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Abstract

This paper is an attempt to identify what
instructional science is and what instruc-
tional scientists do. First, prescriptive
design sciences are distinguished from
descriptive sciences in general, and in-
structional science is characterized as a
prescriptive design science. Second,
three major phases of instructional de-
velopment are described (design, pro-
duction, and validation), and three ap-
proaches for each phase are identified
(artistic, empirical, and analytic). The
design science of instruction is described
as being the foundation for one of the
three approaches (the analytic) to one of
the three phases (design) of instructional
development. Third, typical activities of
people in instructional science are de-
scribed. Like all design sciences, instruc-
tional science has three types of profes-
sionals: scientists, technologists, and
technicians. The major activities of in-
structional scientists are the derivation
and validation of prescriptive principles
of instruction. Fourth, a four-stage theo-
ry-construction procedure is proposed
as a particularly promising methodology
for instructional scientists to conduct

their activities of deriving and validating

prescriptive principles and theories of
instruction. Fifth, reference is made to
recent work by one instructional science
laboratory which uses this four-stage
theory-construction procedure. And fi-
nally, the controversy over basic vs. ap-
plied research is addressed from the per-
spective of the previous analyses.

What is The Design Science of Instruc-
tion?

The maj'or products of the science of in-

struction are prescriptive principles of
instruction. These principles allow in-
structional designers to prescribe in-
structional methods that are likely to be
optimal for given sets of conditions, and
they help instructional evaluators to
identify methods that are not optimal
for given sets of conditions. Therefore,
the fundamental purpose of the science
of instruction is to contribute to improv-
ing the quality of instruction.

A Science of [-ristrucﬁon vs. a Science of

Learning B. F. Skinner (1954, 1965) pio- _

neered and popularized a scientific ap-
proach to the study of instruction with
his programmed instruction movement.
For the first time, the emphasis was
clearly placed on investigating instruc-
tional variables (i.e., how information is
presented to the student) rather than on
investigating learning variables (i.e.,
how learning occurs).

Jerome Bruner (1964) also helped estab-
lish the foundations of a science of in-
struction, except his was a more cogni-
tive approach. A tremendous contribu-
tion was his distinction between the pre-
scriptive nature of theories of instruction
and the descriptive nature of theories of
learning.

From another perspective, Herbert Si-
mon (1969) elaborated a similar distinc-
tion by describing the common charac-
teristics of prescriptive “design sciences”
in all disciplines (e.g., business, medi-
cine, engineering) and by contrasting
them with the characteristics of their
descriptive counterparts (e.g., econom-
ics, biology, physics—respectively). In
this framework, instructional theory is
clearly the prescriptive counterpart of
learning theory. Robert Glaser (1965,
1976) also emphasized the importance of
developing a prescriptive design science
of instruction.

An important aspect of this descriptive-

“prescriptive distinction is that there is

only one type of professional in a de-
scriptive science—the scientist—where-
as there are three types of professionals
related to a prescriptive science—scien-
tists, who discover princip1e51, technol-
ogists, who use those principles to de-
velop procedures® or machines, and
technicians, who use those procedures
or machines to produce products. More
will be said about these three types of
professionals below.

The Context of Instructional Science

As was mentioned in the opening para-
graph, the fundamental purpose of the
design science of instruction is to con-
tribute to improving the quality of
instruction. A major aspect of this en-
deavor is instructional development,
which can be conceptualized as having
three major phases: (1) design, which is,
for an instructional developer, what a
blueprint is for a builder, (2) production,
which is the using of the design to make
an instructional program and (3) valida-
tion, which is the determination of the
quality or validity of the final product.

Three Approaches to Each Phase Al-
though design, production, and valida-
tion are essential phases of instructional
development, none of these phases nec-
essarily involves instructional science.
Merrill (1975) proposed that there are
three major approaches—artistic, raw
empirical, and analytic—toward these
three phases of instructional develop-
ment, and that any one of the three ap-
proaches can be used on any one of the
phases (i.e., design, production, or vali-
dation). However, only one of these ap-
proaches—the analytic approach—in-
volves instructional science. (Note: these
approaches are not mutually exclusive,
and each is seldom used in pure form.)
Figure 1 characterizes the three ap-
proaches.
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Figure 1. Three approaches to the design,
ucts, and the differentiation of roles withi

The artistic approach is subjective and
entails the use of intuition, taste, and ex-
perience for designing, producing, or
validating instructional programs. A
person using the artistic approach might
say: “I am going to develop the instruc-
tion this way because it feels right.”

The raw empirical approach is an exten-
sion of the artistic approach. It entails
the use of both intuition and results
(data) for designing, producing, or vali-
dating programs; but the results must be
product-specific, and each product must
be developed by trial-and-error: try
something on the basis of intuition, and
collect data to see if it works. A person
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production, or validation of instructional prod-
n the analytic approach.

using the raw empirical approach might
say: “I had a feeling that the final prod-
uct should be like this; but when I tested
its quality, I found it was poor. Judging
from the problems encountered, I think
I'll try these modifications and see if it
will then be acceptable.”

The analytic approach entails the use of
prescriptive principles of instructional
design, production, or measurement for
doing each of the three phases of devel-
opment: design, production, and valida-
tion respectively. The instructional de-
veloper follows procedures which are
based on principles that have already
entailed intuition for their derjvation

and results (research) for their valida-
tion. Therefore, intuition (“art”) and re-
sults (“empirics”) are of minimal impor-
tance for conducting any given phase of
instructional development; data are
usually still needed in the systematic
validation of the final product—the third
phase—but they are not needed to test
the procedures of design, production, or
validation. A person using the analytic
approach might say: “Since the students
have these characteristics and the subject
matter content has these characteristics, -

the following instructional strategies
should be used.”

An artist or raw empiricist may in fact
use some principles in his/her approach
to any single phase. However, those
principles are usually of “local” deriva-
tion; they usually have not been empiri-
cally tested; and they are often not made
explicit by the artistic or raw empirical
developer.

As was mentioned above, any one of the
three approaches toward instructional
development (i.e., artistic, raw empiri-
cal, and analytic) can be used on any
one of the three phases (i.e., design, pro-
duction, or validation). But the artistic,
raw empirical, and analytic labels are
often used to describe the commonly-
used approaches to the whole process of
instructional development. Nevertheless,
a label so used seldom applied accurate-
ly to all three phases. For instance, what
is commonly referred to as the raw em-
pirical approach to the whole process of
instructional development usually en-
tails an analytic approach (rather than a
raw empirical approach) to the valida-
tion phase-—that is, it entails a set of
well-tested measurement techniques or
procedures which are based on proven
principles. Therefore, it is much more
helpful to describe the approach used on
each phase rather than to use one
approach descriptor to refer to the whole
process of instructional development.

For all three phases (i.e., design, produc-
tion, and validation), we propose that
the analytic approach is preferable to
the other two approaches for the follow-
ing reasons: (1) it saves time and money
by reducing the need for revision, be-
cause the principles and procedures (of
design, production, or validation) have
been proven effective for specific condi-
tions; (2) it saves money by allowing
less-costly (easily-trained) technicians to
do the development work by properly
following some validated procedures,




and (3) it leads to more consistent high
quality of the final products of each
phase because it is based on knowledge

(principles) accumulated on a much.

broader scope than personal experience
— the most effective methods are motre
likely to be overlooked by the other two
approaches.

Context So where does instructional sci-
ence fit into this broad picture of phases
(i.e., design, production, and valida-
tion) and approaches (i.e., artistic, raw
empirical, and analytic) of instructional
development? Of the three phases, vali-
dation relies primarily on methods of
measurement, and production relies pri-
marily on methods of organization and
media production (including print); only
design relies on methods of instruction.
And of the three approaches, the artistic
requires primarily intuition, and the raw
empirical requires primarily data (and
intuition); only the analytic must be sup-~
ported by a scientific base of prescriptive
principles. Therefore, instructional sci-
ence is the foundation of the analytic ap-
proach to the design phase of instruc-
tional development (see Figure 2).

Some instructional scientists (including
Bunderson) interpret the scope of in-
structional science more broadly to in-
clude the analytic approach to the pro-
duction and validation phases; however
others (including Reigeluth and Merrill)
view these phases as being supported by
completely different types of principles
which are derived and validated by
other design sciences.

There is one major problem with the
foregoing analysis of approaches. Al-
though analytic approaches to produc-
tion and validation are feasible because
of the development of design sciences
which support them, an analytic ap-
proach to instructional design is not yet
broadly feasible because the young de-
sign science of instruction has not yet
developed the necessary procedures for
instructional design nor even derived
the prescriptive principles from which
those procedures can be developed.
Therefore, there is a great need for high-
ly capable people to be attracted and en-
couraged to help develop this important
design science.

What is Instructional Science?

Instructional science, like all prescriptive
design sciences, has three types of pro-
fessionals related to it: (1) scientists,
who discover principlesI, (2) technolo-
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Figure 2. The three approaches to instructional development can be used on any of the
three phases of instructional development. Instructional science is the foundation of one

approach to one phase.

gists, who use those principles to devel-
op proceduresz, and (3) technicians,
who use those procedures to produce in-
structional products. The technician
who uses procedures need not be the
same person who developed those pro-
cedures nor the one who derived and
validated the principles upon which
those procedures are based. These three
roles are referred to as differentiated be-
cause each entails a distinct activity (or
activities) which require(s) different
types of abilities and training.

Figure 1 illustrates the differentiation of
roles within the analytic approach by in-
dicating the nature of the activities of
each type of professional. The analytic
approach is the only one that specifically
uses principles and procedures based on
those principles; hence it is the approach
that permits a useful differentiation of
roles. In either the artistic or raw empiri-
cal approach there may be novices who
imitate the techniques of the artist or the
empiricist: such a person is usually called
an apprentice. However, he lacks the
professional expertise to do the work by
himself. Hence, there is a trainer-trainee
relationship, but there is no true differ-
entiation of professional roles because
the apprentice is not a professional who
does a distinct activity that requires dif-
ferent types of abilities and training
from those of his trainer. An artist or
raw empiricist may often have a differ-

entiated professional staff, but that staff
is composed of professionals in different
areas (e.g., graphics design, layout,
videotape production), rather than of
professionals at different levels within a
single area.

Instructional scientists, like artists and
raw empiricists, use intuition; however,
intuition is used to produce principles
rather than products. Intuition is also
used by instructional scientists to design
research for testing hypothesized prin-
ciples, and the results are used to subse-
quently modify the hypothesized prin-
ciples if necessary. In addition, new
principles and results influence intuition
(hence the two-way arrows in Figure 1).
Thus, an interactive triad forms the core
of instructional scientists’ activities, with
prescriptive principles of instruction as
the output.

Instructional technologists apply the sci-
entists’ principles to the development of
instruction. Again, this entails the use of
intuition; however, intuition is used to
produce procedures for applying the
principles in development projects, rath-
er than to produce raw principles. These
procedures should also be empirically
tested, both for efficiency and cost as
well as for the effectiveness of student
learning from the resulting product.
Thus, another interactive triad forms
the core of the instructional technolo-
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gists’ activities, with validated proce-
dures for instructional design as the out-
put.

Finally, instructional technicians (the
developers for whom instructional scien-
tists and technologists exist) use the tech-
nologists’ procedures to produce instruc-
tional products. An instructional design
technician must have a good knowledge
of the “tools” of his trade—such as writ-
ing techniques, instructional design
components and terminology, and the
procedures of instructional design. His
skills are mainly concept-classification
and procedure-using. Intuition is no
longer the most important requirement;
hence competent instructional techni-
cians can be trained relatively quickly
and inexpensively. Also, at this level, re-
search (generalizable results) effectively
drops out, and specific evaluations are
used to test specific instructional prod-
ucts. However, because these instruc-
tional products have been designed using
empirically validated principles and pro-
cedures, the probability of success is
considerably enhanced, and the extent
of necessary revision is greatly reduced.
Although both research and evaluation
are concerned with empirically testing
instruction, research does so on the prin-
ciple and procedure levels (hence the
concern with external validity), whereas
empirical evaluation tests instruction on
the product level.

In summary, instructional science is the
foundation of the analytic approach to
instructional development; and it entails
intuition and research work as inputs
and the derivation of prescriptive princi-
ples and theories (i.e., sets of interre-
lated principles) of instruction as its out-
puts. A major portion of instructional
scientists” activities involves analyzing
the components of instructional tactics
and strategies as to their effectiveness,
efficiency, and appeal under different
conditions (primarily diverse student
characteristics and subject-matter char-
acteristics) -in-order to-derive the pre-
scriptive principles and theories of in-
struction.

Theory Construction Before the analytic
approach to instructional development,
with its cost-effective use of technicians,
can become feasible, instructional tech-
nologists must develop procedures that
encompass the use of principles and
theories; and before technologists can
do that, instructional scientists must de-
rive and validate the important prescrip-
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tive principles of instruction and con-
struct and test prescriptive theories or
models of instruction. A “top-down” de-
ductive theory-construction procedure
(Snelbecker, 1974) would appear to
have the greatest advantages. This theo-
ry-construction procedure entails: 1)
what Snow (1973) referred to as “D-
Theory” (descriptive theory and taxono-
my) construction, which is the identifi-
cation, description, and classification of
instructional variables, both on the
“cause” side (i.e., the independent vari-
ables), and on the “effect” side (i.e., the
dependent variables), (2) the formula-
tion of some basic postulates (i.e., hy-
pothesized principles) which relate those
independent and dependent variables to
each other through the specification of
certain tactics or strategies under certain
conditions, and (3) the use of these pos-
tulates to derive testable deductions,
predictions, or hypotheses, and to test
the validity of each postulate by system-
atic experimental testing of those hy-
potheses. Through this continuous pro-
cess of postulate-generation and experi-
mental testing, instructional science can
develop and progress.

But the design science of instruction in-
volves more than the description of sep-
arate cause-and-effect relationships.
These cause-and-effect relationships are
prescriptive and valuable, but they are
identified and tested in laboratory-type
conditions, i.e., conditions that are care-
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fully controlled so as to eliminate con-
founding variables and isolate pure ef-
fects. Although these relationships may
have significant effects in a certain direc-
tion under such laboratory conditions, it
is likely that their significance may be
reduced, and the direction of their ef-
fects may even be reversed, in real-world
instruction due to the interaction effects
of all the other (sometimes unnoticed)
variables.

For instance, we hypothesize that an S-
shaped curve represents the relationship
between the quality of instruction and
the effectiveness of that instruction (see
Figure 3). Experimenters deliberately de-
sign the experimental treatments such
that the variable(s) under investigation
will increase the quality of the instruc-
tion from a-to-b rather than from c-to-
d, so that the contribution of that vari-
able to the effectiveness of instruction
will be on the order of magnitude of w-
to-x rather than y-to-z. In multiple re-
gression (statistics) an independent vari-
able has a much higher correlation with
the dependent variable if it is taken alone
than if it is adjusted for all other inde-
pendent variables. The same is probably
true of instructional variables in instruc-
tional science, such that the significance
of any component of instruction is likely
to be of a much lower order of magni-
tude in real, planned instructional
settings.
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Figure 3. The relétionship between the richness of instruction and its effectiveness.




'These limitations are serious and require
that the theory-construction procedure
entail a fourth stage: the testing of in-
structional strategy variables or compo-
nents by selectively adding or removing
them from whole systems or models of
instruction. In such a process, it may be
discovered that some uninvestigated
characteristics; such as some content
strategy or instructional management
variables, may have a larger impact on
instructional outcomes than the most
significant of the variables already in-
vestigated. Interaction effects can also
be more effectively investigated by such
a process.

An Example of Theory Construction M.
David Merrill and his associates have
adopted the above-mentioned theory-
cornstruction procedure: (1) the develop-
ment of a taxonomy of instructional
variables, (2) the formulation of a few
basic postulates that relate those vari-
ables to each other, (3) the empirical
validation or repudiation of those
postulates through the experimental
testing of hypotheses derived from the
postulates, and (4) the testing of vari-
ables in realistically complex models or
systems of instruction.

Merrill and his colleagues (Merrill &
Boutwell, 1973; Merrill & Wood, 1974,
1975a) have developed a broad taxono-
my which identifies, describes, and
classifies presentation strategy variables,
such as attribute isolation, mnemonics,
divergent examples, and type of repre-
sentation. This was a particularly im-
portant step, considering that different
instructional researchers and theorists
often use the same label to refer to dif-
ferent concepts, and different labels to
refer to the same concept. A lack of pre-
cision in the scientific language of in-
struction has greatly impeded the com-
munication and interpretation of theo-
retical and research work.

Merrill and his colleagues (Merrill, Ol-
sen, & Coldeway, 1976; Merrill, Rich-
ards, Schmidt, & Wood, 1977; Merrill &
Wood, 1975b) have also constructed
some basic postulates that relate the in-
structional variables to each other and
to the following three outcomes of in-
struction: its effectiveness, efficiency,
and appeal.

Merrill, Olsen, and Coldeway (1976)
conducted a review of research literature
to test eight of these postulates. No re-
sults were found which were contrary to
hypotheses derived from any of the
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Figure 4. Research at the scientist level in a

serves highest priority.

postulates, but “considerable support”
was found for only five of the eight pos-
tulates, while “partial support” (due to
the small number of relevant studies en-
countered) was found for two, and no
relevant research studies were found for
one of the postulates,

In summary, while much more work is
still needed, the area of presentation
strategies has received considerable
theoretical development and experi-
mental study. The authors are currently
working on the development of a tax-
onomy of structural strategy variables,
such as sequencing (ordering) and syn-
thesizing (interrelating) a set of related
segments of a subject matter. Reigeluth,
Merrill & Bunderson (in press) repre-
sents a first step toward that goal.

Applied vs. Basic Research There has
been much controversy recently over
priorities for applied and basic research
(Ebel, 1977; Glaser, 1977; Kerlinger,
1977). Understanding and communica-
tion on this issue are impeded by the
lack of clear definitions of these terms.
However, the foregoing analyses may
help to clarify intended meanings for
each of these terms.

On the basis of the descriptive-prescrip-
tive characterization of sciences, one
could define basic research as all the re-
search activities in the descriptive sci-
ences and define applied research as all
the research activities in the prescriptive
design sciences (both at the scientist and
technologist levels). Or, on the basis of
the scientist-technologist characteriza-
tion of researchers, one could define ba-
sic research as all the research activities

—

prescriptive science is classified as basic re-
search by the scientist-technologist distinction but is classified as applied research by the
descriptive-prescriptive distinction. Maybe it is a hybrid third type of research that de-

performed at the scientist level and de-
fine applied research as all the research
activities performed at the technologist

level. Figure 4 illustrates that the source *

of ambiguity or misunderstanding on

the concepts of basic and applied

research lies in the classification of re-
search done at the science level in a pre-
scriptive design science, in this case, in-
structional science.

Arguments could be made for classify-
ing research in instructional science ei-
ther way. However, it may be more
valuable to classify it as a third, distinet
type of research—one that may deserve
higher priority than either of the other
two types because of its unique combi-
nation of basic and applied characteris-
tics.
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Footnotes

IAsan example of a principle of instruc-
tion: “The use of examples which are di-
vergent on variable attributes reduces
undergeneralization errors on a concept- v
classification task.”

2As an example of a procedure for in-
structional design: “If the subject matter
content is a concept and the desired level
of behavior for the student is using the
definition to classify instances and non-
instances, then examples which are di-
vergent on variable attributes should be
included in the instruction.” :




