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_ SUMMARY AND IMPLICATIONS |

PROBLEM \ ' k

The present work can be seen as being a first step toward the development of a
formal theory of instruction. Any comprehénsive model of instruction must include a
representation of the subject matter to be taught. .

Besides the subject matter representation, a representation of the state of the
-student at any point in time, and a representation of the goals of instruction are needed,
at a minimum, to formulate a nfodel of instruction. The develbpment of these latter
theoretical components is beyond #he scope of this report: However, the theory presented
below has the characteristic of being the basic build}ng block on which other consistent,

theoretical results can rest. .

-

APPROACH

[

-

The theory of instruction to be presented herein is axiomatic in nature. Thid means
that primary concepts, axioms, definitions, and theorems are presented in order to clearly
delineate the assumptions and starting points of the theory itself from the derived results.
X The axiomatic method has a long and distinguished history dating back some 2,000 years
'\to the time of Euclid. Axiomatic approaches are well suited for characterizing empirical
phenomena. Instruction can be viewed as an empirical phenomena, in the sense that th
process of instruction has developed over time in a trial-and-error, empirical manner. This
being the case, the axiomatic .method appeared to be well suited for the precise

-

characterization -of this phenomena.
s ™~

‘\

RESULTING THEORY

An axiomatically based structure for sybject matter is developed ‘l'{erein. Within this
theory, subject content and task components are distinguished. Dependency between
content constituents is defined and investigated as part of the ‘theoretical framework
being developed. The notion of dépendency is crucial in sequencing instruction. That is,

»
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|
dependency relations between content constituents can be seen to restrict the order in

which content constituents can be irtroduced during instruction.

\
J

IMPLICATIONS

A corﬁprehenswe theory for structuring subject matter has been developed. The
other components of a theory of instruction are still to be developed. This work has been

started, apd 1t is expected that the effort will culminate in a comprehensive,

~

axiomatically based instructional theory. v




PREFACE

This report. describes the results of preliminary work by the Human Resources

Research Organization to develop a comprehensive theory for structuring subject matter.

The subject-mattek structure that is formulated includes both content and task
comgponents. The ndtion of dependency between content components is defined and its

properties investigated. This relation is shown to be important because it restricts the

i
order in which contei;t components can be introduced during instruction. The theory

proposed for structuring subject matter is dxiomatic in nature. A detailed example is
given to illustrate the theoretical concepts, results: and procedures.

The present work is a first step toward developing a theoretical basis for individu-
alized instruction. . ‘ ‘
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Chapter 1
INTRODUCTION

Pask (1) asserts that lany comprehensive model of instruction should —im‘:luchie‘five
components: )
(1) A representation of the subject matter to be taught. ‘ e .
(2) A representation of the educational goal.
(3) A representatioﬁ of the initial or starting state of the student entering the
;ystem.
(4) A representation of the current student state, or the state of the student 4t
any time.
(5) A representation of the teaching system ihcluding teaching strategies.
This paper focuses on the first of these components representing subject matter. In
order for subject matter to "be represented, it is clear that it must be structured.
Accordingly, a general theo‘ry will be developed that provides the framework for
o stru‘turing subject matter. A means of .representing and describing such structures will
also be given. ‘ * ,
) Briefly, the theory" of subject matter structure presented herein is inspired by the
‘ example of axiomatic mathematics. This does not imply that every subject ma is
reducible to a mathematical, let alone an axiomatic mathematical, equivalent. We simply
believe that the axion{atic method itself provides an example of an approach that can be
more generally applied ‘to nonmathematical topics. This paradig{n seems most reasonable
since axiomatized theories, especially axiomatized mathematical theories, are subject
matters that have been rigorously sti'uctured{ Implicitly, to axiomaw. theory is to
structure it, but the converse is not necessarily so. e
S / Historically, attempts to characterize subject matter itytures seem to fall’nto one
of two classes. On the one hand, theories such as Gaghe’s (2, 3, 4) have focused on task
structures. Gagne’s formula, “What must one be able to do before ...?” leads to
structures that focus on the tasks that/z;;tudent must learn how to perform. Pask (1), on
the other hand, has focused on the content of subject matter. Pask structures subject"

matter along thé lines of the formula: “What must a person know before he-

t
9" ’

canlearn...?
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It seems clear that an a;iequqte t_héory of sm)xbject matter structure mus{ include both
/task- and content-oriented cor‘xip-onne,nts. Consider the problem of specifying tasks. In
order to specify tasks, the behi;vibral objectives of the instruction must be known. These
objectives include termmqj ’behavxor, the specification of which 'has been called ‘“‘the
beginning of any deSlgl} for programmed instruction”’ (Tennyson and Boutwell ).
Tuckman and Edwards (6) refer to the process of specifying behavioral ob_;edtwes in
terms of tasks or tasl;analysns ' '

In general terms, the specification of terminal behavior, behavxoral objectives, and so

forth, can be done only with reference to the context of the instruction. That is, in order

to specify the%@bzi?ioral objectives ang tasks, information concerning certain aspects of

the instructiona"f(environmgnt mgigmng‘wvn._&qlmng_ mediating considerations include

the following: the target population, abilities that can be assumed on the part of the \
" target population, the éeneral purpose of the instruction, the general interests of the

target population, and so forth. We refer to this aspect of instruction as the Context of

7

In addition to the context, a general specification of the subject matter, General |,

the instruction. 3
Subject Matter, must be giveri. In this sense the statement of the General Subject Matter
begins to delineate the content of a discipline. A,efiscipline can be denoted by genei‘al
terms, such as the disci;;line called diffgrential equations. In this case, the content of the
discipline is large and varied. If a more specific discipline is being considered, such as the
discipline called linear differential equations#the content is smaller and less varied.
Although a General Subject Matter has some structure, the structure is difficult to
define. As will be seen, it begins to take on more definite structure after other factors
(the Context) are considered.

Applying the General Sﬁbject Matter to a specific Context results in a specification
of the content of the instruction: the Context Conditioned Subject Matter. As an
example, suppose the General Subject Matter is taken to be the conteﬁ't’ of an under-
graduate first course in stat%stics. Then, the content of such a se might differ when

- given under the contexts associated with a group' of English majors in contrast to a group
of electrical engineering students. Such a course e_can thus be viewed in the context “of the .
dxscnplmes mathematics, psychology, economxcs, business, engineering, biclogy, medicine, . -
and so forth. Each of these disciplines modifies the content of the General Subject
Matter “statistics” t9 make it relevant to the discipline and to the target population. In
many ihstances, the differences in content result from using the terminology peculiar to a

. discipline in presenting examples and exercises. Other less trivial differences arise by
- 1

- - -
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including special techniques useful in particular disciplines. Specifying contexts is thus
seen to partially define subsets of the General Subject Matter. In a general way, the
boundaries and content of these subsets begin to be identified.

* So féu',‘we have argued that the content "of a General Subject Matter must be
considered in contexts and never in \i\solation.giCbntext Conditioned Subject Matter
begins to have structure if, and only if, its congtituents are listed and the ways that they
are interrelated are displayed. Structure always involves one or more relations. A mere

listing of constituents as a class has no structure. Thus, to say a Context Conditioned

" Subject Matter has structure is first to identify and list its cor?stituents, and second to

sbegify the relations and their type between constituents. :

Because \the properties of constituents from a Context bonditioned Subject Matter
are related to each other by one or more relations, it is useful to think in terms of graph
theory and to depict the structure of a subject matter by graphs. The nodes of the graph
cé’rre,spond to constituents or \to their properties, and the arcs of the graph represent
relations among the nodes. Because several relatipns among the properties are possible, we
follow Hohn, et al. (7) and call such a diagram a net instead of a graph. We thus define a
General Cognitwe Net (GCN)' as the graphic representation of the constituents and their
relations from a Context Conditioned Subject Matter.

Given the General Subject Matter and Context of the instruction, it is also possible
to specify the tasks to . bﬂi _performed as a result of the instruction: the Context
Conditioned Behavioral 'O'bjectives. These objectives include both the enabling and
terminal objectives of the instruction. The behavioral objectives are stated by explicitly
defining the tasks that the instructor expects the students to perform, and the criteria for

.

‘each task. \ ) T

.

The set of tasks defined by the behavioral objective% are not totally unrelated”to one

another, and, thus, have structure. A student may have to demonstrate ability to perform

certain previous tasks before he is permitted to undertake other tasks. For example,
consider a mathematical course on Boolean Algebra. In such a course, a student might be

, >
expected to be able to perform to some criteria level of competence ta%s concerning

o

4 w‘?ﬁgﬁid{ng"fénn ~Biagrams on the ““ynion” operation before undertaking Aasks on the

“intersection” operation. In such cases, the respective tasks are related by a precedence

relationship. A further relation can be defined between the subtasks of a task by

! Dr. Robert Seidel of HumRRO contributed significantly to the original versions of the content/task
(GCN/TICS}analysis dG%ubject matter structure. -

4 13
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including considerations of subt:ask cor;plexity. Hence, the tasks are structured through .
relationships, and w# call the task s&uctme the Task In Context Structure (TICS).' s

This discussion is summarized in Figurel. The six upper blocks in the diagram
correspond to the six concepts described above. An arrow goes from one block to
another block if, and only if, a change in the state of the first block has an immediate
effect on the state of the second block. The diagram is related to Ashby’s (8) ¢‘Diagram of
Ifhmediate Effects.”

Subject Context
Matter /

General . /

A ]
A

Y Y

Context Context
Conditioned Conditioned
Subject Behavioral
Matter Objectives
v ‘
GCN TICS
(General (Task in Context .
Cognitive Net) Structure) :

. . L ‘ |
¥

Subject Matter Structure

o pr
Figure 1. Factors contributing to subject matter structure /,/
o -~
We have made a distinction between properties of constituents (the GCNs) and y

learning these properties, on the one hand, and tasks and problem solving (the TICS) on

the other hand. In short, properties of constituents are defined independently of their .

utility in solving specific problems, while tasks refer to the groupings of properties of ;;;é' ¥

constituents into utilitarian (pragmatic) units to solve particular problems. :4.37
Using pic'torial terms, visualize at least two planes in space, with tﬁe net-like

structure of properties of. ‘constituents (the GCNs) drawn on one plane and the net-like

4
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task structure (the TICS) on the other. Lines go from single elezﬁznts of the GCNs to
elements of the TICS. These lines depict the relation between
their aggregate is termed the Coordinating Relations. We call t

e two structures, and

entire complex of nets
and Coordinating Relations between the nets the Subject Matter structure. Both the
cognitive structured understanding (obtained from the Ns) and the applications
(obtained from the TICS) are important for proper problém-solving b;havior. Stated in
another way, together théy represent the necessary and gufficient conditions for solving
atter.

As an example, consider a programming languade, such as COBOL, as the subject

/

matter. Suppose it has been modified to reflect /a context and a set of behavioral

problems pertinent to a given suitably restricted subject

objectives. Then, to have had instruction solely off how various COBQL terms relate .to
one another without actually having written gpecific programs would result in one’s
“kﬁowing” COBOL (understanding the relatiogs among the terms:), but not in one’s being
" able to perform programming tasks adequately. On the other hand, performing program tasks
without also obtaining instruction on the gognitive structure would probably lead to failure

to perform as soon as some verbal categfiries were changed to the unfamiliar. Both skills in-

volve information processing. The procgbsing of the task-specific requirements results in many
connections relating verbal (cogni /e) representations to other specific, physical acts.

In the general setting of a thodel for individualized instruction, Figure 1 and the
above discussion can be seen to be basically a prescriptive aspect of the model. Figurel
summarizes guidelines to be followed in the development of subject matter structures. As
such, it is not descriptive because it does not describe in detail the actual subject matter
structure. In the next section the problem of developing the des‘criptive portion of the

model for structuring subject matter is discussed.

N
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! Chapter 2

AXIOMATICALLY STRUCTURED SUBJECT MATTER
This chapter consists of the development of a theoretical model for ‘structuring

subject matter. Two examples of the theory are presented in the next chapter. =

2

THE AXIOMATIC METHOD IN MATHEMATICS

Thentheory we propose for structuring the GCN parallels closely the axionratic
method in mathematics. The axiomatic method has a long and distinguished history
beginning, at least, with Euclid some 2,000 years ago. As a discipline, in itsélf, axiomatics
has only begun to be appreciated by mathematicians during this century. The pioneering

efforts of mathematicians Russell and Whitehead, in England, and the logician Padoa, in

" Italy, at the turn of the century, began to focus the attention of mathematicians on

axiomatics as a separate discipline. At this point, it is appropriate to discuss briefly the
axiomatic proce;ss as it is used in scientific endeavors. -

Assume a theory associated with a specific discipline. For convenience, let T
repre;ent this theory. An axiomatizatior of T begins with the selection of a small number
of properties of T that are judged to be basic in the theory. The selected prof)erties are

termed variously: primitive terms, undefined terms, primitive notions, or primitive

_concepts. The primitive terms are taken to be undefined; thé only requirement is for

them to be récognizable and distinguishable by their appearance. No attempts are made
to analyze them further. They are taken to be basic intuitive notions on which the
theory is built. The primitive terms of the axiomatization are usually d'escribed, or their
intended meaning or interpretation is given, in general terms. The primitive terms are
usually assumed to be independent of each other. i
Considerable freedom often exists inﬂlthe choice “of the primitive_ notions for
formalizing a theory. In other words, the intuitive content of a' theory does not
determine uniquely the primitive notions used in the axiomatization of the theory. In
fact, it is usually possiblelto provide more thanﬁ one axiomatization of the same theory.
Each axiomatization ma& rest on a completely different set of primitive notions.
. . e
AN
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" Buclid’s ‘geometry is used as an example throughout:this discussion. unclidean
' geometry can be axiomatized with three ;;rimitive concepts: the notion of a point, the
notion of a line, and the notion of a point lying on a line. Thgse are taken to'be the
intuitive, undefinable basis for geometry by Euclid. a i
Other terms, concepts, and so forth, of a general discipline T are in‘trod‘uced into the
atiomatization-of T i)y definifions. An explicit definition relates the term to be defined
{the definiendgm) to other terms already available (the definiens). The definiens can
consistL solely, of primitive terms, terms already def'ined,‘ or a mixture of the two.
However, the first new ;term defined in the axiomatization of T is giyen a meaning by
relating it to some or all of the primitive terms. The second new term car; be defined
simi]arl“yqor by relating it to some of the primitive terms and the first definition. New
terms defined in the axiomatization of T are thus individually introduced and generate a
fixed sequence -of definitions. It is, .therefore, sensible to speak of the definitions

°

preceding a particular definition. ‘ .

\ It is‘ usually required of any new term introduced in the theory by definition, that

the new term be replaceable ultimately by a combination of the primitive terms in the

theory. In a sense, this requirement asserts that each defined term is a shortened notation
for a longer expression. To construct an axiom system without this assumption would
lessen the power that definitions have for faci]'itating deductive reasoning. Put anoiher
way, and usihg G.A. Miller’s(9) term, definitions perform “chunking.” This- follows
because a definition  has at least two properties of chunking; it is a many-to-one process,
and if is retriefable. In other words, 2 definition replaces a combination of many terms
by a single term, and a defined term can always be decomposed into primitive terms.

Questions of what logical conditions deginitions must satisfy (the Theory of Definitions)

are discussed in detail by Suppes (10). . . . v ) ‘

An example of a Euclidean concept defined solely in terms of primitive concepts is

that of _intersecting lines. Two lines intersect if thexie is a point lying on both lines, An

; example of a definitiox\l in teﬁhs of primitive notions and defined concepts’is that df?a
triangle. A triangle is a (\losed figure formed by three intersecting lines.

Primitive statementéi, also qalled axioms, are usual“lyfucongtru ted from thgz set of
prirﬁitive notions. They can also ube"formed by using defined terms or by a combination
of primitive and defined'term<s.\While this approach is not.usual, it often makes the
axioms simpler because of the use of defined terms. Axioms are thought’ of as statements
fundamental to the theory being axiomatized, and form the basis for dedllcing other
:statements of the tl}eory. In general, there is a choice to be made between various fem of
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axioms, with the normal requirement being that the axioms for a theory must

be independent.  ° -

Axioms can be viewed as determining the meaning of the primitive terms of the
theory by stating relations between the terms. Thus,. the meaning, or sense: of the
primitive terms is determined by the use made of them in the axiome. Such a view of
specifying the meaning of a term is not an explicit definition, for it does not establish a
relation between the new term (the definiendum) and older terms (the definiens). It can
be regarded as an implicit definition, becau'se. it acts like a definition by delimiting the
' meaning of a term. .

Derived statements (also called theorems, deductions, propositions, and implications)
are those statements that follpw as a logical Aconseqpuence of the primitive terms, defineq
terms, axioms, and previously derived statements. To be more precise, a statement is
derived in the axiomalized version of T by a formal proof. A formal proof is a finite
sequence of statements of the axiomatized theory such that each stateat is either an
axiom or is deducible from one or more preceding statements by logical rules of
inference. Thus, a trxeorem is the last sfatement of some proof. An axiom can be viewed
as a theorem with a one-step proof. )

All axiomatizations of a theory are given within a body of presupposed knowledge..

"This aspect of axiomatization, although discussed last, is used throughout the
axiomatization® procedure. This, it is rmportant to identify what other theories are
assumed as known, even when selectmg the prrmrtwe notions of the theory. Ordmarrly,
general set theory and some system of logic ?re presupposed as known in contemporary
axiomatic formulations:in mathematics. Standard portions of mathematics are aSSumed as
known, in addition to set theory and logic, when axiomatizing an empirical science. The
resulting axiomatization is called informal wher; standard logie and set theory are
presupposed. The axiomatization of T is called formal when the rules of deduction and
the system of logical axioms are not presupposed but are given in a completely ' and
exphcrfly,formalrzed language Further drscussren of the axiomatic method can be found
in Suppes (10), Wilder (11, 12), and Blanche (13).

L]

APPLICATION OF Ti—IE AXIOMATIC PARADIGM
TO SUBJECT MATTER STRUCTURE
. . % .
. b h ‘ .
As mentioned above, the theory presented herein is based on the paradigm of

axiomatics. It is not su%gested that it is’ possible to a:(romatrze the content of any

discipline in which instruction mrght be offéred. What is suggested is that in order to
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structure subject matter, a level of clarity concerning the subject matter must be obtained
that approximates the level of clarity found in axiomatic systems. On the other hand,
some characteristics of axiomatic systems are so restrictive that, if incorporated, they
might hinder effective instruction. For example, in axiomatics it is usually required that
the primitive notions be independeht and the axioms be independent. In fact, one of the
main goals of axiomatics is to exhi\bit the most parsimonious structure in ord‘er to
‘eliminate redundancy completely. From an instructional point of view parsimony can be
counterproduhctive, since repetition and redundancy are often both necessary and ,
desirable. Our model does not re(iuire analogous restrictions that tend to
create parsimony.

The GCN will be seen to contain elements analogous to primitive and defined

. . . « . x N .
concepts, axioms, and theorems in axiomatics. In order to.discuss these elements while at

q
the same time distinguishing them from components in axiomatic systems, specialized '
terminology is necessary. To this end, the categories of GCN elements are referred to as
Primary Notions, Secondary Notions, Basic Principles, and Established Pr1nc1ples The
correspondence between axiomatic and GCN terminology is displayed in Table 1.
. - ’ Table 1 ,
: C \ ot ,
i Terminological Correspondence
< —— ! v
P ‘ Axiomatics J Subject Matter , .
B Primitive Concept Primary Notion "
. Defined Concept Secondary {Defined) Nothon -
- ~ Axiom Basic Principle
Theorem Established Principle

In ‘the developments that follow we will continuously refer to the paradigmatical
aspects of axiomatics. This will be done to clarify and support the theoretical formali-
zation to be presented. From a formal point of view the axiomatic method is the
infended interpretation of the axiomatic theory developed herein. However, as will be
seen, the presént theory, since it deals with 1ns£ruct10n only, is not suff1c1v %ﬁom‘uﬂ

treatment of axiomatics. The distinction between axiomatics as the paradigm, and -
Ty

ax10mahc smethodology as used herein must be maintained. For example when
“defmltlons are referred to, the context of the discussion will determine whether .
definitions as part of the paradigm, or definitions within -the theory below, are

being referenced. . 1 9
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The formal theory is based on seven primitive concepts. Three of the seven are

concerned with the GCN and will be discussed first. The GCN individuals are referred to
as constitutents and are represented by the set C. In the axiomatic interpretation, the
constituer}ts will be seen to correspond to primitive concepts, defined concepts, ax_ioms,
and theorems. Constituents are assumed to be linguistic enpressions and will be

categorized as Primary Notions, Secondary Notions, Basic Principles, and Established

-

Principles.
. Constituents are either formulated, in terms of other constituents, or they are not
formulated. Fxy will be written to indicate that Constituent x is used to formulate
Constituent y. For example, a Constituent may be the Primary Notion (primitive
concept) of an electron. This notion in turn may be used to formulate a Secondary
Notion (defined concept) that consists of a linguistic expression or sentence that serves to
introduce and define the concept of current. In this case, it can e said that the Primary
Notion of an electron is used to formulate the Secondary Not‘%n of current.! In the
expression Fxy,x can be a anary or Secondary Npotion whllé‘q can be a Secondary
Notion, a Basic Principle, or an Established Principle. |

!
Constltuents are also either establwhed on the basis of other constltuents or they are

not established. Exy w1ll be wntten to indicate that Constltuent J; is used to establish
Constituent y. In the expressxon E’xy, x can be a Secondary*‘Notion or either a Basic or
an Estabhshed Principle, while y must be an Bstablished Pr1nc1ple2 Thus, the concept of
a constxtuent being established is a primitive one for the tl‘feoretxcal developments to
follow. In effect, this means that it is assumed that it is known what it means to
establish a result, or that it is known what it .means to prove a statement. The concept of

proof can, as is well known, be developed within the context of Logic. Since Lo_gic (and ~

.
w4

-

. -

t 'In a rigorous treatment of axiomatics itself it seems that the theoretical entities.must be
dislénguished ag either symbols or statements made up of symbols. For our purposes we will treat the
synmibols (expressions) as statements containing only one expression. That is, the distinction between a
symbol and a statement is of minimal importance,for instructional purposes. Notice, however, that this
approach leaves us in the position of asserting that pne statement is used to formulate another. While
this s recognized as being somewhat awkward it is felt that the resulting simplification in the theoretical
dev opments justifies this approach. If our goal was to rigorously mvestxgate axiomatics, then this
approach would not be taken. :

21t may be felt that atcording to the convention of not distinguishing symbols and statements,
when x in Exy refers to the Secondary Nation, the symbol defined and the statement that défines it are
confused. That is, it may be felt that the symbol, not the definition, is used in a proof. However, 25 will
be seen, we perceive definitions as auxiliary theoretical suppositions. Thus, when a defined symbol is
used in a proof, the definition of thé symbol (a statement) and not the symbol itself is being used to
justify the step m the demonstration. -

.
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Sét_Theory) form the basis of the thg

concerning an understanding of the co

btical developments to follow, the assumption
it of proof seefm reasonable for our purposes. ’
Now eonsider the primitive conge ghat will be used in order to characterize the
TICS and its relationships to the GC t, it is assumed that A set of tasks is available.
Let 4/ denote this set of tasks. The set” is intended to serve as a pool of tasks from
which criterion tests on constituents can be formulated.

A set of individuals to represent students will also be required, represented by 1.

In order to judge whether a student can pass criterion for a. constltuent it is
necessary to determine whethér the student can perform the tasks in at least one of the
associated criterion tests. This leads to the requirement for a bmary relation between the
set of students and the set of tasks. Pxy will be written to z;lssert that student x' can
perform task y. }1.

Finally, another relation is required that relates the constifuents to the tasks. That '
is, is to be used as a pool of tasks for structunng criterign tgsts and, hence, some
method of associating constituents and tasks is needed. To this end, T will represent the
relation that serves this purpose. Each constituent is to be associated with a unique
collection of task sets. Hence, T will be a function. In general, as discussed below, T will
be a function from C into £ (7 ) where #(A) denotes the set of all subsets of a set A
(power set ©f A). Let T(x) denote the image of x under the fungtion T. N “

. The logical symbols used herdin are “71”, “&”, “>”, “o” for “not”, “and”, “if,
then”, and “if and only if” regsectively. “d” and “V” are used for the existential and
universal quantifiers, respectively. In addition, standard set-theoretical symbols are also
used with (A) denoting the Po/wer Set (set of sgbsets) of a given set A. T(x) denotes the
image of x_ under function T. Set complement, set union, and set intersection are denoted
by ~v, U, and N respectivély..C denotes the subset relationship.
Definition 1. <C, 4,-1, F, E, P, T> is an axiomatically structured subject
rqatter if and oniy if the following five axioms hold. ' * /
(i) C is finite, and C and 7J are non-empty. -
w (i) (vxeC) [I(yeC) Fyx» (d2¢C) [(@weC)Ewz & Fxz] ) ‘
(iii) (VxeC) [(@yeC)Eyx - (F2¢C) Fzx & (VweC) Fxw] X
(iv) There are no elements x1,...,xp in C such that Rjxjxg &
Roxoxg &...& Rp.1xp-1%p & Rpxpxy holds whenc—- «
Rj,..., Rpareinstances of F or E.
(V) (vx,yeC)[FxyvExy = (vel) [(ATeT(y)(T#0 & (VteT)
Poct) > (AT'eT(x) (T'#P& (Vt'eT’) Pxt')]]
" 21
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The five parts of Definition 1 will be referred to as axioms (i) to (v) resbectively.

As asserted in axiom (i), C must be finite. Otherwise a student would be faced with
learning an infinite number of subject matter components. I:‘rom the authors’ point of
view, C must also be finite sincg,.ar.x‘author cannot write down an infinite number of
constituents.!, C is assumed to be non-empty, because if it is empty there is nothing for
the student to learn. The set of tasks, ”J, is also assumed to be non-empty. This seems
reasonable sirtce there is at least one constituent to learn so there will be at least one task
designed to determine whether or not a student has learned that constituent. Since the
structure of the subject ‘matter is independent of the question of the number of students,
no assumptlons are made concerning the size of the set . . - B

Axiom (ii) asserts that every nonformulated constituent is used to fornulate at least
one constituent that in turn is not _estabhshed. In terms of the axiomatic paradigm,
aﬁiom-(ii) asserts that every primitive f:oncept must be used to formulate at least either&a
definition or an axiom. Axiom (ii) cannot be strengthengd to an “if and only if”
condition. Consider a defir}ed concept, d, within an axiomat;c theory that is used to
formulate another defined concept, d'. Now d is not established and hence d and d
satisfy the consequent of axiom (ii) (x=d, z=d'). However, d cannoE satisfy the antécedent
of axiom (ii) since d is a defined concept and hence formulated.

Axiom (iii) asserts that every established constituent is formulated but is not used to
formulate other constituents. In the éxiomatic_ paradigm, axiom (iiii asserts that theorems
are forrpulated but not used to formulate other axiomatic entities. Axiom (iii} also
cannot be strengthened to an “if and only if” condition. (onsider an axiom, a, within an
axiomatic theory. In this case, a is formulated and is ';m.t used to formulate other entities.
Thus a satisfies the conseciuent of axiom‘&
assumed to be true or is not established.

Axiom (iv) rules out cyclical chains of “used to formulate” and “{ised to establish”

relatlonshlps and combinations of these relationships. In the axiomatic paradigm, axiom

jii) but not the anm“c‘if (iii) since a j5 .

(iv) eliminates undesirable situations such as the, followmg Let t1, ..., t, be theorems

such that't;_ 1 is used to establish t; for i=2, ..., n. Now suppose, confrary to axiom (iv),
eb

that t, is used to establish tp. THis means that we have a theor n Whose® proof

-
t

we-! Notice that potential subjéct matters such as set theory may contain axiom schemé’ Such a
schema may be conceived as providing an infinite number of constituents. However, the schema itself is
but one constituent, while each of its instances constitues another constituent, viz., arf Established
Principle. An fauthor can only write down a finite number of schema instances. Thus, even subject
matters that)dontain elements such as\ﬁnom schcmas,satlsfy axiom (i). R
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depends on t, itself. Obviously, this is contrary to accepted canons of logic and axiom

) ({v) effectively rules out such situations.

It can also be shown that axiom (iv) is required as well for the *“used to formulate”
relationship. Let d1,. ..,d, be definitions in an axiomnt’ic theory. Further, suppose that
di-1 is used to formulate d; for i=2...,n and that dj, is used to formulate d1,' which
is contrary to axiom (iv). Recall that' a defined concept must be eliminable from an
axiomatic theory by the criterion of Eliminability (10). In the example under con-
sideration we must be able to eliminate d, (i.e., the symbol or expression defined in dn),
leaving at least d,;-1 to-be eliminated. Continuing, the point is&eached when d1 remains
to be eliminated. However, d, is used to eliminate dq since d, is used to formulate dj.
As a. result, there is again the problem of eliminating d,. This means that' the criterion of
eliminability has been violated. Therefote, the criterion of éliminability implies that

- axiom (iv) is required for ‘‘used in the formulation of” relationships as well as for “used

to establish” relationships. .
In general, cycles of mix ﬂd’m;t’ic;l‘snips must be eliminate;i to avoid other

L~ undesirable Mﬁe in axiom (iv) where the R; in the axiom refer to

*  either instances of F or E. : B -
The content of . axiom (iv) can 'be adepicted graphically. Constituents\can,be.

r represented as nodes and directed lines can be used to rep sen/t\the F and E relation-
ships. The general form of the cyclic F, E relationships that are excluded by axiom (iv) is
depicted m Figure 2. Extensive utilization of graphical representations such as the one’
shown ig Figure 2 will be used throughout this paper,,

) " Axioms (ii), (iii), and (iv) are_concerned wrth the GCN structures while axiom (v)
relates the GCN to the TICS. The function /T' from the set of constrtuents into PE(7)
provrdes the coordinating relations referred/to in the introduction, T\ns function serves to
relate the components of the GCN (constituents) to components of the TICS (collections
of sets of tasks). T must be a function into ££(7)), as the followrng discussion shows.
Consrder a constituent x. In general, an instructor will have more than one ctitetion test -

associated wrth x, especially in individualized instructional settrngs such as in computer-

adminijstered 1nstructron. In such an-environment remedial mstructro may be scheduled

.
W

! Without the convention of not distinguishing symbols from statements, this example w0uld have

. to be formulated as follows: dy,..., d, are defmrtrons introducing defined c?)\n&‘pts d’ 1s ...d',,
where d' 1 is used to formulate d; for i=2,...,n and d n is used to formulate dj. The agreement
Lt proceeds as above with” “d ! replacmg “d » wherever the symbol or expression rather than the
° statement of the definition is referenced .
- S XA [ -
t . o

| ERIC - PR , ’ iy




PSSP,

ForE

F or E

ForE

ForE

Figure 2. Non-admissible F E relations

each time a student fails to pass criterion on a constituent. Usually multiple criterion
teété are utilized so that a student does not repeat the same test more thanAnce after
remediation. That is, an effort is made to avoid let{i_n_g,_tt;e,,stu/denft become fami}iar with
test items through multiple encoq;lters. While such tests may be similar, each is in fact
composed of discreet tasks and hence these tests must be discriminated.

For simplicity, suppose the given constituent, x, is associated with two discreet’
criterion tests, Ty, To. Tests.Tl and Tg are both composed of individual tasks. Let
T1={t1,42} and let To={t3}. Nl&»w xis associated by T with both T1 and Tg9. That=is,
T(x)={T1, To} ={{ 1,3}, Thus, T(x)C®(Y) or T(x)e PP(4) as assumed in
axiom (v). T 1 assu : a function so that‘everslr element of C will be associated
# (7). This justifies the use of the notation T(x) where xeC.

Now consider axiom (v) and assume x is used to formulate y for x,yeC. Intuitively,

.with a unique element in

since x is used to formulate y, y in some sense must depend on x* Suppose an individual
& can perform all tasks in some cri?erion test for y. This means that « can pass criterion
on y. Since y depends on x it must follow that « can also pass criterion on x. That is, «

n all tasks associated with at least one criterion test for x- as asserted in the

uent of axiom (v). ~

formal developments that follow we deal first with the structure of the
subject matter conte;xt(GCN). We lead up to the notion of dependency in the subject.

> matter with a procedure being developed that permits 'qn instructor to elucidate the
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en<th~e complex of dependency relationships. The TICS structure is examined next, with
the final results Eating to GCN and TICS structures through the coordinating func-
i '
tion T'._/

The set of Primary I\iotions in
of PN are distinguished

constituents. The meaning of any Primary Notion in a subject matter is usually assumed

subject matter will be denoted by PN. The elements

e fact that‘they are not formulated in terms of other

to be self-evident. Primary Notions provide the 'conceptualqbasis for the subject matter
and in this sense they provide the conceptual starting point for a subject matter. The
formal defin{fion of PN is as follows: ,

X Definition 2. PN = {xeC: 1 (dyeC)Fyx4 : ¥

Not only are elements of PN_unformulated in terms of other constituents, but they
are also unestablished. That is, Primary Notions (primitive concepts) are not established
(provéd) on the basis of other constituents. This result is stated in the first
theorem below. - )

Theorem 1. (VxePN) [T(dyeC)Eyx] |

To prove Theorem 1, .note that if x is established on the basis of some y then by
axiom (iii) x is formulated in terms of some constituené. Assuming that xePN leads \to a
contradiction since elements of PN are not formulated. Thus\xePN implies that x is not
established as required. . ‘

Within axiomatics, definitions and axnoms\are snmlar in that they are both
formulated in térms of other constltuents Ffu’thermore both axioms and definitions are
not established. ' Axioms function as, suppositions from which theorems are /ﬁroved.
Following Sui)pes(lO p. 142), definitions serve a similar role in that they serve as
addmonal suppositions in an axiomatic development. Defmmons differ from axnoms in
that the former satisfy th) criteria Jf‘ne;tgreatmty while the latter do not. -

As in the axiomatic paradigm we consider Secondary Notions (SN) and Basic
Principles (BP) together as Suppositions (S)'\pé\n? whlfch <;ther staterggqts.(Egt;blished
Principles) may be established. Elements of SN and BP are both formulated but
Secondary Notions satisfy the criteria of non-creativity while Basic Principles do nof.
Elements of BP do not satisfy the criteria of non-creativity since elements of BP (axioms
in the paradigm) are intended to serve the role.as starting “points for derivations and
hence arg inherently creative. Formally, there are the follewing &istinc&ons where the
statement of C1 closely follows Suppes’ formulation (10): |

# C1: Criteria of Non-creativity. . »

A statement s introducing a new expression satisfies the c;itéi‘fé of
non-creativity if, and only if, there is no statement s' in which the new expression does

-r
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nof occur such that s=»g_can be established from the, Basic Principles and _preceding
econdary Notions of the subject n}afber but s’ cannot be so established. )
The statement of C1 makes use of the/canépt of preceding Secondary
Notions in a subjggt;,matter Secondary Notions are mtroduced in a specific sequence,
~with thie first making use only of Primary Notions, the second of Primary Notions and
perhapé the first Secondary Notion and so forth. Thus, the phrase “preceding Secondary—
Notlons in the subject matter” has a precise m\samng Justifying its use in C1.} '
Defmltlon 34 Suppositions T
S = {xeC: (yeC)Fyx &W(HweC)wa} ‘ r
”Deflmtlon 4, 8Secondary Notions A ) >
SN ={xeS: x satisfies Cl} /
, Defm!%tlon 5. Basic Prmmples

- . BP = S~¥SN
‘ Cons1der som/é_element say, x where xePI&\ By axiom (iii) we know there is sotne Yy

- ‘fw.w

a 3

".

~

such that y is not estabhshed and x is used to formulate y. Notice that axiom (iv) assures
that'x#y, that is, x is used to fonnul::e at least one supposition in the subject_.matter.
This is intuitively correct since it is expected ta itive concept in the, a;ciomatic
(paradlgm will be used for some. purpose. The appi':)\l iate way to brmg a pnmmve
concept into theoretlcal use is to use it to formulate either aa axiom. or-a definition.

These remarks serve- to establish the next theorem. - . ? )
Theorem 2. (VxePN) (HyeS) [x#y & Fxy] -
Established Principles (EP) f:orrespond to theorems and are char, ized by\the fact

that they are established. ’ F ’ o

. Definition 6. EP={xeC: (dyeC) Eyx . ' , /B

;

Co\?mder an elemeng, x, such at xeEP. From axiom (iii) it is known thaﬁ x is

-
‘formulated in terms of other constxtuents It is also knowq, that x is not uséd to

' formulate other coqstituents. Theorem 3 formalizes these results.

4

- £

1These ideas concerning preceding Secondary Notlons, and so forth, are certamly amenable to
2 formal treatment. However, the attendant formal mechanismg have minimal utility for our present
purposes. The notion of precedence, in fact, as used in C{ must not be confused with dependence as a
relationship between constituents. Neither should prece&e%e in this gense be thought to imply requisite
instructional prepod’ence The use of precedence in C1 simply means that subject matter components can
be arranged in some linear order. However, to determine relatlonshlps of instructional importance one

must look dedper than this linear order. One must take into accqunt how constituents are utilized.

- -
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Theorem 3. (i) (VxeEP) (HyeC) [x#y & Fyx}
1) (VxeEP) 11 (HyeC)Fxy.

— Notice that PNUSNUBPUEPCC. On the other hand, suppose xeC. Either (HyeC)Fyx

or (@yeC)Fyx. In the latter case, xePN, in the former either (JweC)Ewx or
HweC)Ewx. If (AweC)Ewx, then since (AyeC)Fyx we know that xeEP. If (HweC) Ewx
then xeS, that is xeSNUBP. Therefore, C=PNUSNUBWEP.

Notice that the elements of PN are not formulated while the elements of SN, BP,
and EP are all formulated. Thus, PNNSN=0, PNNBP=Q and PNNEP=0. SNNBP=@ be
definition and SNNEP=Q since Secondary Notions are not established but Established
Principles are estdblished. Similatly, BPNEP=0. Hence, PN, SN, BP, EP are mutually
exclu;ive: We have established that PN, SN, BP, ahd EP partition C, as stated jn the next
theorem. /

‘Theorem 4. PN, SN, BP, EP partition C.

It would be expected in an axiomatic theory that t;ere be at least one primitive
concapt. Without at least one primitive concept it would be impossible to make any
theoretical developments. It would also be expected that there would be at least one
supposition. Otherwise, the theory would be trivial in that it would consist of, at most,
primitive concepts only. The next two theorems establish these results for an
axiomatically structured subject matter.’ .

Theorem 5. PN# 0

Theorem 6. S=SNUBP #0
To prove Theorem 5, suppose W;Q By axiom'(i) we have some"elemeﬁt, say x,

such that xeC. By Theoremi4, since PN=0 either xeS or x¢EP. In either case (EyeC)Fyx

\

since elements of S and EP are formulated. Axiom (iv) assures us that 2+#y. y¢PN since
PN-¢ y{EP since Established Principles cannot be used to formulate other constituents
by axiom (iii). Thus yeS, lmplymg the existence of another constituent z such that Fzy.

" As before x#2z, y#z and zeS Continuing, we have a nonendmg chain of distinct elements

in-S of the following form:
\ .& Fzy & Fyx . .
This is contradlctory smce it lmphes that C is infinite. This establishes Theorem 5.
. To establish Theorem 6, note that Theorem 5 implies the existence of an element
xePN. By axiom (ii) there is an elemgﬁt 2eC such that: e
« (HweC)Ewz & Fxz.

J b4 \39‘ o *+
This implies z¢EP.~Fyrthermore, z¢PN since 2z is formulated in terms of another

™ * constituent, viz‘i; ¥. Thus zeS as required in %h&orem 6. . @
. ‘ *
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Theorems 5 and 6 serve to insure us that our axioms satisfy our intuitions °
concemning subject matters. An author must begin with at least one Primary Notion
(Theorem 5). The author must also formulate at least one Supposition. That IS, the
subject matter must contain at least one other element, either a Secondary Notion or a
Basic Principle (Theorem 6). If this were not the case, the subject matter would consist
only of the Primary Notions and would be entirely trivial since Primary Notions are
assumed to be intuitively comprehensible. In addition, for every constituent that is not a
primary Notion, we can sl}ow there is a finite chain of “used to formulate” relationships
starting from a Primary Notion and leading up to the constituent. Thus, every constituent
that is not a Primary Notion js based on or founded on some Primary Notion through a
finite chain of “used to formulate” relationships. This result is proved in Theorem 7,
which follows one simplifying terminological definition.

Definition 7. For all x,y in C F*xy if and only if there is a sequence (possibly

-

~émpty) of constituents xi,. .. ), Xn such that ,
Fxxi & Fx1x9 & ... & Fxpy
holds.

In Definition 7, the reference to an empty sequence of constituents means that F*xy

includes Fxy as a member. That is, if Fxy holds then F*xy also holds.
T Theorem 7. (VxeC) [xeSUEP< (HyePN)F*yx]

The proof that xeSUEP is a sufficient condition for F*yx for some yePN is as
follows. Let xeS or xeEP. In either case there is a y1¢C such that yj#x and Fy1x. From
axiom (iii) we know y1¢EP. Thus, either y1¢PN or y1eS. If y1€PN, then set y=y1 so that
F*yx holds as required. If yqeS, then vi?g have a y9eC such that yg#yq1, yo#¥x and
Fygyj. As before, y9ePN or ygeS. If y9ePN set y=yg so that we have both Fyy; and
Fyqx, or F*yx as required. If y5eS we repeat this process for a third constituent yg.
Contir}uing we know this process must terminate, say after n steps, since C is finite. This
means‘ that eventually we have a sequence yq1,...,¥p where ynePN and Fynyn—l &
Fy, 1¥p-9& ... & Fyjx holds. Takipg ¥=y,, we now have F*yx as required.

For the necessity portion of the proof of Theorem 7, let yePN and assume F*yx for
xeC. This means that we have two possibilities. In one case Fyx holds. By Dei‘inition 2,
%PN and hence xeS or xeEP a's ref;uired. In the other case we have a sequence of
constituents xi, . .., x, such that Fyxl & Fx1x2 &... & Fx,x holdé where n>1. Since
Fx,x holds for some x, we again know that x¢PN, or‘xeSUEP as required.

In the most general case any element in‘eith’er S or EP is based on a subset of PN.
That is, Theorem 7 simioly asserts that at least one element in PN is related through a
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sequence of F relationships to any element in S or EP. In general, however, there may be

/ séveral elements in PN to which the element in S or EP is related via F relationships. A

/ / general hypothetical example of this phenomenom is depicted in Figure 3, in which each

/ of the constituents x4, x9, xg and x4 are m PN. In addition, F*x1y, F*xoy, F*x3§‘and

F*x4y all hold. The next definition provides a means of referring to the subset of PN to
which an elgment of S or EP is related via F relation sequences. '

>

X3¢PN

X4¢PN

XpePN

® YeSUEP

I3

&' Figure 3. Hypothetical example of an element related: to a subset
of PN via sequences of F relationships

Definition 8. For all x in C, F*(x) = {yePN:F*yx}
In the example presented in Figure 3, F¥(y)={xq, 29, x3, x4)}. |

The next theorem follows immediately from Theorem 7 where it is assumed in both
the theorem and its Corollary that xeC.
Theorem 8. F*(x) # ¢ © x¢eSUEP ¥ .
~ Corollary. F¥(x) = @ +xePN

29
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Definition 9. For all x,y in C, E*xy if and only i i e (possibly
empty) of constituents xq,..., Xn such
Exxl & Ex1x2 &...& Exny

holds. .
As in the dase of F*, Definition8 is formulated in such @ way that Exy implies
E*xy ! ¢ ¢ ,’

Of primary importance from an instructional point of view is the notion/ o

i

dependency. If one constituent is dependent on anather, then before a learner i

jcan
comprehend the latter the learner must comprehend the former constituent. In gen
before a learner can comprehend a constituent the learner must comprehend all
. constituents the grven constrtuent depends upon. Thus, for instructional purposes it. is
essential that a method be available by which we can ‘}dentlfy all constituents depented
upon by a given constituent. N
~To thlS end we Ttext define the notion of dependency The basic characteristics of
d‘ependency are investigated with particular emphasrs on dependency, F* and E*. Prn ly.,

. amethod of determining all dependency relatronshrps for a given Constituent 15 descnbed

” Definition 10. For all x,y in C x is dependent on y (Dxy) if and only if there
’ - is a sequence (possibly empty) of constituen't,s X715 Xp such
. that ) T !
, R . R1yx & Rox1xg & ... & R pyq2px . |
. . ‘holds. when Ry, . .., Rp,q are instances of F or E.

Notrce that Defmrtlon 10 is formulated 1n such a way that both Fyz and ny imply

that x is dependent onay (ny)

é‘l
Theorem 9 Dependency is irreflexive, asymmetric and transitive.

v

P
The proof of Theorem 9 is straightforward with the asymmetric condrtron following

- from axiom (iv). . .
Theorem 10. For all x,y in &Dxy if and only if either ‘ o
° (i) “F*yz, or L

© . (ii) E*yx, or
(iii) (2eC) (F*yz & E*zx).
'We have not formulated theorems'anné:)‘@u to theorems 7 and 8 for E*, nor have we formulated
a definition analogous to Definition 8 for’ In an axiomatic theory it would be expected that all
‘theorems would be provable ultimately from -axioms alone—the criteria of non-creativity. In the
subject matter theory this means that all Established Principles must be ultlmatcly established on the
basis“of Basie Principles and Primary Notidns alone. We could introduce the formal machinery to

establish this result. To do so, however would require an extensive and unwarranted digression into the
concept of aproof. * v !
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That Dxy is a necessary condition for (i), (ii), or (iii) in Theorem 10 follows from
Definition 10. .-
To see that Dxy is alse a sufficient condition assume Dxy. That is for some
sequence (possibly empty) of constituents X1, . ..sXp We have ‘ \
" Ryyxy & Roxyxg & .. & Ry 1xpx c
where Rl,...,’ Rn+1 are instances of F or E. In tpe case that the sequence of
constituents is ;,mpty we have » ’
. Ryyx
where R is either F or E. This immediately yields either F*yx or E*yx‘ as required.
Now. suppose the sequence is not .empty and there are in fact n constituents
satisfying the above conjunction. Suppose for some i (1<i<n+1) R; is an instance of E.
This implies that Ex; jx; holds and thus x;EP. Since ,E;;EP R;y1 must also be an
instance of £ by Theorem 3. That is, TW(Hz)Fx;z leaving on E as a possibility for R;,
Continuing in- this way we see: that R,+2,... Rn+1 t all be instances of E. In
ngneral, it can be asserted that for all 1(1<Kn+1) 1f’ i
Riy1,..., Rpyq must also be instances of E. We now hax)é’fihree cases.
/E_ase;l Ry is an instance of E Then it follows that E*yx holds.
M. R: is an, instance of ‘E where 1<i<n+1 and for all j<i, Rj is not an

is an mstance of E then

i
instance of E. In this case we have

Fyxl & Fxlxz §z & Fxi_ox; 4 &Ex -1% & Ex. X+l &'...& Ex x
That is,

- - .l.l £
'\( v

R "o - A F*yxi_ 1
L Y Y

\ \ and e

E*xl 1%

) In othz?rr words there is some z in C (viz.: X; _1) such that
. . { = . F*yz & E*zx

_ holds. . .
Case 3. None of t;ét'.‘i{i is an instance of E, in which case we have F*yx.
Eitl?er Case 1, Case 2, or Case 3 must obtain, whence the proof is complete.
Theorem 10 means that there are three, and only three, forms chains of dependency
relations can take. These forms are displayed diagramatically ﬁigure 4, where dxy is
assumed to hold. . '

* The next theorem establishes a aninimal structure that an axiomatically structured

) subject matter must exhibit. -
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Figure 4. The three possible forms for dependency chams
assuming X is dependent on Y

Theorem 11. If <C, 7, 1, F E, P, T> is an axiomatically structured subject
matter, then there are elements %,y in C such that Dxy holds.

To prove Theorem 11 notice that we know there is sorﬂf‘yafN by Theorem 5. This
yields an x in C such that Fyx by axiom (ii). Thus, by aeﬁnition:‘ﬁ:xy‘as required.

While we have identified four major sﬁbsets of the set of constituents for a subject
matter, we have not discussed the way in which elements of these sets are selected.
Consider for example, the Primary Notions, PN. In selecting Primary Notions for
instructional purposes there is a great deal of freedom of choice. The notions that are
chosen as primary vary depending on the bias of the individual structuring the subject
matter, the applications of the knowledge to be learned, and so forth. Consider, for

3(}“
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example, Set Theory as a potgntial instructional subject. One instructor might select the

following Primary Notions:

set
set membership
— the empty set
set complementation
set intersection.

[

while another instructor might select as a possible set of Primary Notions:

set ’ .
set membership

the universal set

set complementation

set union.

Each of these classes of notions can serve as the basis for instruction in Set Theory.
Notions present in one c;lass but absent from "the other can be introduced by way of
definition. For example, set intersection in the first class can be defined on the basis of
the .second class by means of set union and set complemeqtaﬁon. The point is, there is
no compelling abstract reason to select one class of Primary Notions over the other.

-Similar remarks apply to the freetom that can be exercised in the selection of
Secondary Notions, Basic Principles, and Established I;rinciples. In the context of the Set
Theory example, one person may introduce the Secondary Notions of

’

ordered pair
cross product
relation
function.

Another instructor, however, may forego the relation concept and introduce the notion

of function based on an understanding of ordered pairs and cross product. Thus, the class .

of Secondary Notions is reduced in this case to

. ordered pair - ' .
cross product
function.

The difference in api)foach might be dictated by the context of the instruction, with_the

first class being more appropriate for audiences such as social scientists where relations

are of importance. The second class of Secondary Notions may be more appropriate for
mathematically oriented instruction emphasizing the concept of functions. N
These comments apply as well to the axiomatic paradigm for struchring subject
matter. That is, a great deal of freedom of choice can be exercised in selecting primitive
and defined concepts, axioms, and theorems when axiomatizing a theory. Examples of

this latitude are evident when one considers the number of axiomatic approaches to a

-
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common subject such as Symbolic Logrc In fact, there does not seem toO be any agreed
upon Or standard axiomatic treatmengt of Logic. The test of the adequacy of any
partrcular treatment is not in what concepts are pnmrtrve or defined, or even what
axioms—are chosen. The adequacy of a particular axiomatization of a discipline such
Logic is judged, in part, on the basis of whether or not the accepted canons of chic c
be accounted for within the fomalization

The point of view expressed herein is that once the constituents in use, or to be
used, have been 1dentrfred they can be analyzed in terms of the F and E relationships.

This in turn leads to a categorization of constituents along the linesof the definitions of

PN, SN, BP, and EP. In addition, it is possible to elucidate the complete set of °

constituent mterdependencres This can be done through the following formal procedure

It is clear that both F and E are 1rreﬂex1ve Furthermore, from axiom (iv) we .

know that neither F nor ,E contains loops. The graph of either F or E does not contain

parallel arcs and therefore these graphs are digraphs.! The adjagency matrix for a
relation R (F or E) is defined as the n x n square matrix .\(R)=[aiﬁ 71 if
constrtuent iis rela.ted to. constituent j by R, and a; —O otherwise. We assume here that

there are a total of n constituents; o . . . ‘\
For convenience we introduce the notron of Boolean anthmetrc The ‘0

. difference between Boolean and non-Boolean arithmetic is that in Boolean arithmetic

1+1=1. Following Harary et al. (14) we denote Boolean arithmetic by writing (n+m)#. ‘So
that (1+1)# = 2# = 1, and, in general, it follows that'if n>1, then n#=1.
Definition 11. The adjacency matrix for thetdependency relation, DA, for the
GCN is defined as follows:  *
=[A(N + A(E)]l#

According t6 Definition 11, to form the adjacercy matrix for the GCN,dependency

relation, the adwency matrix for each of F and E is constructed first. These adjacency
matrices are then Boolean added element by element. This 1s normal matrix addition
except that the individual sums are BOOIean sums so that each entry in DA is either a 1_

or.a O It follows that each element g;; of DA is such that :

8 = 1 1f Constituent i is related to Constituent j by at least one of F or E.
and '

)

ajj = 0 if neither F nor E relates Constituent i to Constituent j. / T

ro

T ' The cited concepts, definitions, etc. are modifications of those presented in'F, Harary, etal Struc
tural Models, (14).

« 34
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Whence DA depicts t.her dependency relationship to the extent of showing all

‘ dependency chains of length 1. The matrix DA does not ‘necessarily depict all the

dep‘endency relations, since dependency may be est,ablished through relational chains of

length greater than 1. The next th‘eorem provides the rationale needed to generate the
- complete dependency matrix. . \

TheoremA2. (Harary, et al,, 1965,14). In DA™ (DA raised to the nth power)

\ " the i,jth entry is t?e nurnber of F,E relational sequences of length

' n leading from Constituent ¥ to Constituent j. .

<It can be shown that for some m>1, DAm":1 = [0]. This follows, since there are no

\doops in the dependency relation. Thus, since the numher of constituents is finite, there

is an upper limit on the length of possible relational sequences leading from one

constituent to ano\ther This upper limit is denoted by m and is called the maxzmal length

dependency chagn for_the GCN. It follows then that DAm:”1 = [0], or the matrix

corxtaining only en't?i'es, of 0. .

Definition 12. The dependency. matrix for a GCN is defined as
D=(DAaY+ DA2 + . .. + DAM]#

) where m is the maximal length dependency chain for the GCN.

Suppose D is the dependenty matrix fos a GCN and let x,y be GCN constituents.

Within D x w1ll correspond to some row, and y. will correspond to some column. We will

write “x Y to mdicate the entry in D consisting of the row and column corresponding to

Constituents x z{nd y, respectively If x is, represented by the ith row in D and y by the

jth column.m D, then a b

xy — “ij
On the Jbasis of the foregoing concepts we have th followmg result: g
- \ 1
Theorem 13. Let x,y.be GCN constituents. y "ifand only if oy
2aeorem 10

X {s'dependent on y if and only if there is a sequence of F.E relations leading from

= ag.

y to x. Such a sequence will be composed of, say, n steps or links. Thus, the entry

representing the y,x relation in the nth-

power of the adjacency matrix DA will be 1.
When the dependency matrix is farmed by Boolean adding all. nonzero adjacency

matrices, this entry will c_arry-oJer, cgusmg a, to_ e get, »(o 1. Conversely, if Gy the .

. . A
i,jth entry in some power of the adjacency métrfx, A,_,mugtmb_gﬂnonzero Thus there )

nrust be an F,E sequence leading from y to x. That is, Dxy.

‘ Thus, Theorem 13 and the concepts or which it is based provide a direct method of
developing the dependency relationship from the GCN..From an instructional point of
view the dependency relationship is crucial to the sequencing of instmctionalmatw

stydent cannot comprehend a constituent_in a subjéct matter GCN until the student
z

» ' ' ' '
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~—comprehends all constituents upon which the first constituent depends. In othef words, if

a constituent, ¢, depends on each element in a set of constituents,y, then the student

cannot develop a comprehension of ¢ until the student is known to have developed, or

has developed, a comprehension of all elements in 7.

By comprehension of a eenstitient x we mean that a student can pexiorm tasks/

in at least one of the task sets associated with x. That is, if anz; ividual compréehends—,
then the individual must be able to perform all the tasks in at least one of the sets of

tasks associated with x via T. From comprehension of x we cannot necessarily infer

" which get of tasks the individual can pert:orr;l, unless, .of«course, the task set associated

.with x is a uniql'xe set of tasks (i.e.,T(x) contains one subset of 7). Conversely, if the

«individual can pefform all tasks in at least one of the task sets asgocipted with x, then it

t such performance

seems reasonable to infer that the individual comprehends x. AC le

provides posmve evidence of constituent corq&rehensmn without ingicating any negative .

evidence that would lead .one to suppose that the individual di not comprehend the

constituent. Thus we have the followmg definition: . ,
Definition 13. For all « in I and all % in C « is sald td comprehend x if and

— only lf (HTeT(x))[T aﬁ 0 & (VteT)Pc t]
Theorem 14. For all « in I and for all x in C,
comprehends all constltuen’ts on whlch x depends.’ .

The proof of Theorem 14 is as follows ‘Suppose « comprehends x and ny where

~

" «el and x,yeC. By Definition 13 we Know ; .
J (EITeT(x))[T +0 & (VteT)cht] . .

By Théorem 10 we have three cases. ,
Case 1. F*yx holds,In this case we have Constituents x1,. . .,x, where
Fyxl & Fx1x2 & . & Fx x ’
holds Fx,x in conjunction with the above result yields .
(AT e T@))T, # @ & (VieT,)Pct). '
We also have Fx,_qx, so by usir‘;g the last result with axiom (v) yields

(AT, 1€T(xp-1))Tp-1 # @ & ¥ teTy_1)Px?).

n-r
\t-—-—-JCg'n‘t_mumg(‘after n+l st,eps we have
2 e (HTy‘m(waw\d 0 & (Vte'T?,)Pcrt)
or in other words « comprehends y as required. ° T e e ,\/ -

L
»
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Case 2. E*yx holds. The proof in this case is the same as the proof in Case 1.
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Case 3. (HzeC)(F*yz & E*zx) holds. Cases 1 and 2 can be generalized by o
. assertmg ‘that if either F*yx or E*yx, then if « comprehends x, then «

comprehends y: Thus, E*zx and the fact that @ comprehends x implies
™ . that = comprehends 2. Thus, since F*yz we also know that «
comprehends y as required. . )
Notice that Theorem i4 cannot be strengthened to an “if-and-only-if”’ condition.
That is, from the fact that an individual comprehends all constituents a Constituent;c
depends on, it does not necessarily follow that the individual comprehends x. This is
intuitively correct, since the purpose of instruction is to permit the individual to
synthesrze knowledge hé possesses in ‘order to develop more understanding. That is, when
. an mdrvrdual does comprehend all constituents x depends on, then and only then is bhe
individual prepared to- -go on to comprehension of x. There is simply no guarantee that ,an
mdmd{al will transfer comprehension of all constituents a. const1tuent depends on to »
compreh:.nsmn of the latter constltuent itself.
. In

foregomg sectlon The ﬁrst example unicorns, consxsts of a trmal fanciful subject

-\ <\/

pext chapter we- present two examples of the concepts introduced in the

matter presented to prov;de a simple overview of the concepts In the second example a
subject matter is analyzed in detail and all GCN constltuents and relatlon§h1ps are
1dent1fied and displayed. This subject matter is a significant portion of a formalization of )
Boolean Algebra. ‘The initial portion of the development of the Algebra is completely
analyzed, including a¢ complete representation of the dependency relationship for the

GCN. For completen?é, a hypothetical TICS is also developed for this exdmple.
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TWO EXAMPLES OF THE THEORETICAL MODEL

.

EXAMPLE |: UNncomL‘GCN ONLY -

e e

For the first example, suppose the instructional problem is to prov1de an explication
of the meaning of the term ‘“unicorn.” The General Subject, Matter is that concerring
unicorns. Assume the target popula'tlon consists of a group of youngsters, or one
youngster, reading a fairy tale. The Context Condltloned Subject Matter consists of
exphcatmg e concept of unlcom with- respect to the knowledge the youngsters ,posﬁ ‘
and perhaps the particular fa1ry tale being read Let us assume that the students know
what a horse, a stag,:a lion, and homs on animals are!

. “The, instructor in th1s Case may proceed as follows. The Primary Ngtlons can, be
chosen as bemg the notions of animal, horse, stag, lion, and hom. From these, Secondary
Notions can be i_ntrod‘uéed. First is that of an animal with a horse’s head and . body.
Secdnd is that of an animal with a horse’s head, horse’s body, and stag’s legs. Third is
that of an animal with a horse’s head, horse’s body, stag’s legs, and lion’s tail. Finally,
this notion can be extended to that of a creature with a single horn in addition.
Therefore, the GCN is structured as shown in Figure 5.

The relation E in this e)&:nple is simply the null relation since no constituents are
established. Notice that in this example, the same GCN net depicted in ‘Figure 5 would
emerge if we proceeded by asking “What must one know before one can learn ___?” For
xample, in terms of the available anary Notions we could ask, “What must one know
before one, can learn about animals with herses’ heads and bod1es‘7” The response that
emerges is anlmals” and “horses.”

As will be seen, the analysis for the next example depends explicitly on both F and

\E. In this next case to use the “What must one know before one can learn »* question

is to sacrifice information that is instructionally important. The problem is that this

general relationship will not suffice to develop both of the underlying ordering relations,

R

-é . W2




S - o ' 1 ~
o PRIMARY Animal Horse Stag  Lion « Homn
0y , ]
NOTIONS ® ‘ ? * .
. M k4
o (Animal Withr ‘.
S Horse’s Head : 3*9 .
N and Body i x
. Animal With
Horse's Head ¢
. and Body, Stag 3 -
SECONDARY Legs .
NOTIONS < .
Animal With \
! Horse's Head !
. and Body, Stag’s
- Legs, Lion“s Tail
\ Single Horned Animal With
Horse's Head and Body, Stag's
. . Legs, Lion's Tail
\
\; \ \\ Figure 5. GéN‘ for explication of concept of a unicorn
Lo .
) N
EXAMPLE Il'\QOOLEAN ALGEBRA .
>As the second example that 1llustrates a multiple relational GCN, Boolean algebra is
chosen as the General Subject Matter. The structure of Boolean algebra is transparent
since it has been axiomatized. The content of the basic theory is fairly limited so that
i the structure nets that will be developed can be exhibited completely. A more conipl%
subject such as COBOL programming (an experimental subject taught at HumRRO) could
-~

s
have been chosen, but to do so would require hundreds of pages of complex graphs to

exhibit its internal structure. While the ideas underlying Boolean algebra are simple to
grasp and few in number, the theory is extremely rfch with respect to results and
Applications. )

Boolean ﬂgebm is named after its origin;itor, George Boole, who studied if'in detall
in 1847. Interest in this type of algebra became very active with the ac\i\ent of modern
'digital computers. It can be introduced and developed in a variety of ways because of its
many practical applications. For example: Boolean algebra is us)rd extensively as a tool in

D) W.?_Slgn of sthchmg circuits and computers. |
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One way of describfhg Boolean algebra is to say it is the algeb-r.a ‘of alf the subsets of » .
some universal set. Anot is to state it is the agebra of sentences‘in the sense of
symbolic logic. 4flore detailed, nonaxiomatic descriptions of Boo an \algebra would
require cons;derable space, the interested reader can find' such desc trons and apphca-l
tions in Hohn (15) and Mendelson (16). ' '

As dlscussed above, the general attributes of the target: po;iulatron ‘within the

.Context helps to delimit the General Sub]ect Matter to be taught. To justify our selectron

of an axiomatic version of Boolean algebra for presentatron to studénts one can, for

example assume a\ﬁarget population wrth the following general atfributes: at least colleg'e

”s0phomores at least one year of college-level mathematics, and in interest the

methodology of science. Such a target population could include mdmduals whose main
areas of interest are in mathematics, symbolic loglc, phllosqphy, or éomputer scrence

We further assume that the mtefests of the targz:zpulatron and the rnstructor are
in the role of axiomatic methods’ in scientific me ology. These target population
characteristics and interests determine the Context of a ‘possible course in scientific .
methodology. An axromatrzed version of Boolean algebra could be yluded as a part of
such a course. It furnishes an mtroductron to. axiomatic stryctures, elementary, srmple
and rich in results. This suffices to definé the Context CondZ)ed'Subject Mat@ "

Let us now turm to the GCN. The ,'axiomatized_’ version of Boolean algebra to be
discussed is the version presented by R€senl;loom (17). His version has three undéfined
terms and three defrmtrons We discuss the first 22 theorems given by Rosenbloom. These
theorems represent only a small portion of the theorems of Boolean algebra In our
presentation we increase the number of primitive terms to four. There are four defi-
mtrons instead of three because one of Rosenbloom’s aefrmtlonms multrple Fmally, 29 ..
theorems are derived instead of Rosenbloom’s 22. The extra theorems result from
counting multiple theorems separéely" Our numbering systerri'.for the axioms, definitions,
and theorems corresp?nds rouzghly o Rosenbloom’s. .

The four Primary Notions in the GCNWf the chosen axromatrzatron of Boolean
algebra are as follows: '
' PN1:C / :
PN2; d
. ) . PN3:’ .

PN4 = ' "o
While parentheses are used throughout the theory, it wrll be assumed that the student

population is conversant with standard methdds of groupmg Similarly; it w1l1 be assumed .~ ~ **

that theastudent population understands the mea{nmg of the equality relation-*=". Since

¢
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grouping conventions are assumed to be known, and since it is assumed that “=

represents the standard -equivalence relation, no axioms, explication, and so forth, of

N

these concepts are required. Thus, the target population and the context of instruction
have affected the GCN structt:re by eliminating the need for some elements.

An mterpretatxon of Boolean algebra, of help in understanding the axiomatization, is
obtamed by assummg Cto be the.class of all the subsets of a given universal sét. In this
mterpretatlorr, “n represents set intersection, and ‘‘” represents set complementation
with respect to the universal set. The GCN Basic Principles are as follows:

- c B,i’l. If « isin C, then a' and a N B are uniquely determined members of C.
o ' BP2. HaandBarein C,thenaNf=gNa. '
BP3. Ia,B,andyareinC,then (@N )N y=an (6N 7).
- BP4. Ha,f,andyareinC,anda N g’ =y Ny, thena N § = a.
iBPS. Ifa,B,andy areinC,anda N f=a, thenanN f'=y Ny
hPG. If a and f arein C,and « =8, then o’ =B'/.
) . .BP7. Ifa,B,and7arei.nC,anda=B,thenarW7=3‘n’7and7r\a=7nﬁ.
It is important to notice that while BP1-BP7 are Basic Principles for the GCN, they are
also axiorrxs for the Boolean algebra.

,"" Thé GCN contains four Secondary Notions: '
o ) SN1-: C - propersubset
SN2 : 0 - the emptyset
"8 , . SN8: 1 - the universal set

- . ’ SN4 : U - set union.
The equality sign in these phrases is used in a definitional sense and thus should be read
“is defined as.” | .- | \

As Established Principles, the GCN contains the theorem® of the Boolean algebra. In
the deduction of the theorems in the axiomatization, it is assumed that the standard
development of logic and set theory is known. For completeness, and for reference
purposes, the subset of 29 theorems:from the set of all possible theorems of Boolean
algebra is given below. They are labeled EP'l EP2,...; EP29. To save space the Green
letters a, B, v, 8 are all elements of the set C in all the theorems in which these letters -
appear This asaumptlon merely reduces the length of the theorems as formulated, but for

¢ Ns’tructunng purposes it must be remembered that C is used implicitly in each theorem.
) Quant1flers are also suppressed. \




EPl: aNa=a«a
EP"ZZ aﬁa'=~,n~,’
EP3: a CBifandonlyifa Np’' =0

EP4: a« C

EP5: faCfandfC v,thena Cy
EP6: aNBCa

EP7: faCfand B C a,thena =§
EP8: N 0=0

EP9;: 0Cp

EP10: ¢ =«

EP11: aNng=(a' UB'Y
EP12: :x C g ifand only if ' C '
EP13: o C § if and'Only if a U f = -
EP14: aUB=0fU «
EP15: (a UB)Uy=a U (YY)
EP16: aVa =«
EP17: aUa' =1
EP18: a Ca U
EP19: aV (@anNB)=aN(aVUf)=«
EP20: Ifa=f,thenaUy=U 7
EP21: IfaC B, thena Ny CBN y
EP22: Ifa C 8, thena Uy CHU Yy .
EP23: If yCaandyCf,thenyCa NP
EP24: IfaC yandf C y,thena U C vy
EP25: aN(ed' UB)=anP
EP26: a N (BU7)=(aN )V (aNy)
EP27: a V0=« -
EP28: anNl=a
EP29: au1l=1
At this point, the Primary Notions, Secondary Notions, Basic Principles, and
+ Established Principles have been listed for the GCN. Tht% GCN structuring relations
remain to be described. We begin with F, the used in the formulation of relationship.
Consider first the Primary Notions. Figure 6 summarize’zs, in matrix form; the use of
each of the Primary Notions in the formulation of each Basic Principle. |
The information ih Figure.6 is depicted graphically in Figure 7.
. 42
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Primary Basic Principles "

Notions 8P1]BP2 |BP3 | BP4 |BP5 |BP6 |BP7
X X X X X X
n |Xx X X X X X
X X X X
- X X X X X X

Figure 6. Primary Notions used to
formulate the Basic Principles

Figure 7. Giaphic representation of the use of Primary
Not i formulating Basic Principles

-

Primary thions are also jsed to formulate Secorfd:ilry Notions, as Aowpt Iny
Figure 8. The" Secondary Nefions C, 0, U are formulated solely in terms of Primary
Notions, but Secondary Notion 1 uses another Second:cu'y Notion, O, in its formulation.
For . compléteness, Figure 8 ialsq ;h6WS how Secondary Notions are used to ‘formul%‘e.
other Secondary Notions. Figure 9 presents this portion of the relation F graphically.
Secondary Notions are enclosed in triangles in Figure 9.

The final portion of F that needs to be depicted concerns the use of Primary and
Secondary Notions in the formulation of Established P;inciples. Figure 10 presents '
this information, Figure 11 combines the information contained in Figure;s 6, 8, and 10.
Figure 12 presdnts a complete graphic representation of the “used in the formulation of”

.relationship. I Figure 12, a dot on the intersection of two lines indicates that they are

connected. The lack of a d;t indicates the lines rﬁerely cross and are not connected. -
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Secondary
. Notions
. clofl1]u
| ) x| x| x] x ‘ ..
Primary | N | X | X X b
Notjons X X ! .
= X‘J’ x bx .
{
] c
Secondary | 0 ) 1 X
Notions 1
U
kA .
N Figure 8. The use of Primary and Secondary
; Notions in the formulation of . -
Secondary Notions

\\\ L

Figug 9. Graphic representation of the use of
Primary and Secondary Notions in
formulating Secondary Notions

To interpret Figure 12, consider, for example, the Primary Notion *’.”” Following
down from “'» leads to a three-way\ connection. The left branch leads to the Basic
Principles on thealeft.' Following the connected lines leads to BP1, BP4, BP5, and BP6.
Tracing the right branch below ‘“'” ~leads to “0,” “1,”. and “uU.” Tracing the bottom line
leads to EP2, EP3, EP10, EP11, EP12, EP17, and EP25. On the far right of Figure 12 we

' 44
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see that the defined concepts feed down into the theorems. For example, ““1” is used in
the forr.nulation of EP17 and EP29. ) )

‘ Now co;xsider the ‘‘used to establish” relationship. Since only theorems are
established in the Boolean algebra, in the expression “Exy,” only names of constituents
that are Established Principles can be $ubstituted for y, while x can be the name of any
const)'fuent (Primary Notion, Secondary Notion, Basic Prin‘ciple, Established Principle).
Since interest is in structure, concern is with the antecedents used in an Established
Principle rather than with how the antecedents are usually used in a proof (of the
princip]e. To illusttate, consider Established Principle 8 of the Boolean algebra: “For all g
in C, 8 n 0= 0. The proof of the Established Principle can be arranged in steps with a
listing of the Basic Principles, Definitions, and Established Principles used to jusﬁify each
step. Thus, one possible proof of the Established Principle is as follows:

EP8. ForallginC,fNn 0=20

Proof: fN0=8N (BN g) D2 «
o =(npNngF  BP3

=gng _EP1

=0 D2

Similar detailed proofs are presented in Appendix A for all 29 Established Principles
of Boolean algebra. Figure13 is one way of condensing this information. A column
labeled by an Established Principle shows, by Xs in the rows, the Primary'and Secondary
Notions, Basic 1’rinciples, and Established Principles used in deriving the particular
Established Principle.

In addition to the constituents cited above in the proof of EPS8, the Primary Notions :
of C, N, ', and = have also been used. Basic Principle 1 has been used also, and the
Secondary Notion 0 plays a role in the ‘proof. Thus, with respect to EP8 Wwe have eight
instances of the ‘‘used to establish™ relation: viz: Exy, where x is one of C, N,’, =, .BPl,
BP3, 0,-o--EP1;-and y is EP8. — L

" As another ex.ample, consider the proof of Established Principle 9.
EP9. ForallpmmC,0C B

Proof: 0N g =8n 0 BP2
=0 EP8
0cCp D1

As shown in Figure 13, the constituents used. in this proof are C, N =, BP1, BP2, C, and
EP8. Notice in this proof that while the secondary Notion O is used, D2, the definition, is

not cited explicitly. In a formaljzed subject matter such as Boolean algebra, the defined
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concepts are introduced as abbreviations for longer, more comglex character \'strings. “0” -
is an abbreviation for y N ¥', for example. Implicitly, to use “0” is to invoke definition
. D2 in the use of EP9. Thus the reference is suppressed in the proof, but Figure I3 assertfs
the use of O as appropnate . x -
Figure 14 prov1des a graphlc representation of the information contained in
Figure 13. .
Thefadj.acency matrices for-the F and E relations ‘are given in Figures 16 and 16
respectively:' The matrices in Figures 15 and 16 are combined by Boolean arithmetic to
'produce the adjacency matrix, DA for the dependency relation in the Boolean algebra
GCN. as shown in Figure 17. ’ L
Consider Established Principle 21. Reading down the EP21 coldmn ip Figure 17 one
sees that EP21 is dependent on C, n =, BP1, BP2, BP3, BP7, C, and EP1. Furthermore,
\\ this dependency is such that for each of ‘the listed constituents there \1s a GCN relation
leading from the constltuent to EP21. From Figure 17, alone, it cannot be determined
which GCN relation serves to relate each of these constituents to EP21. ‘Thxs information -
is cohtamed in Flgures 15 and 16. ’ ‘
In the case of the Boolean algebra, it was found that Dlo—[O] Thus the maximal
length dependency chain for the GCN is 9. That is, m = 9. For completeness, DA2, DA3,
DA4 DA5 DA6, DA7, DA8,‘and DA® are given in Appendix B. DAY is al;o given in
Figure 18! E ) L

-

Notice that, accordlng to Figure 18 EP28 is related to C.by a nine-step chain of
GCN relations. By way of an example this nine-step chain has been identified and is as
follows. ’ ' ,

EP28.depends on EP27 ' o
EP27 depends on EP19
EP19 depends on EP14
EP14 depends on EP11
EP11 depends on EP10
EP10 depends on EP4 , _
. EP4 depends on EP1
EP1 depends on BP4 .
BP4 depends on C

'The matrices presented in this example (mcludmg Appendix B) were taken from the output of a
computer program especially prepared by Leslie Willis of HumRRO.
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That is Figure 19 is the matrix for D, when

S
D=< z DA‘)” .
1=1,9

: . .
Figure 19, then, presents é{ cor.nple,t_e; summary of the GCN depende-n.cy reIatiQnship_. For
example, as seen from Figure 19, EP20 is dependent on C, N, ', =, BP1, BP6, and U.

Our next task is to exhibit a.TICS for the Boolein algebra. A subject such as
Boolean algebra is uéuz.illy‘explicated with the aid of a'particular interpretation of the
concepts, axioms, and so forth. The natural interpretation for the Boolean algebra 'is the
algebra of subsets oﬁea universal set. It will be ass?med that the reader lS famxhar mth
this interpretation. Venn Diagrams will be assumed to be useg to éxhlblt the union (U),
intersection (N), and complement (') of sets. We will exhlblt tasks for each of ‘the four
types of GCN constituents: Primary Notions, Secondary Notlons Basxc Brmcxples and
Established Principles. '

In the in\tended interpretation C is conceived of as being a collection of sets. Tasks
associated with C might be as follows: . o

4 -

\

ty: Exhibit the set of positive odd mtegers less than 20 .,
to: Exhlblt\; the set of positive primes less than 24.
tg: Exhibit the set of English language vowels.
*t4: "Exhibit the set of unicorns in the world.
t: Let U={ab). Exhibit*%ll members of C.
tg: Let U= {ab,c}. Exhibit all members of C. \
n denotes set intersection, and as possible tasks we have ;yb_g follc;wing:
tq: State in words the meaning of o N B. < . .

‘tg: Inthe following Venn Diagram, shade in « n 8.

. . . .. ‘Z .y .
’.? @ N ‘
\ - '3 \ ‘ v
v tg: In the following Venn Diagram, shade f%&‘“ﬂ B. l -
. | 2 '& .
5 ' a B . ' '
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t10¢ In the following Venn Diagram, shade in a N g.

.- a .
¢
\

« ty1: In the following Venn Diagram, shade in a N g.

B »
© .

“«ti9: Let ¢ be the set of all men and § be the set of all unmarried people,
Describe a N 8.
. t13: Let a be the set of positive integers and let § be the set of all primes.
. . Describe a N 8. s

The symbol, ', denotes set complementation, and the tasks for ' also make use of Venn

Diagrams. N .
t14: State in word$ the meaning of « ' . . .
ty5: Ih the following Venn Diagram, shade in a'. ) .

- - N

S

. C
. t1g° In the following Venn l?iagram,.shgde in a.

a . .p

0
- Al

t17: In the following Venn Diagrém,.shade in g’

”»
13




e

A

t1g: Let the universal set be the set of all mammals, and let « be the set of

four legged animals. Describe «

t1g: Let the universal set be the set of all integers, and let a be the set of even
positive numbers. Describe a '

We'list four tasks associated with set equality, =. .

tog: Is the set of all mammals equal to the set of animals that bear their

young alive?
toy: Is {49,16,25 = {22,32,4252}>

ton Is {a,b,c} =~{ c,b,a}? : v ,1
\ | .
tog: Is ja,a} ={a}? [p.

The notion underlying Basic Principle 1, BP1, is one of closure of ‘Jthe intersection

and complement operations with respect- to C. ) | .
toy: Restate Axiom 1 of the Boolean algebra in words. ~ * L
tos: Let-Us={1,2,34,5} andlet « ={1,2}. What is « ! and is it in C?
tog: Let U= {a,b,c,}_and let « = {a}. What is « ' and is it in C?

e ———— o]

tog: Let U= {ab,cd} and let o ={a},$={ab}. Whatisanp and is it in C?

tog: Let U= {1,2,3) and let a = {1,2}, 8= {1,2}. What is a 1 § and is it in C?
It is not th/e) purpose of this réport to develop: a comr;lete set of tasks associated with
Boolean algebra. Hence, we will not list tasks for the re;maining Six B_asic Principles. It

should be clear, however, that this could be done. These tasks would include describing *

the meaning of the principles in words and would rely to a great degree on Venn

Diagrams. For example, to illustrate the pri\nciple behind commutativity, a student might
be asked to shade in a Mg in the following diagram, and to shade in g M a/ in the

next diagram. . N Ty
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Now consider the Secondary Notion of subset, C. “ o
tog Interpret the meaning of a C 8, or « is a subset of §.
t3p: [Hustrate the concept of a subset by Venn Diagrams.
tgy: Is the set of animals a subset of the set of mammals?
tgg: Is the set of unicorns a subset of the set of horses?

“ tgg: Is « C B in the following diagram?

« B v

P

‘ ) -ty Is « C B in the following diagram?

B8

)| o

- : * v.\ <

tgs: IsaCBin ‘the\.followmg diagram?

»

e

tgg: Is the empty set a subset of any set?

: tg7: Is any set a subset of itself?
. ¥ t3g: Is any set except the empty set a subset of the empty set? <o
Slmnlarly, tasks can easily be generated for the other three Secondary Notions: 0, 1 and
~ U (union}. As ‘before, such tasks WOuId make use of verbal interpretations, Venn Dia-
grams, and direct questions: We will not develop these tasks herein.

Established Prmmples also have associated tasks. Established Principle 1 in the

’

Boolean algebra asserts that a N a = a.

t39: Sta_te EP1 in words. \

h t40: Prove EP1.
tg1: Using EP1 prove that a N (B N a) =a N §.

.

|
.
|
|

|

|

\

t4o: Prove using EP1 that (a N a) =a’.
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We will not develop tasks for each* of the Established Principles. Notice that with these
constituents, it is possible to not only have tasks concerned with the interpretation of the
principle, but it is also possible_t_gkgsk the individual-to prove and apply the principle.

Thus, tasks ¢ through t49 represent a partial subset of the complete set of TICS
Tasks. Notice that as in the choice of GCN constltuents and relations, there is a great
deal of latitude in the selection of tasks. As before this seems reasonable since the
individual preparing the instructional material—s—free to choose and formulate tasks as
he desires.

To complete the example we will now consider how the Tasks can be structured
into collectlons of taSks with each collectlor\ _representing a criterion test. Consider the
GCN constltuent C representing the subset notion and denote this constituent by c.
Tasks tgg through tgg are concerned with this constltuent. These tasks may, be grouped

r

into subsets as follows.

e

“Ty1={ta9: t30. t31, t32: t33)

Ty = {ts9, t30: t33+34> 135)

T3= {129 130 133 134> 135 {36} |,
' Ty= {139 133, 134 135 36, ‘37’ t3g}
In this case, the set of criterions assoc1ated with ¢ consists of Ty, To, T3, and Ty, that | Is,

T(c)= {Ty, To, T3, T4} o
Thus, if an individual can perform all tasks in one of Tl, Ty, T3, or Ty, then jt can

be said that the individual comprehends the notion of subset Conversely, if it is known
that an individual comprehends the subset notion, then it is known ﬁalat he can perform
all *tasks in at least one of the criterion‘ sets Ty, T9, Tg, or T4. Furthermore, by EP9, we
know that if an individual comprehends the notion\ gf subsgt, then he also comprehends

'the notions of a-set, intersection, and equals. This follows since subset depends on these

notions as shown in Figure 19. o
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Appendix A
FORMAL PROOF OF GCN THEOREMS/1 THROUGH 29




EP1.

EP2.

EP3.

EP4.

\ EP5.

EP6._

EP7.

x

. FORMAL P;ROOF OF GCN THEOREMS 1 THROUGH 29

aNao~=a
aNa =anq
aNa=aq
ang =yny
aNa=aqa
aNa =90«

BP4

EP1
BP5

aCpBifandonlyifa Ng =0

A, aC8pB
aNf=aq
ang =y
ang =0

B. ang' =0
ang =y
aNf=aq
aCf

a Ca
aNa=aq
a Ca

a C B, B C v implies
aNB=a”

BNy=8

SN1
BP5
SN2

>
=

Ny SN2
BP4

SN1

_EP1 .

SN1
a Cy

(@npny=an(@nry)

anNy=ang
=«
a Cy-
aNBCa
aNB=§N«

(aNPNa=an@na),

= q

SN1
SN1.
BP3
BP17

Nda N B)

% =@Na)yngp

!=a
aNBCa

np

«Cpand B C « impliesa = g
aNpP=a«a
BNa=p

~aNB=Naq
a =

3 SN1
SN1
BP2

BP2
BP3
BP7
BP3
EP1
SN1 -

o

o




‘

N 0=0

»

EPS8.
gN 0 =ﬁn(ﬁnﬁ)
= na)na
=N g
=0
EP9. 0C B
0NBg=6n0
’\ —
0C
EP10. o' =«
' Na'=a"Na” .
o Ca
¥ o' Ca' ,a"" Ca”
- " C a )
«""Nna'=0
o Na'""=0
o Ca'’
o =o'
ana'=0
a Cao
a=a"

SN2
BP3
EP1

BP2
EPS
SN1

BP2
EP2
BP4
SN1
BP6
EP4
EP3
BP2
EP3
* and EP7
EP2.
EP3
EP7

SN4
BP6

EP10, BP7 -

EP3
BP2
EP10, BP7
EP3

part A
EP10

EP11. anNn B=("UB) .
o UpL=(a" N gy
@ U =@ Ny
’ =aN.f
EP12. o C g if and only if §' C o'
A. aC8§
anp =0
g Na=0
g na”"=0
g Ca
B. g Ca
o' Cp”
aCp
EP13. aCpBifandonlyifa U g=§

a C g ifand only if g’ C o’
if and only if g’ N &' = §'
ifand only if g=8"= (@' N
if and only if 8 = (¢’ N 8"
ifand onlyif f=a U 8
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EP12

" SN1

EP10, BP§
BP2
SN4



! o
. o

J

— EP14. aUB=fUc
. )auﬁ__:(alnﬁr)p SN4
. =@ ndY - BP2, BP6.
= (8" V") EP11
- =B U a EP10
EP15. @UBpHUyY=2aUBUY)
(UB VY =[a' NBY Uy] SN4
. = [(al n B’)” n 7']! s SN4
\ =[(e' N YN YT EP10, BP7
, =" N N Y)Y BP3
— [all U (B' n 7!)']” EPll
=aU @B Ny EP10
- =aq U (B" U 711)11 EPll
=aVU (B U7Y) EP10
‘\3’16. aVUa=a . }
aVUa=(aNa’) SN4 ve
= \ EP1 —
=q EP10
EP17.. o« Ud =1
. aUa =@ Na)e SN4
= (@' N a) EP10, BP7
— =0 SN2, BP6
=1 SN3
EP18. aCaUSp . _
(@ U B) =(a’' N gy’ SN4
. . =a'ng’" , EPIO
; cda ~ EP6
‘ a-CaUP - EP12
EP19. aV(@Npf=anN(@UpP)=a-
‘ A. ranNBCa EP6
aNPHUa=a EP13 -
J aU(@nNP)=a EP14
<.
] B. aCdUSB . EP18 )
l’ . aN(@UpP) =« SN1
Epzo.k fa=p,thenaUy=gUy -~
- leta=2§ . ey |
- \ aUy=(nNny) SN4 5
> = Ny BP6 -
=pUy SN4 e -
' ' .- N -~ \ |
\ *
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|
\' |
o |
"7 EP21. IfaCB,thenanyC BNy i
@nmn@Eny)=enyn@ny)] BP3 " |
5 =an[(‘yﬂﬁ)n‘)‘] BP3 ‘\
=aN[BNY)Ny] BE2 \
=anN [N (yNy) BP3 |
=(a A By (yN7y) BP3 . |
= (a N PN v EP1, BP7
 =any ¥ SN1, « C §
aNyC BNy SN1 .
EP22. IfozCﬁ,thehaU'yCﬁL'J'y }
‘ @UNU@UY)=aUlyV @Yl EP15 N
=g(U[('yrUﬁ)U 7] EP15 !
=aVU[BYTIV 7] EP14
! =qU[BU(YTVY T EP15
! =(aUB U (YV YY) EP15
=(aVUB)Uy EP1
=8 U7 EP13,a C g
aUYCBUy EP13
EP23. Ify Caand y C B, theny Canp [
YO (@np)y=(rNa)yny BP3 - /
=yNP BP7,D1, v C « |
= SN1,v C B /
«Cpny SN1 7/
j EP24. Ifaoa Cyand fC y,thena U Cy - . )
; : @URHUY=aU (@YY . BP3 !
‘ =q Uy EP13,8 C v ,
i =q c EP13,a C v "
aUBCy EP13
-~ EP25. anN (@ UPy=ang
N @ UPINBE =[an (@ NnpY]NE SN4
=[an (N g)]na EPLO, BPT
s =an[@np) na] BR3 °
=an [N (ng)] BP2
@ =(an pYn (@np) BP3
=an o EP2
= 0 7 SN1 ' )
Thus,a N (a’ U B) C B EP3
N an@Up=lan(@uping  SN1
\ =a N [« V) NP BP3 .
< . =an[fn (BUa’)] BP2
=anp  EP19°\ S

Fil
o




EP26. aﬁ(6U7)=(aﬂB)UE:n\—y)
A. *BCpUY EP18
YyCyYUB EP18
. : ¥k yCBUY EP14 .
, , ; . BNaC(BUYNa EP21, * :
' ., anpCan(BuUr) | BP2
\ yNaCPUYNa ] EP21, **
aNyCanNBUY) BP2
\ (@NB)yV(en y)Can(BUry EP24 o
B aN@EUNNE@NHU N ] /
=aN:BU7Y) N [(aNB)Nfany)']"  SN4
=N BUYN[@anB)n|@ny' ° EPLO, BP7 -
=aN @BUTY) N[ VYN VUT)H] EP11 .

‘ =@UNN[an (@ UBHNME@ VY BP2, BP3
=UyY)N(@nBYn (" Yy) - ER25
=BUY)NBE N [aQ @ Y] BP2,BP3
=@UYNE NE@NY) EP25 o
= NE@EUYYN@nyY |} ‘BP2,

~ =@ NYN(@ny) .; EP25.
' =@ Na)yn (y Ny’ , : * BP2, BP3
=@ Na)N N a’) ’ .' EP2
=@"Na)yn o SN2
=0 A " EP8 , ,
aN@EUYC [(enNBY (@ Y7)] EP3 !
LY aN@BUY=(@nNBU N EP7, part 1,
. part 2
EP27. aVU0=q /
aUO0=aU (aNa) SN2 |
= i EP19 |
EP28. aNnl=a : , ' N
anNl=an0 - SN3 i , ; .
~ = (¢’ U 0" EP11 | N
= (a' U 0y EP10 ‘ P
=a""" © EP27 "
=« « 7 EPIO - ‘»\ oo
EP29, auUl=1 /
aUl=au( SN3 ‘
= N 0"y SN4 T
=(a' N 0) EP10, BP7 '
=0 EPS.:
=1 SN3
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J Appendix B 53‘

MATRICES FOR THE POWERS OF THE
DEPENDENCY ADJACENCY MATRIX DA

This appendix contains the matrices for
the powers of the dependency adjacency
matrix, DA, for the Bodlean algebra.
The eight matrices are for DA2, DA3,
DA%, DAS, DAS, DA, DAB, DAS.

A




L ) ¢ : . - —_— - f )
- ‘ ¢ Coe N . S8
- - ; ) o X
’ gl; 5P (8P 6P 8| s [ep P EPIEP (P [EP|¢P | EP |EP | EP gp|ep|ep[EP P EP EPFP £p|EP (&P [P |EP |EP|EP |EP {EP |EP 8P |EP
Cinprpsla]2| sl sp el fepojiup 1zl slaf sief =gl onojinj12)us)1afis f16]17 1819 |20 21| 2212328 |25 26 |27 (2820
coooaoooeooo\ooxoxl1x{‘1'x11;111111‘1111‘11111.11111
nooooooo’booolﬁ'%\lollr1!11.11°'}11111‘11141111x1111’111
. "00030000006001\111:’&11'1"r1111111°11111141'r11'111'
=o:-76000_oo~00066"%§10\14\1:‘1‘1111111:111111'111111;111111"‘
BPl(;00ooboojgu"o,o‘oooo“l'\ml“(yl01'1-1'11-1‘1111'1101110}1111

‘ 82 0lojolotojojojojolojoloiolefejoof opoio)ofo]ofolal s a] ¥l u]ajr]1j1]ofol 1| 1]ofaf1]ol1]

' B3¢ 07olofololajofojolojojnlojofofla, of ol ofol ojol 1]o]ofololoiojojodi]i]olo]li]olofoli]o]o]
ses | ofolojofofo u’oooooxoxoxo;t)llllll11000“13001191‘1
85| ojoj0]0]0}0 oouooaoowoo‘,odo of 1/ of 0jojofojojolofolojoiof1]1jolof0]

- spe'ooooo'go‘ ooo;ooo‘_ooo‘oo'ov000110001;101011001010.'
“m-f olotolalol o ooooy_a—oo‘oo.é‘o'oooao'o(‘)‘l1oo11001000101+o )
. coor;oogo :0//0/'6‘000001)000ﬂ5111‘111111:1001‘10111111 .
j vlojorojelo ofefolofojofojo]ojojoio] ojofyjolofo) 1ftfrla]]1{1l1]1i1}olo]o|o]olofililels]: %
‘ 10000000900000600000|0000009-0'0000%b'0000000‘000000’_0 T
ﬂﬁ?ﬁ,ﬂoﬂ,quoogoooooooooqoono;ooooooooo11ob’ox’v001101111vo
{ m00000;00000000000005.0"0001_10‘0,060oo1100‘00,6‘11001
ez} 0j0jojojotojoiatolojofojojofolojoelojofolololojojolfifritjr]1]1}olojojofa]oljof ]ifol ]
, EP:uqooo00000000?032003000‘000011,1.;}“11'11000\000\1fo’11 .
EP3 ooooooooooooo’o'g;'.oo'oo00000911111110000”’0001191-1 .
| s 0000009.000(00000’000000000000009‘0.0000'000000;)00 )
| tPe ooo}goo_oouooa;oo\o"ooooooooeoooo’guo‘oooolooooo;x1oo

. w‘oou»ooooo‘oooopo‘oo”o'oo005000‘011111110.0‘005.90011 13
P8 ooooooo\ﬁoo.oo“oooooouoooo"ooooooooooooo:joooo.poo
EP?0000000000000000000000060000,000000(T"OOO:OOO(:I!OO_
EP10 00'0000000000.000000‘00000‘00000’110~011001?‘f"001010A
EP11 uoo_qoooooo‘oo\)oooo.uoo-o":ooouooooo0001001000,\000

" lem2 00000%66,."_00000000000ooioooo.ooo00000100‘00001000

. Fms’oéooooo01000'060()00;00ouoooooioooo000000'000101004

EPL4 00000'0(;’000'0_000000000000000'5000~0,00000'0001‘0100

C les ooo'_ugbuuoodooooooooooooooocooo_,g;%ooooooooobooo
, El‘lb000000'00?000000000000000009‘0000‘0”000000000,90.0
* | ems 000000.0000’hJ0000‘00000.000000;)0\00000000.000100000

. eeis |ojolofofefolelojojolofolvlo]o]ajofolojolojalofo]ojo]ofo]oto]o]ololole]o|o|clo]i]o]1]o]o

~- &2 jofojolojoloiofoiofojojulojojolojal ojolotolofojofofoiofo]ojojojololofo]o]ojofoloft]of1]o]
£P20 0031000‘00000000000oououoooooooo\oooooooooooooo

N .&F;PZI..03~0000000‘0’0000‘0000(10000{)\000.00000000\)“00000%00.0
epg:Aoooogoouooooououooooo"ooooooooo\oohooo\ooooooogo .\,
LPz‘?ooo'()oooooooooouo\ooooooooooo\o\oooo.o\oookooo‘nooo

X g4 10tolofofofolofolololojojo]o[o]ofo] o]d]olojojojoi0l0]o|o]olo]o]o]o]o]o|o]o]oflo]olo]ofo]o

~\"*'\(;P2"00000000 0000000090o.ooo‘ooo*’Qooooooo(oooo'oooooo,

‘.qu\ooo,oooooooooooooooooo00ouoo'oooo’o’ooooﬁg‘_ooooooo»:‘

A er2* ofofo]ofo]o|oojo]olofo]o|ofo]ofa}olelololofa]o]o|o]o|olo]ololololo]o]o]oolo]oo]ofod o )

‘nga‘~,v’oooooooooooooooubo.oouoo’oo.ooqoooooogoo o] of of.0f o -
tsm._ooooo-ogoooooouooooooooo'ooo,opoooozoooooopoooloo
. . - "
. : - N . - - : . .
EMC U [ 's;.ﬁ'&«, ;e T ,,barJO. . . L oo
4. - . ; - & . A T e .




t

.b ' w ' . vl .n-. ' .,\\... ! o
, N g
¥ Y T ~ i T = td
g - ~ ~ © =~ i o o =~ ® o0+~ ©o © © 0’9 o o0'0 © © © © ©0r 0 o o © ®».0-§ O o o o o ° o ¢ W
2 (] Dy S . - P
e P ~ o~ Oy ~, v O O.sn. ‘l AT T AT 8 e AT 8 88 6.9 ~ =~ 6 ©6°'©6 ~ © ©® 6 o o o .o o © o o.
23 B f A © .
o, o~ r ' - - O Q= = e O ' H O O W O =~ 0.0 O T AT A © o © © © © ©® o ©o o ‘o o © o o .o o
w o~ - ’ . M . - <
g — — . = M o = . o~ S . m N A.0 "m m OB sm O O A =~ & 0o © ~ o o o o o © © o o o
A > £ B -
o —~ - o e o — & = - 0 0,0 © = ©f O © =~ ~ =~ Oo*o-0 ©° 5 © o © .0 .0 o o o o.o d o
v N - o g [ Y
e =) © o o © o © P& © o o o o ,» © © o oo © o o oo © © © © o) o o © o, 0o o o Aw.o. =)
-~ '3 = e 2T - .
a m - 2 m O o~ o o O - oFr O © ~ M o= O O a0 O D .0‘?&.7&»._0 S o .m © o or"® o o o o o ° o o~ O
W . 37 258 :ulw P k2 . — .. .
R - = S = O e g S~ 6 = ~ ~ © © m. O gfm o, & o oS © o o o o o o o oTpreo o o ol
w..m.. - © o © o ¢ o o o o o .A.Oa o *'o o, © ®© o o o S © ° i o o o O O @ O O O O O 49 © o
M f B W . . o o
=8 ) 5 ©o© o o o p.o o o © o © o o o o o oo 'd o &Moo o o ., o o'o ,0 o s o o o o 2.0 © o)
. - (3 Al - . % &.l
. O — P A - S ~. - =~ ~ =~ @ © -~ © 6 ~ © o e o o ©o 9 ©°,% o @ .w o o o S ot e o]
Cr e » A% Y - - . N
- - - e O o~ o © =~ o © o ).Ml ~ ©'0o m © o o o o o' a o o o o ©°.°9, o o o © o © ‘o o
z M - ‘ N ~ A
a — -, O o~ o © ma = T ote ©o o ©'c © o o o © © B O ofo § ‘e 670’0 O o040 o 9 o °
- U~ 3, . » s L - *” . 3 .
o9 — - - = o =t o o w 0\0 ~7’6 .0 © o © /0 o ©6 o © o o mwo,o. @ © o © o .0 O o © o-o0 ©° o
. ) ) £ 3
P - :\.\ -~ = O e~ o § =~ o o ~ A w4 4 © o4~ © © © o o, 0o & o @ .o o o o o o o oo o c o o
w o~ 3 : . b i L 2
v . g 0
o v — e - O ke et 1O O e e O O m e M o~ © ©O =~ o ®_, 0 © o ©9 o oy 0“0 b ©0 o o &/ W o o o
frogey . s W m . o . hd i 2 an 2 6“ - -
oy -t —- D - S O emaim O O, m O © ©fO0 ©. 0 © o o °©,.0 o o o-of & © e o ©o o sr0 © o © o o =)
o ; . LA A e [ A A . . -
o~ — \l o o = o o = Sive 6 wm & o o o,o o o o o o & © o or- o o, o o .0 © © © © © ©o o o o
frrpey o e * . . A3 . . 2 2
r 0y — . X
o = - - O - © © =~ A~ & © 4 © © o .,0.® 0,0 2 o g ., ® o © olowg o o o © nw;O o & o o
i < . . s . )
=g = ~ o o = S o ©-o o o o9 5 © ° e ‘o o o o ©..© o,0 © ©®© © © © © o o o © \& © © oawa o
) . e
W~9 = -~ & © = 0,0 o' o o .& o ﬁ Qo o O © W 0.% © © o o e & & o o o o o o, 0»\& o o © o o
; . = a " ; -
> T : T =
e — © o o & © o ojfo © ©° o \Q > © o0.-.0"©.,8 o © o © o ©» o o o °o S0 o o e \ o o o o-*c’ o
| X . K -
o~ =) © o © © @ ,©o © ©:0 © o [o, o © © © o o & © © © © © © o © © © © o © o o o °o o°o o o &
» /L 3 . Z b
=) S odf o © =) o o . R 3 =Y B 3 - .
”b ‘vl. o =1 o o ﬂ v\ o Anv 0\\%,0 ‘n.v o o -1 o 0»\ Q. o ov o o o o o < < o o o o o Io
e » =] =) ©c o © o © © o © o o * © o o g o o o i o-o "o 9,'® © © © o © ® o o o © w © .,0 o v o
a3 ¥ - | . 4 . . -
i — ~ - ©o o © © o © o o o 0,/\0 © o ©o © © ® . © o © ® © © o o o o o o, o ©o o Qq‘’c © © ©» © o,
. -
o ™ o o © © oOos 0 O o o o o o 0,\0 o o .o o o. o & .0 o o & © © o o o o'‘o o © o b o o o p © o
a3 . 0 ! 5
) = LTS TS S 676 6 o6 . © o 6 ® olo 0 0,0 ©.© © © © © © ©0 o0 ° 8 ©v o o o g o © o o ®» © "o
2 4 - L oy =, _ @ R ;
- i’ : e — e
8~ o ® © o © § o o ©o o "o © o o @ o ol o o o "o o o © o o o 6 © © o o0 o o o o o o fo ©o o o
\ Y s
S o S e 6 o o o 6 © © o oro © © ©o o jo. 0o ® © o S o & o o, d o o o 0 © o o o5 6 @ © S\NO O\Oo.
c . - . 2
- ) © © © o ® © o o o©° o o ©o © '© © o P o o o oo o c o ©o PrOo.0 § © © ©0,’0 © o o o o o o ‘o,
< - 5
T o ) o o 6 o © © 6 © o'®fo © © © o j®» o © o o oo © © © © me® © © © © © © o o o b o% O\
- - > 3 Ry A
o o i=] o o o o o o o o o (=4 Mu o ©° o o 0%0 (=] o O =] .0.. @, P (=] o o [~3 > o o o (- o o o 0\.0..:0» ¢, ©
X J
=~ = ST e ST ST S o o 6 6 6 6 © o ©6 o o & o o o ©» V.o  © o o o o & o ©o'c o o © o o o Yo o
~ w . - N - ——
“b o o o o o ‘o o o o o o o o o o =) \\-O o o %. o o [~3 -3 o o o o o < o o o o o o 0‘0& E-3 [=] o o o
¢ - ~ . L e 3 P
v D -
Ce og S e o o o o o o o6 o © © © o o © o o o'o © o o .0 © © o o © o o ! ° 9 ©° o ot o o 6,0 o
| - T + - 0
o cko © o ©o, 0 ®» © © o © © © o & o o o o d o 0*0 o .0 ©o 5 © O ® O o~ o o o o o o o d o o
» T : r} hJ . K
~ =
& 0%..,0 e © © ©o © @ © © © o ©olo o O > o o © © o © © .o © © © © © © o © © o o o o 6 o o o o o©°
. o - 1 - . g ~ %
P 5 © ®.0 © o0f 6 cowo © © © & © © © ©o © o © o o B o o S o o & o o @ o © o ©®«0 .0 © O o o. a ©°
~ + = Ty ves - =
Lo~ o o & o o ©os,0 © © © o © © © 8 ©o o o o o o o ™® o o o o o> o o o o o ©o o0of 6. o o o o ©o o o
@ 3 . . A N 2 >, .
» o o o o ‘c ©& o o o © »®» o © ©6 o o o o o o o o o © ' o,©o © ©.9 © © o o o ‘c o ©o o © & o o o
. N s N . : : . ,
- o o o o oy © ., Q -O o o & o o o o o (3 o <> o o o o o &, O O o o o 2 o e o o o o 0\ o o Omo o o
- ¥ 't O Py - " T
G 5 o o o o olc © © o © © ocep*o o © © ©® D © 0 © © © © S ° T o ° 8- © o8 @a o © o o © o o
W o @ o100 © © © © o ©o 6 o & o o o o -&, 4.0 o @ o 66 o © © o v "o & o ®» o o © o o » o o o o o
2 ’ T -
1S) c ~ N " V] O~ u © - b N d v o oty o O © - ~N oy O - B S ] a o - N Ll v 0 mu w o
O .w o . o o o o O D r-. (-9 r-. o Lo - G &= - —_ - — - - - - — ~ ~ ~d ~ o~ ~ ~ ~ o~
- ~y AR - ah ah - “ “w aa “l @ w a3 M, - W (-9 E- e O -5 O [- %3 O [ O O O O O -9 O O [-5 [ o
- ~ . ¢ w “ws wr d w Y “w “ 1= u “w wr “w Wt g w “w “w " w
< M ! ' - L4 .vx

B e

.

IC:

«E

Aruitoxt provided by Eic:

P

B



Ap

.4

IC

Q

—

. N N
. - - N L .
~ . . —— » - .
- . -
o “~ % o ~«+ =~ o ol 0o 06 0 © 0o o © © © ©6 © ©,0 ©6 ©6 © © © © © p © © O© © ©° o o oo ©o © © o o o
[ [l M £ = A
Y] . e A = L dm 4 0 = =~ O ~ ~. 0 @ © 0 - o o © ~ = ~ o o o © ®© © & o o o o o o o o o o
. 8
5t P R lelMl S A O~ P = ~ ~ g < O O ~ 010 ~ o o%a o o o o & o © © o o 6 o o o oxro
ag |~ o~ - e .- wl - w O M M O M m mAhem O m_m O /ﬂn -~ A - o, © ' ©o o o © .0 © © o © o oTe o o
Py
& - iy e e em /1 O *em O e o~ O, m - L - O b -+ o ,4 -~ O0+0 © O O ©e¢ O ® © © O ©6 o o o © o o
- N A -
= o ©o ©o o o e o'HB 6 o o ©o o:o o o\ ° o o 'oc © o o ﬁ ¥ o o o o o ©®© o o o o o o o o o o o ,0 o
A a2 i} - N
[ - et et e e O L, - O O = et O O o~ m. © © o o o o _nu, o © © © o o .0. @ © o o o 8 o © o o o o o
1
= - e e, Ao l/ ~ O O M a4 O O M e~ 4 o O O » O 0/ o o o o © © ©°'o © o ©o o 'oc o o o:0 & o o
2
ar =t § © © ©o-0 © o o o o o o’oc o o o o o ©o o © o 0@ o o o 'c © ®® o 0o © o © © o o o © o o o o
a9 © o © o o o0 © 0o © o o o o o & ©,0 o o o o o OWOﬂO © © 0o 0.0 © & © O o0 © o © o .©o .0 o o
[l 3 h
oo m e M M e M O M M O O M M O O e~ e o e & O = O OMO-//O e o oV o©o'c o © o o o o © © © © o o
2 3 = = =
s e ~ ~ ~ 4 M M~ O = = Q © ~ ~ 0 O ~ © o © © © . ©v o MO ©o © © © 0o o © o o o0 © o © o o & o o o
—- N . > . b -
s -~ =~ =~ ~ A o o ~ o o © © o o o © ,0 0,0 © © & o o /0 ©o ©o © o & o © o o © © o © © © & o o ©
&3 ~ s~ ~ =~ =~ ©o © ~~ o o0 ©0 © ©o© o o © © Oolo © © o o © b © o © o © © © o © o © o o © o © © o o©°
- .
o - e M e O e M O O w e~ O O ~_ 0 ‘o lof0 ©o o0 o o P o © ©» o 0,0 o0 o © ©& o o o O o o o o
W e i - g
o “ M M M e e Qe a4 B3 O M e O 6 ~ O O o & © O o o P o o .Ox.m 5 o o o ©o o o 6 o o o o of o o
U} . € v
. 5™ ~ e e e = O O ~ © O Q O © o o © O O o © © o0 o o P © MO O O o o © o O o o O © o b o o o
-
an . . - - o6 - & o6 o o o o 0.,0’.0 o b © o o o o o o o oo o o © _Qww- O o O © o o o 'o o
&d - 3
Hl - - - - L - ] o - o o & o o o o o, © ,0o o o o o o o T o o nw. K= e~ (=3 o 0F o o o "o o o o o Om o o
— N M 5
53 ~ ~ ~ =~ o o o .o ® o o o o o © o © o o © & o o Wu © oo .0 © © © © © © © © @ © © © ©:'0 O
< d ot
s ~ l.a ~ e~ 8 © o O o © © o © o & o o o pH O® o o o o m%y o & o o. o © © © o © ©o.© © o § © o o o
. -
w.us o [~] o o < =2 o o = o o o (=] \0 o o o o =] =4 o o o o & L= O © . O o 70 o o o o o o o o o o o 0‘«0
L] - e
> q —
B~ © olo o © © o,0 © © © © © © © ©o © o &b o o o o o 0/0 ‘0o © O © O ©0 © o0 o0°60 o 0wao o o o ©o o
: N e
w.._b o o < o o O +O'Y O o o o o i~ f=3 < o o Q AT o o o ﬁ o 0»/ m T e O o o o o o o o Q o o o o o [~ o o
= C ¥ P —————— ————— e s W e e e e
o o o @ © 6 o © © © o © © o © © o © © P O O O O © O P O/O0 O O, 0 © o'b ©o o g O o o o.o0 o o
: B S R r e v —
o - o o o =3 = o o -] < o o p - < (=] (=] o o o =] (-3 o o [~ o P o o o o .o °o @ o (= (= o o (= (= (=] (=] (= (=
B ) - ’ :
B D o o o o ‘o 9 o © o o o © o, © © ¢ o o o o o oy J ©o o ‘0o o o ofo © o o o o o o o o o o
b N A
o~ |JoT 6 o o 5 © o p o o o o ' o © © © o & o © o o o o xm/ © ° ° ° °g ﬂt‘@ © © o, o © © o oo o o
= _—y . hd a - -
-~ o » © o o o o © m o o o o o © o o o'qgq & o o oy 0»0/0,& o o 0%%40 o, © © © © o o ‘o o o
k=] < =3 0 o o o o w o o k-3 o o o o o o 9 o o o o 0t o o /0 (=1 o' o o 'o o o o @ o o o o o o E~] o
. . .- . . .
© o ©eo © ©O © @ © © © © @ o © o o o d o 9o ©° B g o.o wn o » © © © © © o © o ® o o o o W\ o
o o o =% < < k=] E=3 (=] o o o o o o % = L= = o o o. o ICU “~e & [~ o o O o o o o 01 o o o o o o o w.o o
- — d s = A e :
o © o o v o & o o o o o » O-\NO © © o ™ © © 0 9.9 o % oo o o'o o o of¥fo ©o o © ©o ©o ©,0 o o
o o o © © © 6 © & 09 © o © © © o o o © o 0 © 06 o o o O, Qi ©o o © o o3 ©o o o o0 o o o 5 o o
© v e o b - . o= 3
Y 5 o o o6 o ®» =» o o o o o o o o oao o o of’o *\0 o o o o & o o 0o o © © o o o o © ©o© o o o o
3 ’ L] e N
PRSP TosIe SRS SR R 3. - = i e gl -
& o o ® o o o o B o ©w © M 2 o o ©o o o & © @ o © o o o OW © © o © o © o © ,G»po0 O o © o o o
VNSO L. AUV, . A, Lgi2, Lt - h
& o © © & o o o O o 2 o ™ o o o0.® & o o © o o'e -9 © slc o © o © © o o o o © o o o
! . ) - ot
- - - - <
= (=] < OK, (-] (=] (=] (=] o O o o (=1 (=] = =3 (=] Qs o (=] oY% o o & o o Jo mo (=] Ow < o o o (=] o (=] (=] (=4 (=] (=] o (=4 (=]
“ - . S
2 - et . - i % P
& o © © o o & o Oﬁmo © © o B o o © »H o o g o p & o Lo o o of © ©o © ©» © © © o o ©o o »w o g
i . . -
g - [P R - y - - - _
F o (= (=3 [=Y o o (S g m o o o 0. o @ o o o' o W‘ o © ®» o 2 < o ,o -2 o o 0, ® © © o {"e o o & o
. 3 N <
- . R =
S o o6 © © © © © ® olo 5 © ®% o o m o oo o o .0-0 © .0 o5 0° © o o o OMO JNO. © o © o o+d o ©
. " . 5
o o©o o o o o o o ©o o o o ~ © o a o o oo o o oifol o~ © © o o o O © @mo o o o OA\WVD ©o o o ©
R L2 . S &
0 g TR e T = T
© © ©o o © o oo o o o 2 o > & p ‘@ o ole ‘o. 9 o &g ©to ©o''c oo © o © o © © © ©o o o o -o WO o
e B
" & - - +
o © © © o o ‘o & » b o = o o o @-0lo .o © > © o & 0o, © © © 0o o S © © © 6 o o o o '& o
S o N .
- . . L] T r 3 —
o, ¢ - " e 4 @ a0 T © = 5 = r b a st 1 w2 = MM e o 2% B O o mNem 2 0 D @ o
N a B B & O & G - (=Y R - VIR - MY - - ¥ [ - VR - S A~ Zea T & =& R DL R A VA Y
8 6 B & & w & S W o ouW W upw Wl & = oa g sa o & & & o o V*W e s i/ e Sy
" zuﬁ:.- wd, Y ] o ide ol - w S w w - Emm» R Lhl w w rﬂ);,
3 Yo T - - -~ P - - 0
: e P W - /w

s
st

.
&

A)
|
<
e
1]
g\
:
-
.
.
-
.
.
.
]
A
&
o

»
¢
"

Aruitoxt provided by Eic:

<
AN

.k

“

“




BP | BP | BP (BP [BP JBP (BPY EF |EPIEP EPE;tP EP |EP [EP[EP {EF [ERJIEP EP {EP|EP EP|Ep {ep [EP [EP [EP{EP |EP JEP [EP }EP EP [EP ‘
. Cin {1t 2] 3] 4156l 7fcyopdjuil]3 l‘%\ 6 71 81 SH10f11112113[14§15]16]|17[18 [19)20]21 2212324 25 R6 27 R8 |29
- T - BEER '
ololojololalololo] ojotolojotojologe]ojofojoeiojotefr] tf1p1f1yry1prfriojol1fxyor1f1f1jlil
. alolololojojo}jolojdlojlojojojojojojojojoroiojojdjofoyl .1 11411 l. 1] 1j1jojoj1jpyjof1ilp1f1fl
'oooogoooooooooo_oogo@oooooo111?1.1111001.1011111_
= r0 030 (:) 0 : oclojojojojlojotofojo0 0170 0‘ olojoetolofol {111}y 1pilrg1jojop1f1jojritjrfiyl
BP0 {01 010j04050j0})0 0 0 O ololoj glojojclojolojojojolofoltfrjojlol1jljolof1friol 1jl|1fl 0
sp2| ojojajo|loloOojojo}o0 .0 ojolofoioqg - ojolojlojofojofo]ojofoO 0 olalolof1rjpjof1jolo]1jrirfrjo
P3| 0jojojoje 0 ojalofojojlojo]jojoiN0}O \ olojojoloyo0,0C ﬁ o{ojolojolojojlojojolojojojrio}jl]o
8Pyt 0 (’) 0 (‘) ofofojoiojojolo0jojojo}OX0}ONC]O /0 ojojojoyofojo]1p1i0]0 Tlilejo|1} t{o] U]rj1j1fo
8PS 0‘ 0jojofo (; 0 0 ojolofojo (_)d 0 0\ 0 ololololojololofojolojo[fofof1jotoj1jojloj1fj1i{1]O0(0 ¥
BP6 0[ olojolajojojojojofolojojojojo40 \0- ojfojolojojojoiolojofojo}o “0 ofolofojojojofoltjoj1]0
—_ §P7 0; ololojololojodo}olojgio]ojotojojojojojojojojojofojojoro 0_‘(2 of ojojojofofroloyoftjoj1}oO
}_\\\q} 0jo{ojo0]0l0 0|040{0}0,0;0 vlolo -0 ojojlo}jojojojofolojojO]oO ‘OL,O oj1jo{oj1}ofjoj1|1fj1]1]O
0 ?\ 010 n\i{-f) p{ojolo 07 Or olofo 1.0 ? o{ofojololojojojolo]o|lo|ojojojoj1]lofjof1]ofjo}l1f1fl1]j1}0O
1 b 0jol|o 0‘0 9404(0] 0 (3 olololoholololojo|ojo]ojojololojojojojolo]jojojolpjojojojofojoioio ?
%) {0 ojojojorQv 0\0\«4) 0?\0\.0 olojolojojolojelojo[olojo|lo]o]o OLO ¢l o|o}jolojojojlojojo|o 0 0
* EI?I /0’ ojo0tofo 0}\%0 0 (;‘0/\0 Q{040|lu]0j0}0}0 0‘0' ofolojojoflojojofoO \0 1‘0 o{1jojof1]1{1]1jo
EP2} 0{030}0)01 0|0} 0 '6;% 0 2)/0_,/9 otoloiojojojojofjejojoy0}l0j0f01afo}o ‘0 olojojolojo] 1]1f]I1y \1 0
B A N
EP3 0‘ ofojotoj,0f0]0¢10 }/6’ ojotojo0jo0jo0{o0jo0 \0 oflolojo{of[ojofo}lojo]ojofojojojojofofjotl]l l1 1]0
’d | ' ’
¢ EE’i 0}0}040 (L)Q,,D/ ojojojajolofloelejojojojojojojojoi0 Glololojlojojoejololofjofo]otolij1(1]1]O
EP; &}J/”ff o/ofojojolojof{ojojofofejojOfoO 0, olotolololo]o]lo]lolo]Jojololojof[ojolojo]oO \b 010 .
//./’ﬁb/ ofojoio|lo|lololojojolotolojojoqa QO ojolojojojojo|lojojoOfojo}joOjoO O'Ff; olojojolo|ojojojolofo A
i gp7 | 0jO0{ONOfOfjOjOfoOlO]O}O 0.0 0jo0}tvu 0 olofololo|lololo]ojolo]ofolo]ojolofojojojfojol1|j1}lj1]0
Epeooooooooooouooow‘aoooaoooaooob_oo’oo.ou'oooooooooo .
Epgl 0j{ojojojolojojoiojolojojolotojoiololo ololololo]J]ololo|ojojo]lololojolo|ojojojojojotojo}foO T
GEPIO 6 ojofotojo 0\}\& 0oj0t}o 0' 00101030 0( ojojojofo 0. oJojoj o0 0 ofojofoj{o]|ojoy O 9 0 1 b \1\ 0
iEP11 | 0] 010 .0 0 ojold 0}\%”\0‘~10 otoloJojololo}ofo]olojolojojojojojojofojO]oO 70 0l0]0]0]0 0} _~'
er12{ ojojojojojolojolofejojo 0}"%&1 ololo|lololojolejololo]lolo]olo|le]lojojojojojo]ojoOfo}oO]O 0 -
EP13| D (; ofojojojojoj0jo (.) 0‘ 0 ‘0' 00 O\OTL‘&Q\O ofofofofjolojojojolo}fQ olojolo]ojojojolo]o 0’
ep1s| o}ojoqo0fojofojojojorojojo0 }) ojojolojo }) 0 0\'0?\&\0‘0 ojololofojojojo l) olojfolojojojofofoO !
P14 0j0jojojolololofo oloJvlolojwlolofjolo]ojolojo}jofoO }Q( ofotoflofofbjojo]o]oO olojojojojojo
EP16 oooooooooo‘ooo’ouo‘o:oooo,ooaooo'o,\oooooooooopoo’ooom
EP_l-‘/' ololololojojolojojojojojoto|lojolojojojof0roO}oO 0 0 9\0 ojojojoj{ojojojojo]ojo 0}0 00
gp18| ojofolojojoiofojojajolo 8'0 .0 ojlotolojo E) ofojo0 0 6 olojojojo]joO]O {otolojo|ofo]o]o .
. Ep19] 00} 01 0 9 ojojo]o (; ojojofojojoloiojojo;o0f0fo0 P‘ ololo olopojo|o 0_ 0 5 o]l o]l ojo :) 8{0[0
N Ep20 oJofo|lojoyojofojojo|j0jO}O bjojojojololojofoio]o ‘o olo]olojofo]olo]olojo]ojolojojoiojofo0
ep21| ofolQjoflojojo .0 0\\3 0jo /0,_0_1_1 _0 olololo|g|lololojé6]ojo]lojojojo]jojojojojofojoO olojojefo
gp22| o|ojofojojojojo}oO 0‘{ ololo]Jofolojo|ofoe}ojolofojojojojojojolo]ojofo}oO ojojojojojlojojo}oO
gp23] otofo|lojojojojojojo}o }\Q\ 0 O‘ 00001010 X0 olojolojo\ojofo]ojo]otojoOjo o| ol*ojojojo]oOjO
gp23] 0jojotojojofofojojojo ~0‘ 0 %\\(’) ofotojo]oj0]O ‘0 ol 0|00 0|0 (1 olololofjolo]lojv{ojojolo]jo
' gp2s| olojojojof ofOj-etojoi0]O 0fo0 (; olololojojlo]o (2 0‘.0 010 0? olofofo|lo]o]o}o}jolotojojo 0'0
€p26{ 6lolojojojojojojojo 5 olojolo]jojojojojojojojojojojo ‘ol o] o]l o] o]l o]l 0o]o] o}o]o]ojojofoljofo]o -
. !
gp27jp 0|lolo}jojo]lolo}ofolojo]oO (; 00 p0 ojofojojojojojofojofo0 0' JO of| of ol a] o} o] o] of o]'0 0 ojojojo
ep2s | ojojojojojojolo °0 olotfolojojojofofo]oto}ojolojojojojo]o '0 Or‘—O ojojo]ojo| o] 0}o0 of*ojofofo
ep29| ofojofojofolo]ojojojo]o "0 ojo}olofjo]ofojojojojojojo]o QO o[ ofjofofofo}jo ol oj ojojolojofjo]jo

. ' A - )




. -~ T
i [
s, A -7 .
L_ BP{BP] BP|BP| BP|BP | BP EPLEPIEP LPTEP ep|ep|EpEp P |EP| EP |EP|EP [EP|EP [EP| EP EPIEP|EP|EPIEPEP|EP |EPIEP EPIEP
Cin] "] =] 1] 2] 3] 4] 5] o "]t 8] 11u] 1 2] 3] 4] 5] 6] 7} 8] ofro]rr|12{13]1a115] 16 27} 18]19}20{21]{22 23] 24]25|26127] 28} 29
“ “1- ™ -
¢ 0010"’-‘000000000‘000000000(1'00000011001410011011110,
. . _ ,
‘n~(300000000000‘{1000000000000000,1100110011011110
! 0‘_0000000000\00000'00'00000000 0p 1y 2y 0o} 1frfojo] 2ft 1t 113 0

BP1 ] 0f 0] O[O Oj0}O

O D
o
<
o
<
<
[ =}
o
o
o
=
o
o

apP2 ] 0j 0l 0|l O0]OjoO)O

BP3} 0l oOf 0}

oo
L

« .} BP4] 0]loO}oO

I
o
o
o
<
o
@
o
=]
o
(=}
o
o
o
o
o
o
<
o
o
o
o
o
o
o
o
o
(=]
(=]
—
o
o
—
o
i3
—
—
—
—
o

-

v
I
T

gps | o1 0] ofofo]o}o|ofojolofvjo] ofs[o]ofojololo]o]o]lolofo]jolo|lololofo]olo}olofofofo]r]fr]r]1]o
8P6,4 Ojofojojojojolofofojololofojojololajojolojofofofloloflo]ojofolofjo} olo]ofofojo] olo]jo}o]fofo
BP_7— ojofojojaflofotolofojolojojojolojojoiojojo]o]lolofojo|lo Loi0j0jojyol ofoiojotojol oj0i0(0j0

cjojojofojolojolojorololojofofofojofo|lolofjo]o]ofo]ofojo|lofoflofojo]l ofo]ojojolojoja]r]i]1]o
ofolojojojolofojojolofofojojojojofojojojoflojojolojolojojolofoflojofolofojofojofo]lifr]fi]ifjo
1| ofojojolajolofojolojofo}oojolojofofolo]jofofo]o]o|o]o}ojoloiofolofofo]ofo]o}o]olo]e]ofo
%00000_00'00000000\00000000000000000'000000000000
moo’oooooonoo;ooouoo;)o000550“‘6“0'6‘300‘0,0oooo0001)_;10
EPZ000000000000000,000,0-00"000000000010;000’000001010
EPS0000000000000‘0&00’600000000000000000000001010
‘spaooooooog\o‘oooo€‘o’ooo.ooodooooooooowoooo0'0001010
Epsooooooooo\ooLoooo\o'oooeoo'ooooooo.ooo‘ooo,oooooooo
Epeoooooooo_oo“ooa.osooooo?dooooooooo_ooooooooooooo
EP” olofofojofojojo|ufotojo]ofolofalofolo]ofofo]o]o]oolofjojo|ofofofojs]olo]ololi]o]r]o
-k lola mnn‘ooooo)ooo‘oBoooopo.oooooooooooooo"oo.ooooo
évsoooooooooo\oooooooooooooooooooooooooooooooooo
: |epro [ ojojolojojo]djo|ojo]ojofojalofojojeiojo]jolofolo|ofo]lo|a]ojojajo]ojo]ofofo]o|ojofo]o]o]o
" leptt | ofo]ofofo|o|olofo]o|o[ojo|ofo[o]oto]lofo]o]jo]o]jof.ofo]o|ojolofo|o]ojofojofolofofo|ojofo]o
‘smoo_oooooo'n’o,.oooo'oo'oooooo'o'boooooooooooooooooooo
EP13 |-0j0[o]ojofofofolojojofoioioiojojojoiofojojoflojojofoj.ojojojojolofojojojofojojojofojojofo
sm,oo'oiz_opoo'oooopooo»ooonoooo»ooofooo__qoo’o,oooo.g__o_g__g_
EPlS00000000/00\¢000000000‘000000000000’1‘)“00000OO}OOOLO
rEPi&0000000000009,“000000000_0'000‘0530000‘0006,00'000000
‘spu‘ooo“ooooooo,oooooooo000010006\.0\.0'000000,0'0ooo.ooooo
smoooooooooooooooo.poooooooooo\oo.ooooooooooooo~06
emoooooooooooooooooooooooooogo‘o}wooooo‘o’ooooooo%o‘
“‘\Epzooobooooooooooooooo':ooooooooooooo\i ojofofo]o| ofojo[o]ofp
“1ep21 | ololelolofofo|ojojo]ojo|ojojolofo]ojojofoflojojo]jo]o|ofo]o]ojoflofjojojolojojofojofojo]olo

.
EP22 jojoOjOjO0|(O0OjOj0OjOjO0Of0OjO(0O}0O}lO0,0({0|0})JO0}O0|Of0j0}0OjO}fO0{OfOf[O]OjOfOfO

(=4
o
o
=3
o
(=4
o
o
=3
o
o
o

ep23 |0|ojo|o}ojo]ojojolotojojojojoj0olmg0j0|0f0j0]/0]0]}0|0]0fojojofjoO

=]
o
o
=3
(=
o

EP24 jOo]ojo]ojolo

> @
o
o
o
o
o
o
e
o
o
o
o
o
o
o
o
o
o
o
3
o
o
=)
o
o
o
=)
o
[~}
o
=)
[
o
o
o
=)
‘o
o

o
o
o
o
o
o
o
o
(=]
o

EP2S {0f|0{O0j0}l0(O 00:000L0000000000000000000.

V]
EPZQ ojojo|o]ojlof}jofofjo]joOo|0|jOj0]j]OjO{OjO]JO;0]|0]|O0{O}(O0|JOjlO][O[O]O]O}jO0}jO|lO}fOJOfjO|lO]OjO 9 010 Q’ 0 0
" | EP27 ojojojo}olojo]OojoO]|O -(; 040/0:0(0 \0 0ljoj0f/040}l0j0jO|O QO 0jojo|O ; ) ofojo{ojojoj 0ojojol0OfjoO]O
.| EP28 ojofo0jotofoiofojo0j0j0jOj0}jO0}O 0. ojolofo)Jojojo0j0j0}0j0fO0]0]O|Q 6] o 0 Oq 0\ ofojfololojQ{o]o
- §PZ9 ojojoj|ojojojo|/ofoto|Ljo}jojolojojof{ojolofojoO ? olofolo|lolo]o]djo}o]o ﬁ%ro 0 .(; 0f 0y 0{ 0} 0] O,
E TC . ‘ 'P_""‘ a
=R L. 7. T4 ‘

. . .o




*h “
“ N T -4
., |sP|BP{BP|8P BP|BP{BP EP |EP|EP |EP|EP |EP| EP|EP|EP|EP |EP EP, EP|EP|EP|EP |EP| EP |EP |EP |[EP|EPJEP LP P |EP | EP [EP {EP
cin -1234567cOlulZ3‘567891011121314l§l61718192021:22232‘2526272829

BP1 000000000000@0000000000000000000000i0630011110

sp2 ) ololoj{o}ojo)0]lo0l0jojojojojoiolojojojojojof0jo olol ofo}lolojolo]ojojojo}olo}lojojojr}oil]o
N R v
. BP3 olofolojololo|lojojo]olojofofojojojofo}jojojojojojoiofofoOfo0 ol.o]o] ojolofojo]Jo]ojo]o]o[ofoO],
- - i
| gp4 ] 0lojojojololojojojoflofjolojolojoyojojojojo Q0 ol olo}lojojolololofjofojojolalajolojrjr{2}j1j}o

sps | ojololojolojofojoy0jo0lo0fojojo0

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
(=]
o
o
o
o
o
o
o
o
—
o
—
o

Bp6 | 0jojol-ojofojojofo;ol0)0j0fjOoj0io0}0

B8P7 0000000000000000‘&

EP1 {0]ojojO0}0{o0]j0jO0jO0l.0l010]0 dlojojolololojo ojoj0ojo0j0(0 6 ofo]ololojojojotolo]ofjr{of1}0
gp2 {olojojolojojojojojogojolOjOj0f0}01O0IO}O]O
er3 lolojojololojojojololojojojofojofloia|lojo0j0}0i0f0j0;0IQ(O ololojofo|lolojolololojojojo]oOfoO

EP4 000000000000\00000000000000000000000000000000

< gps | ojololojoflojlojo{ofojo0]0j.0j0j0}0(0[01Q;0 8 olololojof[o]lojojojo{olo|o}jojojojojojojojojo}0
EP6 0 2 ojojoj{-0jof0;0]| 0|0 ; oiojojojlo|lolo]o|ojolo]ojojo|o]jojojojolojof0jOjO o{o|o0]ojofo0jO]O
\_EP7 | O 0, 0jo0j0jo010 0‘ 01010 0' o|lojolofolojojojojojo]oLofoO ’0\ o/lojolojofojojotojojojofoO 9 ofojo
EPS 1 01030 q olofololofojojolojoiojolojo|lojojo|lojojofojojofofOjO}oO ol olojlo]lo|lo]ojojo]jojofolo
EP9 FO 010 .0~ 00/ 0j0{0f0 olojojojojojlo{ojoi0} 0 0] 0|0 ;) 0j0]0 ool ololofojojo]ojojojo]jo]oO
EP10 ‘0 0 0_;«0 0{0101040}0 3 ojojojofofoj0l0|0 ’0 piojojo (3 ojofo :). ojolojojojojojo|o|\0|o0foO]O]O
LPH‘ 0 \(0. ojolojojojofojofojolofojojojojoj0O (; 0] 0]0 .0 0|0 ’0 ojojojo|ojo|0j0j0O[0]0IO q ofolojo '

EPIS 07 0] o0j}io 0‘.& 0L0;00 q‘ ¢lolololofololojolololojolo]lofo|lo]jojolo]ojo]jojofoiojofo ol ojojojo
EP1s {o0|ofofi010 0}‘-\?‘ ojo|'d (0 ojolojolofolojololojolofofjo|o[p/0j0jOjOolO|O]O}O]O olofoll o ol 0o
EP1S | 010]0 ojofofv 0' 010 0‘ .0 olo|lololojo|o]olojolo]olofjojofojojolojojojOojojojO ololofojoflojo >
gpl6 |o|ofo]lololojojojofojo0jl0j0|0j0]jO}O 9”'0 olo{olofojo|ojojofofojojojojo}oO -0 ojlojojd[ofoto}o
EP17 0400 '0 0{0{0{0)0(0}0;0 0 pjojojojojolejojolojojojojoy0|O 00 olof{olojojojojolqlojotolo
i EP1S | O 3 gjlojofo|ojojo0jolOfOfO olojojojojojojojojojojofo0 th ojofofojofoO 0' 0{0j0}0 \0 glojojojo
EP19 | O % ' 0y010¢0l0{040}0]0]0 "ololololololoflojojojololo|lo]o|ololojojofjolofjojo]oO —6 q 0l ofolo
. gpr20 Jolojolojoldlojolojofojojolojojojofojojofo}jOfo ojojojofolojojo|ojojoO]0O vlojojo ojojojo
L EP21 [010}0 ojo olojojojolojojaQjo 9 ojojofojojojofojo0f0]o0 0’ olololofojolojolojojojojolojojoOfo
' Ep22 {00lo0f 0 70 bO“ o1-0]0t0j0f0[QjO|O olofolo|ofoflojo]otfo 0\\0.\ olojolo[o]o]ojojojo|o|ofofojojofo
gp23 |ojofojojojojofe]ojojoj0j0f0O 6 alo '0 ojojojofolojojojo|o|jolojoO olo|lolo|lo]ojojolo]l,ofofofo !
tp24 |o/o{ojolojofjojojojojojoiofofoio[f0]jo0}0 olo0lolojlofojofojojofojoioiojo ofojojo]|o| ojojojoO f‘
EP2s [0lo|0jojojo6|of0oj0f0)Djo0]0}0f0|0]|O ojo|o|d}ojo}o "0 ojojojolojo|ojojojojojoOjojoOloO ojojojo
v EP26 |0}0 ? olojolojlofo}o}o}jOO 0‘ djofofojo0 0~ olo|olojojo|ofjojojO 0' ololo]ojojo|jo|o]ofjo]ofoO 1!
B EP27_ otojojojojojo '0 0|0 \0 0| o 7) 0 ? 0{0j0 0\ olojojofo 0:41 oj{ofofo}lolojo}jofofojojo}ojofoO ‘0 {
' F
EP29 J0]0jo] 910 h olojojolojojo0jo|odQ] 0] 0 olojololololojololo]ojojojojofofo]ofjofofojo 0} 0

m
3
o
=}
=}
<
=}
©
=3
=}
=}
=}
=)
J
=)
=}
-}
& o .o
©
=}
=}

. d -

N R o . O
=}
o
=}
o
=}
=}
=}
=}
=}
=}
=}
©
=}
©
=}
=)
©
=}
=}
o
=)
=)
=)
=}




‘

o

’

EP

0

-

0

0.

o

0
-6

ojo

gio

9

0j0]0

ojofjo

0

Pd

v ojo

1
1
1

1} 0

0

0] o

1

1

opojojojo

olofojojo0

7

0fj-0/oj.ofo
s

ojojo

0]oj0j0;0(0|0

)

ojojojo0jofo

ojojojojefo

ojojojojo0jofo

olo]jolo]o]o

Q

ojojojojo

ojojojojofofojo

0

ojojo

o

-0

N

0

—{_A

o|ojofojofojojofofo

?\{

o]0

N
0

,\(
-0l 0o(0jojoj.0|0

ofolojojovd|[ojofo]o

olofolo

ofofojofojojojofofo
ofo|gjo]jofojefojojo

4

o

olofojojojojojolojoOyoO

plojoio[ofo]olo}o|lufolo

Q|ojojojo0r0j0f0fOjOLO

i

u

ojojojojojojojojojoO}O

|

0
)

0lololololo}o

|

lofojojojofojo0j0f0|0jo]o0O

l

B

W\&

ofojo /D oj0j0(010f0f0

QE oo 0‘ 0

aa)

0(-0

T

0

ojojojoff6|ojofojojo|lofojofo

R

o4

ojojojojojojojojo|lojo]ojo}joto

olojojo

b

ojoiojofojfoy0

p

1

o

0jo0t o0

et S
'

5
K
]

0jofojojolojojojojoy0(0j0fojojojojo

¢

.7?'U~~a~ 0jo0p0j0io0jlo0jojofojojo|lijo}j1l]o

ofoJojojolojofofojofofojojofoiofo
olof{ojolojolorfo

ojojojojojojofo

&

>

ojojojojo,o0/l0j0j0;0l0]{0f0j0]0{0jO0}jO0]|O

"y

gjololojojo

i

o|0jo}0

k.

]

o|lojojojojofojojoj0fo0}oO G0} 0f0f0f 0[O0 -

o|lojojojoflojolojofofo]olo ojojojojojo

0jo0jo0;0[{0j0jO0FOf0O

oo

3

0jojojojojojojo0

B

olo]oTotrtel-ofofolofolotolo]o|o]ofo]olo

-

ojQjoj0i0j0{0jO]|O

ojojojofojofofojojofojo|jojojojlofolojo 0

ofo]oiofafofolo]o

9
.
oY
.
0

P {EP |EP {EP|EP |EP [EP|EP|EP E;]EP EP|EP |EP [EP \EP[EP | EP|EP | EP

-

91011 112113114 15]|16{17)1819(20[21 22|23 [24|25] 26]27 )28 |29

By

0
-

oo

ofalo|ojofojofojoflofo]o]o]ojo]olo] o}

A

1

ojfoj0{0jofjojo

°

TN

v

. O,

Lo

«

0j0;0j0/0j0Oj0fO0fOjoOjOjO|OfjOj0jOjO0{D]O

0

04.01010j0]0]0

.

P

’

0

olofofo

1

w

0

¢jojojojojojojojofojofo

<

p

0
|

EP {EP [EP {EP

/675

ojofojofolojojojojojojo{ojlolo|lojojolojo]lofo

0j]0j{0]0 x ojojojojojojofojoio}jo0jojoO

K

l’0 [
0j0{0f0j0} O

Vi

ojofojojojojojojojolojojofojofo

ojoyofojojofojojojofo]o

s

<
'

0] O

PIEP
2l 3

°

¢

P |Ep[EP [EP
1 4

1

0] o/ ofofo] oto]ojojo|ofolofoflo]ojoflofjofo]o]ojo]o

‘a

oicl o

0]0
ojp0id{0ofojojofojofo|ojof{o}o0 9, ofojoL6jojo]o|ojo ojojojojo

|

¢lojojalojo

ajojofojojojojoloO

’

ojojoj o

o910l 0j0j0]jojojofofofojojojojojolofojojofoflojofo
orojojolojojo]lojojo]olopjo Bl ojojofo]ofo 0j0fojojofofl

f

oo 0'

0%

™
0

»

m@m%ooooooo

L.

| 0 ofo 01000 0/0j0j0j0j0fofojofojojojo}ojojojojojojojo 0f 1

0} 0.

'

0j0j0j0j0]j0Oj0f{0

olojo[ojolofalo|ofo]o]o

o~
@

N

Ce O
-

(]

-

ojojojoiojojoldjqQlolo[fo]o]ojo

01 0] 0]0§O0 |0

i

0

a. !
@

ojojoJofofJOojOo]ojOf0jO]O

0fo0

lofrojojolojojolojolo Ok

4‘; 0/0i0j0j0j0f0f0f{0j 0|0 ,0{0f0

E

ofo|ojojojofoj0o]ojofo[fojo]ojo0]Of0O

ojojolojojojo0jo0jo0jajolofotolojojlofofolo

>

0

Oj0§JO]0[/0] 0] O0O;O0({0ff0}0]0] 00|00

S

-

Q

~

4

.

L

0j0i0j0(0 0[0j0jOjOy0]0O

0

ofoyolojojojolo|ojofo ofofofo

ojofo|ofo|loj0dlo] o] oy
ololofofjo]ofofoio]o

ojojojlojojojofojo

ofojojojolojolojojofo0jojO0j0j0jlo0jo;ioi0j0]|o0

0i0fo0j0} 0

ojo0fjojojojojoj010 00 0|]0|o0}lofojojalo d ol o[

ojoiolajojojojolo 0l0ojojlojojojojojojojojojo]ojofo]o

olofofo[ojojojojo0;0/0/0|0|0j0}J0]/0l0fjololojolojo]oO

0/djololojoflojo]ojo 0 olorojojlojojojojolojofolnjolo]jojofofo}ojoio

“
orojojofofgpfo

ojotolojotoernjololojojglo glofofojofojo]o 1)4 gto0jo0fojojojoiolojojo|o

0j0j0jol0j0joO[O o1 0 olofofrojojoiolefojo o{ojojofofo}jojojojofojojojojolofojojojo]ojojofo

ofojo0j0joinjofO0jo0jOjOjOfOlO|O0]Oj0j0j0]0f0[0]0]0j0Ol0]0O 6]ololojofo 0{10j0j0f0

ojojojofofofojo/ovjolojoiojofojofojoflojojojojojojofolojolojolojolojo]lo]lo]o

oloiojoiojojojo0fo;0fojofojofolojojojojojojojolojojojofo

ofLo]lojoj0j0]0O

ojojojojojojofojOoj@l0j0]Of0|l0jOjOjOjOjOlO)O]O]O

ojojojoflofojojolojoforof0jo]ojo|0

0j0]0j0]0F0{0]0j0/0;j O] QjOjO]OjO]OjOf[OfOjOjofo0f0lo|lofo0jojo{ofo0|lo}jo]ofolo]oO

ofoiojajojojofo]0/0]O

oflojofofojo orojojojolofojofolojojo b oJofojofofojo|o/olotofo]jo]ojofojo[ofojofo]o|lolojoO

0

ojojojojojojojojolojofofolofojojojojojolojojDjo|ojo]olofololalo]ojo]o ojojojojo

ojlojofoflolofojojojojojofojojolofojojojd]ojofojojolojolofo]o g,0fo0jo|j0j0j0f0 ofo0

ojojojofojojof[ojojojojojofojoloflojoLojojojo|ojojolo]|olofo]o]o]o

ofojojololojojojolojolojojofoflojojofojoiola|[dbjolofo]o]o

ofot0j0jojo0j0y0lo0;0,0/0(0j0]0;0j0/0jO0j0/0j0jojOjOlojolo}oO]O

ojojolojojolo[o]jofofojo]odo]o
plololojojofolojofo]o]o

olo]olololo]o]o]0
ojolojolojojolo]o

ojojlojojofofofojo08o{0/O0j0|lOjOfOjOjO|O[Oj OO

0jojojo0fo0

ojojojojojojofoioifoj0jojOojo]ojOo|O|O|jO]O]|O

ojojojojojoio

ojojojojoj0ojok0of0fOfjOjO}lOofOfOofO]|]O[Of[O(OJjO0O[O]O
ofofo]JojojojoJojojojojojofofioiojojof{ojof0jO]O

ojojojojojojofojojojojoojo

olojojolo,

¢

olojojofojojofojojoj0|lofo]o
P 4

olojolofoloto
olojojojojo]o

C

al
*
=

BP1

BP2

BP3

BP4

BPS

12
BP7

C

0

1

V

EP1

ER2

EP3
EP4

EPS
EP6
\m

EP8

"EP9

EP10

LpPl1l

EP12
EP13

*

EP1? | 0jo0|o0]lo|Oj0]Of0]|O ’0 ol o0

EPl4
EP15
EP16
EPiB

EP19

EP20

EP21
EP22

EP23
EP2S

EP26

EP27
EP28
EP29

N

Q

"

IC

’

~

i
I

\A

’ L‘/,/’ﬂ'spz4

Aruitoxt provided by Eic:

E




- f . e

up{ap apr BP [8P | BP cp|Ep|ep|Ep|er |ep EP|ep|EP|EP |EP |EP |EP|EP [EP|EP [EP|EP [EP |EP|EP |EP [ER |EP |EP [EP|EP |EP1EP
chol 1ei1lz2]sladsle] zicloftfuln] 23] 4| s|el 7| 8] oftofrrfrzfsfrafrsiie prj1sir9|20(21 f22]23]24 125 26 |27128 29
cAooooooooooooooooooooooooooooooooopooooqoxo10
:\n ooooooogood&ooooooooo_ooooooooohoogooooooxo.xo
ol ololotolololofolololololojolo]ololofaolojolo]olofo]ojolojojojolojofojofojofojrjolr}o
. ==00‘0000000000000000000000.000000000000001001010
”m_ooooooooooooooooooo—ooooooooooooooooooooooooo
© | w2 o‘opoooooooooooooooooooooﬁooooooooooooooooooo
"1 a3l ol olololololo|lojolojojololojolojojojolojojolojojdjojojojojojolofojojoiofojojojofo 0
8P4 ooooooooooooooooooooooooooo'ooooooooow.ooooo:)o
- aPs‘oqoooooooooooooooooooooooooooooooooooaooooooo
mo‘/ooooooooooooo’ooooooooooooooooooooooooooooo_o
) {oooooooooooooooooooooooooooooooooooooooooooo
c,QOOOOOOOOOOO_OOOOOOOOO00000000000,600000(000000
or’o_\‘o\ooooooooooo*w'booooooqx,,gooooooooooooooooooooo
1O\e:.o‘oooooo_ooooo;oooooop;pﬂbﬂoooooqooooo‘ooo“oo‘ooooo
u})0000&)00000000’000000000‘000000600000000000000
£ ololojo]ololofojojofd]ojo{ofojololojdotojo]ojofoiojofojojojolojojofojoforolojopofojo
'/Epzooooooboooooooooooooooooooooooog"oooooooooooo
) EPS0000000000000000000000000;00_00,0~00'0\0000000A000
moooooooooooooooooccooooo&,oooooooooooo'ooooooao
,Epsogoooooooooooooocooooooooooooodooooooooof)ooo
. Epeoooooooooooooooooooooooooooooooooooooooooboo
EP7000oo0q000000400000000000‘006000000(‘)000000 ofo]o
EP8<000(:0000000000000)0000‘,,90006009000'00.0000000070¢0
AEPg000000000000000’09000005000000000000‘00000000000
. Emo-ooooo\}oooonooooooooo”oo‘o,opoooooooo.ﬁooooo‘ooooo
EPH0000000000~000000.0030\(\)00_00000000'00-000000’00960
E}’JZ006000‘00000-0009600000,;0000000000006000000'?00
. ms'yoon*oooovoooooo_‘qoo.ooo‘,'o‘\‘o’oooo\'ooo‘oo.ooooo'oooooooo
,Em‘ooooooooooooooooqooooooooo_oo_oooooooooooooo‘o'o
msooooooooooooooooooooooooo?o:)o'ooooooooooooooo
o Emsooooooooooooooooooooo“ooooooooooooooo.oooootjoo
m-}ooooo_ooooo‘ooo'ooooodoo‘ooooooooqo‘ooooo_oooooo_oo
. Emaoooooooooooooooooooooooooooooooooooooooaooooo
,Epwooo_ooooo.oooooooooolooooo'ooooooooooo,ooof_ooooooo
EPZ0.0000000000000000000000000000,0‘00000000000000
Epzxooo‘oo_oooooooooo"ooooooooooooooooooooooooooooo
'Epzzog;oooooooooooooo§oooooo’ooooooooooooaoo'o‘oo‘oo‘o
5?23ooooolooooooogoo0?900oo%({oo&ooooooo&ooooo of o] of o
b’92400060000000000006 ooooﬁooooﬁoooooooooo‘w\g\oooo
Epzsooooooooooo'oo’ooot;oo000‘oooo~ooooooT’"o’ooooT’G'"o"\o*’o
£p26 | 0f 0jo]ojo]ofo ooooooooé‘ooo~ooooooooooo‘oooo:oootl)o_ooo“““tb)’ﬁ
~+—~»—LEP27ooooooooooodoooodooooooooooooooooo'o'ooqo-eoooo
'Eﬁznooooooooo\o\ooooooq‘ooooooooo‘ooo'qooookowoooooo'oo
’ EPiQ0000000,000\000000000100a0900000'000000.0'000000000

1 3 . 0

ERIC L ' e B R
.o S i C S



b ;\\\\ 1
| T .
« o . \\\.\\
. ~
N ~
IS #
HUMAN RESOURCES RESEARCH pRGAN!ZATION‘ - , . e
300 North Washington Street e Alexandria, Virginia 22314 ~ ‘ 4
- - : ) A
- President ’, . Dr. Meredith P. Crawford - N 23 . T f:,
Executive Vice President Dr. William A. McClelland s
Executive Officer ' : Mr. Saui Lavisky
Director for Busifiess Affairs & Treasurer Mg Charles W. Smith
Director for Program Develepment /" Mr: David S. Bushnell
b Director for Research Design & Reporting ‘Dr. Eugene A, Cogan
" Director ' Editorial & Production Center Mrs. Lola M. Zook
. < ‘ ‘ .
/ RESEARCH DIVISIONS
/ N .
HumRRO Division No. 1 (System Operations) «  Dr. J. Daniel Lyons
300 North Washington Street Director -
Alexandria, Virginia 22314
HumRRO Division .No. 2 ! : " Dr. Donald F. "Haggard
Fort Knox, Kentucky 40121 - - Director )
. HumRﬁQ Western Division ’ Dr. Howard H. McFann
- Post Office Box 5787 ) Diractor
: . * Presidio of Monterey, California 93940 .
HumRRO Division No. 4" Dr. T,0. Jacaps
. Post Office Box 2086 - Director
Fort Benning, Georgia 31905 ) ’
i HumRRO Division No. 6\[ - " Dr. Wallace W. Prophet
o ¢ ' Post Office Box 428 Digector :
. Fort Rucker, Alabama 36360 ’
LZ\ . ! ' | .
L ' HumRRO PDivision No. 7 (Social Science) . Dr. Robert § Smith, Jr. ,
I 300 North Washington Street ) Director | v

g Alexandriap Virginia 22314

'

“

Q . .. ‘ o
ERIC T A T8

Aruitoxt provided by Eic:




