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INTRODUCTION

This is the first of a three volume report of a project
(called PARADIGMS) conducted under support of NSF Grant GJ-102: A
Study of Paradigms for the Construction and Evaluation of CAI Curri-
culum Materials in Mathematics. The other two components of the
Report are: Volume II: Empirieal Studies, and Volwne III: Compendium
of Curriculun Materials.

The philosophical studies reported in Volume I have been
substantialiy aided and abetted by the fine work of The TCU Temas
Performance-3asad Teacher Eduoation Projeet. This was made possible
by the fact vhat Dr. John Lottes, one of the principal 1nvestigators
on the PARADIGMS Project, doubled as Director of the TCU Project,
and also by the fact that there was considerable overlap between the
theoretical and conceptual pegs of the two projects. In particular,

this report has drawn freely on ideas presented in a monograph written

by Lottes and William Vanderhoof entitled: 4 Firet Dynamic Paradigm

for Teaching and Teacher Eduocation, and this fact is gratefully
acknowledged.

A number of other people and organizations have made
important contributions to the work of the PARADIGMS Project. Among
them, very special thanks are due the State College (Pa.) Area School
System for their cooperative endeavors in support of the empirical

aspects of the Project.
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PART A: PROLOGUE

1. THE PARADIGMS PROJECT IN PERSPECTIVE

1.1 General Aims and Qbjectives.

The general aims and objectives of the PARADIGMS Project
were outgrowths of questions 1ike: "What principles should guide the
construction of instructional materials designed for computer presenta-
tion?", "Under what conditions can such materials be considered acceptable
for widespread use?" and the multitude of logically subordinate queries
prompted by them. Inevitably such lines of questioning lead to the
fundamental problems of curriculum structure and design, and hence it

was to these issues that the PARADIGMS Project addressed itself.

1.2 Present Status of Knowledge.

In every curriculum construction effort decisions must be
made about how to formulate objectives, how to structure conteiit, how
to design and order instructional tasks, and how to adapt to unique
student conditions. Unfortunately, however, at the present time neither
adequately justified rules nor empirically testable systems of hypotheses
are available for guiding such curricular decisions. It follows, by
force of circumstance, that curricular and instructional moves
Characteristically are based either on imprecise, inadequately formulat-

ed "practitioner's maxims" or "hunches"--for which there is neither
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adequate logical! nor adequate empirical support--or they are made at
a non-reflective level of awareness.

It is certainly legitimate to wonder why the knowledge
structures concerned with the central issues of curriculum design
are so peurly developed. It could hardly be argued that there has
been little desire or effort to acquire such knowledge in view of
(1) the virtual "mountair" of educational research that has been
pubiished over the past 50-75 years, and (2) the millions of dollars
that have been invested, particularly over the past 15 years, for the
purpose of improving educational prgctice. Yet, today we know little
more than we knew fifty years ago about cause-effect relationships
between instructional actions and iear..ing outcomes.

Two more tenable reasons for the lack of advance in knowledge
about curriculum and instruction are that the phenomena to be investi-
gated are inherently extremely complex, and that, up to now at
least, the toois, the conceptual structures, or the epistomological
bases necessary to cope with problems of such a magnitude either have
not been developed or have not been acquired by those who are responsible
for such matters.

In any event, the perplexing issues remain of determining

strategies and courses of action that hold some promise of permitting

systematic improvement of the knowledge structures associated with

the problems of curriculum organization and design.




1.3 Two Conditions Necessary to Advance.

In the view of the PARADIGMS Project, there are at least
two fundamental conditions that are necessary to such advance. They

are stated as propositions, and discussed briefly below.*

Proposition #1. Curricular and instructional
systems should be constructed and operate under

the precepts of rational action

For purp.ses of clarity, the term rational action will be used to denote
those actions for which the following conditions are satisfied.
(1) The agent or actor will be able to articulate the
goal or objective, 6., of the action.
(2) The agent will be able to formulate a set of
procedures, A, which he has reason to believe
will lead to the attainment of 6 . The agent
also has reason to believe that whoever is to
perform the action denoted by the statement of
. procedure (whether himself or another agent) can

adequately perform such action.

(3) The agent will be able to make explicit what would

count as evidence (1n the phenomenal field of concern)

that @ has been attained.

*A more complete discussion of these matters is presented in Section 4.
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(4) The agent, having made explicit reference to the set
of procedures, A, will utilize the procedures as a
guide or mandate for his action; that {s, his action
will be the actions denoted by the statements compris-
ing set A.
The agent will evaluate the action, that is, the imple-
mentation of the set of procedures A, to determine the
efficacy of this set of procedures in attaining 6 .

The importance of the prrrosition requiring rationa! action
in curricular and instructional development and operation can be most
clearly perceived by conducting two examinations. First, examine the
1ikelihcod of substantial advance in curriculum and instruction if
actions are not rational actions. In this event, there is no way to
establish accountability; evaluation of actions cannot be carried out.
In the absence of evaluation, weakness cannot be identified; hence
the points at which changes should be made remain unknown and advance
cannot occur. Second, examine ways of acting in fields characterized
by clearly identifiable progress; for example, mathematics, the
natural sciences, and fields of practical action such as medicine
and military logistics. Each of these fields operates under the
assertion requiring rational action. The authors know of no instance
of substantial advance in the absence of the proposition of rational

action.

PP SN

The conditions of rational action require (1) specified
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objectives, (2) specified procedures and reasons for believing that
the procedures will lead to attainment of the objectives, and (3)
specified criteria for judging whether the objectives are attained.
If it is assumed that instructional actions should be rational, then
there is an associated claim that a particular instructional action
will influence a particular pupil to attain some specified set of
objectives. Such a claim is entailed by the conditions of rational
action. In generalized form, the instructional claim might be
represented: "Under circumstances C, if action A is taken then
objective 6 will be attained." In more abstract form, the instruc-

tional claim can b= expressed:
"Under circumstances ¢, if 4 then 8" .

It is informative to compare the instructional claim
against the hypothesis of empirical science. The hypothesis, or claim,

of empirical science typically is expressed as:

"Under oircumstances C, if X then Y," where C, X,

and Y are termg having empirical referents.

A comparison of the instructional claim and the scientific
claim yields the conclusion that the two claims are of the same type;
they have identical legical structures and the extralogical terms, in

both claims, have empirical referents. Moreover, both claims demand
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empirical test, and the test methods clearly are governed by a
common logic.
The Toregoing line of reasoning leads to the conclusion

framed as proposition #2.

Proposition #2. Curricular and instructional
research programs should be modeled on the

essential characteristics of empirical science.

The consequences of accepting the foregoing assertions
are both numerous and significant. At the very least, they require
a massive shift in the orientation and practice of research whose
aim 1s to advance knowledge about the educational issues of central
concern to the PARADIGMS Project. Perhaps an illustration 1s in order.
On one hand, the conditions of rational action not only require the
presence of objectives for guiding instructional or curricular actions
(that is, to make them purposeful), but they alse require presence
of procedures that presumably can be employed to attain the specified
goals. The requirements of science, on the other hand, demand that
these procedures be explicit and precise, and that they form a cohereit
system. In a very real sense, therefore, the aforementioned procedures
would amount to being systems of practical directives~--the "theores"
of the field-~which would specify relations between particular courses

of action and their consequences in terms of achievement of specified
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ends. Clearly such "cheorems" are ot now available.

1.4 Curricular/Instructional Research: The Necessity of

First Paradigm.

Thomas Kuhn's highly illuminating explanation of scientific
advances in The Structure of Scientific Revolutions [16] provides a
potentially fruitful way of conceptualizing the requirements that
must be fulfilled if "theorems" of the type discussed earlier are to
become an item of reality. Two concepts are fundamental to Kuhn's
explanation: (1) The concept of a "paradigm of science", and (2)
the concept of "normal science.”

R paradigm of science is an unprecedented and integrating
achievement that provides "at least some implicit body of intertwined
theoretical and methodological belief that permits [problem] selection,
evaluation and criticism. --- When a scientist can take a paradigm
for granted, he need no longer, 1n his major works attempt to build
his field anew, starting from first principles and justifying the use
of each concept introduced."”

Prior to the development of a firet paradigm in a given
area of study, there is no way to interpret the multitude of facts
that may be collected; different practitioners describe and interpret
the same phenomena quite differently and cannot agree on evaluative
standards; the literature of the field consists of a body of isolated

bits of disconnected information incapable of being related. In the

Full Tt Provided by ERIC.
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pre-paradigm period, confusion reigns and action is blind. With the
general acceptance of a first paradigm, however, a field may become
a science--or a profession. Given a first paradigm, it becomes
possible to build on a common foundation and to utiiize the informa-
tion provided by others who are committed to the paradigm. The
paradigm serves the purpose of generating intensive and concerted
research efforts in a well-defined problem domain under conmon operat-
ing rules. Research conducted under these conditions is labeled
normal soience by Kuhn. With common conceptual foundations, common
Tanguage, common problems, and common evaluative standards, periods
of normal science are characterized by rapid increase of depth and
scope of knowledge. This rapid advance ultimately leads to a new
paradigm, and the cycle begins anew.

It surely'must be obvious to all that the foregoing
description of the nature and characteristics of the pre-paradigm
period 1s an apt characterization of the oresent state of affairs in
the study of curriculum and instruction. It follows by farce of
previously stated presuppositions that advance in knowledge in the
curricular/instructional domain is contingent upon the development
of a first paradigm (in the Kuhn sense). The primary product of
such a paradigm would be the development of additional subordinate
paradigms, hereinafter called R-Paradigme (research paradigms),

whose purpose would be the development of the systems of practical

12




directives necessary for guiding curricular/instructional development

and decision making. Such systems of practical directives would
then, in turn, form the mortar for the construction of another order
of paradigm concerned with operation at the level of practice; this
order of paradigm will henceforth be referred to as an A~Paradigm
(action paradigm).

The primary mission of the PARADIGMS Project--as sugges ted
by its name--was an attempt to focus attention on the problems and
prospects of structuring something akin to a first paradigm (in the
Kuhn sense) that would be appropriate for the advance of knowledge
in the C/I realm. The actual efforts and contributions of the Project,
however, consisted essentially of the construction of both R- and J-Paradigms,
while a more inclusive framework involving conceptualization and inter-
pretation was made possible in large measure by the coliaburative efforts

of the Teacher Center Project at Texas Christian University [17].

2. ANALYSIS OF THE CONCEPT: "PARADIGMS"

2.1 OQOverview.
As used 1n the PARADIGMS Project, the term "paradigm"
labels a concept whose extension includes: model, template, pattern,

map, exemplar, etc. A paradigm can be descriptive or prescriptive; it




10.

can be a symboiic structure, an iconic structure, or a set of concrete
objects or actions. Paradigms can function as guides to formulation

or evaluation of axiological systems or Togical systems, formal sys tems
or empirical systems, or systems of either vesearch or practical decision
and action.

The varied usages of the term "paradigm" in this volume,
and the varied usages of the term cver the many disciplines and
fields of practice, create a number of likely sources of confounding
for the reader--and for the direct contributors to the PARADIGMS
Project as well. In order to reduce the degree of confounding to a
workable level, further analysis of '‘paradigm' is necessary, and 1t is_
to this end that the present section is devoted.

Thomas Kuhn's meaning of a paradigm of science was described
in the introductory perspective. Acceptance of the assertion that
curricular/instructional research programs should be modeled on the
essential characteristics of science entails the development of a
concept of C/I paradigm that is the analogue of Kuhn's concept of
scientific paradigm. An adequate concept of C/I paradigm requires
analysis of the distinctions between a field of practice and a science.
To conduct such an analysis is the first intention of the following
discussion.

The concept of a paradigm of the curricular/instructional
domain (C/I paradigm) includes two subordinate classes of paradigms:

R-paradigms (research paradigms) and A-paradigms (action paradigms).

14




11.

Since R-paradigms and A-paradigms can be represented at different
levela of resolution and at different levels of abstraotion, explana-
tion of these concepts is also necessary, and so is a second intention
of the following discussion.

A third intention is to delineats significant subsets of
R-paradigms and A-paradigms, and a fourth intention is to distinguish

between construction paradigms and evalugtion paradigms.

2.2 Levels of Resolution.

Every system can be described by specifying its elcmeonts
and their interrelationships. However, any description of a system
s made relative to a set of elements, or basic units, which are
treated as being devoid of internal c-ganization or structure; on a
different occasion and in a different context, the internal structures
of those basic units in turn become the objects of description, and
so on. If the first description 1s at a macroscopic level, some of
the succeeding descriptions will be made at microscopic levels. These
various descriptions might reasonably be viewed as descriptions made
at different Zevels of resolution.

An 11lustration drawn from Bertrand Russell's Human
Knowledge: Ite Scope and Limite [24] will 11luminate the point:

70 exhibit the structure of an object is to
mention {ts parts and the ways in which they
are interrelated. If you were learning anatomy,
you might first learn the names and shapes of

15
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12,

the various bones, and then be taught where
each bone belongs in the skeleton. You would
then know the structure of the skeleton in sc

far as anatomy has anything to say about it.

But, you would not have ccme to an end of what

can be said about structure in relation to the

skeleton. Bones are composed of cells, and

cells of molecules, and each molecule has an

atomic structure which it is the business of

chemistry to study. Atoms, in turn, have a

structure which is studied in physics. At

this point orthodox science ceases its analyses,

but there is no reason to suppose that further

analysis is impossible.
With respect to Russell's illustration, the bone was the basic unit
of the system described at the first level of resolution; the cell
was the basic unit of the system described at the second leve] of
res-lution; the molecule was the unit of the system described at the
third level of resolution; the fourth level of resolution was concern-
ed with the atom as the basic unit, and so on. Each successor level
of resolution is more "refined" and more "microscopic" tha.. the
preceding level of resolution. Such representations at successively
more refined levels of resolution conceivably could be carried out
indefinitely, although there might weil be strong pragmatic bases for
a stopping point.

In one context, representation of a given object at a

particular level of resolution may be relevant and productive. In
some other context it no longer may be relevant, but a representation

of the same object--or some part of it--at a different level of resolu-

tion may now be relzvant and useful.
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13.

The point to this discussion is that paradigms are
representations of systems--real or conceptual--and these representa-
tions can be constructed at many different levels of resolution, the
appropriate level of resolution being determined in the presence of
a particular context. This explains the fact that the PARADIGMS
Project objectives require construction of paradigms at varied levels

of resolution.

2.3 Levels of Abstraction.

The presuppositions underlying the PARADIGMS Project entail
the conclusion that adequate curricular/instructional systems have
empirical interpretations; that is, they can a:ither be tautological
nor incapable of application. With reference to systems characterized
by empirical import, the term "abstraction" has a particular meaning
that differs from such common meanings as "abstruse," "insufficiently
factual," "disassociated from any specific instance," and the like.

Terms of the empirical sciences are characterized by
differing degrees of "abstraction." For example, 'X is related to y'
is more abstract than 'x is kind to y;' and 'x is kind to y' is more
abstract than 'Jdohn Jones always helps his mother wash the dinner
dishes.' That is, 'John Jones always helps his mother wash the dinner
dishes' is the least abstract of the foregoing set of sentences in

the sense that its correspondence with concrete occurrences can be

17
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14,

judged in a more direct way than 1ts predecessor. Similarly,

'x 1s kind to y' can be tested through a less complex procedure
than 'x is related to y;' hence the former is less abstract than
the latter,

It is characteristic of the empirical sciences to take
theoretical constructs, or terms of the highest level of abstraction,
as the primitive terms of a scientific system. These abstract terms
are housed within primitive sentences called axioms. The abstract
terms, and consequently the axioms, have no direct empirical inter-
pretation. Through deduction, in conjunction with definitional chains,
successive levels of less abstract statements are derived. The Towest
level statements are couched in elementary terms which are connected
to the plane of observation by the semantical rules provided by some
sort of operational definitions. The elementary terms and statements,
then, are directly interpreted with reference to observations; the
terms of highest abstraction are interpreted only indirectly through
deductive and inductive inference.

The foregoing viewpoints form a highly simpiified backdrop
for the development of R-paradigms and A-paradigms. The complexity
of the curricular/instructional domain requires the construction of
related hierarchies of paradigms, where each hierarchical system of
paradigms bridges the abstract-concrete gap between values and actions,
and where at least some paradigms within a hierarchical system also

must bridge an abstract-concrete gap.

i8
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15,
This Tine of reasoning explains the fact that paradigms

presented in this volume are framed over varying levels of abstrac-

tion.

2.4 Analysis of R-Paradigms.

2.4.1 The R-Paradigm in Perspective.
In order for an achievement of science to merit the label
"scientific paradigm" in the Kuin sense of paradigm, several crucial
tests must be satisfied:
(1) The achievement must include integrating conceptualiza-
tions capable of providing focus and evaluative methods
and standards for a field of study;
(2) The achievement must be characterized by sufficient
power and open-endedness to stimulate and guide
research and development efforts for substantial
segments of a profession or discipline over an
indefinite period of time;
(3) The achievement is "sufficiently unprecedented to
attract an enduring group of adherents away from
competing modes of scientivic activity.”
Although the PARADIGMS Project has operated under the
proposition that curricular and instructional research should be model-

ed on the essential characteristics of empirical science, and consequently

19
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16.

should operate under a paradigm that passes each of the foregoing

tests, there are significant distinctions between a science and a

field of practice that entail corresponding distinctions between a
paradigm of science and a paradigonf the curriculum/instructional
domain. These distinctions now must be identified.

Although many practicing scientists may believe that their
paradigms and actions as scientists are value-free or ought to be
value-free, this belief or expectation is incapable of being achieved
in fact. For example, the decision to have a science in the first
place is a value decision, the selection of problems is dependent
upon values, and values enter into every decision as to whether

the evidence is strong enough to warrant acceptance of an hypothesis.

Philipp Frank's 1ittle book, The Validation of Seientific Theories [6 ],

is one of the best of a number of sources of reflections which make
it quite obvious that every scientific enterprise is ultimately
supported by an axiological base. It may be true, of course, that
the axiological base remains implicit to a considerable extent, but
future advances most 1ikely will include explicit formulation and
systematic study of the axiological bases as a crucial extension of
the scope of scientific endeavor.

Thus, careful analysis seems to warrant the judgment that
values do, in fact, govern scientific formulations and evaluations.

This is also true of formulations and evaluations in the curricular/

B e sl

WU Ard Tt LW LTI R ATt P Riland o

I LY EC NN T



17.

instructional domain. VYet, there 1s a way in which values are intro-

duced into the curricular/instructional domain that has no aralogue

in the sciences.

The curricular/instructional domain, in both the research

and applied aspects, is the province of a profession. Moreover,

every profession is characterized by three interrelated bases: 1) a

pragmatic base, 2) a conceptual base, and 3) an axiological base,

where

(1)

(2)

(3)

the pragmatic base is defined by the unique service

rendered to members of the society, and which is

. supported by the society. The professional {is

obligated to promote change toward more desirible
client states, and this obligation entails a
professional-client relation;

che conceptual base is the body of knowledge--"know
that" and "know how"--which provides the unique
theoretical information and techniques for perform-
ing the service, and which is distinct from the
conceptual bases of other fields of endeavor;

the axiological base 1s defined by the system of
statements that spells out that which the profession-
al is obligated to do, permitted to do, and for-

bidden to do. This value system includes statements
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18.

of at least twc kinds: (a) statements that
specify the professional responsibilities and
(b) statements that regulate the way in which the

responsibilities are satisfied.

At this point it is necessary to examine the relations
among curricular/inscructional research, practical action with reference
to curriculum and instruction, and professional values. Careful analysis
of these relations will entail the conclusion that a ;ignificant distinc-
tion ought to be made between a scientifie paradigm(in the Kuhn sense)
and 1ts analogue, educational paradigm. It is also believed that the
analysis entails a new concept of adequate research in the curricular/
Instructional domain,

Assuming that instructional action 1s rational, then there

1s an associated claim of the type:

"Under circumstances C, course of action A will

influence pupil X to attain objective 6."

Note that instructional objective 6 correspords to the decision of some
set of professionals as to what constitutes a desired pupil state. The
replacements for 6 that are obligatory, permitted, or forbidden, however,
are determined by the statements of the axiological base to which the

professionals are committed. For example, suppose one of the primitive

oA
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19.
statements of the professional value system is:

"The professional (teacher) is obligated to
act in such a way as to treat the client

(pupil) as a rational agent.”

Let the concept of "rational agent," in this case, be extended to
include the acceptance of any assertion, Q, by pupil X only if X
can provide sound reasons for acceptance of Q. These conditions have
significant consequences with respect to the objectives that are per-
mitted as replacements for & . Objectives only at the knowlaedge level
of the Bloom Taxononomy: Cognitiva Domain, for instance, would be
ruled out by the professional obligation. That is, conditions of
knowledge in the Bloom sense permits acquisition of principles with
no supporting reasons; the foregoing professional value statement,
however, requires that the pupil acquire only principles for which he
can provide adequate supporting reasons. The Bloom taxonomy permits
learning in the weak sense; the value statement permits learning only
in the strong sense.

Since the professional value system has implications for
the objectives permitted, and the objectives are taken into account
as a component of the instructional claim, and the aim of instructional

research 1s to develop systems of valid instructional claims (propositions),

| 23
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20.

then the professional value system imposes limits on those claims of
interest. Consequently the professional value system imposes limits
on the instructional research of {nterest.

Moreover, note that the foregoing professional value
statement rules out the use of behavioral modification techniques
based on operant conditioning, the use of drugs, or propaganda in the
course of instructional action taken in order to influence the pupil
to attain some set of objectives. Since this is the case, then
research on educational uses of operant conditioning, application of
drugs in school learning situations, and development and testing of
propaganda techniques as models for instruction would be not relevant
to either research or curricular/instructional action conducted by
professionals operating under the specified value statement.

The consequence of this line of reasoning is that a
paradigm of the curricular/instructional domain cannot be a research
paradigm alone as is the case with scientific paradigms. A para’:.,
of the curricular/instructional domain must be a two-sided paradigm.
It must have a research side and alsc a curricular side; it must be
a research generator and also a curricular generator. Further, a
paradigm of the curricular/instructional domain must be characterized

by some associated axiological system or systems.
2.4.2 Analysis of R-Paradigms.

A commitment has been made to conduct the research and develop-

ment activities of the PARADIGMS Project under the essential characteris-
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tics of science. This commitment entails that three distinctly
different, but related, considerations be taken into account. One
necessary consideration is the system of axiological statements
under which the activities will be conducted. A second necessary
consideration is the system of logical statements that describe,
prescribe, or explain practical actions and decisions. The third
necessary consideration 1s the system of concrete actions, decisions,
and constructions that "cash in" the logical and axiological statements.
It should be noted that these three considerations correspond to the
value, theory, and observational planes of the empirical sciences.

The foregoing considerations form the backdrop for framing
three different classes of research paradigms, or R-paradigms. These
three classes of R-paradigms will be labeled R ~paradigms, R -paradigms,

and EK-paradigms, where the labels have the following meanings:

Rparadigme are paradigms that set forth
axiological propositions serving these
purposes:

(1) set forth the aims of research;
(2) set forth the basic obligations,
permissions, and prohibitions under

which the researcher operates;

s
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R -paradigms are paradigms that set fprth
the logical conditions under which research
activities will be conducted and under
which constructions will be made and evaluat-
ed. RL-paradigms at least implicitly represent
logical propositions (Z.e. "is" statements)
which provide direct guidance for concrete
action of the researcher and facilitate
realization of the accepted axiological state-

ments.

RK-paradigms are paradigms that are concrete
in nature. They are concrete achievements
of a research enterprise that satisfy two
conditions:
(1) the achievement is consistent with
Rv-and RL-parad1gms. and
(2) the achievement has sufficient merit
to serve as an exemplar for other research

efforts.

2.5 Analysis of A-Paradigms.

One purpose of the PARADIGMS Project is to develop systematical-

ly organized directives which can act as valid guides for the activities
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of constructing and evaluating curricular/instructional systems,
These practical directives will be framed as “"action paradigms," or
A-paradigms.

It will be useful to distinguish among different classes
of A-paradigms. The three considerations of the preceding section
again seem to apply very nicely to the analysis. Therefore, A-paradigms
will be framed in terms of three different classes, where the classes
correspond to axiological, logical and concrete representations. The
Tabels Ay~paradigma, A -paradigme, and Ap-paradigms will be assigned

under the following meanings: i
|

A ~paradigme are paradigms that set forth
either
(1) value theory which functions as a
descriptive or explanatory system
where values are the phenomena des-
cribed or explained;
or (2) propositions or directives to serve
as guides in formulating or evaluating
systems of axiological propositions in
the curricular/instructional domain;
or (3) axiological systems that have sufficient
merit to serve as exemplars for other ‘
axiological systems in the curricular/

instructional domain. :
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Ah-pavadigma are paradigms which at least implicit-
ly represent systems of logical propositions of
either of these types:
(1) the propositions are descriptive or explana-
tory hypotheses;
or (2) the propositions are practical directives.
AL-paradigms set forth the logical propositions which guide practical
curricular/instructional decisions and actions; of course the propositions

must be empirically interpretable.

AK-paradigma are paradigms that are concrete in
nature. They are concrete curricular/instruc-
tional constructions or evaluations that have
sufficient merit to serve as exemplars for
other curricular/instructional constructions

or evaluations.

3. OBJECTIVES OF THE PARADIGMS PROJECT

As indicated earlier, the PARADIGMS Project was concerned
with the problems of developing paradigms for guiding curricular and
instructional decisions of different logical types and at a number of

different levels of resolution. In order to be more specific, a more




detailed explication of the various project objectives is provided

below.

3.1 [8y): The Construction of R-Paradigms.

One of the major project objectives was to learn how to
construct research paradigms for developing the practical directives
required for disciplined decision making within the C/I domain. To
this end, three subobjectives were formulated; namely to construct

1. R ~Paradigms [e].]]: axiolegical propositions

for governing C/1 research;

2. R -Paradigms [61.2]: logical conditions nec-

essary to adequate C/I research and development;

3. R~Paradigms [91.3]: an exemplar; that is,

a complex of C/I research studies conducted

under specified Rv- and RL-Paradigms.

3.2 [6,]: The Construction of A-Paradigms.

A second major project objective was to learn how to
construct action paradigms that are faithful reflections of the R-Paradigms.
To this end, three subobjectives were formulated; namely to construct
1. A -Paradigme [92.1]: axiological propositions
for governing C/I decisions and actions;
2. A -Paradigme [62.2]: logical conditions nec-

essary to adequate C/I decisions and actions;

<9
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3. Ay-Paradigms (8, 5]: an exemplar.

It should be pointed out that an AL-Paradigm would consist of directives
for guiding practical action in the C/I domain; on the other hand, an
AK-Paradigm would constitute an actual set of actions (an exemplar)
which, presumably, would conform to the requirements and conditions

specified by the directives.
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PART B: PARADIGMS FOR RESEARCH

4. AN RV-PARADIGM: A SYSTEM OF AXIOLOGICAL P=OPOSITIONS

Propoaition #1. Curricular/instructional research
ought to be conducted under the conditions of

professional action.

The bases for justification of proposition #1 were provided
in Part A, particularly Section 2.4, "Analysis of R-Paradigms", and they
are elaborated upon below.

A profession is distinguished by three unique and inter-
related bases; namely, & pragmutio base, a conceptual base and an
axiologtoal base. Action of a practitioner performed with reference
to these bases is appropriately called professional action. The question
at issue here is whether curricular/instructional research should be
so restricted.

Curricular and instructional action is supported by the
society for the purpose of satisfying the educational aims of that
society. These educational aims, and identification of the clients to
be served, constitute major aspects of the pragmatic base of the
education profession. Members of the society supporting curricular/

instructional research have the very reasonable expectation that the
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research will be useful in achieving the goals which have been speci-
fied.

The nature and significance of the instructional elaim
have been examined at length at an earlier point of the volume, and an
illuminating illustration cf one is given in a subsequent section, 8.1
"A Statement of Perspective." A professional value system (Z.e. axiologi-
cal base) imposes restrictions on the statements which set forth the
enda component and the means component of an instructional claim. The
consequence of this fact, taken together with the arguments presented
in the preceding paragraph, is that the pragmatic base, in conjunction
with the axiological base of the education profession appropriately
impose Timits on the instructional research of interest.

It also should be pointed out that curricular/instructional
research must have empirical import; its statements must be tested in
a fashion that involves pupil behavior. The proposition that curricular/
instructional research ought to be conducted under conditions of profession-
al action requires that all statements and empirical tests be regulated
by a professional value system. This guarantees against unscrupulous
motives or actions in C/I research or in derived practices.

It 1s important to recognize that the conceptual base of
the profession has played an important, although implicit, role in the
foregoing discussion. For example, the very concepts of profession,
ingtructional claim, and falliability of elaims belong to tha conceptual
base. Reflections on the interactions among the bases of the profession

is also enlightening. It is the case that the axioiogical and pragmatic
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bases of C/I action are dependent upon, and 1imited by, the knowledge
available at any given point in time. As the relevant knowledge
(conceptual) base becomes more and more powerful, then concomitant
changes in both the pragamatic and axiological bases are more likely

to occur. Changes in the pragmatic or axiological bases will influence
the research and development endeavors which, in turn, contribute to
the conceptual base. It is true, however, that the conceptual base

is 1ikely to expand more rapidly than the cther bases if research

is conducted under a paradigm in the Kuhn sense.

Proposttion #2. Curricular/instructional research
ought to be conducted under conditions of rational

action.

The defining conditions of rational action were stipulated
in Part A of this volume, "The Paradigms Project in Perspective."
Briefly, the conditions required specified goals or objectives, specifi-
ed procedures and reasons for believing the procedures will lead to
goal attainment, specified criteria for evaluating outcomes, and
consistency between planning and implementation. Partial justification
of the obligation to act rationally in the curricular/instructional
context was also provided in Part A.

The fact that curricular/instructional research has potential

worth only if its products are capable of being applied in the professional-
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client situation, in conjunction with the requirements of proposition
#1, suggests the conclusion that C/I research be aimed toward construc-
tica of valid systems of practical directives in the C/I domain. That
is, C/I research ought to be goal-oriented. The other conditions of
rational action would seem to follow since they are necessary condi-
tions for goal realfzation.

The foregoing view sharply distinguishes C/I research from
research of the natural sciences, for example, where "pure® research
is characteristically supported; there is no place for "pure" research
in a professtonal domain. The point is that education is a field of
practice whose advance depends, in part, on the basic research of
mathematics, logic, linguistics, communications theory, value theory,
cognitive theory, and other foundational disciplines. Although education
Is free to select and utilize information from foundational fields, the
information must always be recast and incorporated into compatible
and highly complex educational systems. Fruitful research in education
1s concerned with constructing, evaluating, and improving these compiex
educational systems in the presence of well articulated pragmatic and
axiological requirements; hence, the obligation to operate under the

conditions of rational action as asserted in proposition #2.

Propogition #3. Curricular/instructional research
ought to be modeled on the essential characteristics

of empirical science.

34
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The essential characteristics of science include at least:
1) the aim of science, 2) the ways of inquiry, 3) the nature of scientific
systems; Z.e. "scientific theory", 4) the ways of evaluating scientific
theory, and 5) the way of advance. In the following paragraphs, these
characteristics are expanded upon--as a precursor to an argument in
support of proposition #3.

(1) What is the aim of science? Ernest Nagel [20] states

the aim of science in this way:

The major impulse which generates science is

the desire for explanations that are at once
systematic and controllable by factual evidence.
The distinctive aim of science is therefore the
discovery and the formulation in general terms
of the conditions under which events of various
kinds occur, the generalized statements of such
determining conditions serving as explanations
of the corresponding happenings.

A scientific explanation of empirical phenomena, or of particular
empirical statements, is provided by some set of general propositions
of which the empirical phenomena are instances, or from which the speci-
fied empirical statements can be deduced.

In Carl Hempel's excellent 1ittle book, Philosophy of
Natural Seience [10], he proposes two requirements tor scientific
explanations: 1) explanatory relevance, and 2) testability. The

former demands good grounds for expecting or believing the empirical
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phenomena will occur under the specified circumstances, and the latter
demands that a statement constftuting a scientific explanation must
be capable, in principle, of empirical test.

(2) What are the ways of scientific inquiry? The ways of
scientific inquiry--retroduction, deduction and induction--have been
explicated and illustrated by Elizabeth Maccia in two papers: Ways of
Inquiry [19] and The Model in Theorising and Research [18]. Retroduction
1s the creative process of formulating theory statements. Although
Maccia has attempted to develop retroductive methodology, neither she
nor others would claim that there exist rules for generating fruitful

theory statements. Nagel [20] places retroduction in this perspective:

Without...hypotheses, inquiry is aimless and
blind. However, there are no rules for construc-
ting valuable hypotheses; and as Albert Einstein
repeatedly observed, those systems of hypotheses
that constitute the theories of modern physics
are 'free creations of the mind', requiring for
their invention and elaboration fcats of imagina-
tion quite analogous to creative effort in the
arts.

If a theory staiement (an hypothesis) has been set forth,
it must be tested. Deduction and induction are the ways of inquiry
available for distinguishing adequate statements from inadequate state-
ments. Deductive inference is invoked to explicate hypotheses in terms

of lower level consequents. These consequents must be of such concrete-
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ness and specificity that between-observer and within-observer in-
variance can be achieved in reporting relevant observational phenomena.
Inductive inference, on the other hand, is invoked to bridge the
directional gap from the reports of observational phenomena to the
derived consequent statements, and ultimately to the hypothesis under
test. The inductive inference is represented in the form of a Judg-
ment as to whether a hypothesis has been tentatively confirmed or
disconfirmed.

Scientific inquiry consists of a continuing series of
repeating retroduction-deduction-induction cycles. Either directly
or indirectly, they are invoked over and over again on every aspect,
and at every state, of the knowledge structures under development: the
extralogical vocabulary, the statements of the structures, and the
relations among the structures. No assertion is free from critical
examination and judgment except the presuppositions under which all
scientific inquiry operates.

The consequence of the series of retroduction-deduction-
induction cycles is a non-terminating set of theoretical structures
characterized by increasing predictive and explanatory power. Inadequate
structures are identified and abandoned, or are replaced by modified
structures which in turn become objects of evaluation. Strong construc-

tions can withstand the most rigorous tests; investments can be made
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in these strong constructions.

(3) What is the nature of scientific theory? Carl Hempel,
in Aspects of Scientific Explanation [8], has described the structural
characteristics and the functicnal characteristics of scientific theory.

The structure of scientific theory satisfies the require-
ments of a deductive system. The vocabulary of a theory (i.é. the
extralogical terms; the constructs which have empirical referents--
at least indirectly) consists of undefined terms (i.e. primitive terms)
and defined terms. The set of sentences of a theory consists of axioms
(primitive sentences) and theorems (derived sentences). In the theoretical
structures of empirical science, the deduced theorems are typically called
hypotheses. The structure is formulated under explicit rules for form-
ing sentences and for judging the validity of a deductive inference.

On the other hand, the functional characteristics of a
theory of empirical science are defined by the power of the theory to
predict and explain empirical phenomena. Explanatory and predictive
power is made possible by the deductive rules governing the theory in
conjunction with operational definitions which give the extra-logical
terms empirical import. These are the means for bridging the gap between
the abstract statements constituting a theory and the concrete observation-
al objects and events to wnich the theory is relevant.

To claim to have formulated a theory is not sufficient. The

theery formulated must be examined and judged. Adequate evaluation of
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scientific theory must include examinations relevant to both the struc-
tural characteristics and the functional characteristics of the theory.
(8) What are the ways of evaluating scientific theory?
Karl Popper, in The Logic of Setentific Discovery [22], has identified
four different ways of evaluating scientific theory: 1) assessing the
coherence of the theory by making logical comparisons among its state-
ments to determine if there are inconsistencies; 2) assessing the
logical form of the theory to determine if it has the characteristics
of a theory of empirical science; 3) assessing the potential of the
theory for contributing to scientific advance if it should withstand
all logical and empirical tests; comparison with other theories is the
methodology for this assessment; and 4) assessing the correspondence of
the theory with real world objects and events; the methodology for this

assessment requires both deduction of more concrete statements from

the abstract theory statements, and inductive inference based on empirical

observations which result in judgments of support or non-support for
the truth of the theory statements.

(5) what is the way of seientific advance? Until a first
paradigm (in the Kuhn sense) exists, there is no science. In the
presence of a paradigm which focuses research efforts and minimizes
debate on first principles, problems of significance, and evaluative

standards, a period of normal secience occurs which is characterized by
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rapid knowledye development with reference to the paradigm., Lventual-
ly, this very knowledge development leads to the recognition of
anomalies and unresolved puzzles, and finally to a competing paradigm
or paradigms; commitment to the original paradigm gives way to commit-
ment to a successor paradigm with its associated period of rapid
progress, and the cycle repeats.

Although the swift summaries displayed here and in section
1.4, "Curricular/Instructional Research: The Necessity of A First
Paradigm", do not do justice to Thomas Kuhn's potent explanation of
the way of scientific advance, they act as pointers toward a powerful
point of view that is relevant to educational advance.

Now that the essential characteristics of science have
been identified and discussed, the proposition that curricular/instruc-
tional research ought to be modeled on those characteristics needs to
be justified. One line of justification of the proposition was provided
in Part A; namely the correspondence between instructional claims and
scientific hypotheses, or claims, was demonstrated.

A a second line of justification, it is important to note
that, as in science, explanations that are both systemic and empirically
valid are necessary outcomes of curricular/instructional research of
worth. C/I research conducted in the absence of this aim is blind,
and fruitful results are highly unlikely. Therefore, the aim of C/I

research and the aim of science appear to be congruent.
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A third Tine of Jjustification for proposition #3 is based
upon a demonstration that curricular/instructional systems and scientitic
systems have similar fur :tional requirements. Consider first the
common curricular/instructional problem of determining the degree to
which students have progressed toward some set of abstract educational
goals. Somehow the gap must be bridged from the abstract goals to the
construction of particular tasks relevant to those goals, and then to
the behavior of a student interacting with the tasks. Then the gap
again must be bridged, but this time in the opposite direction beginning
with an examination of correspondence between pupil behavior and task
performance standards, and terminating with an inference as to whether
the student is characterized by the defining properties of the abstract
goals.

Consider next the common scientific problem of determining
the degree to which observational phenomena are explained or predicted
by some set of abstract axioms and hypotheses (z.e. a "scientific
theory"). The gap must be bridged from the abstract statements to
particular indicants or measures relevant to the abstract statements,
and then to the particular observational phenomena of concern. At this
point, the gap must again be bridged, but in the reverse direction.
First, the behavior of the phenomena under study is compared against
the standards associated with the indicants or measures; then, based
upon this comparison, a judgment is made as to whether the abstract

statements accurately explain or predict the observed phenomena.
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In the second instance, the problems associated with test-
ing the degree to which abstract statements correspond with observational
evidence have been studied extensively, and the methodologies for handl-
ing these problems are well developed. The abstract-to-concrete gap
is bridged by deriving more specific statements from the abstract
statements. It is this deduotion in conjunction with operational defini-
tion that makes it possible to construct logically relevant indicants
or measures. Induction is the method available for bridging the gap
in the concrete-to-abstract direction. It should be noted that these
methodologies also entail certain restrictions on the abstract state-
ments themselves. That is, the first statements, or axioms must meet
certain logical requirements, e.g. consistency and independence.

At this point the third line of justification can be fully
explicated by the following statements:

(1) The functions of both curricular/instructional systems
and scientific systems require methodologies for
bridging the abstract-concrete gap.

(2) Scientific systems ave characterised by the presence
of successful development and use of the required
methodologies.

(3) Instructional systems are characterized by the
abgence of the required methodologies.

It seems only reasonable, therefore, that curricular/instructional systems

ought to borrow the required methodologies from the scientific systems.
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It should be noted that although only a single component
of an instructional system has been taken into account in the fore-
going argument, ¢.e. goals or objectives, the argument can be
extended to include instructional procedures and systems of instruc-
tional claims of the type previously described. The argument also
obviously extends to associated evaluation systems since it would
be clearly contradictory to build a structure under one set of specifi-
cations and then to ignore those specificationsin evaluating that
structure. The implication is that evaluation must irciude both
logical tests and empirical tests of the instructional system.

A fourth line of justification of the proposition that
C/T1 research ought to be modeled on the essential characteristics of
science is provided by Tadeusz Kotarbinski [15]. Kotarbinski analyzed
the circumstances under which substantial advances in a field of
practical action are most 1ikely to occur. Kotarbinski's analysis
yielded the conclusion that advances are most 1ikely to occur in the
presence of some combination of these conditions:

(1) There is an advance in the theoretical foundations
of potential relevance to the field of practical
action.

(2) There is an advance in the technological foundations
of potential relevance to the field of practical

action.
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(3) Available, but previously ignored, information from
potentially relevant theoretical or technological
foundations is utilized by the field of practical
action.

(4) There is a different selection or different ordering

of actions in the field of practical action.

With reference to curricular/instructional advance, under
Kotarbinski's analysis C/I research and research endeavors should
include search of theoretical foundations for new or previously not
utilized information of potential usefulness. In the C/I domain,
certain theoretical formulations are of special interest: psychology
(particularly learning theory), sociology, the disciplines underlying
the various curricular areas, logic, semantics, philosophy of action,
philosophy of science, and so on. For example, the development of
Piaget's theory of cognitive development (an advance in psychc¢logical
theory) may provide information which leads--if utilized--to advance
in the validated directives of education. As another example, informa-
tion in a discipline underlying a school curriculum--for instance, the
language of sets, relations, and functions in mathematics--may eventually
be taken into account with resulting advances in teaching; this, in
fact, was the case with the substantial improvements of school mathematics

curricula in recent years.

Similarly, the ways of organizing information and the methods
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of evaluation in the empirical sciences constitute clear methodologi-
cal advances capable of application to the curricular/instructional
domain. These advances never have been fully utilized in education,
even though other fields have progressed by mbde]ing on the natural
sciences in particular; and the natural sciences themselves have
nodeled their scientific systems on mathematical structures.

The PARADIGMS Project has atiempted to utilize fundamental
advances of the sciences to a degree not previously conceptualized
nor implemented in curricular/instructional research. It is believed
that by such means as these that substantial advances are likely to

occur in education.

5. AN RL~PARADIGM: CONDITIONS OF ADEQUATE CURRICULAR/INSTRUCTIONAL RESEARCH

The foregoing axiological propositions have consequences for
curricular/instructional research conducted in the presence of commitment
to them. These consequences are based on the obligations of the research-
er to act under conditions of a professional valye system, rational attion,
and the essential characteristics of science. The following conditions

are set forth as a crude initial attempt at framing crucial consequents.

Propogition: A program of curricular/instructional

research is adequate 1f.and only if the following
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conditions are satisfied:

(1) There exists an adequate professional value
system to which the researchers are committed.
(2) Research aims, strategies, and evaluative
standards are specified and implemented.

(3) Inquiry in the curricular/instructional
domain should satisfy the essential conditions
of the scientific model:

a) the knowledge structures of C/I studies
should satisfy the structural and func-
tional characteristics of scientific
theory;

b) the knowledge structures formulated should
be judged under each of the four ways of
evaluating scientific structures;

c) the research strategy should be built and
conducted under an educational analogue of
a scientific paradigm.

(4) Development of the extralogical vocabulary of
C/1 theorems should take into account knowledge of
the potentially relevant theoretical and technologi-
cal foundations. This requirement demands continuing
research into these foundations, as well as the

philo....-“cal foundations.
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(5) Alternating philesophical and empirica. in-
quiries should be deliberately undertaken to

develop the extralogical language to more refined
levels,

(6) Continuing study should be undertaken into

the full range of scientific C/I Snquiry and the
relaticns between the different logical levels

of curricular and instructional knowledge structures;
that is, the strategy should be a comprehensive

strategy.

6. AN R -PARADIGM: THE ANATOMY OF THE PARADIGMS PROJECT STUDIES

In additipn_to the theoretical and practical constructions
of the present vo]ume.and the cooperative efforts with Texas Christian
Un1vers1f} toward developing an educational analogue of a scientific
paradigm, eight empirical studies were conducted under the PARADIGMS
Project.* The eight empirical studies constitute a related set of

investigations directed toward development of a theory of sequencing.

*A1l eight empirical studies are reported in full in VOLUME II: EMPIRICAL
STUDIES.
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A1l of the studies satisfied essentially the same conditions of
adequacy--which, in turn, were determined mainly by the acceptance
of the propositions stated earlier. One important condition that
was invoked, for example, was the requirement to carry out all of
the investigations under management of an IBM 1500 CAI Instructional
System--for the purposes of maintaining control of potentially
critical variables, and hence to enhance the 1likelihood that each
study could be replicated down to the most minute detail. |

The eight studies were divided into three subclasses--modes
of representation, structure of curriculun hierarchies, and ehoice be-
havior--according to the particular class of variables with which they
were concerned. The authors view these studies as related elements of
a single integrating structure. The remainder of this section is
intended to bring that structure into sharp focus. The research
anatomy that is displayed constitutes an RK-paradigm; that is, concrete
research activities of sufficient merit to be used as a model for other

research endeavors.

6.1 The Mode of Representation Studies.

One class of studies which has been initiated is concerned
with modes of representation (MR) variables, their effect on mathematics
learning, and the resultant implications for the design of instructional

sequences. In this connection, Bruner [2] has cbserved that:
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Any domain of knowledge (or any problem within that
domain of knowledge) can be represented in three
ways (a) by a set of actions appropriate for achiev-
ing a certain result (enactive representation), (b)
by a set of summary images or graphics that stand
for a concept without defining it fully (ikonic
vepresentation), and (c) by a set of symbolic or
logical propositions drawn from a symbolic system
that is governed by rules or laws for forming and
transforming propositions (symbolic reprasentation).

In the MR studies, as well as all of the others, a detailed

format for preparing instructional objectives was developed in which

each objective is viewed as consisting of three components:

(1)

(2)

(3)

The Given: This component of the objective is a state-
ment of the condition(s) under which the task is present-
ed. It is a description of the stimulus conditions and
represents the input phase;

The Required Performance: This component of the objective
is a statement of the expected task performance. It is a
description of the response requirements and represents
the outpué nhase;

The Criterion: This component of the objective provides
the means for evaluation. It is & description of the
conditions by which, for a given input, the owtput is

adjudged to be satisfactory or unsatisfactory.

Interestingly, the interaction of the study of MR variables

and the task of designing a framework for formulating instructional
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objectives lad to the idea of classifying objectives as MR-ordered
pairs (Mi’Mo) according to the mode of representction, M1, of the
stimulus condition (input), and the mode of representation, Mo’ of
the required performance (output) specified by an objective. For

example, consider the objective:

Given Required Performance Criteria
Two partially Write the pair of 3 of 4 iteus
shaded rectangles equivalent fractions in time ¢.
which depict a suggested by the
pair c¢f equivalent diagrams.
fractions.

The above objective defines an unambiguous "test" pool, as did all of
the objectives that were written. An instance in the present case

would be:

Write the pair of equivalen* fractions suggested
by the following diagrams.

NN
NN

The foregoing objective would be classified as an (I, S) ordered pair

since the mode of representation of the given (the imput) is ikonic,

and the mode of representation of the required performance (the output)
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is symbolic.

The scheme of classifying objectives in the manner des-
cribed above then led to the idea that for a given unit of content
or concept, it is possibie to construct up to nine content-equivalent
objectives which differ only in terms of the mode of representation
of their input or output. The possibilities are revealed by a modes

of representation matrix:

S
AUTPUT I
E
E I S
INPUT

A collection of objectives arrived at in this way was called a cluster

of objectives, and an illustration of one is provided in Table 1.
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Table 1

48.

A Cluster of Objectives for the Concept of Equivalent Fractions

tions depicted
i»n‘ th rods.
ERR

equired Performance:

Construct the
same equivalence
using different
colored rods.

equivalent fractions.

Required Performance:
Demonstrate the
equivalence of the
fractions suggested
using Cuisenaire rods.

Given: A pair of Given: Two partially Given: A fraction.
equivalent frac- shaded rectangles

tions depicted depicting a pair

with Cuisenaire of equivalent

rods. fractions.

S Required Performance: ] Required Performance: Requi red Performance:
Write a pair of Write a pair of Select from a set of
equivalent frac- equivalent frac- 4 fractions the one
tions suggested tions suggested by that is equivalent to
by the rods. the diagrams. the given fraction.

0} |Given: A pair of Given: Two partially Given: A fraction.
u{ lequivalent frac- shaded rectangles
T| ftions depicted with depicting a pair of
P{ ICuisenaire rods. equivalent fractions.
Uil :
Required Performance:| Required Performance: Reqguired Performance:
T SE%EEEH?kom a set Select from a set Se%egt from a set of
M of 4 diagrams the of 4 diagrams the 4 diagrams the one
ol fone which denicts one which depicts which depicts an
D the same equivalence.| the same equivalence. equivalent fraction.
E —
Given: A pair of Given: A pair of par-| Given: A pair of
equivalent frac- tielly shaded rec- equivalent tractions.
tangles depicting two

Required Performance:
Demonstrate the equi-
valence using Cuisen-
aire rods.

INPUT MODE

©

ERIC

Aruitoxt provided by Eic:

oL




49.

This procedure for constructing clusters of objectives led,
fn turn, to the formulation of questions about how such a network
(cluster) of objectives should be attended to. In an attempt to
consider these gquestions, the first step that was taken ¢onsisted of
trying to develop a theory-level representation of the system. This
necessitated the construction of a symbolic language which it was
hoped would afford an opportunity to draw upon the underlying logical
meta-system, and hence increase the generative power of the representa-
tion. The basic elements of the MR language that was constructed are

summarized below.

t: A cluster of objectives, 8§, 1s defined to be a
set of objectives all of which pertain to the
same mathematical content, but which differ in
the mode of representation of their inputs or

outputs.
6,1 An arbitrary objective from some cluster ¥ .

E:  The enactive mode of representation; it is
considered to be synonomous with the object
mode, and is such that the physical characteris-

tics of the exemplar can be felt and manipulated.

o3
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M:

U(Uk):

MM
T O

The 7Aconic mode of representation; it is
synonomous with the picture mode, and is such
that the physical characteristics or qualities
can be viewed, but cannot be felt or manipulated
independent of the medium in which it is present-

ed.

The symbolic mode or representation; it is taken
to be a form of words or symbols (usually mathe-
matical) having only ideational relation to the

referent.

The set consisting of the modes of representation;

M= {l, I, S} .

The classification of the objective ek as an MR
ordered pair (M;, MB) where M. is the mode of
representation of the input phase of ek,and M

is the mode of representation of the output phase.

An instructional sequence exprassly designed for
the purpose of enabling a (qualified) learner to

attain an objective 6k. where C(ek) is (Mé, Mb).

o4
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A
M. ¢ An instructional sequence deemed adequate accord-
ing to some well-formulated criterion. (For exanmple,
let n be the number of the students who fail te reach
criterion on a pre-test for an objective ei, let s
be the number of students reaching criterion after
instruction, and let ¢ be the greatest integer less
than 0.8n + 0.5. Then the instructional sequence

for 6. is deemed adequate if and only if s 2 t.)

ZYMi, M ): The achievement of an instructional objective with-

out explicit instruction.

By using the foregoing symbolism, the original questions
of interest can be expressed succinctly--as illustrated by the follow-

ing example.

A
(I —S)==p» A(S, I) .

This statement may be interpreted to mean that if explicit instruction
to criterion is given on an objective with ikonic input and symbolic
output, then without explicit instruction, achievement of an objective
of like content with symbolic input and ikonic output will occur.

Altogether, some 72 (=9.8) conditional statements of the above type
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can be formed from the 3x3 MR matrix of objectives, and each can be
subjected to empirical test. Moreover, the outcomes could have
significance for the design of instructional sequences; for example,

suppose that the statement

A
(S —+I)==> A(I, S)

receives empirical support over some specified class of objectives,

but that the statement

A
(I —S)==» A(S, I)

does not. In such a situation, if it is desired that both the (s, I)
and (1, &) objectives be achieved, the presentation order would call
for the & —/ sequence first--in the interest of instructional efficiency.
Actually, some of the outcomes of the research that has already been
conducted hint at the possibility of outcomes of this sort.

The first MR study conducted along the lines described
above was done by Klein [14], and it has served to define the central
issues and modes of attack for resolving the "traversal problems”
related to MR matrices. Two additional studies, by Farris [5] and

Hirschbuhl [11] were constructed out of the same framework, but
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tested other hypotheses generated by Klein's conceptual structure.

Among the informal outcomes of the foregoing investiga-
tions was 1) a concern for developing more adequat. definitions of
the various modes of representation, and 2) alcommitment to examine
wr. thin-mode repres~ntations and their effects on learning. These
concerns led to another class of MR studies initiated by Paquette [21]
and Bowers [1]. In these studies, attention was focused on perceptual
problems encountered in teaching the concept of congruent triangles.
The basic question raised by Paquette was whether *here are certain
triangle configurations which, if attended to explicitly in instruc-
tion toward the attainment of specific behavioral objectives, imply
achievement of the same objective over other triangle configurations s
without the need for additional explicit instruction. Bowers' study, :
on the other hand, was concerned with selected effects of multi-
configuration instructional treatments. The attack on these problems
was systematized by the development of a transformation x position
classification grid for congruent triangles, as shown below. The use
of the transformational variable is based on the fact that of any two
congruent triangles, one 1s necessarily a translation, a reflection,
a rotatic1, or a translation-reflection of the other [4]; the positioral
variable deals only with the relative position of one triangle to
another. An exemplar of each class is pictured in the correspending

cell of the matrix.
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Congruent iriangles Configuration Grid

Transformation
T Re ] _Ro ..ISF
o P L D L
nF gEEE; { ’ééiyff“ Ai:EE: ;2§§EEE:—
nF S, ’ (’\\\\JTA:EE;E:j,-
neo 2“"2 QEQ k '";* -

In the above grid, the symbols have the following meanings:
T means translation
Re means reflection
Ro means rotation
TRe means translation-reflection
no means empty intersection

nF means finite intersection with
oveilap of interiors

nF g Means finite intersection w:thout
~  overlap of interiors

neo means infinite intersection with
overlap of interiors

ne . means infinite intersection without
~ overlap of interiors
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In essence, the studies conducted by Bowers and Paquette
were intended to be a first step in determining how the attainment
of objectives over given configuration classes affects attainment
of the same objectives over other configuration classes. Their results

are interesting to say the least.

6.2 The Structure of Curriculum Hierarchy Studies.

A pair of closely related studies that were concerned with
the structure of curriculum hierarchies were conducted by Hopkins [12]
and Sawada [25]. interestingly, these investigations were a logical
ouirgrowth of the MR studies-~-particularly those conducted by Klein,
Farris and Hirschbuhl--in the sense that they employed the MR matrix
as a frame of reference for the identification, selection and assess-
ment of other constructs which they hoped would lead to the creation
of additionai basic structures in the development of a science of
sequencing.

When Klein, Farris and Hirschbuhl prcbed the relationships
among objectives differing only in modes of representation, they
focused on one general kind of hypothasis: Given an adequate sequence
cf instruction designed explicitiy to ensure mastery of an objective
characterized by a given ordered pair of modes, will that same

sequence of instruction also ensure mastery of other "content-equivalent”

objectives characterized by a different pair of modes? Thus, the basic
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question asked by the aforementioned investigators dealt with the
general notion of transfer within a given cluster of objectives.

Sawada noted that, by recasting the notion of intra-
cluster transfer into Piagetian temms, the question of transfer can
be couched in terms of conservation (irvariance) over the cluster
(matrix). He also noted that any viable theory of sequencing also
would have to attend to the problem of going from one cluster to
another; that is, inter-ciuster transfer. It was this latter issue
to which Sawada addressed himself--by drawing from Piaget's theory
of the davelopment of intellige .ce in children. To be more specific,
Sawada was primarily concerred with the construction of a Piagetian
model for building systems of objectives that explicitly provide for
both intra- and inter-cluster transfer, the basic constructs of the
model being operational reversibility and composition. The appeal
to Piagetian theory of intelligence was based on the idea that when
reality is organized into a system having basic structural similarities
with the structure of the learner's intelligence, then the learner will
pe more apt to be able to cope with the reorganized reality than he
would otherwise.

In an effort to begin to explore the tenability of the fore-
going hypothesis, Sawada concentrated his study on an investigation'of
sub-hypotheses reiating specifically to reversibility, while Hopkins

examined a set of specialized compositions.
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6.3 The Choice-Behavior Study.

Another class of potentially fruitful investigations was
opened by Hostetler [13] who conducted a study in the generai area of
learner choice-behavior. The major kinds of questions t' .t Yostetler
raised were as follows:

(1) How does presentation erder affect the choice of
an algorithm to solve a prcblem when two (or more)
algorithms have been taught for solving tne specified
type of problem?

(2) How is choice-behavior affected by knowledge of the
fact that the scopc of applicability of one algorithm
is aveater (or less) than the other?

It is interesting to note that all of Hostetler's hypotheses were strong-

ly rejected; indeed, their negations would rave received strong support.

6.4 The Research Studies in Perspective.

The paradigm-1ike conceptual framework that generated the
research complex under discussion focused attention on instructional
objectives, instructional procedures, and the relations that 1ink the
two. The deductive structure of scientific systems, in conjunction
with the methodologies for providing empirical interpretations of the
abstract systems, constituted a model for developing systems of instruc-

tional objectives, systems of procedural statements, and systems of
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instructional hypotheses. The conceptual framework directed attention
to extra-logical language development as well as to logical aspects

of curricular structures and empirical test; it also established
rigorous evaiuative standards as consequences of the requirement of
replication and the concept of curricular/instructional siructures

as dynamic systems.

The initial modes of representation and choice behavior
studies were exploratory studies not only toward the establishment
of fruitful variables with reference to sequence, but toward the
development of a powerful language for framing hypotheses; thay also
established a base for more sophisticated development of systems of
objectives, procedural statements, and instructional bypotheses. The
seco?d generation MR studies will represent an increasing level of
precision with respect to the concept "mode of representation;" that
is, future studies will continue to refine the 'anguage of "modes of
representation” and to formulate and test systems of hypotheses which
utilize the refined concepts.

Although the first generation curricular structures were
crude, the very fact that their structures weee made explicit rendered
them subject to analysis and improvement. The structure of ecurriculum
hierarchy Etudies capitalized on the richness of the first generation
MR studies, and introduced the new concepts of reversibility and

compogition. An advance of the greatest significance--in the view of
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the authors--was the idea of modeling systems of objectives on formal
properties of mathematical function (see the investigation reported
by Sawada in Volume II, this report). This conceptual breakthrough
opens new research veins to be exploited.

In summary, the authors have been impressed with the new
perspectives gained and the rapidly increasing levels of sophistication
developed over the brief period of existence of the PARADIGMS Project.
The paradigm-like conceptual framework under which the project has-
operated seems to have permitted the researchers to work under conditions
similar to those described by Themas Kuhn as "normal science." It may
be that the lessons to be learned from the history of scientific advance

do indeed provide the key to educational advance.
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PART C: PARADIGMS FOR ACTION

7. AV-PARADIGMS: A SYSTEM QF AX10LOGICAL FROPOSITIONS

The following statements constitute an attempt to specify
a congictent set of crucial axiological propositions for governing
curricular/instructional actions. These axiological statements are
purposely very general in scope. As a system, however, it is intended
that they incorporate the attribute of leading to a collection of
lTower-level (axiological) consequents of considerably greater specifi-
city. The process for doing this would be similar to the one that

‘s employed in a deductive system where theorems are derived on the

ke ]

bas1s of the logical tmplications of statements of the axiom cet,

At the present stage of development o the axiological base, no clain
is made that the derivation of more specific or lower level axiomatic
statements is as rigorous a process as is found in a formal deductive
system. Furthermore, no claim is made that the specified axiological

statements are either complete or independent.

Proposition #1. Every C/I system ought to
function in such a way as to promote changes

toward a more desirable state in the client,
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Une of the major consequences of proposition #3, in conjunction with
other previously stated assumptions, is thet every C/I system should
be constructed so as to incorporate those characteristics necessary

to system improvement.

Proposition #4. Every set of C/I actions
ought be be consistent with the conditions of
(1) professional action;
(2) rational action;

(3) scientific action.

The primary effect of proposition #4 is to assure that C/I actions

are not incompatible with the research actions which accrue from the
axiological statements specified in Section 4 of this volume. As

an example of the nature of the requirements imposed by this proposition,
observe that given a set of alternative C/I actions appropriata to a
given situation, there wculd be an obligation to select that action,

if any, which is judged to be most effective. Morecver, the proposition

also would entail the obligation to provide adequate justification for

the choice that is made.
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One of the major consequences of proposition #3, in conjunction with
other previously stated assumptions, is thet every C/I system should
be constructed so as to incorporate those characteristics necessary

to system improvement.

Proposition #4. Every set of C/I actions
ought be be consistent with the conditions of
(1) professional action:
(2) rational action;

(3) scientific action.

The primary effect of proposition #4 is to assure that C/I actions

are not incompatible with the research actions which accrue from the
axiological statements specified in Section 4 of this volume. As

an example of the nature of the requirements imposed by this proposition,
observe that given a set of alternative C/I actions appropriat2 to a
given situation, there wculd be an obligation to select that action,

if any, which is judged to be most effective. Morecver, the proposition

also would entail the obligation to provide adequate justification for

the choice that is made.

66

ERIC

Full Tt Provided by ERIC.




62.

8. AL~PARADIGMS: SYSTEMS OF PRACTICAL DIRECTIVES

3.1 A Statement of Perspective.

This section is concerned with AL—paradigms. AL-paradigms
set forth the logical propositions which guide practical curricular/
instructional decisions and action. These raradigms seem to belong
to at least three different classes:

(1) Paradigms that are instructional claims or

components Of an instructional claim. These
will be called instructional paradigms.

(2) Paradigms that guide the formulation of
instructional claims cr theijr components.
These will be called formulation paradigms.

(3) Paradigms that guide the evaluation of
instructional claims or their components.
These will be called evaluation paradigms.

As previously described (see Section 2.4), an instructional
claim is a statement of the form: “Under circumstance C, course of
action A will influence (with a certain probability) pupil X to attain
set of objectives 6"

An instructional paradigm may be a component of an instcruc-
tional claim. For example, the very framing of such a claim requires

making the course of action, A, explicit. Thus, the course of action
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must ve set forth as a set of statements, S. If the instructor,

or instructional system is rational, then the various decisions and
actions of instructing will correspond to S. If'the instructional
- actions in fact correspond to S, and the circumstances, C, and
objectives, 0, of the instructional claim are properly delirested,
then there is reason to expect that the objectives wi!: be achieved
and hence that the claim can be tested. The set of statements, S,
guides the concrete instructional actions and appropriately is
labeled an instructional paradigm.

The statements of instructional objectives also must be
realized in the form of concrete tasks if the instructional claim is
to become testable. At least some tasks. then, must be justified
i directly against the set of instructional objectives. Thus, it is
appropriate alsu to view a set instructional objectives as
» constituting a paradigm that directly guides concrete instructional
decision and action.

An instructional claim, or a system of instructional claims,
sets forth a relation or set of relations conrecting three components:
ccreumstances, statemenis specifying procedures, and statements specify-
ing objectives. Not only is each component comprised of propositions
relevant +a different aspects of the concrete instructional situation,
1 but the instructional claim itself is a more complex proposition that

1inks components which consist of simpler propositions or sets of

68
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propositions. That is, the instructional claim reasonably may be
viewed as an /nutructional paradigm of quite a complex nature; its
components also are considered to be instructional paradigme, but
of a simpler type.
These notions are illustrated by the following example.
Note that the conditions of each of the three major components of
the claim are framed as propositions testable against real instruc-
tional events. If this were not so, the claim would pe empty and
there would be no meaningful way to judge the worth of the specified
course of action against outcomes.
Under the conditions that:
(1) the pupil 1s in the concrete operations
stage of cognitive development (re: Piaget
theory),
» (2) the pupil 1s characterized by properties
(sqa1y)s* (sz,rz), (ss.ra), e (sj,rj)
with reference to curricular structure S,
and, IF a couree of action defined by the following conditions is taken:
(1) the episode lojic specified in Figure 1
[this volume] 1s used for each instructional
episode,
l (2) for all episodes, the episode is implemented
in the context of a 1500 system,

*Each ordered pair (si,ri) denotes a stimulus-response pair.
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(3) the episodes are sequenced in the order
T5. T4. T3. T2. T1 where 'T' means "task

set" and where T1 satisfies the conditions

of a Sawada curricular structure (see

Volume II: Empirical Studies, pp. 561-562),

then the pupil will &ttain the objective defined by the following condi-
tioneg:
(1) given a concrete-object representation of
any fraction %-, the pupil will be able to

construct a concrete object representation of

b
m $

(2) the replacements for a, n, b, m are limited 1
to the set of possibilities defined by the 1
use of Cuisenaire rods for the concrete-

object mode of representation.

Having established instructional claims and their components
as paradigms, the question arises as to how one might go about construc-
ting these instructional paradigna. Systems of propositions specifying
techniques or standards for instructional paradigm construction could
be highly useful, although the testing of their validity would be highly
Indirect and tenuous. Such systems of propositions will be called
formulation paradigme; in the subsequent sections these will include

paradigms for CAI course production and paradigms for formulating
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instructional objectives.
| If there is a commitment to rational action, once instruc-

_ tional and formulation paradigms have been developed, then they must

statemeris to guide evaluations, or evaluation paradigms.

8.2 QL«Instructional Paradigms.

Brief syntheses of the various empirical investigaticns
conducted under the auspices cf the PARADIGMS Project were reported
in Section € of this volume, and they will not be repeated here.
Suffice 1t to say that each individual study was designed, among other
things, with the thought in mind that it might provide useful informa-
f tion leading to the construction of practical directives for guiding
C/1 actions at the level of practice.

Though it 1s nnt argued that any AL-paradigms have actually
been constructed, the results of each investigation do have implications
for the development of potentially valuable practical C/I directives.

These implications are discussed in detail in VOLUME II: EMPIRICAL
STUDIES.

8.3 AL-Formulat1on Paradigms.
] 8.3.1 An AL-Formu1at1ve Paradigm: A System of Propositions

for Formulating Instructional Objectives.

The following def1n1tions and propositions constitute a set
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of specifications to guide the framing of instructional objectives.
These specifications are intended to act as conditions against which
to judge the adequacy or inadequacy of a given set of instructional
objectives. Justification of the statements of the paradigm for

formulating objectives is provided By the preceding Av-propositions.

Definition #1. An instructional objective is

a statement of the form "X will be characierized
by property Q", where

(1) the permissible replacement set for X is a
set of clients, or pupils; and

(2) the permissible replacement set for Q is de-
fined by the combinations of cognitive, affective,
or psychomotor properties that are possible, but
not necessary, characteristics of a member of the

speéies homo sapien; and

(3) Q is relevant to societal aims for education.

The effect of i1ts logical form, in conjunction with the
requirements of the extralogical terms, is to make an instructional
objective a statement that is testable in principle. Moreover, the

state of affairs delineated by an instructional objective must be capable

of being realized in fact.
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It should be noted that an instructional objective is
a proposition. Furthermore, since we are attempting to operate under
the scientific model, and systematizatior of its propositions is a
fundamental characteristic of science, then we are concerned with
casting instructional objectives a&s coherent systems. Indeed, the
following proposition asserts that a nierarchy of related systems is

needed in order to adequately frame objectives.

Proposition #1. A curricular/instructional
system is adequate if and only if its objectives
are set forth as a hierarchy of at least two
ayateme: a first-order system in which the
objectives are set forth in terms of abstract
properties or constructs, and a second order
system in which the objectives set forth the
desired properties as operations framed in

observational terms.

Support for this proposition is provided by the AVFPraposi-
tion #¢ making it obligatory that C/I action be consistent with scientific
action. Under this ebligation, one is confronted with the problem of
bridging the gap between abstract educational aims and the real world

of pupil behaviors. The abstract objectives must be reduced to
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operations in order for reliable judgments to be made as to corres-

pondunce with observable events. Hence, at least two systems of

instructional objectives are required: (1) a first order system in

which the statements delineate the abstract aims and (2) a second
order system in which the abstract properties (i.e. constructs) of
the first order system are reduced to observable stimulus-response

pairs.

Propoaition #2. A first order system of
instructional objectives is adequate if and
only if the following conditions are satisfi-
ed:
(1) The system is a deductive system, where
deductive system entails:
a. explicit rules for forming sentences
[e.g. "X will be characterized by
Q"1;
explicit rules for judging the logical
validity of any proposed sentence [7.e.
transformation rules];
c. primitive sentences;
d. derived sentences.
The system is characterized by internal

consistency.
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(3) The system is partially justified against
a professional value system.

(4) The system is partially justified against
theoretical or technological foundations.

(5) The predicates contain only abstract terms
(e.g. particular space-time points, specific
objects, occurrences. and instances are not
permitted).

(6) The system is capable, in principle, of empiri-

cal test.

It is 1mportant to note that the structural and functional
characteristics of scientific theory have been invoked as a model for
the structural and functional characteristics of a first-order system
of instructional objectives. Under these conditions, 1t becomes possible
to explain operational (or behavioral) objectives and consequent instruc-
tional tasks. Such explanatory power is typically absent in curricular/
Instructional systems. The absence of the power of explanation of
behavioral objectives and tasks in the CAI context constitutes a defect
of crucial proportions,

Condition (3) 1s necessary under the view that all curricular/

instructional action ought to be conducted under competent and responsibie

professionals.

(0




Condition (4) guarantees a comprehensive perspective,
and is justified by A~Proposition #3 in conjunction with the earlier
Kotarbinskian analysis of the relations between a field of practice

and its theoretical anu technological foundations.

Proposition #3. A second-order system of

instructional objectives is adequate if

and only i1f the following conditions are

satisfied:

(1) Each statement of the system is an
instructional objective wh:se predicate
is framed as an ordered pair (C, P),
where C 1s a representation of a set
of test conditions or stimulus condi-
tions, and P 1s a representation of
a set of reactions or response
conditions (Z.e. formulation rule).
Predicates of tha primitive statements
of the system ccntain only abstract
terms.

(3) Transformational rules are specified for
Judging the logical validity of proposed

derived statements.




The system is characterized by internal
consistency.
Each predicate (C,P) 1s explained by some

subset of an adequate first-order system

of instructional objectives in conjunction

with a comprehensive map of the universe

cf situations to ' rich the first-order
system applies,

The lowest level derived statements are
framed in observational terms.

For each Towest level statement, there is a
corresponding set of tasks, indeterminant in

number, that can be constructed.

On one hand these conditions are Jjustified against the
conceptualizations of Rudolp Carnap in Testability and Meaning [3] and
Carl Hempel in Fundamentals of Concept Formation in Empirical Science
[8]. On the other hand, they are justified against the scientific
value of aomprehensivengss. It is freely acknowledged that certain
logical problems have not yet been ironed out; nevertheless the
methodology proposed here appears to be justifiable and has proved

useful in practice.

Construction of instructional objectives under the foregoing




propositions has these significant effects:
(1) Behavioral objectives and tasks are linked

to abstract educational aims through explicit
logical chains.
Decisions as to instructional conditions are
made deliberately on the basis of a comprehen-
sive map of maximal scope.
Totally new classes of instructional tasks
are created.
Each instructional task can be explained
against basic educational aims.
Coherence among instructional tasks can be

achieved and validated.

8.3.2 CAI Curriculum Production Paradigms.
There are a multitude of problems associated with the task
of getting course segments programmed, coded, debugged, and generally
ready for implementation on most CAI systems. In the main, the fore-

going problems can be traced to one or more of the following sources:

(1) The limitations imposed by the functiona}

characteristics of the particular computer
system that is available (Z.e. the hardware,
1tself);
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(2) The limitations imposed by the functional
characteristics of the author languages, and
other attending software, available for course
preparation and presentation;

(3) The 1imitations imposed by the non-existence
ot a validated pedagogical knowledge structure

relating C/I actions and learning outcomes.

The sources of difficulty cited in item (1), although out-
side the major concern of the PARADIGMS Project, are perhaps the most
worrisome to educa~ionists--since they (educationists) are basically
unable to exert direct control over the .characteristics that are
indigenous to a particular computer (CAI) system. In any event, every
CAI configuration imposes a set of restrictions on curriculum developers
which has the effect of placing bounds on the range of instructional
moves open to them. Such a restriction would be serious under conditions

where a particular set of C/I actions were called for (in order to

~achieve a specified objective), but could not be performed because the

CAl system did not incorporate the characteristics necessary to be able
to do so. At the present time, the problem is tempered somewhat by

the unavailability of practical directives (AL-paradigms) for guiding
instructional actiors,* and hence a tendency on the part of CAI

curriculum developers to "bend" to the technology. In the view of the

*This matter was discussed briefly in Section 8.2.
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PARADIGMS Project; this is an unfortunate state of affairs that can
be rectified only in the presence of a serious and disciplined effort
to construct AL-paradigms of the type mentioned above.

The sources of difficulty cited in 1tem (2) also fell
outside the scope of the PARADIGMS Project, and hence were not explor-
ed in any formal way as part of the work of the Project. It should
be pointed out, however, that the design of author languages 1s a
crucial factor in deciding whether CAI course segments can, in fact,
be developed so as to conform to the requirements specified by the
paradigms which have been constructed. In Section 7, for example,
proposition #2 suggests that every C/I system ought to function in
such a way as to allow the client freedom to bé a rational agent
relative to the actions of the system. Some author languages as normal-
ly invoked, @.g. COURSEWRITER, are in clear violation of this value
statement. This 1s, in the view of the PARADIGMS Project, but one
of a number of serious "software" problems that can, and should, be
given serious attention by specialists in the field.

The difficulties specified in 1tem (3) above have been
discussed extensively in other sections of this Report, and these
arguments will not be repeated here. Suffice it to say that a validated,
pedagogical knowledge structure relating C/I actions and learning out-

comes cannot be constructed "overnight." In recognition of this fact,
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procedures for constructing CAI course seiments were directed toward
the formulation and documentation of (untested) C/I rules and logics
that at once incorporated the attribute of permitting swifter and
more efficient CAI course construction, as well as the attribute

of pointing up a whole host of fundamental C/I {issues that need to
be carefully examined.

Specifically, all CAl course segments were conceptuali-
zed as consisting of a collection of what are termed iustructional
epigodec --where an episode is considered to be a basic unit of
instruction. A1l episodes were constructed in flow chart form. For
purposes of 1llustration, a sample episode is displayed in Figure 1.
The value of constructing episodes in the form of such flowcharts
rests in the fact that the episodes cannot be developed in the
absence of giving explicit attention to the nature of the instruction-
al rules being employed. Furthermore, the flowcharts also serve as
an ideal form of documentation--not only of the actual communications,
but of the instructional logic, in toto, (feedback rules, etc.) that
has been employed.

The instructional logics employed in the construction of
curricular episodes, of course, must themselves be subjected to critical
analysis, though such investigations were not undertaken as part of the

|

t
the investments made by the PARADIGMS Project to develop improved
PARADIGMS Project. In the work of this project, however, certain logics
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seemed to have rather wide applicability, and hence became somewhat
standardized. This fact was capitalized upon by the PARADIGMS curri-
culum programmers and coders--enabling them to sfignificantly improve
the speed with which they could write instructional sequences and

get them ready for system presentation.*

8.4 An A -Evaluative Paradigm: A Svstem of Propositions to

Guide CAI Evaluations.
A third class of AL-paradigms to be considered for use

pertains to the issue of evaluation of actions within the C/1 domain.

o I S Y T

The so-called AL-evaZuatiue paradigms that have been formulated are
stated as a system of propositions. Before stating them, however, the

meaning and purposes of evaluation should be clarified.

Definition of Evaluation. A set of actions, E, 1s evalua-
tion 1f and only if
1) E 1s performed in the presence of an
explicit criterion;
2) E includes assignment of a value term
to an object or event where the basic

value terms are good, fair, bad, or

approximate substitutes; 1

¢
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3) E includes justification of the value

term assigned.

*The interested reader should consult VOLUME III of this report: COMPENDIUM
OF CURRICULAR MATERIALS, which consists of a "hard copy" version of virtually
all of the instructional episodes that were constructed.
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C/I system are to

1) determine the efficiency, effectiveness,
power, and economy associfated with tue
£/1) system;*

2) provide the bases for increasing the
efficiency, effectiveness, power, and
economy associated with the (C/I) system
(this requires identification of weakness-
es and formulation of recommendations for

changing the internal state of the program).

Proposition #1. An adequate evaluation system
will take into account at least 1) the founda-
tional Av-paradigms. the directive AL-1nstruct1on-
al paradigms, and the message sats from the
operating C/I system to the puptl, and conversely;
and 2) the relations among those foundational,

directive, and operating systems.

Proposition #1 requires that evaluation in the C/I domain
be comprehensive in the sense that value statements, statements of

v

*The meanings of the terms "efficiency," "effectiveness," "power,"

and "econony" are included as an aspect of the discussion following

Purposes of Evaluation. The purposes of evaluating a
[ the statement of Proposition #3, page 82.

.
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objectives, procedures, instructional claims, C/I system--pupil
interactions, and their various interrelationships are examined and
judged. Justification for this proposition is supplied by Ay
Propoaition #d, which requires that all C/I action be consistent with
the conditions of scientific action.

Since even the initial postulates of a scientific system
are considered fallible, and all lower level statements, measurements
and observations as well, then none of these various statements or ‘
activities are beyond the range of scrutiny and judgment. The pro-
posed proposition merely subjects the full range of C/I statements

and activities to similar assessment.

{ Propoaition #2, An adequata «v Juation system
will invoke criteria of at least each of the
following types:

(1) coherence;

(2) status of the C/I system (e.g. has it the
properties of an empirically testable
system?);

(3) potential for contributing to C/1 advance;

ate .

(4) empirical test.

PLLEYV S KT N T

Proposition #2 also 1s justified by A, ~proposition id.

The types of criteria set forth in the preceding statement are those
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delineated by Karl Popper in The Logie of Soientifie Discovery [21]
and discussed in Section 4 of this volume.

Coharence implies logioal oonaiatency among statements
and interrelatedness among elements. If one A,-statement contradicts
another Av-statement. then commitment to both is empty for realization
of one corresponds to failure to realize the other. Inconsistency
between Av-statements and AL-statements also makes it impossible
to realize the Av-statements.

The second type of criterion is concerned with whether a
C/T system is testable in principle. The statements might be tautologi-
cal, fcr example, and provable on the basis of logic alone; that is,
they may have no empirical import in which case they would be of
11ttle interest as the values, objectives, directives, or claims of
a field of practice.

The third type of criterion is concerned with the "so
what?" question. Tor each new or proposed curricular/instructional
system, including these of the CAI variety, those who are proposing
its use should be able to make a strong case to support the belief that
its properties are significantly different from those of existing systems
and can be expected to lead to some non-trivial improvement. The
methodology for the third kind of assessment normally will include
comparisons with existing systems, carried out in rigorous fashion.

The embarrassments that would result if curriculum builders and

o Wine i ATAR D e AN A T,
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users characteristically were expected to Justify the expectation
of advance are at once both alarming and amusing to contemplate.

The fourth type of criterion is that of empirical test.
Empirical test should include examination of correspondence between
claims and occurrences. It also should include tracing the pattern
of change on a number of significant criteria as the curricular/

Instructional system is modified.

Propogition #3. An adequate evaluation
system will yield at least judgments of
effioiency, effectivencss, power, and
economy; and the trajectories relative

to these criteria.

The conditions of proposition #3 can be justified directly
against the specified Furposes of C/I system evaluation and indirectly
against che Av-propositions.

Although there exists a clear obligation to define efficiency,
effectivenegs, power, economy, and trajectory, it will suffice for present

purposes to provide some loose pointers as to how those terms are being

used.
Efficiency means roughly the probability of attaining an
objective if a particular course of action is taken. If a C/I system

1s deliberately changed in a way such that a distinctly higher proportion
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of students attain a particular objective, then that condition will

be said to constitute an advance in the program's egfficiency.

Of course, a C/I system is a complex system concerned
with influencing students to attain a complex set of objectives.
Changing a C/I system to increase 1ts efficiency relative to one ub-
Jective may have the side effect of a decrease of efficiency relative
to some other objective. The problem then becomes one of deciding
which objectives shouli be assigned the highest values (importance),
and of deliberately increasing efficiency relative to important
objectives while perhaps paying the cost of reduced efficiency relative
to less important objectives. A measure of effeotiveneas must take
into account the various C/I system efficiencies relative to some
set of objectives 1n conjunction with the values assigned those
objectives. That 1s, effectivensss loosely mesns combinad weighted
effioienoies. If a C/I system 1s dclicerately changed 1n .a way such
that the combination of weighted efficiencies is increased, then an
advance in effectivenese will be said to have occurred.

Power 1s assessed in terms of the scope of applicability
of the conceptual syste: represented by the C/I system objectives.
Power is a function of the utility of that conceptual system 1in
generating new information or in Judging the validity of decision or
action, Advance in power can occur in two ways: 1) by utilizing new

knowledge external to that already available in the C/I system
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structure or evaluations of the progrém and 2) by re-defining pasic
C/1 system concepts or by specifying a new set of relations among
those basic concepts.
The concept of ecomomy 1s a tremendously complex one
that is the object of future development and merely will be introduced
here. For example, an advance in economy will be said to have occurred
in the presence of either one of these conditions:
(1) There 1s a decrease in time required
while efficiency, effectiveness, coherence
and power remain constant or increase;
(2) There is a decrease in cost while time,
efficiency, effectiveness, coherence and
power are held constant (or while time is
not increased and efficiency, effective-

ness, coherence and power are not decreased).

Economy 1s a concept which extends far beyond the bounds
of time and cost considerations, however. For example, the economy of
a C/I system might be assessed in terms of the power obtained in relation
to the degree of simplicity of the predicate bases of the system [22].
As advances are made in spelling out the structural relations of
adequate C/I systems, it will become possible to cash in such extensions

of economy and cther complex concepts of significance.
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Under A~proposition #3, "Every C/I system ought to be
subjected to a non-terminating set cf adjustments aimed at system
improvement." Fulfillment of these conditions will result in dis-
tinguishable C/I system states, SJ. ¢ different points of time or
on different occasions, OJ° The relation between the system state

and occasion 1s defined by a set of ordered pairs

{815 09D (S5, 0p), (S50 0g)y vuvy (S0 003 .

This set of ordered pairs is called the trgjectory of the C/I system.

Similarly, for each set of students interacting with the
C/I system, there is an associated set of <nitial characteristics,
C1J. called inputs. There is also an associated set of terminal
characteristics, CoJ’ called outputs. The trajectory of inputs is
defined by the set of ordered pairs

{(Ci1.01). (C12. 02). (C13. 03). ¢e sy (C1n. On)} .
The trajectory of outputs is defined by the set of ordered pairs

{(C°1’ 01)’ (COZ’ )2)’ (c°3l 03). LR (con’ on)} .

85.
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If the student characteristics are measured in terms of
attainment of a single objective, then a probability statement, :.r
efficiency function, can be specified which relates the objective,
the C/I system state, and student performance. As student sets
interact with each system state, and as the C/1 system is identified
by different distinguishable states, a set of efficiency functions
can be generated for each objective and each state. Moreover, a
trajectory of effieciency for each objective 1s obtained which traces
the C/I system progress relative to that objective.

In analogous ways, though more complex and subjective,
the trajectories can be developed relative to the other output

criteria as well as input-output relations.

9. AK-PARADIGMS: SAMPLE CAI CURRICULAR SEGMENTS

Sample CAI curricular segments corresponding to particular
sets of AL-paradigms are provided 1n VOLUME III of the report of the
PARADIGMS Project: COMPENDIUM OF CURRICULUM MATERIALS. For a full
understanding of the conditions employed in the construction of the
various segments which are displayed, it is necessary to consult the
investigations reported in VOLUME II: EMPIRICAL STUDIES.

RO E ks AL SRR R 1 W L s ek A0 et W e DB 1 pa weh s
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PART D: EPILOGUE

10. GOALS, ACTIVITIES AND PRODUCTS OF THE PARADIGMS PROJECT.

The primary mission of the PARADIGMS Project was to explore
the conditions and requirements which must be fulfilled in order to
design potentially fruitful paradigms for guiding the development
of curricular materials--with particular reference to those intended
for CAI presentation. Simply put, the major concerns centered around
questions about how to develop, evaluate and improve CAI curriculum

materials, and to make reasoned and defensible Judgments about their

worth,

The strategies employed to deal with the foregoing {ssues
consisted essentially of endeavors to construct paradigms for 1) cuiding
practical action within the curricular/instructional domain (called
action paradigms), and 2) advancing the conceptual (krowledge) founda-
tion upon which to base (formulate and justify) such practical actions
(called research paracigms), as well as to attempt to clarify the
family of special meanings and significance attached to the term "paradigm”
1tself. Furthermore, the aforemeniioned paradigms were framed under an
integrated complex of axiological, conceptual, and methodological
conditions analogous to those employed in a paradigm of (normal) science

(in the Kuhn sense)--the major benchmarks being 1) the concept of rational
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action, 2) the essential characteristics of science with reference

to its aims, methods of inquiry, and methods of evaluation, and 3)

the concept of & censistent value system and its role in the determina-
tion of practical actions.

The activities of the PARADIGMS Project, therefore,

consisted of attempts to advance on three major fronts:

1. Philosophical studies were undertaken in an
effort to construct a comprehensive conceptuai
framework under which the activities of the
Project would be conducted--one that would
guarantee their coherence and potential for
impact. The philosophical studies that were
conducted are reported in this volume of the
Report of the PARADIGMS Project.

2. Empirical studies were undertaken to serve
either as exemplars or as empirical tests cf
the validity and merit of the constructions
laid down as part of the aforementioned philoso-
phical studies. The empirical studies that
were conducted are reported in Volume II of
the Report of the PARADIGMS Project.

3. Curricular (CAI) segments were developed so as

to conform to requirements imposed by selected
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philosophical constructions, and hence

permit tests of them, Volume III of the
Report of the PARADIGMS Project consists of

a "hard copy" version of virtually all of the

CAI course segments that were developed.

11.  IMPLICATIONS

The perspectives of the PARADIGMS Project regarding research
and development within the curricular/instructional domain entail a
multitude of implications; accordingly, in the remaining paragraphs,
an attempt is made to summarize the major arguments which have been
presented together with a brief assessment of the consequences of
their acceptance.
(1) Much of this volume was aimed at the problem
of articulating the need for the development
of a variety of types of paradigms for guiding
research and development within the C/I domain
(including CAI)--as a necessary precursor to
advance in the field. Efforts were made to
formulate classes of paradigms that not only

permit specialists to be able to distinguish

94




©

ERIC

Aruitoxt provided by Eic:

(2)

(3)

among the fundamental C/l problems that

need to be studied, but that at the same

time have the attribute of preserving

their interrelationships.

The point of view has been presented that
curricular (including CAI) construction,
programming decisions, and evaluation are
professional matters. This view links
curriculum construction and assessment not
only to the pragmatic base of a profession,
but to the axiological and conceptual bases
as well. This idea requires a much more
comprehensive perspective particularly rela-
tive to CAI curricular construction fer, as

a result of it, explanation and justification
of programming decisions becomes a far more
critical consideration than would be the case
where technicians (non-professionals) are
engaged in curriculum construction activities.
Under the concept of CAI as a professional
endeavor, it is necessary to articulate and
Justify the values under which curriculum

development and programming are conducted.
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(4)

These values must be examined for compati-
bility with the values of the teaching
profession at large. Also, there are entailed
the obligations of a) assessing the log%cal
consistency of the values that are articulated
and checking the consequences of operating
under those values, including side-effects,
and b) attempting to engage in efforts toward
continuing improvement of the value system
governing CAI. ¥

Under the more abstract propositions proposed
by the PARADIGMS Project, much more precise and
comprehensive documentations are demanded in all
phases of C/I (including CAI) activity. These
documentations must include:

a) setting forth instructional objectives
and the logical relations among them;

b) explicit articulation of the instruction-
al theorems or rd]es that guide task
construction, sequencing, and implementation;

c) explicit articulation of the instructional
claims that are'be1ng made, <including the
circumstances under which the specified

relations are believed to be valid; and

9.
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d) complete episode logics and programming

constraints.

Generally the principies of the PARADIGMS Praject
require a much greater degree of openness and honesty
in setting forth ones claims as well as the information

necessary to be able to subject them to critical examina-

tion.

(5) The concept of a paradigm of education having
characteristics analogous to those of a paradigm
of soieénce carries the connotation of common
values, common language, common problem areas,
and common ways of evaluation. Therefore, an
educational paradigm, as conceived in this
project, is both a research generator and a
curricular generator. Under these conditjions
it 1s possible for researchers to utilize each
others' information, and for curriculum builders
to utilize information of the researchers. When
these circumstances prevail, in fact, with
reference to the field of CAI, then advances of

great magnitude reasonably can be expected.
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