at 9 months or 

so) ? 

D. Achievement 

20. When did the child (in months) first start rolling over? 

21. When did the child (in months) first start sitting up? 

22. When did the child (in months) first start walking? 

23. When did the child (in months) first start saying words? 

24. When did the child (in months) first say sentences? 

II. Memory (18 months to 8 years) 

A. Achievement Potential 

31. Between 5 and 7, what was the child's mental age? 

32. What was the child's chronological age in months when the 

mental age was determined? 

33. What percentile did the child achieve on a vocabulary test 

such as the PPVT (Dunn, 1959), Stanford-Binet (Terman and 

Merrill, 1960), WISC-R (Wechsler, 1974)? 

B. Behavioral Characteristics 

34. Did the school or parent report that the child was 

expelled? 

35. Did the school or parent report that the child quarreled 

excessively with peers? 



36. Did a specialist report poor articulation? If YES, enter 

a 1 if the child is between 7 and 8, a 3 if the child is 

between 5 and 7, a 4 if the child is between 4 1/2 and 5, 

a 5 if the child is between 3 and 4 1/2, and a 6 if the 

child is between 1 1/2 and 6 at the time of assessment. 

37. Did a parent report poor articulation (if the child was at 

least 4)? 

38. Did an expert report the use of jargon (defined as a made-

up language in which the child's speech is totally incom­

prehensible)? 

39. Did a parent report the use of jargon? 

40. Did an expert report involuntary reversal of sounds or 

words or letters? This could also be stuttering. If YES, 

enter a 1 if the child is between 7 and 8, a 3 if the 

child is between 6 and 7, and a 4 if the child is between 

1 1/2 and 6 at the time of assessment. 

41. Did a parent or expert report that the child demanded 

excessive attention? 

42. Did a parent or expert report that the child insisted on 

regularity? 

C. Age-Related Deficits 

43. Did the school or parent report that the child was capable 

of self-care, but needed constant adult supervision or 

excessive discipline? Indications are that the child is 

always telling an adult what he is doing, is always asking 
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for care/approval, is insecure, needs help in dressing, 

etc., or demands a great deal of time. 

44. Did an expert report hyperexcitability? 

45. Did a parent report hyperexcitability? 

46. Did an expert report hypoexcitability? 

47. Did a parent report hypoexcitability? 

48. Was there a report of immaturity? Indications are that 

the child cries excessively, whines, refuses to color or 

paste within the lines, has poor speech, or has poor 

writing. 

49. Was the child reported not to show suitable caution with 

strangers, i.e., being too friendly? This child may be 

spoken of as charming or manipulative. 

50. At age 6, was there a size discrimination problem (large/ 

small, big/little/medium, uppercase/lowercase letters)? 

51. At age 7, was there a size discrimination problem? 

52. Did the child dislike books and being read to? Usually 

there is no direct reference to this, but indications are 

that a child does not sit long or does not like to watch 

television. 

53. What percentile did the child achieve on a sentence repe­

tition test such as the Detroit Auditory Attention for 

Related Syllables (Baker and Leland, 1967), Stanford-Binet 

(Terman and Merrill, 1960), WISC-R (Wechsler, 1974), and 

Carrow (Carrow, 1974)? 
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54. Was there a report that the child failed to memorize? 

55. What percentile did the child achieve on a pictorial 

memory test such as the ITPA Visual Sequential Memory 

subtest (Kirk, McCarthy, and Kirk, 1968)? " 

56. What percentile did the child achieve on a symbol memory 

test such as the WISC-R Digit Span (Wechsler, 1974), ITPA 

Auditory Sequential Memory, Auditory Closure, or Sound 

Blending subtests (Kirk, McCarthy, and Kirk, 1968)? 

D. Achievement 

57. Was there a report that the child was having difficulty 

in learning to spell? 

58. Between 2 and 5, how many letters of the alphabet was the 

child unable to name? 

59. What was the age of the child (in months) at the time the 

assessment of alphabet letters was done? 

60. Between 5 and 7, how many letters of the alphabet was the 

child unable to write? 

61. What was the age of the child (in months) at the time the 

assessment of writing was done? 

62. Did the teacher report a lack of arithmetic ability? 

63. Did the child score at or below the 16th percentile on an 

arithmetic achievement test? 

64. Did the teacher report a lack of reading ability. Indica­

tions are that the child is called a nonreader, has no 

ability to read, has no idea of what reading is about. 
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A child who is in second grade and still in the primer or 

first grade book, or is in the first grade and is not able 

to read in a first grade book, or is in kindergarten and 

can't do reading workbooks has a lack of reading ability. 

65. What percentile did the child achieve on a reading 

achievement test? 

66. Did a teacher or expert report that the child was not at 

age level for penmanship? Indications are that the child 

can't recognize letters, can't write on demand (dictation 

and copying), forms letters incorrectly, has trouble 

printing his name, has poor eye-hand coordination, or 

can't copy his name correctly. 

III. Re-Cognition (i to 11 years) 

A. Achievement Potential 

71. Was the full scale IQ of the child 80 or above? . 

72. Was the full scale IQ between 75 and 79? 

73. Was the full scale IQ between 50 and 74? 

74. Was the full scale IQ below 50? 

75. What percentile did the child achieve on a vocabulary test 

such as ITPA Auditory Reception subtest (Kirk, McCarthy, 

and Kirk, 1968), Stanford-Binet (Terman and Merrill, 1960), 

or WISC-R (Wechsler, 1974)? 
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76. What percentile did the child achieve on a verbal opposites 

test such as the Detroit Verbal Opposites subtest (Baker 

and Leland, 1967)? 

77. What percentile did the child achieve on a verbal absur­

dities test such as the Detroit Verbal Absurdities subtest 

(Baker and Leland, 1967)? 

78. What percentile did the child achieve on a verbal analogies 

test such as the ITPA Auditory Association subtest (Kirk, 

McCarthy, and Kirk, 1968)? 

B. Behavioral Characteristics 

79. Was there a clinical report that the child did not pay 

attention? 

80. Did a teacher/expert report that the child did not sit 

still or lacked perseverance? Indications are that the 

child does not listen, dislikes TV, or has a short atten­

tion span. 

81. Was there a report of jerky, uncoordinated motor move­

ments? 

82. Did a teacher report that the child did not work indepen­

dently? Indications are that the child is a discipline 

problem, bothers other children, or is not able to do the 

work. 

83. Did a teacher report that the child did not follow teacher 

directions? Indications are that the child is a discip­

line problem, doesn't do work, is active, has a bad memory, 

or follows directions incorrectly. 
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84. Did a teacher/parent/peer group report that the child did 

not keep friendships? 

85. Was there a diagnostic report of immaturity? Indications 

are that the child uses baby-talk, is a crybaby, whiner, 

bully, loner, tattletale, engages in fights. 

86. Was there a medical report that the child required con­

tinuing medication/special diet? 

C. Age-Related Deficits 

87. Did the child score at or below the 16th percentile on the 

Raven's Coloured Progressive Matrices Test (Raven, 1947)? 

88. Was there a clinical report that the child was having 

difficulty with visualization or imagery (forming word 

pictures)? 

89. Did the child score at or below the 16th percentile on the 

WISC-R Mazes subtest (Wechsler, 1974)? 

90. Did the child score at or below the 16th percentile on the 

Ayres Tactile Discrimination Test (Ayres, 1966)? 

91. Was there a report that the child was having difficulty 

with haptic discrimination? 

92. Did the child score at or below the 16th percentile on the 

Benton Finger Agnosia Test (Benton, 1959)? 

93. Did an expert report that the child had a reading block? 

94. Did an expert report that the child was excessively reli­

ant on phonetic spelling? Indications are that the child 
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tries too hard to spell phonetically and does not recog­

nize the difference between phonetic and nonphonetic 

words. 

95. Was there a report that the child was excessively reliant 

on auditory memory for sequence of letter names? Indica­

tions are that the child has trouble with remembering, 

tries too hard to remember every letter, has trouble with 

the Fernald (1943) method, remembers a sequence of letters 

instead of the pronunciation of a word, or has a lack of 

visualization (i.e., the child is not "seeing" the word in 

the mind's eye, but is recalling the letters in sequence 

by rote). 

96. Was there a report that the child appeared not to attend 

to muscle sensation while spelling? Indications are that 

the child has tracing trouble, cramped handwriting, draws 

letters, has jerky, uncoordinated movements, or is not 

sure of letter formations and connections. 

D. Achievement 

97. Did the child score at or below the 16th percentile on a 

standardized arithmetic computation test? 

98. Did a teacher report that the child was having difficulty 

with arithmetic computation? 

99. Did a teacher report that the child was having difficulty 

with story problems in arithmetic? 

100. Did the child score at or below the 16th percentile on a 

standardized oral reading test such as the Gray Oral 
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Reading Tests (Gray, 1967) or Sucher-Allred Reading 

Placement Inventory (Sucher and Allred, 1968)? 

102. Did a teacher report that the child was having difficulty 

in oral reading? Indications are that the child refuses 

to read aloud, has trouble with reading (e.g., reversals, 

substitutions, additions) or if the child is described as 

practically a nonreader. 

103. Did the child score at or below the 16th percentile on 

the Monroe Word Discrimination Test (Monroe, 1970b)? 

104. Did a teacher report that the child was having difficulty 

with word discrimination? 

105. Did the child score at or below the 16th percentile on a 

standardized test of reading comprehension such as the 

Gates-MacGinitie Reading Readiness Tests (Gates and 

MacGinitie, 1968)? 

106. Did a teacher report that the child was having difficulty 

with word meaning in reading? 

107. Was there a clinical report that the child was having 

difficulty with outlining skills? Indications are that 

the child has trouble getting main ideas and making in­

ferences. 

108. Was there a clinical report that the child was having 

difficulty in penmanship? 

109. Did the child score at or below the 16th percentile on a 

standardized spelling test? 
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110. Did a teacher report that the child was having difficulty 

in spelling? 

IV. Synthesis (11 to 13 years) 

A. Achievement Potential 

121. Was the verbal IQ of the child 80 or greater? 

122. Was the verbal IQ between 75 and 79? 

123. Was the verbal IQ between 50 and 74? 

124. Was the verbal IQ lower than 50? 

B. Behavioral Characteristics 

125. Was there a report that the child had poor habits of re­

sponding to oral and written material? This includes any 

report of organization problems or poor habits in any 

academic area. 

126. Was there a report that the child was oblivious to in­

accuracies? Indications are that the child always needs 

help, does not want to re-do papers, or is passive. 

127. Was there a report that the child did not correct errors 

when they were shown to him? Indications are that the 

child reverses letters or words, or has a spelling or 

writing problem. 

128. Was there a report that the child did not complete tasks 

(due to poor motivation)? 

129. Did a teacher/clinician report that the child was having 

difficulty writing from dictation (due to motor tension)? 
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Age-Related Deficits 

130. Did the child score at or below the 16th percentile on 

the Time Appreciation Test (Buck, 1946)? 

131. Did an expert report that the child was having difficulty 

organizing and estimating the time and sequence necessary 

to complete a given task? Indications are that the child 

has a prediction deficit or has difficulty in organizing 

and outlining. 

132. Did the child score at or below the 16th percentile on 

the Blending subtest of the Stanford Diagnostic Reading 

Test, Level II (Karlsen, Madden, and Gardner, 1966)? 

133. Was there a report that the child was having difficulty 

associating phonemes and graphemes (including syllables)? 

134. Was there a clinical report that the child had difficulty 

associating concepts? Indications are that the child has 

a memory problem or doesn't associate words or ideas. 

135. Did the child score at or below the 16th percentile on 

the Detroit Disarranged Pictures subtest (Baker and 

Leland, 1967)? 

Achievement 

136. Did the child score at or below the 16th percentile for 

all subtests of the Picture Story Language Test 

(Myklebust, 1965)? 
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137- Did the child score at or below the 16th percentile on 

a standardized mathematics achievement test? 

138. Did a teacher report that the child had difficulty in 

mathematics or did the child receive a grade of D or F? 

139. Did the child score at or below the 16th percentile on 

the Gates-MacGinitie Reading Readiness Tests (Gates and 

MacGinitie, 1968}? 

140. Did a teacher report that the child was having difficulty 

reading any required subject matter? 

141. Did a teacher report that the child was having difficulty 

mastering specialized vocabulary (meaning)? 

142. Did a teacher report that the child was having difficulty 

with problem solving in any subject matter? Indications 

are that the child has trouble studying, reasoning by 

induction, answering questions about a story, didn't use 

reasoning in obtaining an answer, is impatient or impul­

sive. 

143. In spelling, did the child score at or below the 16th 

percentile on a standardized spelling test? 

144. Did a teacher report that the child was having difficulty 

with speed and power in spelling? 

145. Did a teacher report that the child was having difficulty 

with spelling specialized vocabulary? 
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V. Communication (13 years and up) 

A. Achievement Potential 

151. Was the full scale IQ of the youth 90 or greater? 

152. Was the full scale IQ between 75 and 89? 

B. Behavioral Characteristics 

153. Was there a clinical report that the youth did not accept 

consequences? This is estimating reactions to behavior, 

looking for negative consequences/seeming to enjoy nega­

tive consequences, or not thinking ahead. 

154. Did a parent report that the youth did not accept con­

sequences? 

155. Did a teacher or employer report that the youth did not 

acquire vocational skills? 

156. Was there a clinical report that the youth has succumbed 

to negative influences? 

157. Did a parent report that the youth has succumbed to nega­

tive influences? 

158. Did a teacher/parent/clinician report that the youth has 

refused to face the handicap? This is not taking respon­

sibility for the consequences of one's actions, not having 

the will to succeed regardless of problems, or lack of 

motivation. 

159. Did a teacher/clinician report that the youth was having 

difficulty evaluating situations? This is estimatina the 

time to do an assignment, estimating whether help is 



needed, being unrealistic in demands or reactions, or 

being socially insensitive. 

160. Did a parent report that the youth was having difficulty 

evaluating situations? 

161. Did a teacher/parent/clinician report that the youth has 

disappointed those who care? This includes showing lack 

of respect, being defensive, or twisting other people's 

meanings. 

Age-Related Deficits 

162. Did the youth score at or below the 16th percentile on 

the Arithmetic subtest of the WISC-R (Wechsler, 1974)? 

163. Did the youth score at or below the 16th percentile on 

the Mathematics subtest of the PIAT (Dunn and Markwardt, 

1970)? 

164. Did the teacher report that the youth was having diffi­

culty in mathematical comprehension? 

165. Did the youth score at or below the 16th percentile on 

the Reading Comprehension subtest of the Gates-MacGinitie 

Reading Readiness Test (Gates and MacGinitie, 1968)? 

166. Did a teacher report that the youth was having difficulty 

in reading comprehension? 

167. Did the youth score at or below the 16th percentile on 

all subtests of the Picture Story Language Test (Mykle-

bust, 1965)? 
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168. Did a teacher/clinician report that the youth was having 

difficulty in writing? Indications are that the youth 

has difficulty with penmanship, handwriting, composition, 

creative writing, has jerky, uncoordinated movements, 

rigidity, resists writing, does not finish written assign­

ments . 

D. Achievement 

169. Was there a school report that the youth was having dif­

ficulty in any or all school subjects? 

170. Did the youth have more than 40% D or F grades on his 

report card in the content subjects? 

171. Did the youth drop out of school? 

172. Was the youth having difficulty finding and keeping a 

job? 

Computer Program 

A computer program was written from the revised questionnaire. 

Fortran IV was chosen as the program language because of its versatility 

and wide use (Sass, 1974). The computer program may be thought of as a 

revised quantified model. 

A revalue for each function is given by the program. These 

values represent the degree to which a child could be classified as 

learning disabled within each function. A single value is then gener­

ated based on the unit square graphs pictured in Appendix F. This value 

is a summary indicator of the child's membership function in the class 

of learning disability. The program is shown in Appendix H. 



90 

Comparison of the Model with Data 

Data from past cases were used in preparing the documents. The 

revised questionnaire was filled out for 144 cases in the files of the 

clinician. The clinician assigned membership functions intuitively, 

based on knowledge, training, and wisdom, for each questionnaire and 

these were then compared with output generated from the computer on the 

same data. 

Revisions were made in the program until the best match possi­

ble was made with the intuitively assigned membership functions. These 

revisions involved changing the m value assignments, switching OR's and 

AND's, reassigning deficits to other criteria or functions, grouping 

deficits into syndromes which were thought to be more indicative of 

learning disability, and assigning affirmative responses to certain 

deficits even though information was not available, if a similar defi­

cit was found to be true at a later age (called cross-indexing). The 

results are presented in the next chapter. 



CHAPTER 4 

APPLICATIONS 

In this study, fuzzy set theory was used to model the thought 

processes of a clinician in her identification of children with learn­

ing disability. Learning disability is a handicap in which the boun­

daries between learning disability and nonlearning disability are not 

sharp. Deviance from the norm can be thought of as being continuous, 

i.e., transition from membership to nonmembership is gradual rather 

than abrupt. Rather than thinking of a child as either learning dis­

abled or nonlearning disabled, the fuzzy set system allows one to 

categorize a child along a range of "not at all" learning disabled, 

"sort of" learning disabled, "a lot" learning disabled, and "completely" 

learning disabled. Traditional methods do not allow this continuity to 

be expressed. Fuzzy set theory allows the handicap to be expressed as 

a degree of membership in the class "learning disabled." 

In the Kass theory of deviance used in this study, a child is 

said to pass through five age-related functions with four criteria for 

learning disability membership in each function. A child must deviate 

to such a degree that he meets each of the four criteria to be classi­

fied as learning disabled within a function. Children may be affected 

by the handicap to a greater or lesser degree. The degree to which a 

child is classed as learning disabled is dependent upon the combination 
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of factors within each criterion for each function and for the combina­

tion of functions as a whole. 

In the application of fuzzy set theory to the identification of 

learning disability, a model (computer program) was developed and 

tested through a series of steps: 

1. Developing a verbal statement of the theory. 

2. Establishing a quantified model of the verbal statement. 

3. Constructing a questionnaire based on the quantified model. 

4. Developing a computer program for outputting membership 

functions from the questionnaire data. 

5. Comparing the model with case data. This step was the subject 

of this chapter. 

Confirming the Model with Case Data 

Cases from the files of the clinician formed the data base for 

this study. Information taken from 144 cases was used in filling out 

the first questionnaire (Step 3). The clinician was asked to assign 

M. values for each of the functions for each child from the questionnaire 

data, based on the knowledge and experience of the clinician. The cli­

nician was also asked to assignXvalues for each child from the unorga­

nized data collection in the folders of 62 cases (these were the most 

recent and had the best chance of containing pertinent information). 

This was done to check the completeness of the questionnaire in an 

empirical manner. It was thought that discrepancies between the 

values assigned to the folder data and those assigned to the question­

naire data might point out weaknesses in the questionnaire. 
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The first questionnaire was then reorganized, according to the 

four criteria: (1) normal achievement potential, (2) behavioral char­

acteristics indicative of learning disability, (3) evidence of compo­

nent deficits within age-related functions, and (4) low achievement. 

Additional data were collected for the revised questionnaire and the 

clinician was asked to assign ju values for each function and for each 

child as a whole. 

The computer program was revised until the output J! values 

matched the assigned ji values as closely as possible. To test this 

match, the statistical technique was the Pearson product-moment corre­

lation (r), a measure of relationship (Glass and Stanley, 1970). This 

technique was designed to be used with ordered pairs when both variables 

are expressed as interval data and the relationships are first order 

(linear). Correlation is useful in determining whether the dependent 

variable is a good predictor of the independent variable. In this 

study, the dependent variables were the ju values output from the pro­

gram and the independent variables were the JU values assigned by the 

clinician to the revised questionnaires. 

The statistical hypothesis was that the JU values output by the 

computer program would match (predict) the ju values assigned by the 

clinician. An alpha level of .05 was chosen to determine significance 

in this study. Results are presented in the following sections by 

function. Raw data are given in Appendix I. 
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Sensory Orientation 

The /i values assigned by the clinician to the questionnaire 

data for each case were compared with the values assigned to the same 

data by the computer program. Cases in which there was no information 

were discarded because these tended to artificially raise the correla­

tion coefficient, since both the clinician and program assigned them 

values of zero. For the Sensory Orientation function, 44 cases had 

information, and the correlation coefficient was .71. This is signifi­

cant beyond the .001 level. Data points were plotted and the scatter 

diagram is shown in Figure 11. 

Figure 11. Data points for sensory orientation 
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Memory 

The A4 values assigned by the clinician to the revised question­

naires were compared with the jn values assigned to the same data by the 

computer program. There were no cases in the Memory function in which 

there was no information, but missing information from one or more of 

the four criteria for membership in the class learning disability was a 

problem. Assumptions which were made when the problem of missing in­

formation arose were the following (also stated in the computer program 

which was presented in Appendix H. 

1. It was assumed that intelligence is fairly constant. If no 

information was available on achievement potential at the 

Memory function, and if information was available at a later 

function, that a value was used. If no information was avail­

able at a later function, a .3 x value was assumed. Values 

assigned by the clinician were examined. The m value which was 

chosen reflected the best balance between empirical findings 

and theoretical considerations. 

2. Certain combinations indicated higher # values in the low 

achievement criterion. These are included in the computer 

program. 

3. For the two questions (36 and 40) in the criterion of behavior­

al characteristics, the data were coded (see revised question­

naire in Chapter 3). As an example for question 36, an 

affirmative answer is entered as a 1 if the child is between 

7 and 8, a 3 if the child is between 5 and 7, etc. 
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In the Memory function, the correlation coefficient was calcu­

lated from a sample size of 144 cases. The correlation coefficient was 

.54, which was significant beyond the .001 level. Data points were 

plotted and these are shown in Figure 12. 

1.0 

•H 

1.0 

ju from Computer Program 

Figure 12. Data points for siemory 

Sensory Orientation and Memory Combined 

For each case, the clinician was asked to look at the Sensory 

Orientation Ai value and Memory M value which was generated by the 

computer and assign a M value for learning disability based on the 

combination of jm values in Sensory Orientation and Memory. Combina­

tion values generated by the computer program were compared with the 

assigned values. Sixty-two cases were used because these were the 
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most recent and had the greatest chance of containing necessary infor­

mation. For the combination of Sensory Orientation and Memory, the 

correlation coefficient was .99, which is significant beyond the .001 

level. 

Re-Cognition 

The M values assigned by the clinician to the revised question­

naire were compared with the jh values assigned to the same data by the 

computer program. There were no cases in which there was no informa­

tion, but missing information from one or more of the four criteria for 

membership in the class learning disability was a problem. Assumptions 

which were made when the problem of missing information arose were the 

following (also stated in the computer program presented in Appendix H): 

1. In the absence of information in the criterion of achievement 

potential, a .3 ̂  value was assumed. Values assigned by the 

clinician were examined. The rvalue which was chosen reflected 

the best balance between empirical findings and theoretical 

considerations. 

2. Information from the two older functions was used to supplement 

Re-Cognition data where appropriate. In the Re-Cognition func­

tion, the correlation coefficient was calculated from a sample 

size of 90 cases. Of the 144 cases used in this study, 54 were 

younger than age eight at the time the folder data were col­

lected and, therefore, could not be used in this and the two 

later functions. The correlation coefficient was .74, which 
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was significant beyond the .001 level. Data points were 

plotted and these are shown in Figure 13. 

Figure 13. Data points for re-cognition 

Sensory Orientation, Memory, and 
Re-Cognition Combined 

For each of the eligible cases, the clinician was asked to look 

at the yW values assigned to the Sensory Orientation, Memory combination 

and the ju value generated by the computer program for Re-Cognition. 

From this, the clinician was asked to assign a rvalue for learning 

disability. Combination M values generated by the computer program 

were compared with the assigned values. Of the 62 cases used in this 



part of the study, 15 were younger than age eight at the time the 

folder data were collected. Therefore, the correlation coefficient 

was calculated from a sample size of 47 cases. For the combination of 

Sensory Orientation and Memory with Re-Cognition, the correlation 

coefficient was .99, which is significant beyond the .001 level. 

Synthesis 

The m values assigned by the clinician to the revised question­

naire were compared with the JU value assigned to the same data by the 

computer program. There were no cases in which there was no informa­

tion, but missing information from one or more of the four criteria for 

membership in the class learning disability was a problem. Assumptions 

which were made when the problem of missing information arose were the 

following (also stated in the computer program presented in Appendix H) 

1. In the absence of information in the criteria of achievement 

potential, a .4 M value was assumed, while missing information 

in the criterion of age-related deficits was assigned a .4 Ai 

value. Values assigned by the clinician were examined. The 

value which was chosen reflected the best balance between 

empirical findings and theoretical considerations. 

2. Information from the Communication function was also used to 

supplement Synthesis data where appropriate. 

In the Synthesis function, the correlation coefficient was 

calculated from a sample size of 28 cases. Of the 144 cases used in 

this study, 116 were younger than age 11 at the time the folder data 
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were collected. The correlation coefficient was .68, which was signif­

icant beyond the .001 level. Data points were plotted and these are 

shown in Figure 14. 
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Figure 14. Data points for synthesis 

Sensory Orientation, Memory, Re-Cognition, 
and Synthesis Combined 

For each of the eligible cases, the clinician was asked to look 

at them value assigned to the Sensory Orientation, Memory, Re-

Cognition combination and the M value generated by the computer program 

for Synthesis. From this, the clinician was asked to assign ax value 

for learning disability. Combination values generated by the 
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computer program were compared with the intuitively assigned values. 

Of the 62 cases used in this part of the study, 43 were younger than 

age 11 at the time the folder data were calculated. Therefore, the 

correlation coefficient was calculated from a sample size of 19 cases. 

For the combination of Sensory Orientation, Memory, Re-Cognition with 

Synthesis, the correlation coefficient was .98, which is significant 

beyond the .001 level. 

Communication 

The mvalues assigned by the clinician to the revised question­

naire were compared with the m values assigned to the same data by the 

computer program. There were no cases in which there was no informa­

tion, but missing information from one or more of the four criteria for 

membership in the class learning disability was a problem. Assumptions 

which were made when the problem of missing information arose were the 

following (also stated in the computer program presented in Appendix H): 

1. In the absence of information in the criterion of achievement 

potential, a .4 a value was assumed. Values assigned by the 

clinician were examined. The ju value which was chosen re­

flected the best balance between empirical findings and 

theoretical considerations. 

2. Missing information in the criterion of behavioral character­

istics was assigned a .4 value. Values assigned by the 

clinician were examined. The M value which was chosen re­

flected the best balance between empirical findings and 

theoretical considerations. 
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In this function, only four of the 144 cases used in this study 

were composed of children who were at least 13 years of age when data 

were collected. This was felt to be too small a sample size from which 

to draw meaningful results. The correlation coefficient is reported as 

a matter of interest only. It is .84, which is not significant at the 

.05 level. 

All Functions Combined 

For each of the eligible cases, the clinician was asked to look 

at the Rvalue assigned to the Sensory Orientation, Memory, Re-

Cognition, Synthesis combination and the ju value generated by the com­

puter program for Communication. From this, the clinician was asked to 

assign a >M value for learning disability. Combination J4 values gener­

ated by the computer program were compared with the assigned 44 values. 

The sample size of three was felt to be too small from which to draw 

meaningful results. The correlation coefficient is reported as a 

matter of interest only and is 1.00, which is obviously significant. 

Correlations for all functions and combinations are shown in Table 1. 

Conclusion 

Pearson product-moment correlational analyses confirm that it 

is possible to predict at a better than chance level the clinical 

classification of children who are learning disabled with a computer 

program when fuzzy set theory is applied as the methodology. For each 

function and combination except Communication, the correlational co­

efficient was significant beyond the .001 level, indicating a close 
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Table 1. Product-moment correlations between ju values generated 
by computer and A values intuitively assigned by clinician 

Functions and 
Combinations df 4 

I. Sensory Orientation (S.O.) 42 .71* 

II. Memory (M.) 142 .54* 
S.O. and M. 60 .99* 

III. Re-Cognition (R.) 88 .74* 
(S.O., M.) and R. 45 .99* 

IV. Synthesis (S.) 26 .68* 
(S.O., M., R.) and S. 17 .98* 

V. Communication (C) 3 .84 n.s. 
(S.O., M., R., S.) and C. 2 1.00* 

*Significant beyond the .001 level 

match between the m values assigned by the clinician and those pre­

dicted by the computer program. Many cases had missing information, 

yet accuracy was still maintained. The sample size was felt to be too 

small in the Communication function to draw meaningful results. 

Intra-Rater Reliability 

There has been some doubt expressed as to the reliability of 

clinical judgment (Russell, Neuringer, and Goldstein, 1970; Meehl, 

1954). An identification procedure as described in this study is, in 

large part, dependent on the consistency of the clinician. For this 

reason, intra-rater reliability was examined. 
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The clinician was asked to consider only Memory data from 22 

revised questionnaires in which the child was in the Memory function 

at the time of assessment. Additionally, the clinician was asked to 

consider only Re-Cognition data from 39 revised questionnaires in which 

the child was in the Re-Cognition function at the time of assessment. 

Each case contained sufficient data in each of the four criteria so 

that it was not necessary for the clinician to make assumptions. 

This procedure was not done with Sensory Orientation because 

there were no cases in which Sensory Orientation was the function at 

the time of diagnosis and because differential diagnosis in this age-

range is very difficult. Synthesis and Communication functions did not 

have a large enough sample size. 

The clinician assigned a M value for the function presented in 

each case. Three weeks later, the clinician was asked to repeat the 

value assignments on the same sets of data without having access to the 

first sets of m value assignments. 

For each of the two functions studied in this section, there were 

three sets of data. The two described above were labeled Â  and 

while the third set was composed of the M values intuitively assigned 

to the revised questionnaires used in the correlational study, now 

labeled Â . Assignments were done on this data 15 weeks after A2 was 

done. 

If the intra-rater reliability was high, the statistical 

hypothesis that the population means for the data sets were equal 

Ĉ Â  = *̂ A2 = ̂ Â ) would not be rejected. This was tested through 

the F statistic. In this study, observations were not independent, 
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necessitating the use of the one-factor repeated measures ANOVA design 

to arrive at F values (Myers, 1972). The treatment variable was time. 

An alpha level of .05 was chosen to determine significance in this 

study. Results are presented below by function (raw data are given in 

Appendix J). 

Memory 

For the Memory function, 22 cases were used. The calculated F 

value was not significant at the .10 level, indicating that the values 

were drawn from the same population (p>.05). This means that the 

clinician was consistent with herself when intuitively assigning 

values in the Memory function. Results are summarized in Table 2. 

Table 2. Repeated measures ANOVA source table for intra-rater 
reliability in the memory function 

Source of Variance df SS MS F 

Within groups 21 2.1212 .10101 

Time effects 2 .0594 .0297 1.8333* 

Total 42 .6806 .0162 

*Not significant at the .10 level 
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Re-Cognition 

For the Re-Cognition function, 38 cases were used. The calcu­

lated F value was not significant at the .25 level, indicating that the 

lvalues were drawn from the same population (p>.05). This means that 

the clinician was consistent with herself when intuitively assigning 

values in the Re-Cognition function. Results are summarized in Table 3. 

Table 3. Repeated measures ANOVA source table for intra-rater 
reliability in the re-cognition function 

Source of Variance df SS MS F 

Within groups 37 5.7986 .15672 

Time effects 2 .0858 .0429 1.2794* 

Total 74 2.4809 .03353 

*Not significant at the .25 level 

Conclusions 

The means of the m value assignments on the same data were equal 

over time. In this study, the null hypothesis =̂ A3̂  coû  

not be rejected. This indicates that the clinician was reliable in 

assigning M values. 



CHAPTER 5 

SUMMARY AND DISCUSSION 

This study investigated the process of quantification of a 

verbal theory of learning disability (Kass, 1977). Fuzzy set theory 

(Zadeh, 1965), which captures both the objectivity of data and the 

subjectivity of human thought, was used to quantify that theory. 

Five specific procedures were the following: 

1. Developing a verbal statement of the theory. 

2. Establishing a quantified model of the verbal statement. 

3. Constructing a questionnaire based on the quantified model. 

4. Developing a computer program for outputting membership 

functions from the questionnaire data. 

5. Comparing the model using case data. 

Application of Science 
to Learning Disability 

At least five problems hinder the application of science to the 

field of learning disability. These are: (1) the field is relatively 

new, (2) applied research has been underwritten, both locally and fed­

erally, to a greater degree than has basic research, (3) there is a 

lack of a substantive body of information which could provide a basis 

for scientific investigation, (4) measurement (for gathering empirical 

evidence) has not been related to definition, and (5) theories have been 
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typically taken from the areas of communication and intelligence, or 

have been deduced from an examination of remedial practices. 

Criteria for applying science to the field of learning dis­

ability were stated in Chapter 1 as the need to form: (1) an opera­

tional definition of learning disability, (2) an effective remedial 

technology, and (3) an efficient dissemination system. Research has 

generally not met those criteria. Some reasons are the following: 

1. Definitions of samples are often incomplete. 

2. Definitions of samples are often simplistic. 

3. Research methodology is not always described in enough detail. 

4. Subpopulations are not clearly specified within a classifica­

tion system. 

5. Remedial technology is not always clearly described in terms 

of rationale and curriculum. 

6. Changes in behavior, as a consequence of the interaction, may 

not always be measurable. 

7. Tests often have questionable validity and reliability. 

8. There is an absence of longitudinal research. 

9. Results obtained with adults and animals are often used to 

substantiate claims made about the characteristics of children. 

10. Theory and empirical data are not effectively related. 

This study was undertaken to find a research methodology which 

would make it possible to relate a particular theory and empirical data. 

A theory was assumed to be a system of thought. 



109 

Quantification of Thought 

In the past, quantification of human thought may not have been 

completely successful because thought processes could not be communi­

cated to the precise degree needed in order to satisfy traditional 

mechanistic mathematical requirements. Instead of developing new math­

ematical systems to match human thinking, scientists, mathematicians, 

and philosophers generally tried to explain human thought through 

application of mechanistic principles. It was believed that human 

thought could be modeled through the mathematics of astronomy and 

physics. A climate was created in which technical activity seemed to 

become an end in itself. Objectivity became paramount and scholarship 

was equated with empiricism. 

Within the climate described, learning disability became re­

spectable as a discipline by striving for objectivity, i.e., becoming 

behavioristic. However, behaviorism has been criticized as being non-

scientific and not allowing human components. In this study, the study 

of learning disability was not treated as a physical science, but 

rather as a humanistic science. 

The application of technology developed for the computer has 

not met with a great deal of success when humanistic systems have been 

analyzed. This is because the precision demanded by the traditional 

methods of quantification is incompatible with the complexity of human 

thought. 

Constructs of handicap may be used by theorists as descriptions 

of reality and may be useful to clinicians in predictions concerning a 

handicap. The problem is how to model the structure underlying the 
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constructs. This may be thought of as a two-part process. The first 

part involves eliciting the content of characteristics of the handicap. 

The second part involves specifying the configuration of relationships 

among the characteristics. The solution to the second part is more 

difficult because experience cannot be readily transferred to others. 

Traditional mathematical attempts at quantification of human 

thought result in incomplete models because the richness of relevant 

experience has so far eluded confinement by a series of mathematical 

equations (algorithms). In this study, traditional mechanistic 

mathematics were discarded in favor of a mathematical process which 

allows consideration of the subjectiveness of human thought. 

Theoretical Framework 

In this study, learning disability was considered to be a 

theoretical construct. Clinicians have developed mental models of the 

construct, but each model is useful only to a particular clinician be­

cause of the intuitive (based on the knowledge and experience of the 

clinician), experiential nature of the model. If such personal clini­

cal models could be quantified, professionals would have a basis for 

communication, experimentation, and validation. In this study, one 

clinical theory was quantified. The definition of learning disability 

for this theory was as follows (Kass, 1977): 

The handicap of dyssymbolia is characterized by extreme devi­
ance in the acquisition and use of symbols in reading, writing, 
computing, listening, or talking? which deviance is due to an 
interaction between significant deficits in developmental func­
tions and environmental conditions which make the individual 
vulnerable to those dysfunctions. 
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A set of criteria is necessary to operationalize a definition. 

With the Kass definition, four criteria are used to identify children 

with learning disability. Each child classed as learning disabled must 

exhibit deficiencies in each of the four criteria, which are as follows: 

(1) normal achievement potential, (2) behavioral characteristics indic­

ative of learning disability, (3) evidence of component deficits within 

age-related functions, and (4) low achievement. 

There are five types of behavioral characteristics which are 

typical of learning disability. These are as follows: (1) attending 

deficit, (2) labeling deficit, (3) understanding deficit, (4) integra­

ting deficit, and (5) expressing deficit. 

Component deficits within age-related functions are hypothesized 

problems within the organism. Children pass through five stages of 

development called functions. Each function is qualitatively different 

from the others, and it is critical that certain learnings occur within 

each function, or later learning will be impaired. These five functions 

have been defined by Kass (1978) as follows: 

Sensory Orientation (from birth to 18 months). This is the 
physiological or functional readiness of the child to respond 
to the environment. 

Memory (from 18 months to 8 years). This involves the repro­
duction of sensory impressions when these are no longer 
externally present. 

Re-Cognition (from 8 to 11 years). This is the understanding 
of semantic and structural meaning. 

Synthesis (from 11 to 14 years). This involves the automatiza­
tion of modes of response to the environment. 

Communication (from 14 years of age and up). This is the proc­
ess by which meanings are received from others and expressed to 
others, either consciously or unconsciously. 
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The theory of deviance used in this study (Kass, 1977) is 

multi-dimensional and has been researched (Kass, Lewis, Havertape, 

Horvath, Maddux, and Swift, in progress). The problem was to find and 

apply a methodology which would unlock this theoretical framework. In 

the clinical sense, it is possible to relate formal (test data) and in­

formal observations to a theoretical framework when making diagnoses. 

What data should be observed and how those data relate to each other in 

the context of the theoretical framework was investigated through 

developing and testing a process which could be useful for the identi­

fication of learning disability. 

Fuzzy Set Theory 

Quantification of the above definition and operational criteria 

was the purpose of this study. A system was sought which would allow 

this quantification. Several possible quantitative techniques were 

reviewed: (1) Bayesian revision of subjective probabilities, (2) 

interpretive structural modeling, and (3) fuzzy set theory. 

The complexity of the real world forces humans to think not in 

numbers or sets, but by manipulating classes of objects in which the 

transition from membership to nonmembership is gradual rather than 

abrupt. Learning disability is a phenomena which does not have pre­

cisely defined criteria for membership. The heterogeneity mentioned in 

the literature indicates a degree of complexity which defies precise 

definition. Instead of manipulating numerical variables by precisely 

defined, sequential mathematical operations, humans manipulate both 

numerical and linguistic variables in parallel in an effort to reduce 
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complex phenomena systematically. This results in approximate charac­

terizations. This summarizing ability allows humans to walk, under­

stand distorted speech, read, drive a car, play chess, decipher poor 

handwriting, search for lost objects, exclude irrelevant information in 

making decisions, and give weightings to data in making these meaning­

ful. Instead of taking a mass of preselected data, sequentially com­

paring each piece of datum against all others to make yes/no decisions, 

and drawing precise, but possibly insignificant answers as mechanistic 

systems (e.g., computers) do, the human system selects the information 

it will use, reduces it to a trickle, summarizes it, and manipulates it 

to draw relevant, but not necessarily precise, conclusions. Fuzzy set 

theory is a way to capture that uniquely human process. 

In this study, fuzzy set theory was applied to a theoretical 

framework of learning disability. The process of quantification in­

volved a clinician and a quantifier. First, the clinician verbalized 

the model by talking through which data were needed for identification, 

the relationships among these data, and the importance of each datum to 

the model. The quantifier recorded this information and then asked the 

clinician to weight the importance of the various data. Formulae were 

constructed according to the specifications laid down by the clinician. 

The data and formulae were manipulated until the results agreed with 

the clinician. These formulae were then placed in several algorithms so 

that the data which were fed in yielded, as output, the value of the 

membership function for the fuzzy set "learning disability" for any 

particular child. These values were the degrees to which the 

clinician would have classified the child as learning disabled. The 
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end result was a quantified model of a theory in the form of a computer 

program. 

Fuzzy set theory was chosen as the methodology of choice be­

cause it allowed several assumptions. These are: 

1. The identification of learning disability is a science. 

2. Learning disability is a theoretical (hypothetical) construct, 

and as such, is presumed to exist. 

3. Learning disability is a humanistic system. 

4. Learning disability can be defined and operationalized through 

a systematic framework. 

5. Learning disability is a "fuzzy set," that is, it is a handi­

cap in which the transition from membership to nonmembership 

is gradual rather than abrupt. 

6. In quantifying learning disability, it is more productive to 

start from theory than from empirical data. 

Applications 

The verbal and quantified models were used to construct and 

test questionnaires and computer programs. This was done until these 

matched the diagnostic thought of the clinician as closely as possible. 

Confirming the Model with Case Data 

Cases from the files of the clinician formed the data base for 

this study. Information taken from 144 cases was used to fill out the 

revised questionnaire. The clinician was asked to intuitively assign 

membership ijH) values to each questionnaire. These /A values were 

compared with those generated from a computer program constructed from 
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the questionnaire. To test the match, the statistical technique was 

the Pearson product-moment correlation (r). These analyses confirmed 

that it is possible to predict clinical classification of children who 

are learning disabled with a computer program when fuzzy set theory is 

applied as the methodology. For each function and combination except 

Communication, the correlation coefficient was significant beyond the 

.001 level, indicating a close match between the M values assigned by 

the clinician and those predicted by the computer program. Many cases 

had missing information, yet accuracy was still maintained. The sample 

size was felt to be too small in the Communication function to draw 

meaningful results. 

Intra-Rater Reliability 

The identification procedure described in this study is, in 

large part, dependent on the consistency of the clinician. For this 

reason, intra-rater reliability was examined. In two functions, 

selected cases were presented to the clinician at three different 

times. If the intra-rater reliability was high, the statistical 

hypothesis that the population means of the data sets were equal would 

not be rejected. This was tested through the F statistic. The one-

factor repeated measures ANOVA design was used to arrive at the F 

values. The means of the value assignments on the same data were not 

unequal over time. In this study, the null hypothesis could not be 

rejected. This indicates that the clinician was reliable in her 

value assignments. 
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Limitations 

This study was done to test the efficacy of using fuzzy set 

theory in the identification of children with learning disability and 

to deliver a product in the form of a validated identification instru­

ment. Fuzzy set theory seems to be an appropriate tool in the search 

for knowledge leading to a consensus definition of the handicap. Be­

cause this is the first known attempt to apply this tool to the problem 

of learning disability, the procedure should be examined carefully and 

critically to prevent the inclusion of confounding variables in future 

attempts of this type and to avoid any inefficiency. 

There are five areas which tend to limit the generalizability 

of results in this study. These are as follows: 

1. Missing data. Folders of the cases used in this study did not 

contain enough information to answer all questions generated 

from the original verbal statement. A formidable questionnaire 

resulted and assumptions had to be made about missing data which 

may have violated theoretical considerations, but which were 

shown to be empirically justified. These assumptions were 

written into the computer program (see Appendix H). Personal 

interviews with parents and students should make it possible to 

gather necessary information directly and reduce the length of 

the questionnaire. Sorting out the factors in achievement 

problems, which could lead to problems with differential diag­

nosis, was impossible. These factors were: mental retardation, 

lack of schooling, poor instruction, cultural differences, and 

poor school standards. 
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Model slippage. A theoretical framework may be thought of as 

having two facets. For the purpose of this discussion, one 

facet will be called theoretical and is defined as the rational 

explanation of the framework. The other facet will be called 

intuitive and is defined as the empirical results when the 

clinician applies the theoretical framework. These two facets 

rarely coincide, forcing the modeler to develop a model which 

captures the empirical results while not drifting away from the 

rational explanation. This is a universal problem because the 

process of describing reality is never completed. The clinician 

reported that she treats "live" children differently from those 

conceptualized from questionnaire data. In diagnosing a "live" 

child, the clinician places more importance on the evaluation 

of criteria which the child exhibits at the time of assessment. 

Questionnaire data must be evaluated in such a way that the 

developmental history of the child is also considered. Accord­

ing to the clinician, the questionnaire data might provide a 

better picture of a child than a personal interview for pur­

poses of identification. If this is the case, questionnaire 

data would be more useful than personal interview data in con­

struction of a model of this clinician's thought. It is never 

possible to determine when the best match between the two 

facets of the theoretical framework and the computer model has 

been made. 

Unfamiliarity with methodology. This was the first exposure 

to fuzzy set theory for both the modeler and clinician. It is 
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difficult to speculate what, if any problems were caused by 

this unfamiliarity. Hopefully, the role of fuzzy set theory 

was kept in its proper perspective, that of a useful tool, but 

only a tool for the purpose of gaining an elicitation of learn­

ing disability theory. Fuzzy set theory can be used and under­

stood at several levels. An elementary level was used in this 

study, and one wonders if a deeper understanding of the method­

ology might have led to a more efficient use of the technique 

and, hence, a more accurate model. 

4. Amount of data. Clinicians are not used to dealing with more 

than a few cases at a time. In this study, the clinician was 

asked to consider 144 cases in a short period of time. It is 

possible that the mental set of the clinician was disrupted by 

this massive amount of data; on the other hand, intra-relater 

reliability seemed high. 

5. Coloration of data. In this study, both the clinician and 

qualifier handled the data. The quantifier might have inter­

preted available data differently and, therefore, filled out 

the questionnaires differently than the clinician would have. 

Collecting data directly from the sources (parents, children, 

school personnel) and a more explicit explanation of what data 

are necessary would alleviate this possible coloration, but 

might add to the length of the questionnaire. 
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Implications 

A problem in the field of learning disability is consensus 

about what constitutes the handicap. Clinicians find it very difficult 

to explain their understanding to others, usually because intuitive in­

sights are not easily structured, and hence, their expertise has not 

been objectified and quantified into a form useful for dissemination. 

To help resolve this dilemma, one mental model was explored in detail. 

The theory of deviance proposed by Kass has been researched at 

The University of Arizona (Kass et al., in progress) and found to be a 

predictor of handicap. A child is classed as learning disabled if he 

deviates significantly from the norm on several criteria, with the ele­

ments of each criterion determined by the developmental period that the 

child is in at the time of assessment. 

The Kass model was successfully quantified using a new tech­

nique. Fuzzy logic is a well developed, but as yet infrequently applied 

tool, which allows mathematical processes to tolerate the complex im­

precision inherent in human thought processes. Instead of forcing the 

human intellectual processes into mathematical constraints involved in 

analyzing inanimate systems, fuzzy set theory harnesses mathematics in 

order to describe what is really happening as humans process the pleth­

ora of information to which they are exposed. 

It can be concluded from this study that theories about learn­

ing disability can be quantified through use of fuzzy set theory. The 

process for identification based on the Kass theoretical framework 

described in this study could be developed into a standardized 
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identification instrument, as could other theories after they were 

successfully quantified. That would be a valuable end in itself. 

However, fuzzy set theory is potentially a more powerful tool 

for further research into learning disability, a tool which allows any 

theory to be precisely quantified, thereby opening that theory to in­

vestigation and comparison. The use of this tool by more experts in 

learning disability could lead to the development of a consensus defi­

nition of the handicap. An identification procedure acceptable to a 

majority of the profession might follow. 

This study could be the first small step in a series which 

would eventually lead to consensus in the field by operationalizing the 

definition of the elusive dysfunction called learning disability and 

bringing about a fast, reliable, resource-conserving identification pro­

cedure. Given this, the potential for developing efficient remediation 

programs is much higher. 

Fuzzy set modeling is not an exclusive tool of learning dis­

ability specialists or educators in general. Rather, it is a tool of 

the field of human thought processes. By applying it to one education­

al theory, it is hoped that its utility for any humanistic system has 

been demonstrated. Learning disability specialists, special educators, 

economists, psychologists, political scientists, sociologists, among 

others, may finally have a tool which allows their theories to be pre­

cisely quantified, thereby opening these theories to investigation and 

verification. 



APPENDIX A 

PROCESS OUTLINE 

The following outline is quoted from Wissink (1972, pp. 28-33). 

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) 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. 

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 ability 
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 
temporal 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 to 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. 
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C. Discrimination of sensory information means the ability to 
note differences within any one sensory system. 

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 within the visual 
sensory system. 

13. Kinesthetic discrimination deficit—an impairment in the 
child's ability to note differences 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) sensory system. 

C. 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 receive 
and associate information from visual and haptic sensory 
systems. 

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 information from 
the auditory and haptic sensory systems. 

18. Auditory-visual-haptic coordination deficit—an impairment 
in the child's ability to receive the same information 
from the auditory, visual, and haptic sensory systems. 

Memory—the process by which the child shows (a) immediate retrieval 
of sensory information, (b) storing of sensory impressions 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 stim­
uli. 

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 com­
municate meaning through appropriate emotional reaction. 

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 representa­
tion or gestalt (the whole is more than the sum of its parts). 

35. Visualization deficit—an impairment in the child's ability 
to synthesize visual impressions into internal representa­
tions . 

36. Sound blending deficit—an impairment in the child's ability 
to synthesize sounds into an internal representation. 

37. Prediction deficit—an impairment in the child's ability to 
recognize a match between his performance and his internal 
representations. 
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38. Monitoring deficit—an impairment in the child's ability to 
recognize dissonance between his performance and his inter­
nal 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. 
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REVISED PROCESS OUTLINE 

The following revised process outline is quoted from the 

Kaiser (1974, pp. 125-127) dissertation: 

1. Factor One: Sensory Orientation—the process by which the 
child shows a physiological or functional orientation to the 
sensory receptors to the states of (a) arousal, (b) body aware­
ness, (c) discrimination of sensory information, and (d) sen­
sory coordination. 

a. Body balance deficit—an impairment in the child's ability 
to maintain equilibrium. 

b. Visual pursuit deficit—an impairment in the child's 
ability to follow visual stimuli. 

c. Maturational lag—an impairment in the development of the 
child's body awareness system. 

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

2. Factor Two: Reception—the process by which meaning is attached 
to external or internal stimuli without being aware of the 
special stimuli. 

a. Kinesthetic discrimination deficit—an impairment in the 
child's ability to note differences within the kinesthetic 
(muscle sensation) sensory system. 

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

c. Visual figure-ground deficit—an impairment in the child's 
ability to gain meaning from the appropriate visual stimuli 
while ignoring inappropriate visual stimuli. 
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d. Visual closure deficit—an impairment in the child's abil­
ity to gain meaning from incomplete visual stimuli. 

Factor Three: Expression—the process by which meaning is 
communicated. 

a. Mathematical comprehension deficit—an impairment in the 
child's ability to gain meaning from the appropriate 
quantitative symbols. 

b. Quantitative deficit—an impairment in the child's ability 
to communicate meaning through a mathematical system. 

c. Reading comprehension deficit—an impairment in the child's 
ability to gain meaning through the written word. 

d. Writing deficit—an impairment in the child's ability to 
communicate meaning through the written word. 

Factor Four: 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 representation or gestalt. 

a. Listening comprehension deficit—an impairment in the 
child's ability to gain meaning from incomplete visual 
stimuli. 

b. Temporal deficit—an impairment in the child's ability to 
locate himself within a time perspective. 

c. Prediction deficit—an impairment in the child's ability 
to recognize a match between his performance and his 
internal representations. 

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

e. Visual-haptic (kinesthetic and tactile) coordination defi­
cit—an impairment in the child's ability to receive and 
associate information from visual and haptic sensory 
systems. 

Factor Five: Memory—the process by which the child shows (a) 
immediate retrieval of sensory information, (b) storing of sen­
sory impressions through rehearsal, and (c) delayed retrieval 
of organized material. 
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Hyperexcitability—an impairment in the child's ability to 
control the arousal of his sensory receptors. 

Hypoexcitability—an impairment in the activation of the 
child's sensory receptors. 

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

Auditory short-term memory span deficit—an impairment in 
the child's ability to retrieve immediately a match of the 
auditory stimulus input. 

Visual short-term memory span deficit—an impairment in the 
child's ability to retrieve immediately a match of the 
visual stimulus input. 



APPENDIX C 

TESTS USED BY DERUITER 

Tests used to measure the eleven most diagnostic component 

disabilities from the DeRuiter (1973, p. 112) dissertation were: 

1. Reading comprehension deficit—reading comprehension test, 
Gates-MacGinitie Reading Readiness Test 

2. Attention deficit—Knox Cubes Test, A Point Scale of Performance 
Tests 

3. Auditory-visual coordination deficit—Amnions' Quick Test 

4. Writing deficit—Picture Story Language Test 

5. Auditory speed of perception deficit—syllabication test, 
Gates-McKillop Reading Diagnostic Tests 

6. Visualization deficit—Monroe Visualization Test 

7. Mathematical comprehension deficit—arithmetic test, Wechsler 
Intelligence Scale for Children 

8. Auditory short-term memory span deficit—digit span test, 
Wechsler Intelligence Scale for Children 

9. Monitoring deficit—Monroe Word Discrimination Test 

10. Visual speed of perception deficit—perceptual speed test, 
Primary Mental Abilities 

11. Long-term memory deficit—naming lowercase letters test, Gates-
McKillop Reading Diagnostic Tests 
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APPENDIX D 

ONE TASK FROM JOHNSON 

One task with reasons for failure is quoted from the Johnson 

(1973, pp. 49-50) dissertation: 

V. Task Five: Oral Reading 

A. Description 
The student is required to read a short passage aloud. 

B. Reasons for Failure 
1. The student often skipped words in the sentences and 

even dropped down a line when reading the material 
(visual pursuit deficit). 

2. The student frequently miscalled words with similar 
configurations, i.e., "before" for "below" and "fall" 
for "fell" (kinesthetic discrimination deficit). 

3. The student could not remember the basic sight 
vocabulary taught him in the first and second grades 
(long-term memory deficit). 

4. The student read hesitantly and carelessly because he 
could not comprehend the meaning of the passage 
(reading comprehension deficit). 

5. After sounding out only part of a word, the student 
would guess at the rest of the word. Frequently the 
guesses were random and did not make appropriate use 
of the original information about the word (auditory 
closure deficit). 

6. As the student read the passage, many words were sub­
stituted or even left out of the sentences, but the 
student did not appear to notice that what he was 
reading made no sense (oral expression deficit). 

7. The student could accurately sound out the parts of a 
word but then could not blend the sounds together to 
produce the correct word (sound blending deficit). 
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APPENDIX E 

VERBAL STATEMENT 

I. A child in the age range 0-18 months (Sensory Orientation) would 

be said to have learning disability if he or she 

both [A. Has symptoms suggestive of neurological disorder 
consisting of 

1. excessive crying OR 

2. supersensitivity to stimuli OR 

3. convulsions OR 

4. rigidity of body OR 

5. screeching OR 

6. lethargy OR 

7. premature birth OR 

8. evidence of transitory hearing loss OR 

9. a high fever for several days OR 

10. an exhibition of reverse swallowing OR 

11. excessive motor movements] 

and [B. Is delayed in a developmental "milestone" 
consisting of being 

1. late rolling over OR 

2. late sitting up OR 

3. late walking 
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C. Is lacking in social development as evidenced by 
an unsuitable reaction to personal relationships 
consisting of 

1. not showing fear of strangers 
(at about 9 months) OR 

2. running off OR 

3. unwillingness to leave parent or guardian OR 

4. excessive demands for attention on parent 
or guardian OR 

5. insisting on regularity of routine or 
environment] 

II. A child in the age range 1.5-8 years (Memory) would be said to have 

indications of learning disability if he or she 

both [A. Appears undisciplined] 

and [B. Shows hyperexcitability (irrespective of 
outside stimulation) 

or C. Shows hypoexcitability (in spite of outside 
stimulation) 

or D. Has poor speech development consisting of 

1. poor articulation OR 

2. use of jargon OR 

3. involuntary reversal of sounds or words 

or E. Shows delay in a developmental milestone 
consisting of being 

1. late saying words OR 

2. late saying sentences 

or F. Is lacking in social development as evidenced by 

1. immaturity (if age 5) OR 

2. unsuitable reactions to personal 
relationships consisting of 
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a. being too friendly OR 

b. not showing suitable caution with 
strangers OR 

c. unwillingness to leave parent or 
guardian OR 

d. excessive demands for attention on 
parent or guardian OR 

e. insistence on regularity of routine 
or environment] 

and [G. Has normal achievement potential as indicated by 
a score not below normal on a vocabulary test 

and H. Has a memory deficit as indicated by a below 
normal score on 

1. sentence repetition test OR 

2. pictorial memory test OR 

3. symbol memory test 

and I. Fails to perform at age level with respect to 

1. arithmetic as evidenced by 

a. teacher assessment OR 

b. low achievement test score OR 

c. size discrimination OR 

2. reading as evidenced by 

a. teacher assessment OR 

b. low achievement test score OR 

c. dislike of books or being read to OR 

d. failure to learn alphabet (if age 5) 

3. penmanship (if age 5)] 

III. A child in the age range 8-11 years (Re-Cognition) would be said 

to have indications of learning disability if he or she 
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experiences environmental conditions and deficits such that the 

acquisition of the 3 R's is adversely affected (possibly perma­

nently) . A child would 

both [A. Have normal achievement potential as indicated by a 
score not below normal on a 

1. vocabulary test OR 

2. verbal opposites test OR 

3. verbal absurdities test OR 

4. verbal analogies test] 

and [B. Have behavior characteristics indicative of LD which 
include, but are not limited to 

1. immature deportment OR 

2- the undergoing of treatment for allergies, 
asthma, diabetes, hypoglycemia, epilepsy, 
hyperkinesis, or any other condition 
requiring medication or special diet OR 

3. having difficulty paying attention through 
one of the sensory channels OR 

4. having difficulty sitting still OR 

5. having jerky, uncoordinated movements on 
the playground, and in learning to write OR 

6. having difficulty working independently OR 

7. having difficulty following teacher directions OR 

8. having difficulty making and keeping friends 
at school] 

and [C. Has a visualization deficit (defined as an impairment 
in the child's ability to synthesize visual impressions 
into internal representations) as indicated by a score 
below normal on either 

1. Raven's Colored Progressive Matrices OR 

2. WISC-R Mazes subtest 
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or D. Has a haptic discrimination deficit] 

and [E. Fails to perform at age level with respect to 

1. arithmetic as evidenced by difficulty in 

a. quantification concepts (more/less) AND 

b. number combinations AND 

c. simple story problems OR 

2. reading as evidenced by difficulty in 

a. oral reading (proper pronunciation, 
intonation, inflection) OR 

b. word discrimination OR 

c. word meaning (vocabulary) OR 

d. reading block OR 

e. outlining skills OR 

3. penmanship OR 

4. spelling as evidenced by 

a. incorrect sequence of letters OR 

b. excessive reliance on phonetic spelling OR 

c. excessive reliance on auditory memory 
for sequence of letters OR 

d. lack of attention to muscle sensation 
while spelling] 

A child in the age range 11-14 years (Synthesis) would be said to 

have indications of learning disability if he or she experiences 

environmental conditions and deficits such that the synthesis of 

the 3 R's and integration of the senses is adverse affected 

(probably permanently). A child would 
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both [A. Have normal achievement potential as indicated by a 
score on an individual verbal intelligence test above 
80 verbal IQ] 

and [B. Have behavior characteristics indicative of LD which 
include 

1. having poor habits of responding to oral and 
written material (no response, excessive 
errors, inappropriate responses) OR 

2. seeming oblivious to inaccuracies OR 

3. having difficulty correcting errors when 
these are pointed out OR 

4. having difficulty completing tasks within 
a time limit OR 

5. having difficulty with dictation 
(i.e., showing motor tension) OR 

6. having difficulty organizing and estimating 
the time and sequence necessary to complete 
a given task] 

and [C. Has a monitoring deficit (defined as the inability to 
note and correct errors when these occur and to ignore 
correctness] 

and [D. Fails to perform at age level with respect to 

1. mathematics as evidenced by 

a. speed and power development AND 

b. new mathematical approaches (e.g., 
algebra, Cal. Ach., Metropolitan, Iowa) OR 

2. reading as evidenced by deficits in 

a. speed and power development AND 

b. specialized vocabulary (content) AND 

c. convergent thinking (as in drawing 
conclusions, making inferences) AND 

d. imagery OR 
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3. creative writing deficits (including 
improper use of grammar and poor ideas 
of expression) OR 

4. spelling as evidenced by deficits in 

a. speed and power development OR 

b. specialized vocabulary] 

V. A youth in the age range of 14 and up (Communication) would be 

said to have indications of learning disability if he or she 

experiences environmental conditions and deficits such that mean­

ings received from others and expressed to others are adversely 

affected. This youth would 

both [A. Have normal achievement potential as indicated by a 
full scale IQ score] 

[B. Have behavior characteristics indicative of LD which 
include 

1. difficulty interpreting and using the tools 
for communication—speaking, writing, 
listening, reading, and gestures OR 

2. difficulty accepting the consequences for 
his inability to communicate OR 

3. difficulty acquiring vocational skills due 
to communication deficits OR 

4. difficulty making social judgments as 
evidenced by 

a. difficulty evaluating situations OR 

b. succumbing to negative influences OR 

5. refusal to face the handicap OR 

6. frequently disappointing those who care 
about them] 
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and [C. Have a reading comprehension deficit (defined as 
being unable to get meaning from the printed page) 
as indicated by a below normal score on a reading 
comprehension test 

or D. Have a mathematics comprehension deficit (defined as 
the inability to deal with quantitative concepts) as 
indicated by a below normal score on a mathematics 
test 

or E. Have a writing deficit (defined as an inability to 
express meaning through the written word) 

or F. Make low grades in two or more school subjects (out 
of five)] 

and [G. Have dropped out of school 

or H. Have difficulty finding and keeping a job] 



APPENDIX F 

QUANTIFIED MODEL 

Sensory Orientation 

A. Neurological disorder 

1. excessive crying 

data: report from parent 

data: no report 

2. supersensitivity to stimuli 

data: medical report 

data: parents' report 

3. convulsions 

data: medical report 

data: parents' report 

4. rigidity of body 

data: parents' report 

5. screeching 

data: parents1 report 

6. lethargy 

data: parents' report 

7. premature birth 

data: medical report (standard def.) 
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8. transitory hearing loss 

data: medical report X = .8 

9. high fever 

data: medical record 44- .7 

10. reverse swallowing 

data: medical record A = .4 

11. excessive motor movements 

data: report in records 

expert opinion M - .6 

teacher or parent ** = .2 

teacher and parent 4 = .3 

no report = 0 

B. Delayed in developmental milestone 

1. late rolling over 

data: age at rolling over in months, X 

(see Figure F.l) 

1 M = 1-
. A 1.3(x-7.5) 
1 + e 

2. late sitting up 

data: age at sitting up in months, X 

(see Figure F.2) 

1 A = 1-
1-2(x-9) 

1 + e 
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1.0 

4 12 6 8 10 2 0 
Time in Months (X) 

Figure F.l. aa for rolling over 

1.0 

4 6 8 14 16 18 20 0 2 10 12 
Time in Months (X) 

Figure F.2. ut for sitting up 
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3. late walking 

data: age at walking in months, X 

(see Figure F.3) 

M = ~ . 6 (X-19) 
1 + e 

1.0 

. 8  

. 6  

.4 

. 2  

0 
Time in Months (X) 

Figure F.3. a* for walking 

C. Lacking in social development 

1. not showing fear of strangers (at 9 months) 

data: report ** = .6 

2. running off 

data: report A* = .3 
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3. excessive demands for attention 

data: report M = .3 

4. insistence on regularity 

data: report M ^ . 6 

II. Memory 

A. Undisciplined 

data: school records or parent report 

if capable of self-care, but needs adult 

supervision or excessive discipline M = .8 

if expelled M - .9 

if mother says she can't control JA = .5 

if school or parent reports the child 

needs excessive discipline .2 

if child quarrels excessively with peers M = .3 

B. Hyperexcitability 

data: expert opinion - -6 

data: parent or teacher report =̂ .2 

data: parent and teacher report .3 

data: no report M - 0 

C. Hypoexcitability 

data: parent and teacher report *4 = .2 

data: no report M = 0 

data: expert opinion M = .3 

data: parent or teacher = .1 
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D. Poor speech development 

1. poor articulation 

data: percentage of sounds incorrectly made 

as assessed by a specialist, p 

- let y = p/100 

age in years - 1.5 
X " 5.5 

(See Figure F.4) 

l-4y £ X £ 1 
ju = - .2 + . 2 x + .8y + .lxy 

0 € y 1 

1.5 

Age 

Figure F.4. xt for poor articulation 
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data: teacher report (age ̂  5) = .6 

data: parent report (age 4̂) M - .4 

2. use of jargon 

data: expert judgment M = .9 

data: parent report # = .8 

3. involuntary reversal of sounds or words 

data: expert judgment M = -4 

E. Delay in a developmental milestone 

1. late saying words 

data: age in months when first words said, X 

(see Figure F.5) 

At = 1-
. .6 (X-18) 
1 + e 

1.0 

. 8  

. 6  

.4 

. 2  

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 
Time in Months (X) 

Figure F.5. for saying words 
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2. late saying sentences 

data: age in months when first sentences said, X 

(see Figure F.6) 

1 
M ~ 1_ n + -4 (X—27) J. + e 

1.0 

. 8  

. 6  

.4 

. 2  

0 20 
Time in Months (X) 

30 10 40 

Figure F.6. /Cf for saying sentences 

F. Lacking in social development 

1. immaturity (age ̂  5) 

data: mental age in years, ma 

chronological age in years, ca 

ca -5 ma -3 
- let x = 2 , y = 4 

(See Figure F.7) 



5  ̂ca S? 7 
= .5 - l.Oy + . 25x + ,25xy 

ma — ca 
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75 

5 

ma 

5 

ca 

Figure F.7. aa for immaturity 

otherwise:/! = 0 

data: statement in record A = .5 

F. 

2. unsuitable reaction to personal relationships 

a. not showing caution with strangers 

data: report At = .5 

b. won't leave parent/guardian 

data: report AA = .6 

c. excessive demands for attention 

data: report At= .4 

d. insistence on regularity 

data: report = .8 
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G. Normal achievement potential 

data: percentile on vocabulary test, p 

(see Figure F.8) 

1 JU = 

1 + e 
.2(p-25) 

Figure F.8. JA for vocabulary test, sentence repetition test, 
pictorial memory test, and symbol memory test 

H. Memory deficit 

1. below normal on sentence repetition test 

data: percentile on test, 

1 M = 

1 + e 
.2 (p-25) 
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2. below normal on pictorial memory test 

data: percentile on test, p 

1 A = 
.2 (p-25) 

1 + e 

3. below normal on symbol memory test 

data: percentile on test, p 

1 A = 
1 + e -2 <P-25) 

Fails to perform at age level 

1. arithmetic 

a. teacher assessment 

data: teacher report X = .2 

b. low achievement test score 

data: score 16th percentile = .4 

c. size discrimination 

data: formal or informal assessment 

for ca 6 4 = .3 

for ca 7 A = .5 

2. reading 

a. teacher assessment 

data: teacher report * = .95 

b. low achievement test score 

data: percentile on reading test, p 

if 0 < p £ 50 l-.02p 

if p > 50 M = 0 
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c. dislike of books and being read to 

data: parent and/or teacher report AA. = .4 

d. failure to learn alphabet (age 2-5) 

data: # of letters child cannot name, n 

age in years-5 _ n-1 
let x 2 , y - 25 

(see Figure F.9) 

5 4 age S? 7 
= .2 + . 6 x + .6y- .5xy 

1 ̂  n < 26 

if n = 0, X = 0 

. 2  

1 

Figure F.9 ̂  for learning alphabet 
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3. not at age level for penmanship 

data: teacher or expert judgment of 

penmanship sample U4= .3 

data: # of letters child cannot form, n 

age in years -5 , n-1 
-let x = \ y = 25 

(See Figure F.10) 

5  ̂age  ̂7 
M= .8 x + .ly 

1  ̂ n  ̂26 

if n = 0, = 0 

Figure F.10. aa for penmanship 
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III. Re-Cognition 

A. Normal achievement potential 

1. vocabulary test 

data: percentile on vocabulary test, p 

(see Figure F.ll) 

= . 2 (p. 25) 
1 + e 

1.0 

A 

50 

Figure F.ll. xa for normal achievement potential—vocabulary test, 
verbal opposites test, verbal absurdities test, 
verbal analogies test 


