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at Is (and Isn't) Instructional Science?

Instructional Science is a very young discipline that
is concerned with understanding and improving the process of
instcuction. It's major purpose is to prescribe optimal
methods to bring about desired learning. It is an applied
science that represents a bridge beetween learaing theory
and instructional practice.

Instructional science is much like the applied

science of medicine. That science is concerned with
developing optimal methods for curing different types of
diseases. In a similar way, instructional science is

concerned with developing optimal methods for curing
different types of ignorance. Medical science is different
from biology, although much of it 1s derived from biology.
Similarly, the science of instruction is different from the
science of learning--i* is concerned with what the teacher
should do (or textbook, or computer-assisted inst+ uction, or
project, etc.) rather than with what the learner does.
Naturally, however, many principles in the sclence of

instruction have been derived from principles in the science
of learning.

Finally, the science of medicine is different from
the practice of medicine, although it plays an important
rvle in good medical practice. Similarly, instcuctional
soience is different from instructional practice (or
instructional development) in that it is concerned with what
the instruction should be like rather than with how to make
it that way (i.e., the practices and procedures for actually
doing or making the instruction). Instructional scientists
who  are developing the discipline must draw both on
educational practice (an inductive appcoach) and on a
variety of related disciplines (a deductive approach), such
as learning theory, cognitive theory, communication theory,
and motivaton theory.

wWhat Are Some Agglications?

Instructional science is concerned with wmaking
textbooks better at teaching knowledge and skills of all
kinds. 1t is concerned with helping teachers to give better
class presentations, better oral responses to student
questions, and better explanations to slow students who need
individualized help. 1t is concerned with making
educational films and TV prugrams better. all of these and
many other concerne for the "petterment®” of public education
entail improving the effectiveness, efficiency, and
motivational effects of instruction.

But the need for better methods of ingtruction does
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not in and end with public education. Adult (or
continuing) education and distance learning (e.9.,
"corcespondence” schools) nced better methods of instruction
to prevent attriticn. Businesses and the military need
better methods to rtaduce the asount of money and employee
time needed for job training. The medical profession needs
better methods of instruction for effective patient
education and for professional training. Special education
needs better methods of instruction to bclg teachers cope
p:oducttvclxnd with physically and mentally hand icapped
children. - the list goes or and on. All indications are
that, as our technological society increases its rate of
change, education and training will Dbeconme increasingly
important, and there will be an increasing need to make our
mechods of instruction more effective, efficient, and
sotivational.

What Is Needed Mow?

In sum, the discipline of Instructional Science is
concerned with improving instruction in all kinds of
sottings in a direct and immediate way (unlike learning
theory, which wusually crequires consideradble creative

interpretation and translation to be useful in prescribing
methods of instruction). But instructional science is a
very young and immature science. It has not yet been
develo sufficiently to make the magnitude of contribution
tgat s 1no:clg needed. I: tac:. the d:octpltgekhaolzscn
characterize y the generation of much piecemeal know (]
within decidedly antagonistic camps (ecpecially bBehaviocist
and cognitivist) ever since the pioneering work of Skinner
and Bruner (whose intellectual heritage can be traced to
Thorndike and Dewey, respectively). George Gropper (in
press) has obgerved in a discussion of the discipline that °
<« there is no collegial, or even competitive, building of
a common knowledge base with individuals making incremental
contributions to it. Instesd there are as many 'knowledge
bases' as there are contributors. Such profusion, if other
sciences serve as a guide, does not argue for the maturity
or sophistication of the discipline.”

There is indeed some truth in all theoretical
pecspectives. Bach theory (or "knowledge base®) provides a
partial understanding of the real world of imstruction in
auch the same uug that each window in an unknown house
provides a partial understanding of what the inside of the
house is like. BSome theories 100k at the same room through
different windovs (i.e., from different theoretical
perspectives), while others 1look at completely diffaerent
toons (i.e., different types of objectives--e.g., teaching
students how to discover natural laws vs. teaching them how
to apply the second law of thersodynamics). One of our
greatests needs at present is for instructional scientists
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to recognise that there are different rooas in the house and
that it is helpful, if not essential, that we look through
more than one window of each roos in order to get a complate
picture of ‘hat each room is like. Only in this way can we
proceed to build a common knowledge base. Hence, & top
priority for all instructional scientists should be (1) to
talk in .terms of describing individual rcoms insteald of
claising to be describing the Whole house, (Z4) to clearly
identify which room is being described, and (3) to use all
windows in a room so as to arrive at the best possible
description of that room. Another of our greatest needs is
(4) to attempt to intearate the destriptions of the
individual rooms into a description of the wholie house 8o
that we will know how to use more than one "room® in the
sane piece of instruction.

Instructional science must be able to prescribe
specific methods for optimising different kinds of outcomes
n the same plece of instruction, from such generic skiils
as being able to solve problems, being able to discover
relationships, and being able to reason logically, to such
content-specific skills as being able to recall a certain
fact, being able to classify c¢xamples of a specific concept,
and being able to follow a specific procedure. It will be
helpful in describing each room if we recognize that all
rooms have floors of some kind, walls of some kind, doors of
some kind, lights of some kind, etc. Similarly, it will be
helpful for p:eoc:tbtnz specific methods for optimizing each
kind of outcome if instructional scientist recognize that
achieving each of those kinds of outcomes requires some
method components that contribute to optimizing the
effectiveness of the instruction, others that contribute to
opinizing the efficiency of the instructon, and still others
that contribute to optimizing the appeal of the instruction.
It is also important to recognize that they all have some
method components for organizing the instruction, (often
called instructional strategies), others for delive:tni the
instruction to the learner (e.g., media), and s others
for, manaqi the learner's interaction with the
o:qant:ai!onai and delivery aspects of the instruction
(Reigeluth & Merrill, 1979).

The purposes of this paper are twofold: (1) to
encourage individuals in the discipline to think in terns of
contributing to a "collegial, or even competitive, building
of a common knowledge base® by doing the four activities
mentioned agbvc. end (2) to briefly describe three recent
attempts to do exactly that.




egra- ve Models of Instruction

Dbca., the pest six or seven Yyears, substantial
knowledge about learning, motivation, and instruction has
been develo in the form of principles of instruction:
and better instructional strategies have been developed for
use in designing instruction. But, as wvas mentioned above,

‘this knowledge has been either too piecemeal or too vague to

be very useful to practitioners--teachers, textbook writers,
instructional developers, and the 1like. During the past
five Yyears three important efforts have been undertakea to
integrate a substantial amount of our existing knowledge
(and to extend that knowledge where important gaps were
found) into prescriptive models of instruction. The
development of these Enoi:uc%!onai nodels (each of which is
designed to optimise instruction on a different type of
objective or goal) has drawn heavily on such diverse ficlds
as cognitive science (especially information processing
theory, artificial intelligence, schema theory, subsumption
theory, and the structure of memory), behavioral learning
theory, :zoteno theory, cosaunications theory, motivation
theory, and educational practice.

There are at least two major types of design
considerations: (1) micro considerations, which apply to
teaching a single idea (such as the use of exanples and
practice)s and (2) macro considerations, which apply to the
teaching of ma feiated ideas (such as seguencing and
systematic reviev). About six years ago M. D. Merrill end
his associates bozan to integrate much of the existing
knowledge about miczo design considerations (for single
ideas) into six mujor models of instruction. Those models,
:Ionq :gthcp:clc:Agtggnolto:,;bctt op:::al :oc. ace :c!c:rgd

o as the nen spla eoE*. ut four years ago C.
N, Rclgoluig a%! H. D. ﬁ‘::l;; and their associates an to
integrate nmuch of the existing knowledge about macro design
considerations (for many crelated ideas) into three models of
instruction. Those models, along with prescriptions for
their use, are referred to as the Blaboration Theory of
Instruction. These two sets of models are p:xna:lf§
concerned with strategies to optimisze the effectiveness and
efficiency of instruction (although the Blaboration Theor
also devotes a moderate amount of attention to motivationa
considerations). Also, about two years ago J. M. Keller and
his associates began to integrate much of the existing
knowledge about considerations for the motivational design
of instruction on both the micro and sacro leveis. iuese
models are still in preliminary stages of development but
show great ¥:0lloc for the discipline. These three sets of
instructional models are briefly described below. :

What Is the Component Display Theory?

Morrill's Component Diopll¥ Theory (Merrill, in
press; Nercill, Reigeluth, & Paust, 1979; Merrill, Richards,
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Schmidt, & Wood, 1977) 1is a prescriptive theory that was
developed to integrate existing knowledge about micro design
considerations (i.e., considerations for teaching a single
idea). It is comprised of (1) six models of instruction,
each of which can be used in varying degrees of richness,
and (2) a unigue system for prescridbing those models on the
basis of the kind of objective for an idea. The degree of
richness of each model is then prescribed on the basis of
the difficulty of the objective in relation to the ability
level of the students.

Bach of the six models of instruction integrates
knowlede about how to optimize instruction for one of six
kinds of objectives for any given idea; and each kind of
objective corresponds to a different 1level of cognitive
processing for any given idea. The most fundamental
difference is between objectives requiring recall, those

requiring application, and those requiring discovery.
Another difference is between recall objectives that require
verbatim recall and those that reguire paraphrased recall.

e third and final difference is between objectives that
require recall of specific instances (or cases) and those
that require recall of generaiities (which apply to more
than one case and make no reference to any specific case).
To summarize, the six kinds of objectives are: (1) remember
an instance verbatim, (2) remember an instance paraphrased,
(3) remember a . generality verbatim, (4) remember a
generality paraphrased, (5) apply a generality to “new"
instances, and (6) discover a "new" generality. BEach of
these six kinds of objectives requires ditferent
instructional strategies to optimize learning at that level
of cognitive processing.

Por the most common kind of objective--applying a
generality to “"new" instances--this theory calls for
presenting three major strategy components: (1) a

eneraltiy, such as the statement of a principle or the
ae!InIEIon of a concept, (2) examples of the application of
that generality to specific instances, such as
demonstrations of the principle or examples of the concept,
and (3) practice in applying that generality to new
instances, such as solving a new problem or classifying a
nev example of the concept. The practice should always be
folloved with feedback as to whether the student's answer
was zight or wrong ana why. The examples and practice items
sho'ld be different from each other in as many wvays as the
student is ~ilikely to encounter in the real world; and they
should be arranged in a progression of difficulty from easy
to difficult (which may include varlation in response mode
as well as manipulation of variable attributes). Also the
generality, examples, practice, and feedback should all be
clearly separated and labeled, as opposed to being in a
con:tn:ouo prose passage, in order to facilitate learner
control.
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Learner control (Merrill, 1979, in press) is the
Component Dioplay Theory's eolution to the problem of
individua) differences among students and hence is its way
of cost-effectively individualizing the instruction. It
requires some brief student training in (1) the nature of
each strategy component and (2) the way in which each
componant helps the student to learn (i.e., to overcome a
Sifferent kind of learning problem). With such knowledge,:
the student is well eguipped to pick and choose from the
"menu® (primarily the generality, the examples, and the
s:acttce items) to make his or her optimal instructional

esign. Por example, rather than designing “visual®
instruction for some students and "verbal® instruction for
others, you should make both representations available to
all students, along with some knowledge about what to pick .
and choose when, rather than studying everything. (It is
clso likely that the vast majority of students are not
strictly varbal or strictly visual and can therefore benefit
f:ou’ having both available if the objective is a difficult
one.

In order to increase the richness of this model, you
could increase the number of examples and practice items.
You could also enrich each of the three major strategy
components (generality, examples, and practice) with such
secondary strategy components as (1) an alternative
representation (e.g., a diagram, picturse, or flowchart),
ané?o: {2) an attontton-focuctni dovice (e.g., underlining,
exploded diagrams, or contrasts with common errors). The .
richest version of this model would include a very large
number of examples and practice items, as well as both of
the secondary strategy components described sbove (plus some
that have not been mentioned here). But for an easy
idea/objective in relation to student ability, the
generality alone might be enough.

Space limitations do not allow us to describe the
specific nature of, or specifications for, each of these
strategy components, nor does it allow us to describe any of
the other five models comprising the Cosmponent Display
Theory. Hovever, an inspection of the articles referenced
sbove will reveal that Jjust this one instructional model
from the Component Display Theory incorporates work by
Bruner (alternative representations, especially enactive,
iconic, and symbolic), Glaser and Homme (ruleg--or
rule-example--as generalities and examples), Skinner
(shaping in the form of progression of difficulty, and overt
responses in the fora of practice), Rothkopf (mathemagenic
informaon primarily under the rubric of attention-focusing
devices and the nature of the practice items), Kulhavy
(feedback for practice), Born (information mapping for
separating and labeling the strategy components), Gropper
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(stimulus properties and response modes), Markle, Merrill,
and Klausmeir (strategies for teaching concepts, especially
instance divergence--examples and practice items as
different as possible from each other--and "matched” or
“close-in" nonexamples--instances which demonstrate common
errors, specifically overgeneralization in the case of
concept learning), to mention just a fewv of the most
p:g-incnt people whose work is integrated into this one
model.

An inspection of those articles will also reveal the
influence of the prose learning people (especially Rothkopf
and Frase), the taxonomy people (especially Gagne and
Eloom), and the structure of memory people (especially
Kintsch and Norman) in the derivation of the six kinds of
objectives based on different levels of cognitive processing
(including both storage and retrieval). Although the
Component Display Theory integrates much existing knowledge,
it is also important to point out that some of it was
developed independently by Merrill and that a considerable
amount of “new” knowledge was developed by Merrill as he
encountered gaps in the existing knowledge necded to fora
such an integrative and complete set of models for diffecent
kinds of objectives. The classification of objectives
according to both content type and perforsance level is oOne
example of such original work.

It is wvery difficult to do justice in such short
space to an instructional theory that synthesizes so much
knovledge about 1learning and instruction. Por wmore
information, the reader is referred to Merrill (in press),
Merrill, Reigeluth, and Faust (1979), and Merrill, Richards,
Schmidt, and WVood (1977). The individual strategy
components in each model have undergone considerable
empirical testing in controlled settings. . This body of
research has shown significant differences for all of these
gtrategy components (see Nerrill, Olsen, & Coldeway, 1976,
for a ceview). However, no research has been done to test
each whole %Qg!l to determine the relative importance and
the interactive and duplicative effects of each of the
strategy components comprising each of these six models.

The Blaboration Theory of Instruction

The Reigeluth-Merrill Blaboration Theory of
Instruction (Reigeluth, 1979; Reigeluth,.1980; Reigeluth,
Merrill, Wilson, & Spiller, in press: Reigeluth & Rodgers,
1980; Reigeluth & 8toin, in press) is a prescriptive theory
that was developed to integrate exist’ng knowledge about .
pacro design considerations (i.e., for many related ideas).

also considerabl extends that knowledge where
_ deficiencies were found. It is a majot attempt to use both
o an analysis of the structure of knovledge and an

T . . .
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understanding of cognitive processes and learning theories
to design strategies for selecting, sequencing,
synthesizing, and summarizing the content for a course. It
states that, if the instruction is designed according to the
appropriate model, then that instructon will result in
improved levels of achievement, synthesis, retention,
transfer, and motivation.

Most instructional design experts have been using a
hierarchical task analysis procedure based on Gagre's
cumulative learning theory. But the hierarchical, learning
prerequisite relatiunship is only one of four major kinds of
relatonships in cognitive subject matter (one of four meior
XKinas or knowledge structures). And the process i
“cumulative learning® is only one of several major kinds .¢
cognitive learning processes. Another major Xkinad of
cognitive 1learning process is represented by schema theory
ard its close cousin, subsumption theory. The formation of
stable cognitive structures through successive
differentiation has been almost totally ignored in current
instructional practice, in spite of the monumental
pioneering work of Ausubel.

The elaboration theory integrates both of these major
kinds of cognitive learning processes (cumulative and
subsunptive) and all four major kinds of knowladge
structures into three models of instruction. It also has a
system for EreccrISIng those models on the basis of the
goals for the whole course of instruction. Goals are
classified as three types, and each type reguires the
formation of a different type of cognitive structure to
optimize achievement of that type of goal. In all three
models a subsumptive (or general-to-detailed) sequence is
used to optimize the formation of stable cognitive
structures. However, the way the subsumptive sesquence is
operationalized varies considerably from one type of
cognitive structure to another. These operationalizations
represent a significant departure from Ausubel's
instructional model (while still implementing his learning
theory), especially in their attention to information
processing theory and to Gague's hierarchical theory of
learning. Unlike the Component Display Theory's models,

only one of these three models would be used for any given
course.

In all three models, the instruction begins with a
szecial kind of overview which (1) is derived on the basis
of a single kind of knowledge structure and (2) epitomizes
that knowledge structure rather than summarizing the course
content. (“Epitomizing® means providing concrete instances
and practice items as well as genera!itieo for a few
fundamental and highly representative ideas, whereas
“summarizing® mean3 providing only abstract generalities for
all major topics.) Then the instruction proceeds to add




detail or complexity in "layers" across the entire breadth
~f the content of the course, one layer at a time, until the
desired 1level of detail or complexity is rezched. Leacrning
prerequisites are introduced only as they become necessary
within each layer.

Bach =xodel is adjusted in certain ways to make it
appropriate for the ability level of the students and the
coaplexlt¥ or difficulty of the content. Por instance, the
amount of material between review-and-syntheais comgonent:
is adjusted to represent an “optisal learning load, which
varies depending on the difficulty level of the content in
relation to the ability level of the students. Considerable
detail has been vorked out on the nature of each model, and
even on the procedures for designing instruction according
to each model (see the above-referenced papers). But
reseacch on individual method variables cosmprising the
models is practically nonexistant, and no research has been
done to test each whole model to determine the relative
importance and the interactive and duplicative effects of
each strategy component comprising each model. Nonetheless,
due to their firm foundation in learning theory, cognitive
theory, and the structure of knowledge, and due to their
intuitive appeal to educators, we are optimistic about their
potential for significantly improving the effectiveness ané
appeal of instruction. .

Motivational Design of Instruction

In addition to these two instructional theories,
valuable work has bean done recently on the motivational
design of instruction (i.e., prescriptions” for the
improvement of the motivating characteristics of any g.ven
ingtruction). John RKeller (1979) bas done some very
integrative and highly innovative work in developing a
descriptive theort of motivation as it relates to
instruction and per%ornance. This work integrates knowledge
about motivation from the full range of theoretical
traditions, from pure behavioral to pure humanistic.

On the most general level, Keller's theory postulates
that motivation is a function of person variables and
environment variables. Therefore, it draws on envirunmental
theories comprised of conditioning principles and

physiologically based drives (e.g., Hull, 1943; Skinner,

1953), %%ggg;ggggl theories that postulate a fundamentally
free will as tne basis of motivation (e.g., Rodgers, 1951),
and social learning theories that lnok at the interactions
between a person an e environsent (e.9., Bandura, 1969;
Rotter, 1965). Within the domain of social learning theory,
Keller has drawn heavily on expectancy-value theor¥ (e.q.,
Porter & Lawler, 1968), which arsumes that motivation is a
multiplicative function of expectancies and values. In
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addition, Keller has drawn on aspects of attitude theory,
decision theory, attribution theory, cognitive evaluation
theory, equity theory, cognitive dissonance theory, locus of
contrdl, and learned helplessness (see Keller, 1979, pp
28-30, for ceferences).

This integrative and innovative work on & descriptive
theoty of motivacion as it relates to Ainstruction has
important implications for instructional scieantist, but
Beller is taking it one step further Ddy developing
prescriptions for the motivational design of instruction
(Keller, in press). The prescriptions include method
variables for arousing and sustaining attention, for
connecting instruction to important needs, for building
confidence in success, and for creinforcing behavior.
Although = 'ch work remains to be done, Keller's efforts are
another example of an attempt to build a common knowledge
base in instructional science.

Conclusion

The three «=ifforts summarized above &io illustrative
of the kind of iategrative, multi-perspectived building of a
common knowledge base that is so ootelx needed at this point
in the development of instructional science as a discipline.
These are early, tentative, and as yet incosplete steps
towaid a common knowledge base, and there is a need to
integrate these micro, macro, and motivational models into a
unified theory--a set of unified models--of instruction, as
well as to continue to modify and add to each of them.
There is also # strong need for similar efforts to be made
for other ®rousy in the house® of instruction. 1t
instcuctional science is to progress and nature as a
discipline, it is essential that its contributors (1)
specify the room of the house that they are working on, and
(2) Jdraw on all available knowledge--in all theoretical
nerspectives--in saking their contributions to that room.
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