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The Elaboration Theory’s
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Abstract. ThlS paper descr:bes the
use of elaboration theory in selecting, .

sequencing, synthesizing, and sum-
marizing instructional content that is
predominantly conceptual in nature. A
brief summary of the elaboration theory
is provided, as well as a description of
the major works that the elaboration
theory has incorporated or built upon.
A nine-step procedure is presented
which can be used by designers and
teachers working together as a team.
The procedure involves (1) deciding
when to use a conceptual approach, (2}
selecting the concepts to be taught and
organizing them into knowledge struc-

tures, (3) deciding what is the most -

inclusive of those knowledge structures,
(4) arranging that knowledge struc-
ture’s concepts in a general-to-detailed
sequence that will provide the “skele-
ton” or basic structure of the course, (5)
identifying other ideas and facts that
should also be taught (including learn-

ing prerequisites) and adding “'flesh” to-

the skeleton of the course by allocating
each such idea and fact to its most
highly related “skeletal” concept, (6)
allocating all content to lessons, (7)
sequencing the content within each les-
son, (8) designing the test items and
instruction on each individua! piece of
content (i.e., on each concept, principle,
procedure, and fact), and (9) creating
synthesis test items and instructional
components. Prescriptions for develop-
inginstruction on a single piece of con-
tent (step 8 above) are based on Merrill's
componem dxsplay theon

Instructional desxgn and dc\elop‘
ment are much like architecture and
construction, respectively. Like a build-

ing, instruction should be planned and
then created. To theextent that the plan
is based on ideas of proven utility, it is
likely that an effective product will be
produced. The result of instructional

. design is a “blueprint” of the instruc-

tion that is about to be created. An
architect might have a standard blue-
print for a hospital, another for an -
elementary school, another for a three-

- .bedroom house, and so-on. In a similar

way, an instructional designer can
benefit from having a set of medels of
instruction, each of which would be
used as a “standard blueprint’ for
meeting a different kind of content, or
different kind of learner). Such a set of
models of instruction, together with the

" bases for prescribing when to use each,

comprise a prescriptive theory of in-
struction, such as the elaboration
theory. Of course, one must not forget
that, like an architect, an instructional
designer almost always modifies the
“standard blueprint™ in certain ways to
accomodate the specific needs of the
project at hand. S

Once an architect has created the
specific blueprint for a project, a con-
structor works 1o create’ the building
under the watchful eye of the architect.
In a similar way, subject matter experts

-and experienced teachers develop the .

instruction under the supervision of the
designer. Both the designer and the
developers follow certain steps in order
to perform their duties.

The purpose of this paper is 1o
describe a set of steps that both de-
signers and developers might follow in
order to effectively utilize the “standard
blueprinis” represented by the elabora-
tion theory. However, 1t is beyond the
scope of this short paper to describe
such a set of steps for all three of the
“standard blueprints™ of the elabora-
tion theory. Hence, this paper will deal
with only one of those standard blue-
priats: that which is referred 1o as the
conceptual erganization. ‘Before we
start our description of the steps for.
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designing and developing instruction,
it may be useful to many readers to have
a brief background about the elabora-
tion theory. All elaboration theory
technical termis used below are defined
in the glossary in Table 1.

What Is the Elaboration Theory?

As was mentioned above, the elabora-
tion theory is a set of “standard blue-
prints” as to what instruction should be
like in order to meet different needs. At
its present stage of development, it is

intended exclusively for the cognitive -

domain (Bloom, 1956) and we believe

' that it is particularly inappropriate for

the affective domain. Within the cogni-
tive domain, the intention is to make it
fully applicable for all kinds of goals,
content, learners, and situations. For
example, it can presently prescribe:

models for teaching such *‘generic”

cognitive strategies as discovery skills

- and thinking skills, models for teaching

pure memorization level objectives, and

models for virtually every kind of cogni-
- tive objective in between. Hence, it cov- -

facts, eoncepts, principles, and proce-
dures, it becomes convenient to think of
two major classes of methods of instrue-
tion: (1) those whichapply toteachinga
single idea (i.e., a single fact, concept,
etc.) which we have referred 1o as micro
strategies, and (2) those which apply to
a whole set of related ideas, which we

. have referred 10 as macro strategies.

Micro strategies include such things as
the use of examples, practice, feedback,
and diagrams, because they all help a
student to learn a single idea. Macro

- strategies include such things as the

selection of ideas which will be most
instrumental in achieving the goals of
the course, the sequencing of those
ideas so as to maximize the ease, speed,
and permanence of the learning, the
synthesis of (or the showing of interre-
lationships among) related ideas, and
the systematic summarizing (preview
and review) of the ideas that have been
taught. : ’

Initially, the elaboration theory was
restricted to the macro level, but it has
" since subsumed a similarly eclectic
instructional theory on the micro level:

““T'he elaboration theory has attempted to inte-
grate all of the useful current knowledge about
learning and instruction, regardless of the ‘theo-

retical perspective.’ ”’

ers all of the levels of Bloom’s taxon-
omy, plus an additional level which is
often referred to as “meta-cognition.”
As a set of prescriptive models of
instruction, the elaboration theory has
atiernpted to integrate all of the useful
current knowledge about learning and
instruction, regardless of the “theoreti-
cal perspective” out of which it was
developed (e.g., behavioristic, cognitive,
humanistic). In many cases, the major
differences between these different per-
spectives are the goals that their instruc-
tional methods are intended to achieve:
behavioristic being content-specific
skills, cognitive being generic skills
such as discovery, and humanistic
being self-actualization. When those
differences are discounted, the methods
espoused by the different theoretical
perspectives are remarkably similar (see
e.g., Reigeluth, in press). :
- When one identifies that the content
of cognitive instruction is comprised of
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Merrill’s component display theory
(Merrill, in press; Merrill, Reigeluth, &
Faust, 1979; Merrill, Richards, Schmidt,
& Wood, 1977; Merrill & Wood, 1975).
In addition, Keller's strategies for the
motivational design of instruction
(Keller, 1979; in press) are currently
being integrated into the elaboration
theory.

With respect to macro strategies, the
elaboration theory incorporates aspects
of the work of Ausubel (1968), Bruner
(1960, 1966), Gagne (1968, 1977), Nor-
man (1973), P. Merrill (1978, 1980),
Resnick (1973), Scandura (1973, in
press), and others. It draws on Ausubel’s
specification for the use of general-to-de-
tailed (or, more precisely, subsumptive
orassimilitive) sequencing asa primary
organizational sirategy, and the use of
periodic “‘integrative reconciliation’ of

content within the learner’s cognitive -

structure. It draws on Bruner's notion
of a “spiral curriculum,” which is an

approach to sequencing instruction
that entails teaching ideas initially ina
general, simplified, yer “intellectually
honest” form, and periodically cycling
back to teach those same ideas in pro-
gressively more complete and complex
form. It draws on Gagne’s notion of
learning hierarchies, or learning pre-
requisites, which involves the fact that
some knowledge must be acquired
before other knowledge can beacquired.
The elaboration theory also draws on
Norman’s notion of “web learning,”
which entails the use of an iniual, -
broad, conceptual outline or schema of
to-be-acquired content, followed by
progressively more detailed and specific
information. And itdraws on work that
P. Merrill, Resnick, Scandura, and oth-
ers have done on an information-
processing approach to task analysis

-and on the use of “path analysis™ (P.

Merrill, 1978) as a method for sequenc-

_ing instruction.

As is indicated by the above, the pur- ,
pose of elaboration theory is to create a
comprehensive set of models that inte-
grate most of our existing knowledge
about instruction in 2 way that will
greatly improve our ability to design
good instruction. Although much use-

ful knowledge remains to be integrated

into it and much validation {and possi-
ble revision)} is needed, the elaboration
‘theory is presently capable of providing
considerable guidance in the creation of
instructional “‘blueprints.”

At its current stage of development,
the elaboration theory of instruction .
prescribes that the instruction follow a
special kind of general-to-detailed se-
quence that is intended to build stable
cognitive structures and to always pro-
vide a meaningful context for any given
piece of the instructional content. This
general-tozdetailed sequence starts by
presenting a special kind of overview
lesson that epitomizes a single type of
content (called the “organizing con-
tent”) and includes whatever of the
other types of content are highly rele-
vant. (Epitomizing differs from sum-
marizing in that it presents but a few
ideas at the application level rather
than many ideas at the memorization
Ievel.) The remainder of the lessons
present progressively more detailed
organizing-content ideas which elabo-
rate on earlier ones. Naturally, what-
ever of the other types of content are
highly relevant are also included in
each lesson along with the organizing-
content ideas. The lessons are organized
into layers of detail or complexity, with
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about three to ten lessons elaborating
directly on any single lesson. The
degree of learner control over selection
and sequencing is not dictated by the
theory: but our own preferences are
generally for as much learner control as
possible.

The organizing content may be con-
cepts, principles, or procedures; and it
is selected on the basis of the overall
goals of the course (or curriculum). A
concept is a set of objects, events, or
ideas that share certain characteristics
(e.g., “fish” is a concept). A principle
(or proposition or hypothesis) is a
change relationship, usually a cause-
and-effect relationship (e.g., the rela-
tionship between cold blooded animals’
body temperature and the external
temperature is a principle). And a
procedure ‘(or technique, method, or
skill) is an ordered set of actions for
achieving a predetermined goal (e.g.,
the steps that somebody follows to
design instruction is a procedure).

Depending on whether the goals of the -

course emphasize learning ‘‘what,”
“why,” or “how to,” the elaboration

theory prescribes a conceptual, theoret- -

ical, or procedural organization. But
such a selection only provides the basis
for planning the elaborative sequence;
it does not preclude the other types of
content from being included in all
lessons.

In addmon to structurmg lessons in
an elaborative sequence of organizing
content, the elaboration theory also
prescribes an internal structure for each
lesson. Each lesson should start with a
motivational strategy component, such
as the creation of an incongruity (see

Keller, in press); but such strategy com-_ -

ponents have not yet been adequately
integrated into, and specified by, the
elaboration theory. Then the lesson
presentsan analogy if agood one can be
found and is believed to be necessary
and useful. Next, it presents the organ-
izing content ideas in a “‘most funda-
mental, most representative, most gen-
eral, and/or most simple first’" se-
quence. However, each of these ideas is
directly preceded by all of its learning
prerequisites that have not yet been
mastered by all of the target learner
population. Each of the organizing
content ideas may also be directly fol-
lowed by any supporting content ideas
(those kinds of ideas that are not the
organizing content) that have been
selecied as highly relevant to it. Alterna-
tively, it may be best to group all of
those supporting ideas for presentation
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after all of the organizing coment ideas

have been presented, especially if those
supporting ideas are highly imerrelated.

All of the ideas in the lesson are pre-
sented according to companent displey
theory specifications (Merril), in press;
Merrill, Reigeluth & Faust, 1979; Mer-
rill, Richards. Schmidt, & Wood, 1977).
Finally, a summarizer and a synthesizer
are presented. 'The summarizer is a spe-

cific kind of summary which providesa
" concise generality, a reference example,

and a “'self-test” practice items for each

* idea that was taught in the lesson. The

synthesizer teaches interrelationships
among the ideas that were just taught
by presenting a subject-matter structure
(Reigeluth, Merrill, & Bunderson, 1978;
Reigeluth & Stein, in press), integrated
examples, and integrated practice items.

Also, cognitive strategy activators

(Rigney, 1978) are included wherever

they are needed and appropriate, as are

additional motivational strategy com-
ponents. ‘

standard instructional development
procedures, such as the IDI (Instruc-
tional Development Institute) proce-
dure (T'welker, Urbach, & Buck, 19792).
It requires (1) an instructional designer
{the “architect”) who is experienced in
the use of the elaboration theory and (2)
several teachers (the “builders”) who
are experienced in teaching the content
of interest to the student population of
interest. The dilferentiation of roles in
this “team approach” is crucial to the
success of the development effort.

This procedure for designing and
developing instructionaccording to the
conceptual organization of the elabora-
tion theory has nine major steps:

Step 1. Decide 1o use a conceptua!
orgamzauon.

Step 2. Select all the eoncepts to be
taught and arrange them into kinds

. and parts conceptual structures.

Step 3. Decide which of all the concep-
tual structures should be used as the
organizing structure for the course.

“An instructional designer can benefit from hav-
ing a set of models of instruction, each of which
‘'would be used as a standard blueprint’ for meet-

ing a different need.”

The above description is a brief
summary of the elaboration theory in
its current stage of development.'For a
more detailed description, see Reige-
luth and Stein (in press). The remainder

- of this article describes the procedure

for designing and developing instruc-

tion according to the elaboration the-:

ory. However, as was mentioned above,

. due to space limitations we wilt only
" present the procedure for conceptual

organizations. The procedure for pro-
cedural organizations is described In
Reigeluth and Rodgers (1980). The
procedure for theoretical organizations
remains to be published. Finally, fora
specific application of the procedure o
texthook development and evaluation,
see Reigeluth & Sari (1980) and Sari &
Reigeluth (i press.)

The Design-development
Procedure for a Conceptual
Organization

The following procedure is based on

Step 4. Allocate all concepts in the
organizing structure to the levels of
detail.

Step 5. Identily xhe supporting content
for each organizing content idea.

Step 6. Allocate all content within each
level to lessons and sequence them.

Step 7. Sequence all content within
each lesson.

Step 8. Design the test items and
instruction on each individual con-
cept, principle, procedure, and fact
within each lesson.

Step 9. Create the symthesis test items
and the remaining componentsof the
instruction for each Iesson.

Each of these nine steps is described in

some detail below.

Step 1: Decide on'a Conceptual
Organization

* Fhe instructional designer and expe-
rienced teachers help the client to
decide, on the basis of the goals of the
course, whether or not concepts repres-
ent the most importan: kind of content
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. 10 b learned io this course. Concepts
are usually the most important kind of
content if the course is primarily con-
cerned with “what,” whereas principles
and procedures are usually the most
important if the course is primarily
concerned with “why” or “how,” re-
spectively. Usually, a “general educa-
tion” course will emphasize concepts as
the most important kind of content. But
remember that whichever one is selected
as the organizing content, the other two
wypes of content are not omitted — they

~ are included whenever and wherever

appropriate (see Step 5 below).

We will use a biology course on
animals to illustrate the design proce-
dure. In this case, the teachers have
indicated that they feel that the most

" important thing for the students to
"Jearn is what the most important kinds
of animals are and what characteristics
each has. Hence, the client has agreed
on a conceptual organization.

Step 2: Select all Concepts to Be Taught
. Step 2 entails selecting all the con-
cepts that are to be taught and arrang-

ing them into kinds and parts concep-
" qual structures. To do this, you should
" follow these substeps: '

2.1 Make sure the experienced teach-
ers understand the notions of superor-
dinate, coordinate, and subordinate
relations among- concepts and the no-
tion of parts-ordinate and kinds-ordi-
nate varieties of those relations. De-
wiled descriptions of those kinds of
relations can be found in Reigeluth,
Merrill, and Bunderson (1978) and

_Reigeluth and Stein (in press). -

2.2 Have the wachers idemifs the
most general and inclusive concepts in
the subject-matter area to be waught.

2.3 For each of the concepts. have the
teachers start to derive both a parts con-
ceptual structure-and at least one kinds
conceptual structure. This is done by
dividing each concept into its most gen-
eral parts on one piece of paper and into
its most general kinds on another.
{Note: you may find that there is more
than one dimension — or way — in
which a concept can be divided into

kinds. For example, fish could be
" divided into tropical fish, etc., or into

fresh water fish, eic., or .... Encourage
the teachers to look for all important
dimensions.) ’

2.4 Continue to derive a parts concep-
tual structure and at least one kinds
conceptual structure by successively
dividing each part and each kind into

" jts most general parts and kinds, re-

spectively.

2.5 Have the teachers check 1o make
sure thatall concepts are appropriate to
teach in this course and that no impor-
tani concepts for the course have been

- omitted.

Returning to our biology example,
Figures 1 and 2 illustrate the nature of
the results of this step. In Figure 1,
animals were broken down into kinds:
cold-blooded animals and warm-blood-
ed animals. Cold-blooded animals were
further broken down into reptiles, fish,

etc.; reptiles were further broken down

into turtles; snakes, etc.; and so on. In
Figure 2, the human body was broken
down into parts: circulatory system,
digestive system, etc.; circulatory system

3
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was further broken down into heart,
arteries, etc.; and so on. Due to spuce
limitations, we have incduded only a
sample of kinds and parts'in those fig-
ures, and those two figures represent
only asmall sample of all the kinds and
parts conceptual sructures that would
be developed during this step. Al-
though biology is especially easy o
analyze for concepiual structures, our
experience has not yet rev aled any
subject-matter areas in which sufficient-
Iy inclusive and extensive conceptual
structures.cannot be built.

Step 3: Select the Organizing Structure.

“Fhe following substeps can be used
to decide which of all the conceptual
structures from Step 2 should be used as
the organizing structure — thestructure

that determines the general-to-detailed

sequence for the course.
~ 3.1'Thedesigner helpstheteachersio
decide which conceptual structure con-
tains the most inclusive and important
of all the concepts that were selected in
Step 2 (i.e., which concepiual structure
‘subsumes the greatest number of all the
concepts for the course, and includes
the most important concepts in relation
to the goals of the course). Forexam ple,
the kinds conceptual structure shown
in Figure 1 would probably be selected
as the most inclusive and important one
— that is, practically all of the other
concepts that are to be taught provide
nore knowledge about these concepts,
and these concepts are among the most
important in the whole course.
3.2 Thedesigner helpstheteachersto
identify any other conceptual structure

Animal
|
r p—t
Cold blaoded warm blooded
animal animal
|
(o |
fresh-water salt-water flightisss sea bird land sea
turtle snake fish fish bird mammal mammal
I I I I . I ] I
- L I I© T (I I f ’ | C .
napping bat arter i t i
turtle turtie gsnake ;?g;fe trout carp] [sherk] [tuna penguiry | albatross} | gull 30 dolphin
T T LA § LA S L T LN A
Figure 1. A portion of a kinds conceptual structure.
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Figure 2. A poriion of a parts conceptual structure,

which could be usefully combined with
the first 1o form a matrix. The mawrix is -

a structure which has kinds on one
dimension and either kinds or parts on
the other. The intersection of the two
dimensions identifies a third set of con-
cepts (see Figure 3). In addition, each
dimension is part of a conceptual striic-
ture (either kinds or parts), and the next
level down on each of those two struc-
tures can also be combined inw a
matrix structure, which identifies a
more detailed version of the ““third set of
concepts” mentioned above. (See Reige-

luth, Merrill, & Bunderson, 1978, and

Reigeluth et al., 1980, for more about
matrix structures). If a good matrix
structure ‘is found, then it (complete
with its different levels) serves as the
organizing structure. Otherwise, the
conceptual structure identified in 3.1
serves as the basis for organizing the
“elaborative (general-to-detailed) se-
quence for the course.

Step 4. Allocate Concepts in the
Organizing Structure to Levels of Detail
This step entails allocating all con-
cepts in the organizing structure to dif-
ferent levels of detail (including the epit-
ome and all levels of elaboration). The
following are the substeps for doing
this: ‘ _
4.1 To decide which concepts to teach
in the epitome, prune the conceptual
organizing structure from the bottom
up until you reach a small enough
number of concepts for the student to be
able to learn and synthesize in one les-
son (about one hour). In the case of a
matrix structure, both dimensions
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would have their conceptual structures
pruned in a similar manner, and the
remaining concepts would be combined -
into the epitome version of the matrix.

4.2 The concepts for the first level of
elaboration are the ones comprising the
highest level of the organizing structure
(or structures, in the case of a matrix)
that is missing from the epitome.

4.3 This process is repeated until all
concepts in the organizing struciure(s)
have been allocated to different levels of
elaboration. : :

Using the kinds conceptual structure
shown in Figure ! as the organizing
structure, the epitome would include
the concepts of animal, cold-blooded
animal, and warm-blooded animal.
The first level of elaboration would
include the next level of concepts: rep-
tile, fish, birds, and mammals (§ee Fig-
ure 1 above). The second level of elabo-
ration would consist of the next level of
subordinate concepts, which includes:
turtle, fresh-water fish, flightless birds,
and land mammals. And the third level
would consist of the next level of con-
cepts, which includes: snapping wurtle,
carp, penguin, and dog (see Figure 1
above). the result of this step is similar
to the blueprint shown in Figure 4.

Step 5. Identify Supporting Content for
Each Organizing Content Idea

" In this step the designer should help
the teachers 1o identfy all the support-
ing content ideas that are highly related
to each concept in the organizing struc-
ture. If it is not highly related (i.e., the
teachers 'do not really expect the stu-
dents to learn i), then it should not be

included as course content. To do this

step, you should follow these substeps:

5.1 For each concept that was identi-
fied in Step 2 as important but is not

"included in the organizing structure,
" decide what organizing concept(s) it is

most closely related 10, and allocate it o
that concept’s level of elaboration. In
general, supporting content should not -

" be included before itishighly related 1o

some organizing content which is being
presented. It may be best 1o teach many
of these supporting concepts after all
organizing concepts have been taught.

© 5.2 Idenuify all important principles
that are highly related to each concept. -
Be sure 1o only include those principles -
that are imporwant, given the goals of

“the course. Allocate each such principle

to the level of elaboration in which its
first highly related coneept appears. If it
is not highly related to any organizing
concepts, it should bepresented after all
organizing concepts have been taught.
5.3 Identify all important procedures
that are highly related 10 each concept.
Allocate eacty 10 the level of elaboration
in which its first highly related concept
appears. Again. it may be presented
after all organizing concepts have been
taught. ’
5.4 Idemify all imporiam facts that
are highly related to each concepti. Allo-
cate each 1o the level of elaboration in
which its highly related concepr ap-
pears, or after el organizing concepts.
5.5 For each of the ideas identified

~ above (including principles and proce-

dures), identilyv all learning prerequi-
sites- down 1o the level of entering
behavior for the target student popula-
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HERBIVORES

CARNIVORES

OMNIVORES

REPTILES MAMMALS ABIRDS FiSH INSECTS
TUF.ZILES . CO'\;'\IS CHIE?(ADEES ' erta’:f‘j'O\-"IS Af\f'TS
SNﬁKES LIONS VUL.T.I.JVRES SH.A'\.I?KS LAD.Y" BUGS
LEGPARD DOGS ROBINS CARP BLACK STINK
LIZ"l}RDS BLES

Figure $. A portion of a matrix structure {(or table) combining

two kinds conceptual structures.
* KEY: In this narix structure, each box is a Lmd of both its row
heading and its column heading.

'LESSONS

- ORGANIZING CONTENT

Concepts)

Epitome

animal
cold-blooded animal
warm-blooded animal

First level of
elaboration

reptile

fish

bird
mammal

- Second level pf

el aboration

turtle

shake .
fresh-water fish
flightless. bird

~sea bird

land mammal
sea mammal

Third level of
elaboration

snapping turtle
bat turtle

- garter snake

rattlesnake
trout

carp

shark

tuna
turkey

ostrich
albatross
qull

-t

seal
dolphin

Figure 4. A partial “blueprint” illustrating the nature of the results of steps 11,
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tion. The experienced teachers should
have the necessary knowledge abour the
targel student population to peiform
this step, but the designer should
emphasize the importance of basing the
decision on the lowest-ability eniering
student. Beware that teachers end o
overestimate the entering knowledge of
their students.

Rewurning to our biology example,
the following are illusuative of the

supporting content that would be iden-

tified:

1. Con(eptual supporting conient.
This would include such concepts as
~kinds of habiwis” (e.g.. jungle, savan-
nah, coral reef, erc.). Each of the kinds
of habitais would be inwoduced ar the

level which introduces a type of animal
. thatis restricted 1o a single kind of habi-

tat. (Note: If kinds of habliats were
believed to be important enough,
could have been selected as the organiz-
ing structure or as part of a matrix
organizing structure.) :
2. Theoretical supporting content.
This would include such principles as
*balance of nature” and “nawural sclee-
tion.” Natura! selection would be intro-

" duced with a particular kind of animal
for which the principle serves to ex-

plain the presence of some exiraordi-
nary features, such as a chameleon’s
ability to change color, Nawrally, the
same principle is likely 1o be reinuvo-
duced at some later time when another
animal with such extraordinary features
is introduced. ‘

3. Procedural supporting content.
“This would include such things as the
way a certain type of animal hunts for
food and the steps an animal follows
during courtship. Each of these proce-
dures would be introduced along with

(or just after) the comcept (type of

animal) that it relates 1o,

4. Factual supporting content. 'Fhis
would include such things as the num-
ber of a certain type of animal that is in
existence today, whether that type of
animal is on the endangered species list,
what continents or countries it lives in,
and something about the history of that

type of animal. Naturally, this kind of -

content would be included when or just
afier the concept {(type of animal) iself
is introduced.

5. Learning prerequisites. The con-
cepts of animal, temperature, environ-
ment, and self-regulation are prerequi-
sites for either the concept “cold-
blooded animal” or “warm-hlooded
animal.” .

An example of the results of this step
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is shown in Figure 5.

Step 6: Allocate Content within Each
Level to Lessons and Sequence Them
This step entails allocating all the
content on each level of elaboration to
different lessons and deciding on the
sequence for those lessons. Sequencing
could be fixed or variable. If it is fixed,
thenall students will be forced to follow
a single, linear pauern of progression
from one lesson to another. In this case,
the designer and teachers must decide

what sequence of lessons will be best. If

it is variable, then the students will be

following different patterns of progres--

sion through the lessons. Hence, the
designer and teachers need to decide
what sequencing options will be per-
missible among the lessons:

6.1 Allocate each organizing concept
on a level to a lesson and put all sup-

porting content in the same lesson as its
corresponding organizing content.

Each lesson should be neither 100 large
nor oo small (neither too many nortoo

few ideas and facts). If it is too large,

achievement and motivation will suffer,
and there will be too much content o be
effectively synthesized at the end of the
lesson. If it is too small, the high fre-
- quency of the review and synthesis will
reduce the efficiency of the instruction
and demotivate the learner. The proper
amount of content for a lesson is

referred to as the “optimal learning
load,” which varies with the difficulty
level of the content in relation to the.

ability level of the learners. We roughly
estimate that it should represent about
an hour of instruction, but research is
needed to test this estimate. The amount
of content in a lesson can be adjusted to
the optimal learning load by adding

another organizing concept (along with
~ itssupporting content) if the load is too
light (see Step 6.2), or by splitting some
supporting content out into a separate
lesson if the load is too heavy.

6.2 Whenever two or more organizing
concepts need to be grouped into a sin-
gle lesson to create an optimal learning
load, you must decide which concepts
should be grouped together. They
should be grouped on the basis of
relatedness. If the concepts being consid-
. ered for grouping are about equally
related, then size may be the most
important factor for making grouping
decisions. ’

In reference 1o the biology example,
Lesson | will include all the organizing
and supporting content listed for the
epitome (see Figure 5). Lesson 2 will
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Figure 5. A‘par.lia! “*blueprint” illustra;iné the nature of the resulis of steps

ORGANIZING | CONCEPTUAL THEIOREIICAL' PROCEDURAL | FACTUAL LEARNENG
LESSONS | content SUPPORTING |SUPPORTING | SUPPORTING | SUPPORTING | PREREQUISITE
(CONCEPTS) | CONTENT CONTENT CONTENT CONTENT
Epitome Animal Parts of The process Ways that | Some warm- Temperature
Lesson cold-~biooded warm-blooded| whereby cold-bloaded | blooded environment
animal animals warm-blooded { - animals in~{ animals have | sef-regulating
warm-blooded Parts of animals’ body{ fluence higher body
animal cold-blooded | temperature their tody | temperature
animals is maintained| temperature| than others.
constant.
Level-} Reptiles How reptites | Comparison
Lessons Fish . warm up gg ?&fm}g‘s
fish, birds,
and mammals.
Level-2 Turtles Kinds of Natural How turtles
Lessons Snakes habitats _selection protect.
Fresh-water themselves
fish .
Salt-water
fish - . —
Flightless -
birds
Sea birds
Land mammals
Sea mammals..

I-5.

Lessons § Organizing Conceptual Theoreticat Procedural Factual Learning Lessonis)
Content Supparting Supporting Suppoarting Supporting Prerequisites which may
{concepts} Content Contant Content Content | follow
Animal Parts of The process Viays that Some warm- Temperature
Cold-biooded warm-blooded | whereby cold-bloodad blooded environment
~ pitome anima} animals warm~blooded | animals in- animals have self-reguiating {.  Zor3
-Lesson 1 -} Warm-blooded { Parts of animals' body | fluence: - higher body L een
animal cold-blooded temperature their body temperatura
animals is maintained § temperature than others.
" constant, :
Level l: | Reptites ‘ How = . Comparison 3 dor§
Lessori 2 | fish e o reptiles of numbers P
: wars up of reptiles
. and fish
Lesson 3 | Birds Comparison
" | Mammals of numbers e
of birds and
mammals )
Level 2 | Turtles Kinds of Natyral How turties 3584919
Lesson 4 } Snakes habitats selection protect -
~desert Protective themselves
-swamp mechan~
isms
Lesson 5 | Freshwater L4n 2
fish . . e
Sattwater
fish
Lesson6 | Flightless
birds .. .
Sea birds
Figure 6. A partial “'blueprint” illustrating the nawre of the results of steps 1-6.
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include tworelated organizing concepts
from level 1, reptiles and fish plus all
the supporting content related to those
concepts. Lesson 3 will contain all the
remaining organizing and supporting
content on the lirst level of elaboration,
and so on. Figure 6 shows an incom-
plete example of the results of this step.

Step 7. Sequence All Content within

Each Lesson S
"This step entails sequencing all the

organizing and supporting content

within eich lesson. The following are
the substeps to be followed:

7.1 Sequence the organizing content
according to the following rules:

a. teach a superordinate concept before
its parts or kinds;

b. teach the concept which is easiest
and most familiar to students Ffirst;
then gradually progress to the more
difficult and less familiar concepis;

c. teach the concept which is most
important first; then gradually pro-
gress to the less important concepts;

d. use the teachers’ intuition and expe-
rience 10 decide upon the best se-
quence.

7.2 Sequence the supporting content

(with the exception of learning prereq-

uisites) accordmg to the followmg

rules:

a. if the supporting content is highly
“similar or interrelated from one con-
cept to another, present all of it after
all of the organizing content; other-
wise, present each concept’s support-
ing content directly after that concept;

b. weach the content which .is easiest

and most familiar to students first;
then gradually progress to more diffi-
cult and unfamiliar content;
¢. teach the most important content
first; then gradually progress to the
less imporiant content;
teach superordinate supporting con-
tent before its subordinate ideas;
use the teachers’ intuition and exper-
ience 1 decide upon the best se-
quence. :
7.3 Sequence the learning prerequi-
sites for all organizing and supporting
tontentaccording to the following rule:
4. presenteach learning prerequisite as
Lure as possible (i.e.; present it just
prior 1o the first time it is needed),
unless considerable efficiencies can
be reatized by grouping highly related
prerequisites together.
Step 8. Design and Develop the
Micro-level Strategies;
The instruction on each individual
wdea and fuct should now be designed

j=

a.

(g8

SPRING 1982, vop . 5.NO. 3

and developed according to component
display theory specifications fsee Mer-
rill, in press; Merrill, Reigeluth, &
Faust, 1979; Merrill, Richards, Schmidt,
% Wood, 1977). Test itemns are usually
developed first for each idea and fact,

and usually enough are created for use

as practice items as well. Since most
course goals call for students to be able

clearly labelled as c.\'itmp!m OF practice.

Some concepts are more diffical for
students o learn than others. If you
expect a concept to be fairly difficult for
the studens, you should include a lorger
number of examples and practice items.
You might also consider some addi-
tional techniques that can make the
learning easier, such as an alternative

“I'he content of cognitive instruction is com-
prised of facts, concepts, principles, and proce-

dures.”

to apply or generalize what they have
learned, the component display theory’s
use-a-generality prescriptions will usu-
ally be required for both test items and

presentations. For test items, these pres--

criptions call for the use of new (pre-

-viously unenountered) instances to

which the generality must be applied,
but those instances must still be within
the domain of the generality. - :
For presentations, the use-a-general-
ity prescriptions call for a a generality,
some examples, and some practice for
each idea. The generality is a statement
which applies to more than one in-
stance. In the case of a concept, it is a
definition of the concept (e.g., “"A cold-
blooded animal is an animal whose
‘body temperature is détermined by the
temperature of its environment”). An
tnstance is a single object, event, or
symbol. In the case of a concept, it is an
example of the concept (e.g., a snake
could be presented as an example of
cold-blooded animal). Practice is a
question or statement which requires
the learner to apply a generality to a
new ‘(previously unencountéred) in-
stance. In the case of a concept, it usu-
ally requires the student to classify
somethingas to whether itis orisnotan
example of the concept (e.g., to classify
a specific animal that he or she has

never seen before as to whether or not it .

is a cold-blooded animal).

According to the component display
theory, you should make sure that the
examples and practice items are differ-
ent from each other in as many ways as

the student is likely to encounter in the

real world, that they are arranged in a
progression of difficulty from easy to
difficult (which may include variation
in response mode as well as manipula-
tions of variable anributes), and are

representalion (e.g., a line drawing or
other kind of visual), and an attention-
focusing device (e.g., underlining or
color which high-lights importam
points). For more information about
what these micro strategies are like and
when they should be used in the design

of instruction, see the papers by Merrill

referenced above.

" Step 9: Create the Synthesis Test Iterns

and the Remaining Componems of the
Instruction ]
Inaddition to the synthesis test items,
anumber of components of the instruc-
tion remain to be developed for each

Iesson: the introduction, motivational

strategies, internal summarizer and syn-
thesizer, and expanded epitome. The
following substeps can be used to
accomplish this potpourrt of activities:

9.1 Develop a large pool of synthesis -

test items for the lesson. Create a large

. enough pool of items to serveas practice

items as well as items for several ver-
stons of the lesson test..

9.2 Help the teachers to plan an
introduction o the organizing content
{concepts) for each lesson. Such an
introduction will often make use of an
analogy, which relates what’s about o
be learned 1o something (owside of the

contentfor this lesson) that the studeénts

already know. Encourage the teachers
to try to thinkup ananalegy or iwo that
could help students 10 understand a

group of related ideas. For more about
when 1o use analogies, see Reigeluth &

Stein (in press). Then the ‘teachers
should wriie (ho introduciion for each
lesson.

9.3 Have the teachers indicate the
anticipated motivational needs for the
mstruction to meet, based on the nature
of the subject matter and the students.
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Then sclect and plan out an appro-
priate motivational suategy 10 meet
each of those needs. For details abowt
how to help the teachers (o assess those
needs and 1o select and plan owt appro-
priate strategies, see Keller (in press).
9.4 Help the teachers 0 develop the
tnternal summarizer and synthesizer
according 1o component display theory
specifications (that is, in generality-
example-practice format). The general-
ity for the summarizer is a concise
statement of each idea and fact that was
taughtin the lesson. For the synthesizer,
it is one or more subject matter struc-
tures (Reigeluth, Merrill, & Bunderson,
1978; Reigeluth & Stein, in press) plus
the necessary verbal description to clar-
ify their meaning. The examples for the
summarizer are reference examples (i.e.,
highly typical, easy-to-remember exam-
ples), and for the synthesizer they por-

* tray the interrelationships among the

ideas. The practice for the summarizer
is a diagnostic, self-test item or two on

- each idea and fact that was taught, and

for the synthesizer it is a set of diagnos-

tic, self-test items on the interrelation- -
_ships among the ideas. '

9.5 Help the teachers to develop the
expanded epitome for each lesson. The
expanded epitome contains a cumula-
tive summarizer and syn thesizer fora set
of lessons, and is also prepared accord-

ing to component display theory speci- .

fications (see Reigeluth & Stein, in
press, for details). ‘

Summary

_ The ninesteps discussed in this pape
are summarized below: '
Step 1. Decide to use a coniceptual

| organization. Determine that knowing

the "whats” (the concepts) of the sub-
ject matter is basically more important
than knowing the “whys” (the princi-
ples) or the “hows” (the procedures).
Step 2. Select all the concepts to be

taughtand arrange them into kinds and
parts conceptual structures. Have the .

teachers start with the most general and
inclusive concepts and proceed to break
each down into both kinds and parts
until you reach the desired level of
detail for the course. Check to make sure
that all important, and only the impor-
tant, concepts have been identified.
Step 3. Decide which of all the con-
ceptual structures should be used as the
erganizing structure for the course.
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Decide which conceprual structure con-

uins the most inclusive and most

important concepts in the course. Sve if
two structures might be usefully com-
bined into a matrix structure to provide
an even more inclusive and important
set of concepts.

Step 4. Allocate all concepts in the
organizing structure to the levels of

- detail. Prune the organizing structure

from the bottom up until you are left

. witha small enough amount of content
(including supporting content) for a

the rales described carhier,

Step 8. Design the test items and
instruction on each individual concept,
principle, procedure, and fact within
each lesson. Design and develop the test
items and presenations for each idea
and fact within cach Iesson, using the -
preseriptions of the component display

- theory. For the ideas, this will usually

mean generality-example-practice in-
struction whose level of richness is

Jadjusted 10 the difficulty level of the

idea in relation o studem ability and

““I'each the concept which is easiest and most
familiar to students first; then gradually progress
- to the more difficult and less familiar concepts.” .

single lesson. Then allocate the next

level of the organizing structure (the
last level that was pruned off) to the first
level of elaboration. Allocate each addi-
tional level of the organizing structure
to the succeeding level of elaboration
until all Jevels have been allocated.
Step 5. Identify the supporting con-

tent for each organizing content idea.

Identify all other concepts (ones not
included in the organizing structure),
all principles, all procedures, and all
facts that are highly related 1o the
organizing content or to recently se-

. lected supporting content and hence are

important to teach in this course. Also
identify all learning prerequisites (for
all organizing and supporting content
selected so far) that have not yet been
mastered by the 1arget studemt popu-
lation. ’

Step 6. Allocate all content within
each level to lessons and sequence them.

On each level of detail, group the most -

highly related organizing content {o-

- gether, along with its respective sup-

porting content, in such a way that the
total amount of content in each lesson
represents the “optimal learning load™
for the target student population and
subject matter content.

7. Sequence all content within each
fesson. First sequence ‘the organizing

content within a lesson. then inwer—

sperse the non-prerequisite supporting
content, and finally imtersperse the
learning prevequisites, all according wr

experience. v o
Step 9. Create the synthesis test items
and the remaining components of the
instruction for each lesson. For each les-
son, design and develop the synthesis
test items, the introduction (preferably .
with an .analogy), the motivational
'su"atégies (based on an analysis of the
motivational needs of the students in
relation to the content), the imernal
summarizer and synthesizer (in the
generality-example-practice formar),
and the expanded epitome (also in
generality-example-practice format).

Table 1.
‘Glossary of Terms

Cognitive Strategy Activator — an in-
structional "strategy component
which either requests or forces the
student to use a cognitive strategy.

Component Display Theory — a
prescriptive theory for designing in-
struction on a single concept, prin-
ciple, procedure, or fact. ,

Concept—aset of objects, events, or
ideas that share certain charac- .
terics.

. Conceptual Organization — a way of

structuring {orsequencing) instruc_:—
tion based on relationships among-
concepts, such as their superordi-
nate, coordinate, and subordinate
interrelationships.

JOURNAL OF INSTRUCTIONAL DEVELOPMENT



Epitome — a special kind of overview
lesson which epitomizes (in the
standard dictionary sense of the
word) the remaining content. Spe-
cifically, epitomizing entails pre-
senting a few highly representative
ideas, and those few ideas are
taught at the application level,
which means that examples and
practice are used in the epitome as
well as generalities.

General-to-Delailed Sequence —a se-
quence of instruction that starts by
presenting the more inclusive,
more basic, more fundamental con-
tent, and proceeds to present ever

less inclusive, less basic, less fun-
damental content, one layer at a .

time.

- . Learner Control — the capability of

students to make instructional de-
cisions. For example, learner con-
trol over pacing means that the
students can decide the pace at
which they learn. Learner controlis
largely implemented by formatting
the instruction in certain ways.

Learning Prerequisite — a concept,
principle, procedure, or fact that
must be learned before a different
concept, principle, or -procedure
can be learned.

Levels of Elaboration — the first level
of elaboration is content that pro-
vides more detail about the content
in the epitome; hence it should not
be taught until after the epitome
has been mastered. The second
level of elaboration is content that
provides more detail about the con-
tent in the first level of elaboration;
hence it should not be taught until
after its related first-level content
has been mastered.

Macro Strategies — components of
methods of instruction that relate
to many related concepts, princi-
ples, procedures, and/or facts.
Such components include different
patterns of sequencing instruction
and different types of previews and
reviews.

Micro Strategies -— components of
methods of instruction that are
used for teaching a single concept,
principle, procédure, or fact. Such
components include rules, exam-
ples, non-examples, mnemonics,
visuals, practice, feedback, and
easy-to-difficult sequence of exam-
ples and practice.

Motivational Strategy Component —
a method for increasing the stu-
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dents’ desire to learn the content.

Organizing Content — the type of
ideas whose interrelationships pro-
vide the basis for sequencing the
major chunks of course content. It
may be either concepts, principles,
or procedures.

Organizing Structure — the know-
ledge structure around which the
course is organized. For example,
for a conceptual organization the
organizing structure would proba-
bly be a taxonomy in which each
concept is a kind of its superordi-
nate concept.

Principle — a change relationship
which is cause-and-effect or corre-
lational and may be either determi-
nistic or probabilistic.

Procedure — a set of ordered actions -

for achieving a predetermined goal.
Summarizer — a specific kind of re-
view which provides a concise
generality, a reference example,
and some selif-test practice items

for each idea taught in the lesson.
Supporting Content — concepts, prin-

ciples, procedures, and facts (in-
cluding learning prerequisites)

which should be taught in addition

to the organizing content ideas.
They support the learning of the
organizing content.

Synthesizer — an instructional com-
ponentwhich teaches interrelation-

. ships among the ideas that have

been taught. It presents a subject-
matter structure which shows the
interreiationships, some integrated
examples which illustrate the inter
relationships, and some integrated
practice items which require the
student to use the interrelation-
ships to solve new problems.
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The Computer in the School: Tutor,
Tool, Tutee, ~ edited by Robert P.
Taylor. New York: Teachers College
Press, 1980. 274 pages, $14.95.

This book is a collection of articles
and presentations by five prominent
practitioners in the field of computers

- in education: Alfred Bork, Thomas

Dwyer, Arthur Luehrmann, Seymour
Papert, and Patrick Suppes. In his
introduction to the book, Taylor pro-
vides a framework to help the reader
categorize the uses of the computer into
three areas: 1) Tutor, 2) Tool, and 3)
Tutee. He suggests that all educational

uses can be broken down into these

three categories. The ‘computer as
tutor’ presents subject matter, accepts

student responses, reacts to the re-

sponses, and keeps track of how the stu-

of authors and the diversity of the book -
is limited. He feels that these limita-
tions will help reduce possible confu-
sion for those *“approaching such a
complex area for the first time.”

Alfred Bork’s first article, **Preparing
Student-Computer Dialogs,” deals with

‘the planning of the dialog or ‘conversa-

tion’ between the computer and the
learner. He describes various types of
dialogs suchas: ‘tests,” in which thestu-
dent receives immediate feedback from.
the computer; ‘remedial,’ in which the
computer, after testing the student,
provides assistance in those areas where
the student is found to be weak; and the
‘interactive problem,’ in which the stu-
dent is guided by the computer in solv-
ing a problem. In his second article,
“Interactive Learning,” Bork begins by
saying, “We are at the onset of a major

- ““A few of the topics discussed in this article are:
individualization, student control of pacing, stu-
dent control of content, testing as a learning
mode, and student management.” :

: &
)

dent is doing. The ‘computer as tool”
uses the computer’s various capabili-
ties, such as calculation, word process-
ing, graphics, etc., to relieve students

and teachers of these tedious and rou- ~

tine tasks. The ‘computer as tutee” helps
the learner and the teacher “gain new
insights into their own thinking” by
‘teaching’ the computer to do some-
thing. As Taylor points out, “‘extended
use of the computer as tutee can shift the
focus of education in the classsroom
from end product to process, from
acquiring facts to manipulating and
understanding thermn.” (p. 4).

The Computerin the School offers 19
articles, a selected bibliography from
each of the authors, and an index. The
editor himself admits that the selection

revolution in education, a revolution
unparalleled since the invention of the
printing press. The computer will be
the instrument of this revolution”
(p.53). He explains that the computer
will allow students to be participants
rather than spectators in the educa-
tional process. A few of the topics dis-
cussed in this article are: individualiza--
tion, student control of pacing, student
control of content, testing as a learning
mode, and student management. Bork
alsospeaks to the changes that would be
necessary in educational instituiions to
foster this type of education. In hisfinal
article, “Learning Through Graphics,”
Bork discusses the important role ‘gra-
phics’ plays in the learning process and
its utilization on computer systems.
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