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This fi1a)l report is a summary of NPRDC task number 31
on the Structural Strategy Diagnostic Proflle Project, in
completion of a contract (Mo. N00123-76-C-0245, CW-0245-31)
with the Navy Personnel Research and Development Center
(NPRDC) in San DPlego, California.

This report is not intended for practitionere. 1t
describes a pioneering effort to find better ways to struc-
ture (i.e., to sequence and syntnesize) instruction. Much
wogk remains to be done to validate the instructional model

and to field -test the instructional design procedures

developed in this project.
There are four sectionsiin this summary report. Tae

first sectinn describes the procedures that were used in the

project, snd it summarizes the nature of the products of the
project. The second section 1s an in-depth description of
the results of the project. The third section discusses the
applicability of the resulis to Navy training. And the
fourth section indicates some areas which we feel have the

most urgency for further investigation.
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SECTION 1
PROCEDURES AND PRODUCTS
This section describes the procedures that were used in
the Structural Strategy Diagnostic Profile Prrject, and it
summarizes the _nature of the products of the project.

Proceduices

There were two major phases to the project: a theory-
construction phase and an application phase., The theory-

construction phase entailed three distinct yet interrelated

activities (see Figure 1): (1) the identif.cation of the

instructiona) variables (i.e., concepts) that are of

importance for sequencing, synthesizing, and summarizing
related parts of a subject matter; (2) tne postulation of

cause-and-effect relationships (i.e., principles) among

those_variables; and (3) the construction of a model (i.e.,
theory) that proposes optimal configurations of instruec-
tional conditions and methods, based largely on those
principles.

ol i e wnh wl eul b e el D ol VR b S ks

Insert Figure 1 about here
These three activities ot the theory-constructior. phase
- (1
were cybernetically related as is indicated by Figure 1.
Therefore, tﬁey.did not comprise a purelj linear sequence,

as is common in many procedures. . For instance, in identi-

fying useful instructional variables, there are many ways in




Activity 1:

Useful
Variables

X

Vdentity e

Activity 2:
Postulatc
Relationships
{Principles)

T

Activity 3:
Construct
a3 Model

Figure 1. The three activities comprising the cybernetic, theory-construction phase of
the project.




whizh one can classify a given set of instructional pheno-
mena. One could classify methods of instruction according
to the kind of subject matter being vaught (e.g., methods
for teaching mathematics, methodz for teaching reading),
according to the medium of instruction (e.g., 1lecturing
metlod:s, tutoring methods), according to the nature of the
student.s (methods for early childhood, methods for "special”
children, methods for the disadvantaged), etc., etc. The
usefulness of the way in which we conceptualize or classify
instructional phenomena depends upon the stability,
magnitude, and importance (meaningfulness) of the cause-
and-effect relationships that are found to exist among those
concept classes. Hence, the results of postulating prin-
ciples (activity 2 in Figure 1) lead to the acceptance,
rejection, or moditication of the variable scheme developed
(activity 1 in Figure 1). In a similar way, the construc-
tion of an instructional model (ac;ivity 3) can lead to the
recognition of importznt principles and/or variables that
were overlooked.

The application phase, whicn was the second of the two

haJor phases of the project, entailed two distinct but again
related activities: (1) the application of the instruc-

tional model to the design of a course in a subject-matter

area, and (2) the development of procedures for implementing

the instruqtianal model in the design of new instruction.

~This phase was also a cybernetic process. It began with the




ras,

theoretical development of procedures based upon logic.
Those procedures were then tried out on desligning the '
course, which le. to modification and elaboration of the
procedures, which 'in turn wvere reapplied to the design of
the course, etc.
Products

There were four major products of the project: two for
each phase, The theory-construction ;nase resulted in the
production of (1) a description of an instructional model
(or “heory) for sequencing, synthesizing, and summarizing
related parts of a subject matter, and (2) a description and
classificat.ion (i.e. a taxonomy) of those concepts or
variables whici are included in that model. An additional
but minor product of this phase was a list of postulated

pfinciples which guided the construction of the model.

The application phase of the project resulted in the

production of (1) a set of procedures for designing

instruction, based on the instructional model, and (2) «

"hlueprint” showirg the result or uxing those procedures for

the redesign o’ the Navy's Basic Electri~ity and Electronics
course. An additional but minor product of this phase was a

comparison of this "blueprint® with the old structure of the

same course.
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SECTION 2
RESULTS OF THE PROJECT
This section of the final report presents the four
major products mentioned above: .(1) a description and
classification of instructional concepts or variables that
are included in the instructional model, (2) a description
of the model for secuencing, synthesizing, and summarizing

reloted parts of a subject matter, (3) a set of procedures

for designing instruction according to the model, ard (4) a

"blueprint® of a course derived fror the use of those

procedures. The two minor products are also presented
her2in: (1) a list of postulated principles which guided
the construction of the model and ‘(2) a comparison ol %he
"blueprint” with the oid structure of the same course. This
section 1is comprised of slightly modified versions of the
three progress reports for this project. (Mote: we say
three progress reports because the fourth report is a
revised version of the third report.)

SECTION 2, PART 1

CONTEXT OF STRUCTURAL STRATEGIES
Tre following is a general-level classification scheme
that we believe to be very valuable as a fremework for con-
ceptualizing and investigating the effects of different

methods of instruction under dirferent conditions.

-
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Because our goal is to prescribe optimas methods of
instruction, our first classification is the division of the

world of instruction into three categories: conditions,

methods, and outcomes (see Figure 2).

CONDITIONS: Factors that (a) influence the outccmes of
one or more methods of instruction by interacting with
that or those mathods and (b) cannot be manipulated by
‘e instructor or textbook writer.

METHODS: Ways to achieve certain outcomes under cer-
tain conditions. If a "method" cannot be manipulated
in a given situation, it becomes a condition.

OUTCOMES: The varjous effects that can result from the
use of instructional methods and which provide a basis

' for measuring the value of alternative methods.

- 5

Methods can be of three kinds: methods for organizing
instruction, methods for delivering the instruction to the
learner, and methods for managing the inter-2tion of the
learner with the instruction (see Figure 3).

GRGANIZATIONAL STRATEGIES: Methods for deciding how to

organize the material that has been selected for

fnstruction, "Organize" refers to such things as
choice of words, diagrams, format, anrd student response

-:_ possibiiities.




INSTRUCTIONAL
CONDITIONS
INSTRUCTIONAL
2 p| METHODS
INSTRUCTIONAL
OUTCOMES

@ For an Instructional researcher the condition variales and the method varisbles are independent
veriablies: snd 1..eir parameters may interact to produce fairly consistent effects on the outcome

variables, which are dependent variables.

@ For an instructionsl designer (e.g., 8 professor or textbook writer) the Cesired outcomes and thé
conditions are independent variables which may slso interact; snd their parameters sre used to
prescribe gond methods of instr..ction which ara the dependent varicbles.

Figure 2. Three categories of instructional variables, and two sets of interrelationships
among those categoriss.

10




DELIVERY STRATEGIES: Methods for conveying the content
of the instruction to .ane lezrner and/or for receiving
and responding to input from the 1learncr. Delivery
systems are the agent'.s‘which convey, receive, and/or
respond to the learr r.

MANAGEMENT STRATEGIES: Methods for arranging the
interaction between the learner.and the other method
\ariabies—the otganizational and delivery strategy

components.

Insert Figure 3 about here
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Next, conditions méy be grouped according t» which cnes

have the major influence on each of the three classes of
methods.

GOALS AND SUBJECT-MATTE&' CHARACTERISTICS: Instruc-

LT SR DT S S R e * P

tional go>ls are 3tatements about what the results of

N

the instruction should be. Sub ject-matter character-
istics are aspects of all subjiect-matter areas which
provide a useful basis for prescribing structural
strategies.

CONSTRAINTS: Limitations of resources that influence

the choice of methods in one way or another. Tine,
equipment, personnel, and money are the most obvious .

constraints in instruction.
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Figure 3. A modal showing classes of Instructional variables and the major relationships
among them,

INDITIONS
ETHODS
(=
JTCOMES
Q .
ERIC

Aruitoxt provided by Eic:

GOALS AND CONSTRAINTS AND STUDENT
SUBJECT-MATTER SURJECT-MATTER CH.\RACTERISTICS
CHARACTERISTICS CHARACTERISTICS ’
ORGANIZATIONAL
STRATEGIES
=Pratentation DELIVERY MANAGEMENT
Strategiet STRATEGIES STRATEGIES
~ =Structunal
 Strategies
INSTRUCTICNAL SPONSORING
g-j.?c"&fé‘s INSTITUTION INSTITUTION
QOUTCOMES OUTCOMES
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STUDENT CHARACTERISTICS: Qualities or aspects of an
individual stucent that interact with methods to
affect learning outcomes. Theze include ability,
motivation, self-concept, and handicaps.

Thirdly, 1instructional outcomes may be divided into

three categories: learrer outccemes, instructional
institution outcomes, and sponsoring institution outcomes.
LEARNER OUTCOMES: All those outcomes which impact upon
the learner. They include the effectiveness, efficien-
cy, and appeal of the instruction.
INSTRUCTIONAL INSTITUTION OUTCOMES: All those outcomes
which 1impact upon the institution providing the
instructinn, - They include learner outcomes, monetary
costs, management demands, and appeal to personneli
SPONSORING INSTITUTICN OUTCOMES: ~ Al)l those outéomes
which impact upon the institution that pays for the
instruction. They include liearner outcomes, monetary
costs, and the appeal o :h» objectives attained to the
sponsor. |
These general classes of instructional variabies tend
to interact with each other in fairly consistent ways, as
indicated by ‘the arrows {n Figure 3. But those are by no-
‘neans the only ways in thcﬁ they interact. For instance,

some student variables may':nteract with some organizational

strategy variables.
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Within this broad framework of instructional variables,
we are currently ccncerned only with those variables which

relate to organizational stretegies--primarily the variables

in the left-hand column in Figure 3. However, there are two
important kinds of organizational strategles: presentation
strategies and structural strategies.
PRESENTATION STRATEGIES: Organizational strategies
which are methods for organizing the instruction on a

single construct.
STRUCTURAL STRATEGIES: ‘' Organizational strategies which

are methods for organizing aspects of instruction that

elate to more than one construct (i.e., to struc-

tures).

For our present purposes, we are only interested in (1)
structural strategy variables and (2) in ‘those condition
variables which interact with structural strategy variables.
The rollout-pg section is a Saxonomy of the inportant
concepts and variables related to structural strategies.

A TAXONOMY OF VARIABLES RELATED 10
STRUCTURAL STRATEGIES

In order to talk in any detail about sequenéing and
synthesizing subject-matterfcontent, a number of new con-
cepts relating to instruction and some unambiguous labels
for familiar concepts nead to be introduced. The purpose of

this part of Section 2 is to introduce the basic set of

14
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1
concepts and terminology that will be used throughout the
;Est of this report in discussing content structure and its
relzted instructional strategies.

We are interested in developing methods of instruction
that are highly effective under different conditions. But
the way we conceptualize and categorize those conditions and
methods can have a large impact on the stability and use-
fulness of the relationships that are 1identified betweeﬁ
those condi.ions and methods. Therefore, a matter of great
importance is the manner in which we define and classify all
the methods and conditions thét we wish to investigate; and
the ultimate value of any classification scheme that we
sdopt 1s determined by the stability, magnitude, and
importan;e (meaningfulness) of the Tcause-and-effect
relationships that are found to exist among those
categories.

There are two factors that can ;nfluence the stability
and magnitude of those causepapd—effect relationships: (1)
the preciseness of definition of the categories and (2) the

nature of the categories. The nature of the categories s

determined by the way in which referents (objects, symbols,
and events) are classified. For instance, trees may be
classified scoording to their age (e.g., seedling, sapling),
their kind of Ieaf (e.g., pine, deciduous), or their genus
(e.g., oak, méple). ~ The d4nstructional world can also be

wsliced” in different ways. Practically all classification

15
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schemes 1mprdve our understanding of the objects, symbols,
or events being categorized; but some cf them will have high
pradictive value, while others will have virtually no value

for predicting xhé outcoﬁes of instruction.
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With respect to the preciseness of definition, many

-

categories of methods that are frequently used in research

{f and theory construction are not very useful because the
;; stability of their cause-énd-etfect relationships {is
2% Jgopardized by the looseness or the high level of generality
%2 of tpeir‘detinition: For instance, "lecture" vs. "discus-
& sion group®, "inductive”" vs. "deductive". and "discovery”

ves. "reception" may often vary more within each category
than between categories. In such cases, it is necessary to
break down these "methods" into their building block;. and
to base one's research and theories on those more precise

and clearly-defined strategy components,

In this taxonomy of variables related to structural
strategies, we will first describe and categorize the
condition variables that we fcel are likely to interact with

- structural strategies. Then we will describe and categorize
the structural strategy variables as we currently concep-~
tualize them.

Cordition Variables

The two important classes of condition variables that

i{interact with the structural strategy variables are subject-

matter characteristics and instructional goa’s.

18
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SUBJECT-MATTER CHARACTERISTICS: Aspects of all
subject-matter areas which provide a useful basis for
prescribing structural atrategies.

INSTRUCTIONAL GOALS: General statements about what the
results of the instruction should be (Objectives are
far more detajled than goals,)

We shall discuss subject-matter characteristics first.

But in order to proceed with this taxonomy of conditions
related to structural strategies, we must first introduce
soﬁe' prerequisite concepts. All subject matter has {its

origins in re}erents. A REFERENT is an object, event, or

symbo)l which exists in our real or imagined environment.

For convenience, referents are grouped together into

concepts. A CONCEPT is a set of referents which are grouped

together on the basis of one or more common characteristics,

which are referred to as "critical attributes”®. As
referents are the atomic particles of subject matter, SO
concepts are the .element: with which all subject matter is
constructed; and suﬁjecn matter does not exist except as we
create it from referents and concepis.

All subject-matter components can be conceptualized as
having three parts: a domain, an operation, and a range

(Merrill, 1973; Merrill & Wood, 1975a, 1975b; Reigeluth,

Merri11, & Bunderson, 1978; Scandura, 1968, 1970). A DOMAIN

is comprised of one or more referents of one or more

concepts, hereafter referred to as "“domain concepts". A

17
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RANGE is also comprised of one or more referents of one or

more concepts, hereafter referred to as "range concepts”.

And an OPERATION describes a particular mapping between a

domain and a range. An operation, when applied to instances

of the domain concept(s), results in the selection of
corresponding instances of the range concept(s). (See
Figure 18). The overall construction (i.e., the domain,
operation, and range taken together) is referred to as a
content construct. ft will become abparent from the
examples provided below that constructs are in effect made
up of other construct;, for domain and range concepts are
themselves constructs, having their own domain, operation
and }ange.

Insert Figure 4 about here

However, ixi‘addit.iqn to comprising other constructs,
constructs may be grouped into a structure on the basis of a
single pervasive relation among those constructs (Reigeiuth,
Merrill, & Bundefson, 1978). This single pervasive relation
i{s similar to an operation except that (1) the range of one
corstruct serves a&'the'domain of another construct and (2)
the pervasive relation serves as the operation for ali
constructs in tne str-'uct__ure. Examples of structures are

also provided below.




,——— COMPONENTS OF SUBJECT MATTER
1 -
- '
.'r’ ’ Fd
/.',r ¢ p
I DOMAIN OPERATION AANGE l
’ CONSTRUCT
’ REFERENT (INSTANCE), A referant (or 'nstance) is an object, event, or symbol which existy, or could
sxist, in our raal or imagined environmaent.
CONCEPT. A concspt is a set of common characteristics (ateributes) referunced by & particular name or
) iabel, that can be appiled to a set of referents (instances of that concapt).
QPERATION, An operation is a function set.or a set of operator? which 'tpociﬂu 8 particuler mapping —
between a domain and s range.
' DOMAIN. A domain is & set of refarents upon which the operation acts or 10 which it is applied.
BANGE, A rangeis a set of referents which resuits from the application ot an opw aticn to s domain.
CONSTRUCT. A construct is 8 structurs consisting of a domain, an operation, and a range.
Figurs 4. The composition of a content construct
I [ J
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Returning to our taxonomization for subject-matter

S characteristics, the above-described conceptualization of

subject matter leads to its classification as constructs,

structures, and multi-structures,

e _ CONSTRUCT: A single domain, operation, and range taken

_;/{ as a unit.

,{_s' " STRUCTURE: A "multiple-construct®” in which the range
AN

7 | of one construct is the domain of another construct
| having the same- kind of operation. This single,
pervasive kind of operation is referred to as a
relation.

MULTI-STRUCTURE: A "multiple-structure" in which che
relations among two or more stiuctures are shown.

The major kinds of constructs (which seem to have the

most utility for prescribing organizational strategies) are:
facts, concepts, subsets, principles, and steps of pro-
cedures. (See Reigeluth, Merrill, & Bunderson, 1978} for a
.more detailed description.) Figure 5 illustrates thea{'five
kinds of constructs.
FACT: A one-to-one mapping between two referents (a
domain and a ran%f), such as "Columbus discovered
America in 1492." A common type of fact 1is an

identity, 1in which one refgrent is equivalent to the

other.

L T
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CONCEPT: A class of referents (the range concept)
which are grouped on the basis of certain common
characteristics (the domain concepts). The operation
specifies either a union ("and") or an intersection
("or"™) relationship among the domain concepts to form
the range concept. .

SUBSET: A set of concepts which are parts or kinds of
a single (superordinate) cuncept. The operation
specifies that referents of the subordinate concepts
(the domain concepts) are either parts or kinds of the
referents of the superordinate concept (the range
conc?pt).

PRINCIPLE: The operation specifies a cause-and-effect
relationship smong several event concepts. The event
concept that is the cause is the domain concept, and
thg effect is the range. There may be more than one
concept on the cause and/or the efreci side.

STEP: The specification of specific actions to take in
order t- execute some clearly defined behavior or
achieve some élearly defined objective. The domain
concepts are event concepts which represent the actions
to be taken; the range concept is the objective; and

the operation is the order {in wﬁich the actions should

_be taken.

it

ti
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Insert Figure 5 about here

The major kinds of structures which seem to have the

most relevance for organizational strategies are: lists,
learning structures, conceptual structures, theoretical
structures (or models), .and procedural structures. (See
Reigeluth, Merrill, & Bunderson, 1978, for a more detailed
description.)
LIST: A structure showing a linear (order) relatior
among its constructs,. The nature of the 1linear
relation may vary--for instance, countries hay be
listed in order of population area, sasgricultural
production, birth rate, or an almost fufinite number of

other characteristics. See Figure 6 for an.example.

- D el b T S A A A e S G A e S5

£
Insert Figure 6 ahout here

LEARNING STRUCTURE: A structure showing .earning-
prerequisite relations among its constructs (i.e,, it
shows the critical components of principles--which are
concepts--it shows the ecritlcal components or
attributes of those concepts~--which are also usually
concepts--and so on.) These are often referred to as
learning hierarci;ies, but other kinds of structures

(e.2., parts-type ta. )nomic structures and

~rocedural-prerequisite structures) are often confused
4

22



CONSTRUCT
Fact

The symbol shown s
used to represent

a vacuum tube on

a schematic diagram

of an slectronic circuit,

Subset

Parallel circuits,
series cireuits,
mnd combination
cireuits are three
kinds of circuits,

Concapt

A circuit is ot
resonance when
resctive capaci-
tancs and reactive
inductancs sre
presant in squal
smounts (in a
series RLC circuit).

Step

T° "Ilfﬁ" 'h.
chmmaeter:

1. Turn range selec-
tor to desired setting.

2. Touch probes together, .

3. Adjust chm control
until » zero reading is
schisved,

Principle

An increass in fre-
quency in s AC circuit
produces & decresse in
tatsl current and an ™
Increase in sotal

impedance.

DOMAIN OPERATION RANGE

IDENTOITY

"..is
reprasented
by...”

INCLUSION
*..are three
kinds of...”

Series
Cirevits

Combination
Clreuins

NTERSECTIO
* it both are
present in

qual emounts”’

).
Adjust ohms
controf until
» 2010

Figure 5. An exampls of each of the five kinds of constructs.

23
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important terms in electronics.

AMPERAGE
CAPACITANCE
CURRENT
FREQUENCY
IMPEDANCE
INDUCTION
POWER
REACTANCE
RESISTANCE

Key: the items in the list are srranged in alphabatical order.

Figure 8. An example of a list structure.

21
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with learning hierarchies. See Figure 7 for an
example.

Insert Figure 7 about here
CONCEPTUAL STRUCTURE: A structure showing
superordinate/coordinate/subordinate relations among
constructs, There are three important typa2s of

conceptual structures: parts taxonomies, which show

constructs that are components of a given construct;

kinds taxonomies, which show constructs (usually

concepts) that are varieties of a given construct; and
matrices (or tables), which are combinations of two or
more taxonomies. See Figures 8, 9, and 10 for exzmples
of these three kinds of counceptual structures.

----t-—--—-—---ﬂ-----—---n----------—
: -

Insert Figures 8, 7, and 10 about here

- D - . - e S S D T e Al S SR AR N T D e e b

THEORETICAL STRUCTURE: A structure showing change
relations among constructs. The most common kind of
theoretical structure, cr model, is that which shows
empirical relatgens (see Figure 11). Another important
kind 1is one which shows logical relations (see Figure
12). Klausmeier (1977) identified three kinds of
empirical relations: cause and errec;, correlation,

and probability. He also labeled logical relatious as

25
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INCUCTOR
CORE CoIL )
' wre | [ wsuLarion
tey: Thae line betwes:) two boxes on differant levels means that the lower box ia a part of tha higher box, -
I - rolation (all lines represent the same relstion in & structirrs}
D =  construct '
NOTE: Is also » constrs.q, In -
which cate th: relation
becomes an operation,
I
iFigure 8. An example of a parts-taxonomic structure.
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?ﬁ: Y MATTER I
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mrl;'; Key: The line between two boxes on different levels means A
: that the lowser b( x is 8 kind of the higher box. ‘“

' v . Figure 9. An example of a kinds-iaxonomic structure,

=
e

. o




R A F RS B R RSN

.
{

KINDS TAXONOMY

vecTRoNC]
CUIPMENT
|
D m&%‘ shicto
| I[ 1 | . | ] L |
TOMIBA ¢ OLAPFSON nouu:] " KENWOO0 ANUTTE ALIETTE
LECTROMN
QUIPMENT
‘ |
aiCORDARS ™ STEREO
m —m 1 M L
TosMIsA * L cs o J = LLOYDS TOSHIBA f fawuievre
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RECORDERS -  SETS SYSTEMS
‘ CURTIS
TOSHIBA MATHUS TOSHIBA
MIGH-PRICED
. SONY SONY OLAFFSON
PIONEER QUASAR YAMAHA
MEDIUM-PRICED
PANASONIC HITACHI KENWOOD
, JUUETTE | FLEETWOOD | SOUNDESIGN
LOW-PRICED
. GENERAL LLOYDS JULIETTE
ELECTRIC :

Key: Esch box contains instances of both its row heading and its column heading.

Figure 10, An example of 8 kinds-by-kinds matrix structure (or table). The parts of the
two kinds taxonomies from which the matrix was constructed are shown at ths

top.




axfomatic. One of the major tasks of any dicipline is
to discover or create logical structures which are
{somorphic with empirical structures.

= it T

2 Insert Figures 11 and 12 about hure

; e e eemmame————-——-——————

i PROCEDURAL STRUCTURE: A structure showing procedural
;f relations among constructs. There are also two
,: importent kinds of procedural structures: those which
3 show procedural-prerequisite relations, which specify
‘,; the order(s) for performing the steps of a single
i procedure, and those which shovw procedural-decision
:‘z. relations, which deseribe the factors necessary for
§ deciding which ‘alternative procedure or sub-procedure
3‘: to use in = given situation. See Figures 13 and 14 for
33‘- exampl?s.
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Insert Figures 13 and 14 about here

There 1is another valuable way in which content

structures can be ciassified. They may be orientation

structures or supporting structures (see Figure 15).
ORIENTATION STRUCTURE: A structure which is highly

i{nclusive 4n that it subsumes all or most of the

subject matter to be taught. It may be conceptual,

procedural, or theoretical.




INCREASE IN
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REACTIVE REACTIVE POWER,
CAPACITANCE.
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TOTAL —
TP EOANCE. POWER FACTOR.,
Y
INCREASE IN
INCREASE IN .| eLEcTROMOTIVE
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APPLIED POWER.

KEY: THE ARROW BETWEEN TWO BOXES MEANS THAT THE CHANGE IN ONE BOX

CAUSES THE CHANGE IN THE OTHER SOX TO OCCUR,

Figure 11. An example of an empirical-theoretical structure.
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Figure 12. An example of 8 logical-theoretical structuve,
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Read resistance on
the 10p Maer scale.

2

Place tast probes on
the points between
which you wish to
messure.

3

Maks certain there is

no voltage present st
the points you are Separats the laads.

going to messure.
Tumn the 2310

ohms’’ control
until » 2er0 read-
ing is achieved,

| 3

Touch maral tips of
probes cagether.

4 .

Turn range Set function Connect black Connect red
sefector switch at test lead to test lead to
woRxt. 4+ DC", the =" jack. the “*+* jack.

Key: The srrow betwec: two boxes on different levels means that the lower box must be performed
before the higher box can be performed. Boxet on the same level can be performad in sny order.

¢

Figure 13. An example of a procedural-prerequisite structure,
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1. Use procedurs A
2. Use procedure B

3. Use procedurne C
Eee.

Key: Each dismond rapresents » decision point in the selectionot the sppropriste procedure for

i What R
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messuring an aspect of electricity in a circuit. -

What
factor

What
hc?tor

18

Figurs 14. An example of a procedural-decision structure.
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SUPPORTING STRUCTURE: A structure which is much less
inclusive than an orien;élion structure and is nested
eithgr within an orientztion structure or within a more
inclusive supporting structure. It provides knowledge
which supports an understanding of the structure within
which 1t is nested. ;.

Insert Figure 15 about here

In reality, the difference between constructs and
strﬁctures i{s not clear-cut; it is more like a continuum
with a fuzzy boundary between the two sides. In addition,
fhe "pushedown " principle” (see Merrill, 1971; Reigeluth,
Merrill and Bunderson, 1978) can move the boundary along the
continuum (toward the construct side) as the learner deepens
his understanding. Nevertheless, given its variation with
the learner's level of knowledge, the distinction tetween
constructs snd structures is a useful one for pres;ribing

different types of organizatiohal strategies.

There are at least two kinds of multi-structures that

are important for specifying structural strategies: nested
and parallel.
NESTED MULTI-STRUCTURE: A multi-structure compriseu of
structures which have a construct in common. For

mexOMple, imagine a theoretical structure in a hori~

zontal plane. Each construct in that theoretical




b.
[ -
b.
WPEOANCE OLCRIASS
t 8
[ I 3 1
IRAGAANLY
L 4

“ue-un - SRERTASE REACTANCE REIMSTANCE CHANGS
[ o acativve symen |

4 Y

vy craan w0 | / —~
, rz_"‘
/
shalvl AME W /
iy - #'n‘ [ - w_ﬂ"
Ot P Cunmpart o ST oy, MCATASS CURRENT
' ) I 3 S
-t LY Cnanae ' ancur
1 3
PATH HWECTRONS

R Figure 15, Part of a nested muiti-structure showing two learning prerequisite structures as
supporting struct es for 8 theoretical orientation structure,
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structure could be the top box in a different learning -

structurc. See Figure 15 for an example.

PARALLEL MULTI-STRUCTURE: A multi-structure consisting

of two or more structures which have no concepts in

common, but which have consistent relations between

their respectivé concepts. For exemple, imagine a

theoretical structure and a procedurai structure 1in

parallel planes. [‘ach step in the procedural structure

{s related to (and in fact was probably derived from) a

corresponding principle in the theoretical structure.

See Figure 16 fof an example.

Insert Figure i6 about here

Figure 17 summarfizes and synthesizes the conditions
which are classifiuvd as subject matter characteriatici. The
other important class of conditions relating to organiza-

tional strategies is instructional goals. GCoals and

objectives lie on a continuum from very general to very

detafiled. For our purposes, we are not interested in
detailed goals, although Merrill’s task/content
classifications (Merrill, Richards, Schmidt, & Wood, 1977;
Merrill and Wood, 1974, 1975b)_provide useful categories of

such objectives for presentation strategies.

4
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Insert Figure 17 about here

We bdelieve that there are two kinds of general goals
that have particular vailue for prescribing structural
strategies: orien;ation goals and supporting goals.

ORIENTATION GOALS: The major emphasis of the instruc-

tion, with respect to how the student will use the

subject-matter content. '

SUPPORTING GOAL: A specification of subject-matter

content and student behaviors that will enable or

facilitate the achicvement of the orientation goals.

The parallel between structures and goals coqtinuea
even further because we propose that 4t is useful to

classify all orientation goals as conceptual, procedural,

and theoretical.

CONCEPTUAL ORIENTATION GOAL: The major emphasis of the
instruction 4s for the student to gain a firm
understanding (a) of the important concepts in a
subject matter and (b) of the important taxenomic
relations among those cpntepts. This i. in essence a
ngeneral education” approach.

PROCEDURAL ORIENTATION GOAL: The majo-~ emphasis of the .
instruction is for the student to learn to perform @

procedure or a set of procedures,




CONDITIONS

Figure 17. A summary of the classifications of the condition variables that influence the

SUBJECT-MATTER
CHARACTERISTICS

structs

Fects
Concepta
Subsets
Principles
Stepe

Structures

Listy

Lestning structures
Conceptusl structures
Theoretical structures
Procedural structures
Orientation structures
Supporting structures

Muiti-Structurss

Nested
Pacaliel

INSTRUCTIONAL GOALS

Orlentation Goals

Coneeptual
Procsdural
Theorstiocsl

Supporting Goals

Enabling
Contaxtual
Procedural
Explanstory

use of structurs! strategies.

«/
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- THEORETICAL ORIENTATION&OAL: The major emphasis of the
instruction is for the student to understand the
important change kélations in a subject matter. This

},/ type of orientation goal may also -be performance-

orientad, but the performance entails broad transfer to

unfamiliar situations that only a fundamental under-

standing of underlying processes would be adequate to
cope with.

Supporting goals, which are less general than orien-
tation éoals, may be classified as enabling, contextual,
procedural, and explanatory.

ENABLING SUPPORTING GOAL: A supporting goal which

-~ " 1ndicates what a student must know (or be able to do)
in order to learn (or be able to do) a part of the goal
whieh it supports. An 'enabling goal 4dentifies
learning prerequisites,

CONTEXTUAL SU§PORTIHG GOAL: A supporting goal which

requires showing the context of a part of the goal

which 1t supports. This context 1s 4in relation to
subject-matter content which is super,co/subordinate to
it. |

PROCEDURAL SUPPORTING GCAL: A supporting goal which

requii'es showing a8 aténdard procedure related to the

gosl which it supports. Landa's (1974)

{dentificational and transformational algorithms

usually satisfy this kind of supporting goal.

40
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EXPLANATORY SUPPORTING GOAL: A supporting goal which
requires showing the underlying processes upon which

the procedural goal it supports is based. -

Rl g o ok g e ek
.rm. . ; ; A
2 A PAZ Y i L

’ .

Figure 17 summarjizes all the condition variables that

%% influence the use 2f structural atrategies:

gﬁ Method Variables

g% ¥ith respect to method variables, we mentioned above
gﬁi that ve are only interested in structural sfrategies. a
%f; subset of orgsn!zational strategies. Structurzi strategles

may be classified as "the four S's": selection, sequencing,
synthesizing, and summarizing.
SELECTION STRATEGIES: Methods for deciding what parts

RGN R

of a subject matter to tezch.
SEQUENCING STRATEGIES: Methods for arranging the order
in which the conz’ cucts and relations selected will be
presented to the student, | B |
SYNTHESIZING STRATEGTES: Methods for teaching
@ubject-mitter st~uctures (i.e., for teaching the
relations gnong constructs).
SUMMARIZI¥G STRATEGIES: Methods for previewiné' or
reviewing the constructs and relations selected.
It would be possible to continue to breaqbown each of
these kinds of structural strategies into éomponents.. For

instance, synthesizing strategies can be broken down into

_such components as: (1) frequency of synthesizers (how

- \
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orten.they appear in instruction of a given length), (2)
timing of each synthes}:er (exactly when it is presented
during . the instruction), (3) 1lcvel of eac synthesizer
(vhich is on n» continuum from very general or simple to véry‘
detailed or complex), (8) '~-"—<iveness of a synthesizer
(the amount of material thaﬁ is synthesized, with respect to
both depth and breadth of material), (5)‘type of synthesizer
(vhicn i basically the type of relation shown, i.e., parts
taxonomic, procedural prerequisite, etc.), (6) form offtho
synthesizer (which could be either literal or'analosous).
and (7) representation of the synthesizer (which could be
prose, graphic, or diagramatiec). Hcwever, f;r our prgient

purposes, we feel that such a detailed analysis of atrategy

components must wait for a-more extensive research effort.

There are two other ways of classifying all structural

strategies. One is to classify them as either systematioe

or unsystzmitic. !

SYSTEMATIC STRUCTURAL STRATEGIES:  Structural

strategies that are generated systematically from
principles or a theory.

UNSYSTEMATIC STRUCTURkL STRATEGIES: — Structural
strategies that are not generated systematically from
prineciples or a theory, such as structural strategles
thai are intuitively generated. "

The other is to classify all structural strategies as

_either macro-level or micro-level,

Q,
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MACRO-=LEVEL STRATEGIES: Strategies for structuring the

major seotions of a course., For instance, they would

inoclude strategies for selecting, sequencing, svnthe-
sizing, and summarizing the units of a textbook.

MICRO-LEVEL STRATEGIES: Strategies for structuring the

parts of the major sections of a course. For instance,

~ they would include atrategtes for selecting,
sequencing, synthesizing, 2nd sumpmarizing the sections
of each chapter of a textbook.

Rather than beirg dichotomous, macro-level and
mioro-level strategies lie on a continuum,

As far as the systematic/unsystematic distinction is
concerned, we are only interested in systematio strategles.
Systematio strategies can in turn be built up intc different
strategy models (complete sets of strategy compénents) based
on each of the different kinds of orientation structures.
Such models will be descfibed {n some detail in the naxt
part of Séotion‘a.

There are two more oconcept: which we would like to

‘desoribe: epitome and elaboration.

EPITOME: A synthesizer whlch epitonizes the
subject-matter sontent to be taught 11 a course. It
portrays only the most important parts of the content
and the most importsnt interraulationships among those

parts. For exampln, for & procedural orientation geal,

the epitome would be a very general-level procedure
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that subsumes 8ll of the wslternative sub-procedures

which the student needs to learn (see Figure 18).

Ingert Figure 18 about here

ELABORATION: A portion of instruction which provides
more detailed or complex in‘ormation about a part of
the content to be taught. A first-level elaboration
elaborates on an epitome; a Second-level elaboration
elaboi'ates on a first-level elaboration; and so on.

Figure 19 summarizes these classifications of

structural strategy variadles.

Insert Figure 19 aoout here

SUMMARY OF THIS PART
First, the context of structural strateglies was

described by means of a general framework for concep-

tuslizing and studying the effects of different methods
under dilferent conditions. This general-level classifi-
cstion scheme divided the world of instruction into
conditions, methods, snd outcomes. Methods were classified
ss orgsnizational, delivery, and management; econditions were
classified as goals and subject-matter oharacterlstiﬁs.
constraints, snd student characte;lsties; and outcomes were

Ellsaifiod as learner, instructionsl institution, and

L




REMOVE ALL CONDUCTORS

REPLACE DEFECTIVE
INTERFERING WITH NORMAL
COMPONENTS CIRCUITS h
T 1
EXAMINE BRANCK' S EXAMINE BRANCHIIS HAVING
HAVING AN INFINITY . ASUBNORMAL RESISTANCE
RESISTANCE VALUE VALUE

L

i)

MEASURE. RESISTANCE VALUES
IN EACH RRANCH OF THE CIRCUIT

T

DE-ENERGIZE CIRCUIT

Figure 18. A procedursl epitome for a course in elecronics troubleshooting.




Selection Systomatic Macro-Level
< Sequencing Unsystermatic Micro-Level
METHODS .
gSynthesizing Epitome
Summerizing Elaboration

the classifications of the method variables that relate tO

Figurs 19, A summary of

structural stratsgies.
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sponsoring institution o comes.- Organizatio@%methods were
also classificd as presentation strategies and structural
strategies. It was stated that we are only interested in
structural strategies and the conditions (goals and
subject-matter characteristics) which relate to thenm.
second, the importance of clearly defining and clas-
sifying instructional variables and corcepts was emphasi zed.
It was indicated that thc nature of the classifications and
the preciseness of their &efinitton will have = large impact
on progress in developing better methods for sequencing and
synthesizing 1instruction. An {mportant requirem.nt for
such progress is to break down methods of instruction into
their buildihg blocks, and to base cne's research and

theories on those more precise and clearly-defined strategy

_ components.

Finally, the variables relating to structural stra-
tegies were def’ned and classified. They are summarized in
Figure 20.

Insert Figure 20 about here
In Lhe next part of Section 2, we will use these
concepts and variables to develop, and to creatz prescrip-
tions for the use of, whole models for structuring instrue-

tion (i.e., dntegrated sets of structural strategy

variables).
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mmwﬂ Contextusl
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METHODS ’
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Summenzing Elsborstion

Figure 20. A summary »f the classifications of variables that rolate 1S 5t uctusal strategies.

48




29

SECTION 2, PART 2
THE ELABORATION MODEL OF INSTRUCTION
This part of Section 2 describes the elaboration model

for sequencing an¢ synthesizing instruction. All of the
concepts whcse interrelationships are described by the model
. *e defined in the previous part of this section.

Models show how things work. One can conceptualize
podels as being of two kinds: those which describe natural

phenomena, which are invariant, and those which describe

ways to achieve some end, which are goal-oriented and
therefore vary as goals vary. This distinction parallels
the difference between descriptive sciences, such as the
science of iearning, and preseriptive sciences, such as the
science of instruction (Reigeluth, Bunderson, & Merrill,
1978; Simon, 1959). The elaboration model of instruction is
prescriptive--it describes ways to achieve given ends.

There are two aspects of the ends of instruction. One
aspect is the nature of the general goals of a course of
fnstruction. In the previous seotiorn we classified them as
effactiveneas, afficiency, and appeal. These ends are
fairly uniform for all instruction--that 1s,Ione wants the
students to senjoy ihe {nstruction (appeal), one wants to
achieve a given level of learning with a minimum of student

zime .and monetary expenditure (efficiency), and one wants

] the instruction to be effective. Since these goals do not
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vary much from course to course, the model is fairly
constant with respect to them.

The other aspect of the ends of instruction is the
nature of the particular goals of a given course of
instruction. In the previous section we classified them as
conceptual, prqfedural, and theoretical. Since these goals
v.ry from course to course, the model must vary with each of
these goals. In this report we will descriﬁe the azpects of

the model which do not vary from course to course. Then we

will describe aspects which do vary from course to course.

Principles
First, however, since all models portray a conglomerate

of principles, it may be helpful if we describe some general

principles of instruction upon which the elaboration model

4s based. These hypothesized principles are likely to be
valid only for teaching a fairly 1large number of
interrelated constructs. For a small number of constructs,
sequencing and synthesizing strategies probably do no’. make
much difference. In--effect, the following seven hypothe-
sized principles are parts of a more general "elaboration
principle”; and each of these seven could in turn be broken
down into more specific parts--more detailed principles.

1) Initial synthesis principle. A general
_synthesizcr--whioh shows the major parts of the subject
matter and the major.relationships among .those partﬁr-should

. be presented at the very beginning of the instruction.

oS¢
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(*Should” means that doing so will result in the instruction
being more effective, efficient, and appealing.)
2) - Gradual elaboration principle. The parts of the

initial synthesizer should be gradually elaborated so that
the sequence of the instruction proceeds :- from general to
detailed or from simple to complex.

3) "Most important first" principle. Whatever one

judges to be the most important part of an epitome should be
elaborated first. Importance {: estimated by @ subject~-
matter expert on the basis of such factors as contribution
to understanding the whole orientation structure, frequency
of use in the real world, or the seriousness of the
consequences of inadequate use in the real uorld; The
rationale for this principle {s that the sooner a part of an
epitome is elaborated the better it will be learned, because
the learner will gain more practice in doing and integrating
that part "y the end of the instruction.

k) Optimal size principle. Each elaboration should

be short enough that its oconstructs ocan be recognized

comfortably by the student and sjynthesized comfortadbly by

the instruction, yet long enough that it provides a good
amount of depth and breadth of elaboration. This optimal
size is related to the limits of short-term memory; but 1t
is also likely that {t is influenced by cognitive processing
pbilities (which are probably a function Sr mental maturity)

51
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and by certain subject-matter characteristics (such as the
novelty of the items and the type of relation being
synthesized).

5) Periodic synthesis principle. A synthesizer

should be provided after each elaboration in order to teach
the relations among the more detailed constructs that were
just taught and to show the context qf the elaboration
within the epitome. The detajl or complexity of the
relations taught should correspond with the detail or
complexity of the constructs taught in the elaboration.

6) Type of synthesizer principle. The following
types of synthesizers should be used under the indicated
conditions: a oo -aptual structure (taxonomic or matrix)
for conceptual orientation goals, a theoretical structure
for theorevical orientation goals, and & procedural
structure for procedural orientation goals.

7) Periodic summary principle. A summarizer (e.g., 8
concise generality for each construct) should be provided
before each synthesizer Qnd before each expanded epitoame.
This will facilitate synthesis,

An Analogy

In order to understand the nature of the e’ ‘boration
model of instruction, an analogy may be helpful. Taking a
look at subjeast matter "through"™ the elasboration model is
similar in many respects to looking at a picture through a

. zoom lens. A person usually starts with a wide-angle view,

o il
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which shows the major parts of tue picture and tﬁe major :
relationships among those parts (e.g., the composition or :
balance of the picture). :

The person then zooms in on a part of the picture. He E
could be forced to zoom in on a certain part, or he could be :

given the opiion of zooxming in on whatever part interests:
him the most. Assume that, instead of being continuous, the _
zoom operates in steps or discrete levels. Zcoming in one

level on » given part aof the plcture sllows the person to

see the major subparts of tha:t part and the major _
d}clationahips among those subparts.

At this point several options are avallable, The
person could ps2n across at the same level of detail to
another part of the picture. Or he could continue to zoom
in snother level for more detail or cofiplexity on one of tne

subparts. Or he could zoom back out to the wide-angle view

. s W

to review the context of that part within the whole picture.
Again, the person .could be forced to follow a ocertain
pattern, he could be given the option of following sny of » _
limited number of types of patterns, or he could be given
total freedom to follow any pattern he chooses.

After viewing a set of details on a part of the ploture
(1.e., subparts directly below » given part), the parson .
should zoom back out to revisit the part in order to
gynthosizc that detail-«that is, to see with greater detail

sand undci-standing, the relstionships among those subparts.

53
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It is also important that the viewer proceed from the top
down. In other words, no subpart should be inspected before
it hss been seen from the next-higher level.

In » similar way‘. the elaboration model of igstructiéﬁ
starts the student with a very broad, general \.ew of the
subject matter t; be tsught. Then it gradually divides that
subject matter into parts, elaborates on each of those
parts, divides those parts-into subparts, elaborates on each
of those subparts, and so on until knowledge has reached the

desired level of detail and complexity.
This general-to-detailed organization allows the

learner to learn at the level of detull that is most

mesningful (Ausubdel, 1968) to him at any jgiven state in the

~ development of his .-knowledge. The learner is always awvare

£y

of the context and importance of ghe different constructs he
is leurning and of the important relationships among the
constructs that he lias learned. And the learner never has

to struggle through s aeries of lesrning prerequisites that

'ft pust be remembered that tle zoom-lens anslogy 1is
just sn asnalogy and therefore that (it ‘haa non-analogols
aspects. One such dissimilerity is that all the detail of
the pioture is aatuslly pre=ent in the wide-angl2 view,
wherea: the detail i3 not there 2t all in the cpitome..
plao, detail 1is added in discrete steps in the elaboeration
model. - '
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are on .too deep a level of detail to be 1ntérean£ng or
meaningful at the {nitial stageé of instruction. As he
works his way to deeper levels of detall, increasingly
complex prerequisites will need to be introduced. But if
they are only introduced at the level of detail at which
they are necessary, then the learner will want to learn
those prerequisites because he will understand their 1mpor;
tance for learning at the level of detail that now 1ntéresta
him.

Unfortunately, up to now the zoom lens has hardly been
used at 8l) in instruction. Most instructional sequences
begin with the "lens" zoomed all the way in at one corner of
thé "picture” and proceed--with the "lens" locked on that
level of detail--to systematicu.lly cover the entire scene,
This has had unfcrtunate consequences both for synthesis and
for motivation.

The lack‘qf utilization of a zoom lens in instruction,
i spite of the important pioneering work of Ausubel over
two decades ago, may be due primarily to Ausubel's emphasis
on the e¢cience of learning. Our present efforts are an
attempt to develop the counterpart of those 1déas in the
sciehce:ot instruction. The following is a description of

some details of the elaboration model of instruction.




Ppr—

P » s d

T
TP

Bisia S0 "y

P
» .

30

THE ELABORATION MODEL
Keeping in mind the foregoing analogy of the zoom lcns,
thic following is a general dedoription of the elaboration
nodel of instruoction (see Figure 21). The technical terms
used herein are defined in the previous section.

Insert Figure 21 about here
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1) The instruction begins with an epitome, which

provides a g‘enenl overview of the major aspects of the

orientation st:ucture.

2) The instruction providas a primary-level elab-'
oration. on each par% of the epitome, bezinning with the
"most important®™ part. Importance i3 estimated by a
subject-matter expert on the basis of such factors as
contribution to understanding the whole orientation
structure, frequency of subsequent use, or seriousnessof
consequences of a mistake. Each primary-level elaboration
adds detail or somplexity to the general uhderstandins of
each part of the epl'.nme. |

3) At the and ot'each primary-level elaboration, the

instruction provides a summarizer followed by an expanded

epitome. The r ‘'marizer gives a conoise generality of each
construct that was taught 4in the elaboration, and the

expanded epitome shows (a) the important relationships among




~ M STRATEQY COMPONENTS: STEF

. The epitome 1
‘

b
B 1/~
#
i Five 2 2
{ primary-devel 11 :
% on the spitome I \\
) I \

: ooy

Dy
N

sscondary-level A\ 4.
elaborations on WA\

one of the . \ \ \

primary-level Y

Q'Mm’ \ \ \

oto, 6.

Figure 21. The major conceptual relationships among the parts
of the slaboration model of instruction

| ' WA
] \
1

3

3

ERIC

“@
. : ] . . -




37

the subparts comprising the elaboration and (b) the context
of the eladorated part within the epitcme.

8) After all of the primary-level elaborations/
expanded. epitomes (sse Figure 22), the instruction provides

secondary-level eiaborations, which wusually elaborate on

each primary-level elaboration rather than on the epitome
«-{f such i{s necessarvy to bring the student to the depth of
understanding specified by tre objectives of the
inatruction. Sometimes, however, the secondary-level
elaborations elaborate on a different dt?ension of the

orientation structure (see next part of this section).

5) At the end ¢ each secondary-level elaboration,

the instruction provides a summarizer and an expanded

epitome, similar to those at the end of each primary-level
elaboration.

6) After all of the secondairy-level elaborations that
are needed have been presented and shown in expanded

epitomes, then the pattern is repeated for tertiary-level

elaborations, fourth-level elaborations, etc., if such are

needed to bring the student to the depth of und:rstanding

specified by the objectives of the instruction.




o EPITOME ) (1) EPITOME
. SUMMARIZER AND
. (2) APRIMARY-LEVEL Ll (3) EXPANDED EPITOME ON
( . ELABORATION THAT ELABOEATION
PRIMARY-LEVEL
ELABORATIONS
SUMMARIZER AND
(2) ANOTHER PRIMARY- L __.1 (3) EXPANDED EPITOME ON
LEVEL ELABORATION THAT ELABORATION

/

ETC.

. SUMMARIZER AND
(4) ASECONDARY-LEVEL |___3.1 (5) EXPANDED EP.TOME ON

ELABORATION THAT ELABORATION
SECONDARY-LEVEL
ELABORATIONS
SUMMARIZER AND
(4) ANOTHER SECONDARY-|__3] (5) EXPANDED EPITOME ON
LEVEL ELABORATION THAT ELABORATION
ETC.
(6) SO ON FOR TERTIARY AND FOURTH-
LEVEL ELABORATIONS, IF NEEDED
LOWER-LEVEL *
ELASORATIONS
i (7) TERMINAL SUMMARIZZR
o - AND TERMINAL EPITOME

_j\

Figure 22. An epitome of the elaboration model uf instruction
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T At the very end of the instruction, a terminal
epitome is presented to synthesize the ¢ tire domain of the
subject matter.

* VARIATIONS OF THE MODEL

There are many possible variations of this model. 1In
reference to the zoom.lens analogy, the instruction oeould
zoom in on just one primary-level elaboration before zooming
in on its secondery-level elaborations, rather than zooming
in on all primary-level elaborations before zooming in on
any secondary-level elaborations. Or the learner could be
given control over the sequeﬂcing of elaborations. However,
we hypothesize that the most cost-effective variation {s the
one that was Just described in some detail and was
n illustrated in Figure 22.

Assuming that the most cost-effective variation ueré‘
known, it is likely that the atove-described aspects of the
model would not vary from course to course-~that 1s, the
instructional componeﬁts described'would always all be
present and in the same order. However, there are two ways
in which this model may systematically vary from one kind of
course to another.

First, the nature of the major strategy components

described varies with the type of orientation goal.
Although their presence and their order would probably not .
change, the epitome, the elaborations, and the synthesizers

all vary considerably depending upon whether the orientation
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goals are conceptual, procedural, or theoretical. Below is a
description of those variations and when each should be used.
The second way in which this model may vary from one course to

another is that the epi.tq?s , elaborations, and synthesizers are

usually based on a number of interrelated structures (i.e., a multi-

structure) rather than on a single orientation structure. These

variations are also briefly described below.

Epitome

The nature of the epitome and the procedures for creating it are
different for each type of orientation goal: conceptual, procecural,
or theoretical. The procedure for creating the epitome will be
described in same detail in the next section of this report. The
following is a description of the nature of the epitome for each type

of orientation goal.

Conceptual. Like all epitomes, a conceptual epitore has two major
parts: a synthesizer and the instx;uction necessary to understand that

synthesizex. The synthesizer in this case is a conceptual structure

(either a taxonomy or a matrix), but this synthesizer must be a very
simple or general vergion of the conceptual orientation structure, and
it must subsume the majority of the sﬁbject matter that is to be taught.
It should contain the maximum amount of material that a .student. can

-3 .
learn confortably in one lesson (e.g., in a one-hour

ERIC A

Full Tt Provided by ERIC.
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sitting). Such a conceptual synthesizer is chown in Figure
23.

Insert Figure 23 about here

- D s b e e O el ol G Al

The instruction neceasé@y for the student to understand

the epitome's synthesizer will include generalities,
instances, and practice on each concept and a clear
descoription of ihe relations portrayed in the synthesizer.
The instances and practice do not have ‘.. be abstract; in
fact, they should be concrete, real-life cases. But they
should be chosen or generated Eo as to be simple enough for
the student to learn at the initial stages of the
instruction. In order to teach each concept in the
synthesizer, it may be necessary to identify its learning
prerequisites, and to include them in the instruction 1if
they cannot be assumed as entering knowledge of the
students.

Procedursl. A procedural epitome is also comprised of

8 synthesizer and the instruction necessary to understand

that synthesizer. The major difference is that in this case
the synthesizer is a procedural . structure (eithe-
procedural-prerequisite or procedural-decision). Again it
must be a very simple or general version of the complete

procedural structure which represents the majority of the

61

-
+

K ; . e, . e, T . ' . A .

e R AEFR Y A as e sl R e g i f_-gd'- Y LT E S g A e
.y dEr i ot A » e 30 h T &1 et €0

A et R R R N




[

Q

ERIC

Aruitoxt provided by Eic:

TYPES OF
ELECTRIC CIRCUITS

Serles

DC Parallel

Combi-
nation

Serles

AC Parallel

Combi-
nation

ELEMENTS OF
ELECTRIC CIRCUITS

Figure 23. A simple version of a conceptuasl structure that could be
used as the synthesizer in a conceptual spitome for an electronics course
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subject matter that is to be taught. Such a simplified

proéedural synthesizer is shown in Figure 2&.

- b s i S EP OP G5 A5 SR W wp T o W S ED ED de U B W W

Insert Figure 24 about here

The instruction necessary for understanding“ the

epitome’'s synthesizer will include generality-
instance-practice instruction on each step (construct) and a
clear deseription of the relation portrayed in the
synthesizer. The instances and practice should be real-life
cases that are chosen or generated so as to be possible for
the student to learn at the {initial stages of the
instruction. For exsmple, in reference to Figure 24, the
circuit may be an extremely simple one having only one
brsnch and no infinity resistance value (Jjust a subnormal
resistance value). "If cny Steps {involve concept
cllasitic;tion, those concepts may need to be taught; and
their learning prerequisites may also need to be identified
and included in the instruction (if they cannot be assumed
as entering knowledge of the students).

Theoretical. A theoretical epitome is also comprised

of a synthesizer and of the instruction necexsary to

understand 1{t. In this case the synthesizer 1is a

theoreticet structure (either empirical or logical). Again
it must be a very simple or general version of the complete

theoretical structure which represents the majority of the

63
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Aruitoxt provided by Eic:

REPLACE DEFECTIVE
COMPONENTS

REMOVE ALL CONDUCTORS
INTERFERING WITH NORMAL
CIRCUITS

EXAMINE BRANCHES
HAVING AN INFINITY
RESISTANCE VALUE

EXAMINE BRANCHES HAVING
A SUBNORMAL RESISTANCE

f

VALUE
K

MEASURE RESISTANCE VALUES
IN EACH BRANCH OF THE CIRCUIY

-

DE-ENERGIZE CIRCUIT

KEY: The srrow between two boxes on different ‘evels
masns that the lower box must be performed
before the higher box can be psrformed. Boxes
on the same level can be performed in any order,

Figure 24. A simple version of s procedural structure that could be used as the synthesizer
in procadural epitome for a courss on slectronics troubleshooting
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subject matter to be taughé. Such a simplified theoretical

synthesizer is shown in Figure 25.

Insert Figure 25 about here
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The 4instruction necessary for understanding the

epitome's synthesizer will include generalities, instances,
snd practice on each construct and a clear description of
tﬁﬁ theoretical relations in that synthesizer. Again, the
instances and practice should be real-life cases that are on
a simplified level. (For example, in reference to Figure
25, the student should be shown actual instances of the
effects on E and I of a given change in R.) The theoreticsl
structure is comprised primarily of concepts, and therefore
their learning prerequisites may also need to be identified
and included in the instruction.

Expanded epitomes. The expanded epitomes are basically

the same as the epitome, except that their synthesizers are
correspondingly extended to include more complexity or
detail, and those synthesizors 'will often be nested
multistructures, This applies for each type of orientation
gosl (conceptual, procedural, and theoretical).
Elaborations |

The natqre of the elaborations and of the procedures
for creating them are also different for each type of

orientation goal: conceptual, procedural, and theoretical.

65
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Figure 26. Two representations of a simple version oi ¢ theorstical structure that could

E -
THE MATHEMATICAL SYMBOLS SHOW THE LOGICAL-THEORETICAL
RELATIONS BETWEEN RESISTANCE W), ELECTROMOTIVE FORCE (E)

AND CURRENT (1) IN A SIMPLE SERIES DC CIHRCUIT. E ICALLY
DETERMINED VALUES MAY Vm? SLIGHTLY FROMTHE LOQICAL.

i

A

R=0.5

KEY: THE LINES ON THE GRAPH SHOW THE RELATICNSHIP SETWEEN

CHANGES IN E AND | FOR GIVEN VALUES OF R,

]

be usyd ss the synthesizer in a theoretical epitome for a courss in slectronics
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The procedure for creating the elaberations will be
desci-ibed in some detail in the next part of this section.
The following {s & description of the nature of the
elaborations for ‘each type of arientation goal.

Concegtual. ‘Like all olaborationa. the sonceptual
vc{ahoratléns gradually lead the student frcn 8 very general
understanding of the subdject matter to be taugh% (l.e., the
epitome or the wide-angle view) to a level of complexity.&r
detsil specified bty the objectives, In this case, each

elaboration teaches concepts which are subordinate to a

general ccncept that has™elready been taught, either in the
epitome (for first-level elaborations) or in an eladboration
(for lower-level elsborations). In other words, the toplcs
of an e}aboraiion are the parts or kinds (deperding upon the
type of conceptual structure) of @ general concs=pt or
concepts.

Regardless of the type of elaboration (conceptual,

procedural, or theoretical), the amount of material within

esch elaboration must be gauged to the ability level of the
lesrners., - If there 1is too much material, it will be too
Gifficult for the student to synthesize (due to an excessive
memory and assimilation load), end the student will be less
motivated (due to a greater difficulty in keeping the whole
"picture” in mind). In an introductery course for graduate

students, much more materisl should be included in esch

illbonntion than'in sn introductory course for junfor high
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school students. The amount of material in au elaboration
may be ldjuaté% either by changing the breadth of the elabo-
ration or by changing the Jepth of the elaboration. For
airly simple material, a single elaboration could include
an entire row of a taxonomy or of a matrix, or it could
entail going three levels deep on a single box in the
epitcme. Specific recommendations are ipcluded fin the next
section of this report.

Procedural. Each procedural elaboration provides {its

dstail or complexity on a 8single step of the procedural
epitome. Therefore, the amount of material within an
feloboration shoulg be adjusted only by changing the depth of
the elaboration {kith the exception that two steps of the
epitome «72uld be included in an elaboration if they bpoth
have 1little depth). These are the two monst important
differences from the conceptual eladboration.

Theoretical. Each theoretical elatoration provides its

complexity by teaching more local, detailed, and complex
principles that relate to a sSingle aspeoct of the elementary

model in the epitome. As with tha procedural elaboration,

the amount of material within a theoretical elaboration

should be adjusted only by changing the depth of the
elaboration (but again, two aspects or the elementary model
could be included in an elaboration if they both have little
depth). Hany textbooks which follow the course of the
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historical development of a theory or model come fairly
close to this paradigm of instructicnal organization.

Synthesizers

The nature of the synthesizer which follows each
elaboration is very similar to that of the synthesizer which
is part of the epiteme. The major difference is its 3cope:
the synthesizer that follows each elaboration synthesizes
only the constructs that were taught in that elaboration.
In additidn_this synthesizer shows the context of the part
elaborated Jihin the whole, but it is not intended to teach
relations among the parts of different sarts--that is a task
reserved for the expanded epitome.

Conceptual. A conceptual synthesizer is a conceptual

structure that shows super/co/subordinate relations among
its concepts. It may show either par ts-ordinate rclations;
or kinds-ordinate relations. Usually the synthesizer |{s
just a part of the total conceptual structure.

Procedural. A procedural synthesizer is a prucedural

struccure that shows the order relations among fits event
concepts (steps). It may show either procedural-~
prerequisite relations or procedural-decision relations.
Again the synthesizer is just a part of the total procedui'al
structure.

Theoretical. A theoretic * synthesizer 1is a

theoretical 3tructure that shows the theoretical relations

(usually causal) among its constructs. It may show either
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logical or empirical. theoreticasl relations. And this

synthesizer is also just a part of the total theoretical
Structure.

Multi.Structures

We mentioned sbove that the epitomes, elaborations, and

synthesizers comprising a course are usually based on a

number of interrelated structures rather than on a8 single

structure. We rofer to such a set of {interrelated
structures as a multi-structure. In the section on

epitomes, it was indicated that learning structures may be

needed irn the design of the instruction on the epitome

synthesizer, in order to teach the learning prerequisites
for each concept comprising the epitome synthesizer. But

learning structures are not the only kind of structures that

can be nested in an epitome or in an elaboration.

The most important structure for a course (s referred

to 83 the orientation structure. It {s selected on the

basis of the orientation goals for the course (e.g., for
conceptual orientation goals, a conceptual orientation
structure is used, etc.). That orientation structure should
subsume @a2ll the important subject matter that 1is to bde

taught. If the goals of a course are fairly diverse, it may

be necessary to treat it as several {independent courses

lumped into one, with each of those several courses having

its own ofientation structure.
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Given, say, a theoretical orientation structure, the

nature of the goals of the course may call for teaching
certain efficient procedures associated with different parts

of the theory or model. In such a case, procedural

structures would be nested within the theor=tical

orientation stéd&ture. and some of the elaborations would
elaborate on procedures rather than on parts of the theory

or hodel. Similarly, some synthesizers would be procedural

and some expanded epitomes would be multi-structural.




SUMMARY FOR THIS PART
In this part of Section 2 we have described an

instructional model for sequencing and synthealilng

instruction, based on the concepts described in the first
part of this section.
First, '» distinguished two kinds of models and

expressed the need for a model which describes ways to

schieve some end in instruction. Since general goals

(ends)--such as effectiveness, efficlency, and appeal--do
not vary much from course to course, the elaboration model
of instruction is fairly consistent in related aspect-.. But
since particular goals kends)--such as conceptual,
procedural, or theoretical orientations--do vary from cobrse
to course, the elaboration model varies from course to
course with respect to relgted aspects. |

Second, we presented some hypothesized principles of

fnstruction upon which the elaboration model is based.
These included: (1) the initial ;yntheaia principle, (2)
tﬁe gradual elaboration principle, (3) the "most {mportant
first” principle, (4) the optimal size principle, (5) the
periodic synthesis principle, (6) the type of synthesizer
principle, and (7) the periodic summary principle.

Third, we presented the zoom-lens analogy to facilitate

an understanding of the nature of the elaboration model of

instruction. A student starts with a wide-angle view of the

subject matter and proéeeda to zoom in for more detail on
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each part of that wide-angle view, occasgionally zooming
back out for context and synthesis. In some cases it may be
best for a learner to pan across the entire subject matter
on one level of the zoom before zooming in for more detail
on any part, whereas in other contexts it may be best for
the learner to continue to zoom {n all the way on one area
before zooming in et all on any of the other areas. In
still other contexts, it may be best to let the student
follow his interests, as long as it is a zoom-in péttern
ratler than a zoom-out pattern. .

Fourth, the basic unvarying components of the

elaboration model of instruction were described: an

epitome, the first-level elaborations, the summarizer and
synth;sizer following each first-level elzboration, the
‘summarizer and expanded epitome following all the
first-level elaborations, the second-level elaborations, the
summarizer and synthesizer following each second-level
elaboration, the summarizer and expanded epitome following
each set of second-level elaborations, and the terminal
epitome summarizing the entire coufBe-fboth its constructs
and its relations.

Fifth, we described the variations of :ihe elaboration

model for different courses. The different patterns of
sequencing, including learner control, were ‘Driefly
mentioned. Then the nature of the epitomes, the

" elaborations, and the synthesizers were described for each

»
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kind of orientation: conceptual, procedural, and
theoret.cal. And finally, we discussed the use of diverse
multi-scructures as a basis from which to design and

organize the epitomes, the -elaborations, and the

synthesizers.
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SECTION 2, PART 3
A PROCEDURE FOR DESIGMING INSTRUCTION:
THE ELABORATION MOCEL

This part of Section 2 describes a procedure for
designing instruction according to the elaboration model.
The elaboration model of instruction was itself described in
some detail in the previous parts of Section 2.

CONTEXT

We would like to reemphasize an important distinetion

presented in the first part of this section: that there are

bwd“finportant kinds of organizational strategies--
2

‘gresentauon strategies™, which are methods for organizing

instruction on a single construct, and structural strategies,

which are methods for organizing aspects of instruction that
relate to more than one construct. Instructional design must
produce specifications, or blueprints, for both of these
kinds of strategies, and also for delivery and management
strategies. The Instructional Quality Inventory (Merrill,
Richards, Schmidt, & Wood, 1977) describes when and how to
use different presentation strategies, and this report is an
impor cant advance in describing when and how to use different

structural strategies.

zln a previous contract from the NPRDC we developed an

instrument called the Instructional Quality Inventory to

.describe instructional design considerations related to

presentation strategies.
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Therefore, the procedure for designing instruction that
is presented in this part of Section 2 is only one of the
procedures that a designer needs. It is a procedure for
planning the basic structure or framework of the
instruction--that is, for planning what specific constructs
will be taught (selection), what order they will be taught in
(sequencing), what relations among thenm will be taught
(synthesizing), and what ways those constructs and relations
will be previewed and reviewed (summarizing). In effect, the
design procedure described here replaces traditional task
analysis and content analysis procedures, However, it should
be kept in mind that the procedure described herein is in
need of extensive field testing and improvement in order to
be develop>d and refined to an extent that will make it a
reliable guide for {instructional designers.

In this report, we will describte a six-step design pro-

cedure for structuring the instruction. This will include a
description of variations in the procedure for each kind of
orientation goal: conceptual, procedural, or tﬁeoretical.

Then, we wil., illustrate this procedure with Navy electronics

subject matt.r, culminating in a "blueprint® for the Basic

Electricity and Electronics course developed from the use of
this procedure. Finelly, we will outline the organization of
the Navy's current Basie Electricity'and-Elcctronics (BE and

E) course to facilitate the comparison of a hierarchical

course design with our elaboration model design.
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THB.DESIGN PROCEDURE
The following is a tentative six-step design procedure
for structuring the instruction in any course entailing
cognitive subject matter (see Figure 26). This six-step
procedure is illustrated in the next section of this report.

P i D S P D N S T B AP R D WD Gk S A e i S -

Insert Figure 26 about here
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1. Choose the Type of Orientation Structure

On éhe basis of the general goals of instruction, select
one of the three types of orienﬁation structures: conceptual,
procedural, or theoret'cal. This will be the "structural
emphasis" of the course, but it does nct exclude teaching
some of the relations included in the other two types of
orientation structures.

If the emphas;s of the course s on learning a large -et

of related concepts, then' a conceptual orientation structure

is most appropriate. If its emphasis {is on learning a

routins performance--one that occurs only with slight

variation--then a procedural orientation structure 1is wmost
appropriate. And if its emphasis is on learning a set of

underlying processes--ones that enable the learner to deal

with or to understand a wide variety of situations ke.g.,
problem solving)--then a theoretical orientation structure is

most appropriate.

77
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Step 1:
Choose the type
of urientation

structure

Step 2:
Makae that
orisntation
structure

Step X

Ani lyze the
oriertation
structurs

Stng 4:

identify and make
the supporting
structurss

Step 5:
Identity the
Individual
slaborai uns

Step u:
Dasign the

apitome and #ll
alaborations

Figure 26, The six-step design procedurs for structuring the instruction in any courss entalling cognitive subject matter,
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2. Make that Orientation Structure

Once one of the thr‘e kinds of orientation structures has
been selected, the instructicnal designer should make the

most detailed or complex version of that structure for the

subject matter to be taught. The amount of detall o» con-~
plexity included in that structure erenda upon the objec-
tives of the course. A subject-matter expert (SME) will be
needed to help derive the orientation structure, but 1t 1s
likely that the (SHE) may not be explicitly aware of the
existence of the structure to be derived, because structurea
are seldom taught. Ii is also likely -that the SME (subject-
matter expert) will not be familiar with what a subject-

matter structure ic. Therefore, spec’iic procedures are

needed for the instructional designer t¢ use 17 order to
ntease ovt" of the subject-matter expert the necessary
knowledge to make the orientation structure. These specific
proredures are different for ez2ch of the three kinds of
orientation structures, and they are as follows.

2a. Conceptual orientation structures, The following

are the steps that an instructional designer should follow in
order to help a SME to construct a conceptual orieriation
structure. First, make sure the SME understands the notion
of super/co/sulordinate relations among concepts and the

notions of parts-ordinate and kinds-ordinate varicties of

those relations.
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Second, have the SME {dentify the most general concept in
the subjact-matter area to be taught. This will usually be
represented by the name of the subject-na*ter area, such as
weleatronics® or "“computers®, Write that concept at the top
of two separate preces of paper.

Third, have the SME divide that concept into its most

lhird,

general parts, and put them on one level just below the top
concept on one'piece of paper. Also have the SME divide it
into its most general kinds, and put them on one level Jjust
below the top concept on the other piece of papei.

Feurth, eontiéue to derive a parts tsxonomy on one plece
of paper and a kinds taxonomy on the other by successively
dividing each part into its most general parts and by suc-~
cessively dividing each kind into .ats most general kinds,
until you have reuched th: level of detafl specified by the
objectives, You will find that there are often several
dimensions alona which a concept may be uivided into kinds.
Ffor instance, t-ees may be divided into kinds according to
thoir a4e (e.3., seedling, sapliug), their type of leaf
(e.g.., desidudus, pine}, their root structure (e.g., tap root
system), their ecological environment (e.g., jungle), etc.
It will br. he'pful to identify all impertant dinensions.

Fifth, on the hasis of the objectives'of the course, have

the SME i{denti’v whicih taxonomies are most fmportant eand

whicn ones &wre most usefully combined to form a matrix.
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‘Inportance may be influenced to & large extent by its utility
in a matrix. Select the rost important taonomy or matrl;'aa
o osientation strusﬁgre. ‘“he most important taxonony may
dot fit into a useful matrix, but it is likely that it will.
If 1t does, the conceptual orientation structure will be
e.ther a parts-by-kinds matrix or a klnda-by'-kinds matrix.
The taxonomies that are nnt selected us the orientation
structure should be saved, Secause they will probably be used
later a3 nested conceptual structures within the orientation
structure.

21532, tave the SME check to make sure that every concept
that needs to be taught either is a part of the orientation
structure or can be subsumed by the orientation qtructure as
& part of a nested conceptual strusture.

2b. Procedural orientation structures, The following

are the steps that an instruct‘onal designer should fcllow in
order to help a SME to construct a procedural orientatioﬁ
strucsure. First, make sure the SME understands the notioas
of procedural prerequisite relation and procedursl decision
relation.

Second, have the SHME 1denti;y all of the steps that the
learner needs to he able to do in order to perform the pro-
cedure under the variety of conditions specified by the
objectives. To dé\nhls, it may be helpful to have the SME

identify a very general procedure that subsumes all of the

steps to be taught. Then have him =ystematically break down.
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each step of that general procedure into its major parts and
slternatives, and each of them into {ts major parts and
aiternat'ivea, and so on until (1) you reach the level of
detail necessary to accommodate student entering knowledge
sad (2) you reach the level of complexity (i.e., the number
of alternative branches) specified by the objectives. If
there are several procedures for doing the same thing under
the same conditions, then include only the most efficient
one,

Third, have the SME check to make sure that all steps and
all branches that need to be taught are included in the pro-
cedural orientation structure.

2¢. Theoretical orientation structure, The follewing

are the Qteps that the instructional designer should follow
in order to help a SME to construct a theoreticusl orientation
structure. First, make sure the SME understands the notions
of empirical and logical theoretical relations.

| Second, have ‘the SME identify a.l the principles
(theoretical relationi) that the learner must know in order
to be abie to perform as required by the objectives. To do
this, it may be helpful to have the SME identify an elemen-
tary set of thecretical relations (model) that represents a
foundation upon which the other theoretical relations ela-

borate. Then hsve him systematically identify the major

theoretical relattons (principles and models) which provide
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more detall or complexity on the eleﬁentary model, until you
reach the level of detail and complexity specified by the
objectives. |

Third, have the SME check to make sure that 211 of the
fmportant principles have been included in the *heoretical
orientation structure. | .

}7 Analyze the Orientation Structure

. The next step (see Figure 27) 1is for the instructional
designer and the SME to analyze the orientation structure
just creatod in order to identify which parts of it should be
incluhed in the epitome and which should be added at each

level of elaboration. Each level of elaboration {s comprised

of individual elaborations that are highly different from

sach other with respect to content because they elaborate on
distinct parts of the subject mat.ter, But ezch level of

elaboration as a whole tends to be quite similar to the

previous level because it pr-sides more detall on the same
sontent that was provided in the previous level.

--ﬂ‘------ﬁ----ﬂ----------n-

Insert Figure 27 about here
Deriving the epitome requires extracting from the orien-
tation structure a set of constructs and relations that
epitomize the whole orientation structure. And deriving the
jevels of elaboration requires deciding upon "dimensions of

complexity" which represent the basis uvpon which the dif-
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Step ¥: Step 2: Step 3: Step 4: Step 5: Step 6:
Chooss the type . Maks that - Analyze the ] 1dentify and make . ldentify the Des.gn ti,»
of orientat orientation orientation the supporcing individual ™1 epitomeand all
structure atructure structures slaborations s;sborations
Concep .l 2a._Conceptual
Procedursl Devalop all ussiul
Theorstical parts and kinds tax.

onorv.es, select the

most important

onae(s), and combine

into & matrix (if ‘

possible), .

2b. Procedural
Identify all useful
stops and alternative
paths to be learned,
and combine them
into a procedural
structure.

2¢. Theorstical
Identity all important
principles to De
learned, and combine
them into s theorsti-
¢al structures,

Figure 27. The six-ste;: design procedure for structuring the Instruction in any course entsiling cognitive subject matter,
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ferent levels elaborate on the epitome or on each other.
Also, those dimensions of complexity must be analyzed to
determine the order in which the different kinds of detail or
complexity will be presented in the instruction.

The result of this third step s an outline of the
subject-matter content to ve included in the epitome and in
sach level of elaboration. The specific procedures for doing
this analysis of the orientation structure are also somewhat
different for each of the three kinds of orientation struc-
tures, and they are as follows.

3a. Corceptuval. The conceptual orientation structure iy

the easiest one f->m which to derive an epitome. In the case
of a taxonémz, you start "pruning" from the bottom up until
you reach a small enough number of constructs for the student
to be able to learn and systhesize in one lesson. In the
case of a matrix, (1) you split it into two (or in some cases
three) composite taxonomies, (2) you "prune" each taxonomy
from the bottom up until you reach half the rumber of ccn-
structs that the Student can learn and synthesize in one
lesson, and (3)/jou put the taxonomies back together to form
a matrix between their lowest remaining levels. The result-
ing pertion of the conceptual structure is presented as the
epitome. |

The co.iceptual orientation struvcture is also the easiest

for deriving the levels of elaboration, because the different

dimensions of complexity are merely the levels on the
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taxonomy(ies). In the case of a taxonomy, the content for
the primary level of elaboration is the highest level of the
orientation structure that is missing from the epitome. If
that level is fairly small, it may be advantageous to add
back the two highest levels at the same time. In the case of
a matrix, you add back the highest level of the most impor-
tant (as determined by your SME) taxonomy comprising the
matrix. This process is continued until all the parts of the
orientation structure hcve been included. The result of this
step {s therefore au OL line of the portions of the concep-
tual orientation structure that will be taught in the epltome
and in each level of elaboration.

3b. Procedural. The procedural orfentation structure is

usually the hardest from which to derive an epitome because
unlike tiie other two orientation structures it i{s not merely
"pruned”. The following is the procedure that the instruc-
tional designer should follow. You shtould simplify the
procedural orientatidn structure by lumping steps together
into more general éteps and by eliminating branches for
handling special ;condiéions.‘ This simplification should
continue wunti{l the respiting "{deallized" structure has a

small enough number of steps for the student to be ablé to

“1earn and synthesize them all in one lesson. That resulting

8. ucture must include onl; the most important (e.g., most
typical) actions to be taken--those actions which contribute

most to understanding the complete procedure.
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In order to derive the levels of elaboration, you should -

decide what {s the most important one of the actions fi.e.,
steps and/or branches) that were eliminated or lumped
together and select that as the topic for the first-level

elaboration. If it is smaller in scope than what the student
can comfortably learn and synthesize in one lesson, then the
two most important actions could be included in that =labora-
tion. 1This process is continued until you have {dentified
the content of all the levels of elaboration that are needed
to elaborate the epitome to the level of detail and complex-
ity of the entire procedural orientation structure. The
result of this step is therefore an outline of the aspects of

the procedural orientation structure that will be taught in

the epitome and in each level of elaboration.

3c. Theoretical. The epitome can be derived from the

theoretical orientation siructure by the following procedure.
You should "prune". the theoretical orientation structure by
eliminating all but the most fundamental theoretical rela-
tions. Generally those are similar to the relations that
were discovered first, historically. For example, Ohm's Law
(EzIR) expresses nathematici)lly the most fundamental

theoretical relations in elect onics, and the law of supply

ana demand embodies the most fundamental tpeoretical rela-
tions in economics.. The theoretical orientation strquure is

therefcre simplified until the remainiag theoretical rela-

tions (1) sre all of a fundomental or elemental nature (and
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thereby subsume the remainder of the theoretical subject
matter) snd (2) are of a number or size that the student is
able to le and synthesize in one lesson.

Deriv : he levels of elaboration 1{is more difficult.

There are tw. techniques which help to identify the dimen-
sions of ocomplexity that f&rm the basis for distinguishing
the different leveis of elaboration. First, you should list
all the remaining principles (theoretical relations) Iin
decreasing order of importance. Ihportance is estimated by
the SME on the basis of such factors as contribution to
understanding the whole theoretical structure, frequency of
use, exf?nsiveness of application, and utility for more
advanced training. Principles that are of about the same
importance ushould merely be arvuped oun a single level of
importance--i.e., it is not necessary to try to put them in
decreasing order ip relation to each other. Then the SME
.should decide huw many of the principles at the top of the
1ist are fundamental enovgh to warrant {rzlusion in the
primery level of elaboration, and how many of the remaining
principles (after removing those for the primary level)
should be included in the sscondary level of elaboration, and
so on. Keep in mind that level of importance is the most

important criterion for dinclusion according to this tech-

nique.
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The second technique to help in identifying the different
levels of eladboratien involves the devefopmént of a parallel
concgptual.structure, whose concepts are different conditions
which require different levels of complexity of the prin-
ciples (e.g., perfect competition in economics, and simple [
;circuits {n el~ctronics). This parallel conceptual structure
'helps provide a basis for deciding which princip.es on the
above-mentioned list should be introduced at each level of
ela?oration. snd it also helps to fndicate ways in which in-
dividual principles can be sinplified for their initial
presentation to the student. The SME should try to identify
conditions which simpliiy the application of principles
and/or reduce the number of principles which apply, and he
should try to arrange those conditions into a conceptual
structure. Both of these techniques are {llustrated below.
The result of this step is an outline of the parts of the

theoretical orientation structure that will be taught in the

epitome and in each level of elaboration, and it may indicate

parts of @ para"llel conceptual structure that will also be

taught in the epitome and in each level of elaboration.

‘s, TIdentify and Make the Supporting Structures

The next step (see Figure 28) is to identify and make all

the 1important supporting structures for the subjiect-matter
content in the epitome and in each level of elaboration.

Except for conceptual structures, 2an orientation structure

will usually not have the same kind of supporting structure.
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The procedurs for performing this step varies iittle from one

kind of orientation structure to another, It is as follows.
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Insert Figure 23 about here

First, for each level of detail Iidentify any of the

following three kinds of supporting goals which are important

(but not yet attained by the students) for the subject-matter

content that is introduced at that level: contextual, which

specify useful super/co/subordinate relations within the

content; procedural, which specify useful procedures that

relate to the content; and explanatory, which specify under-

lying processes or usefuil change relations entailing the
content, Conceptual orisntations are often supported by
addit‘onnl contextual gcais; prccedural orientations are
often supported by centextual goals ‘concept-classification
{s an important part of most procedures--hence the usefulness
of showing coordinate relations and sometimes even super/-
subordinate relations); and theoreticax-orientations are
cften supported both by procedural goals (to teacﬁ an
efficieny. way to implement a principle) and by contextual

goals.

Second, for each level of detail make the supporting

structure that corresponds to each supporting goal. Some of

these supporting structures may be so small as to be in

reality "supporting constrocts”, but they should be in~luded




-\ Step 1:

. Chcose the type
of orientstion
structure

Step 2:
Make that
orientstion
structure

Step 3:
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orientation
struciure

Step 4:

Identify and make
the supporting
structures

Step 5:
tdentify the
individual

elaborations

Design the

epitome and all
elahorations

. Conceptual
Procadural
Theoretical

2a. Conceptual
Davelop alt useful
parts and kinds tax-
onornies, select the
most important
cne(s), snd combine
into a matrix (it
possible).

2b. Procedural

Identify all useful

steps and alternative
paths to be learned,
and combine them
into a procedural
structure.

Z2c. Theoretica!
identify all important
principles to be
learned, and combine
them into » theoroti-
cal structure,

Decide on the aspects
of the orientation
structure that should
comprise the epitome
and each ievel of
elaboration,

3a,_Conceptus!
Prune the orientation
struciure to form the
epitome. Add back
levels to form each
level of elaboration,

3b. Proced, rat
Lump steps and
branches together to
torm the epitoma,

Break apart each gen-

eral step to form each
level of slaboration.

3¢. Theoretical
Prune the orientation
structure to form the
epitoma. Use rank-
order of importance
and/or a parallel con-
ceptual structure to
identity principles for
oach level of
elaboration.

Figure 28. The six-step design procedure for structuring the instruction in any course entailing cognitive subject matter.
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[

Just the same. There skould be a conceptual supporting

structure for each contextual supporting goal, a procedural

supporting structure for each procedural supporting goal, and

a theoretical supporting structure for each explanatory

supporting goal. The result {s a more detailed outline of
the subject-matter content to be included in the epitomr and
in each level of elaboration.

Third, fo- every construct (including those in supporting
structures) at every level of detail, identify whether or not
anlggggllng_ggggorting goal s necessary, given the entering
knowledge of the students; and for each necessary enabling

gosl make a learning prerequisite structure that extends down

to the lerel ol entering knowlédge of the students. Many of
these supporting structures may also be 30 small as to be
constructs but should nevertheless be included. In fact, a
major purpbse of the elaboration approach to sequencing is to
make it unnecessary to have learning structures with more
than about two levels at any given level of detail.

The result of these three sub-steps i3 a complete outline
of all the subject-matter content that should be included in
the eritome and in each level of elaboration.

Alternative for exploration, We have {identifled an

alternative to nesting the supporting structur:s (with the
exception of learning atructures) withir each level of
alaboratio”, but we need more time to explore its advisabil-

fte. Thé alternative i{s to hold off on presenting the
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supporting structures (witnh the exveption of learning
structure) until a later level of elaboration, and Lthen to
present all the supporting structures of a given kind (e.8.,
procedural supporting structures) on one level of

elszboration. The advantage of this allernative {s that it
nay §p more consistent with the "most important first" prin-
ciple in thet the secondary (supporting) types of content are
resentgd/ after the most important (orientation) type of
content. But a possible disadvantage is that the instruction
/// noy Le disjointed--for instance, a procedure that is closely
/ reloted to a principle is presented separately from the
//f principle rather than right wi‘h it. For now we will stay
with the nested presentation of supporting structhres.within
‘ each level of elaboration, hut we will explore the adveatages
and disadvantages of presenting them later in a separate

leveel of elaboration.

5. Identify the Individual Elaborations

The next step (see Figure 29) is to use both the orien-
tation structure and the supporting structures to analyze
~each level of elaboration as to i{ts com.onent elaborations.

:
' (The epitome is not comprised of any elaborations and is
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therefore excluded from this step.) This step i{s fairly

constant for all three types of orientation structures, and

it is as follows.

R D G D b - S G A5 G S G TR G R G R S N A

Insert Figure 29 adout here
We mentioned above that eaéh level of elaboration tends
to discuss the same parts of the subject-matter content that
were presented in the previous level only at a greater level
of detail, whereas the individual elaborations comprising
each level tend to contain parts of the subject-matter con-
tent that are highly different from each other.

"In the primary level of elaboration, each individual

elaboration should be ccmprised of content that (1) provides
more detail on one of the parts of the epitome plus its
supporting atruétures, or that (2) provides more detail on
the whole epitome,. The Jength of each. elaboration can be
controlled to some extent by varying the amount of detail
(especially with respect to the number of supporting struc-
tures) that is presented in the elaboration.

The secondary level of elaboration should reach a more

complex, realistic, and/or detailed representation of the
orientation structure, but ?therulse it =should be quite
similar to the primary leVeI{ In the secondary level each
individual elaboration contains more detalled content on one

part of the content that was presented in one of the



onomies, select the
most jnportant
one{s}, and combine
into s matrix {iv
possible).

‘2b. Procedural

ldentify all useful
steps and aliernative
paths to be {earned,
and combine them
into a proceduratl
structure.

2c. Theoreticsl
Identify all imporiant
principles to be
learned, and combine
them ini» & theoreti-
cal structure.

comprise the epitome
and each level of
elaboration.

33. Conceptua!l
Prune the orientation

structure to form the
spitoms. Add back
fevels to form each

level of elaboration,

3b. Procedural

Lump steps and
dranches together to
form the epitome.
Break apart gach gen-
eral step ta form each
level of elaboration.

3c. THeoretiral
Prune the orientation
structure 1o form the
epitome, Use rank-
order of ‘mportance
and/or a parallel con-
ceptual structure to
idantity principles for
each fevel of
elaboration.

goals, and make the
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Then identify all
unattained learning
prerequisites, and
make their corres.
ponding learning
structures,

Step 1¢ Step 2: Step 3: Step 4: Step 5¢ Step 6:

Chocse tha type Make that Anziyze the Identify and make [dentify ths . Design the

of orientation orientation > orientation the supporting > individual epitome and all

7 structure structure structurs structures elaborationt elaborations
[ !

Conceptual 2a. Conceptual Decide on the aspects Identify all unattained ‘
Procedural Develop a!l useful of the orientation contextual, procedur-
Theoretical parts and kinds tax- structure that should al, and explanatory

Figure 29, The six-step design procedure for structuring the instruction in any course entailing cognitive subject mattar,
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primary-level elaborations. Secondary-level elaborations
should be grouped on the basis of the natural parts of the
orientation structure and each such group should be
internally synthesized (i.e., relztions among its component

constructs should be taught). If additional levels of

elaboration are necessary, their content is icentified in a

similar mauner.

. d Alternative for exploration. Rather ¢than having more

detailed content on one par£ of the epitome (including that
part's supporting structures) in each elaboration :? the
primary level, it may be advantageous to include more de-
tailled content on all parts of the epitome (without support-
gng structures, except obviously for learning structures) in
one elaboration, and to include all of one kind of their
respective supporting structures (e.g., all procedural
supporting structures), plus th: léarning prerequisites for
those struct - :s, in another elaboration, etc. Or if this
would make each elaboration too long, then the more detailed
content on the parts of the epitome (and‘ their leerning
prerequisites) could be divided into two or three elabora-
tions (even up to one eladboration per part). Then their
respective supporting structures (and their learning pre-

requisites) could bde divided correspondingly. This

alternative needs further evaluation.

Iy

L.
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6. Design the Epitome and A1l Elaborations

The last step of the structural design procedure Qsee

* Figure 30) is to make a "blueprint" of the structural

strategy components and subject-matter content that are

{ncluded in each of those components. This step is fairly
constant for all three types of orientation structures.

Insert Figure 30 about “ere

First, design the -apitome. Plan out the sequence“ in

which to present the constructs (including those in the

supporting structures), and plan out the synthesizers and

summarizer. A very general synthesizer ({.e., a very simple

or general version of the orientation s:iructure) should ULe
presented first to show a pervasive relation amoug con-
structs, even though the constructs themselies are not

understood yet. Then each construct should be presented

individually according to presentation strategy design
specifications (see Merrill, Reigcluth, & Faust, in press;
Merrill, Richards, Schmidt, & Wood, 1977: Merriil & Tennyson,

1977). Then those construets shculd be summarized--i.e.,

listed aﬁgng with a concise generality for each. And finally L

X
a more complex synthesizer should be presented to show the

pervasive relation once more (and in somewhat gr‘eater
detail), now that the constructs comprising that simple or

general version of the orientation structure are understood.

101
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structure structuie struzture structures elaborations elaborations
Conceptual 2a. Conceptus! Decide on the aspects Identify all unattained  Divide each lpvel of
Procedural Develop all useful of the orienmation ‘contextual, procedur- elaboration into its
Theoretical parts and kinds tax- structure that shoula af, and explana’ry individual elabora-

onomies, seiect the
most important
onefs), end combine
into a matrix {if
possible).

ob, Procedurat
Identify all useful
steps and alternative
paths to be legrnad,
and combine them
into & procedural
structure.

2c. Theorstical
{denti.y a!l importan,
principles to be
tearned, and combine
them into a theors'i-
cal structure,

comprise the epitome
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structure to form the
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claboration.
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or of an elaboration,
that is being
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Figure 30, The six-step design procedure for structuring the instruction in sny courss entailing cognitive subj.ct matter.
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Kegp in mind that this design document is a "blueprint", not
e, -

~the finished instructional product.

Second, design each elaboration in the primery level of

elaboration. Basf{cally the same pattern ‘s followed as ior
the epitome. Plan out the sequencin; of constructs, the

synthesizers, and the summarizer. A very general synthesizer
r4

should bde p?esented first (it may be a supporting structure
{nstead of a part of the orientation structure). Then each

construct should be presented individually with full use of

appropriate ~resentation strategies. Then those constructs

should bde summarized. And finally, an expanded epitome

sﬁbuld‘be presented to internally and exiernally synthesize
the constructs that werQ taught {rn this elaboration. In the
case of a supporting structure having Just oceen taught, the
expanded eﬁitome would be a nested multi-structure that would
both internally synthesize the constructs (i.e., show inter=-
relations among each other) and externally synthesize them
({.e., show interrelations with other types of constructs).
This pattern.is continued for each elaboration in the
primary-level until all primary-level elaborations have been
designed.

Third, design each elaboration in each of the remaining

levels of eladoration. Here, the procedure 4is almost
identical to that for the primary level. The major dif-
ference is that often there i{s a separate elzboration/

expandeu epitome for each part of each primary-level

10§ o~

LN
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eladbcration. In such a case, each secondary-level
elaboration/exparded epitome relates to a single primary-
level eladboration in the sasme way that each primary level
elahoration relates to the whole epitome: each secondary-
level elatoration elaborates on a part of a single
primary-level elaboration. However, it is also possible to
design Just ona‘secandary-level elaboration to elaboratg on
an entire primary-level elaboration.

Fourth, the instruction ends with a terminal epitome that

13 identical to the entire orientation structure, except tha*
aomé supporting structures may also be illustrated, making it
32 nested multi-structure. Figure 31 summarizes che six-step

structural design procedure.
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Insert Si{gure 31 about here

ILLUSTRATION OF THE DCSIGN PRCCEDURE
The following is an {llustration of the above-described

six-step design procedure for structuring the {nstruction in

"any course entailing cognitive subject matter, The ccurase

material selected tor the 4llustration 4s that which 1Is
presented in the Navy's Basic Electricity and Electronics ( BE

and £) course.

1. Choose the Type of Orientation Structure
| The BE and E course's major purpose 1is to provide

trainees with.s basie understanding of electronics and

1(/.‘3
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| Swpt: Stp 2: Step 3: Step &: Step5: Step B:
Choose the type . Maks tha o Anal\'ze the e {dentify snd make - {dontify the > Design the
of aslantation orientation ori~mstion the supparting individusi epitame and all
structure shucture” structure structurss elsborations slaborations
Conceptual 2a. Conceptual Decide on the aspects identify all unattained  Divide each level of Design_the epitome.
Procedural Develop all useful of the orisntaticn contextusl, procedur. elaborstion into its @ gencidl synthesﬁr _
Theoretical parts ard kinds tax- structure that should al, and explanstory individual elabora- * @ constructs
onomiss, sslect the comprise the epitome geals, and mako the tions, according to the ® summarizef
most important and each level of corresponding sup- part of the epitonse, e epitome
oneis], and combine elaboration, porting structures, _or of an elaooration, (synthesizer)
into a matrix {if Then ides tify all that is being
possible). 3a. Conceptusl unattaine? learning elaborated. Design each elabors-
Prune the orientation prerequisizes, and ' tion in the primary
2b. Procedurat structure to form the make their corres- Jovel ,
Icantify afl useful epitome. Add back ponding learning ® general synthesizer
steps and aiternative tavels to form each structaies, ® constructs
paihs to be lsarned, = level of elaboration. ® summarizer
and combine them ® expanded epitome
into a procedural 3b. Procedural - ot¢. :
struciure. Lump steps and ,
branches together to Design tha terminal
2¢. Theoretical form the epitome. ‘epitoms.
Identify all important Break apa:t each gen- @ orientation
principles to be eral step to form each structure
lsarned, and combing level of elaboration, e important support:
them in‘o a theorati- : ing structures:
cal structure, 3¢. Theoretical '
. Prune the orientation
structure to form tha
epitoms. Use rank-
order of importance
and/or a parallel con-
ceptual structure to
. identify principles for K
each level of .
 elaboration, J
Figurs 31, The six-step design procedure for structuring the instruction In sny courss entailing cognitive subject matter.
. ,
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electricity. The course is not & %terminal“ course that is
intended to comnpletely prepare the trainee for a speciflic
Job; rather {t {s an "‘ntroductory" course that {s intended
to prepa}e the ‘traineﬂ, for more advanced courses. This
preparaticn entails the lcarning of concepts, pra?edures, and
principiesg but by far the most important of these three

“types of content is principles. - The emphasis of the course

should be on teaching a set of fundamental theoretical rela-

tionships. Therefore, a theoretical orientatfon structure is

most approgriate for the course.

2. Make that Oriertation Structure

“ A subjeet-matﬁer expert (SME) s uz:zd to help derive the

most detailed or complex version of the thcoretical orienta-

tion structure that is required by the objectives of the B;f.

and E course.

First, we made sure that the SME uncerstood what we meant
by theoreti~dl relations.

Second., “we had ‘the SME 1list all of the theoretical
relations' \principles) that the trainee shoulid %now (see
Figure 3¢), gBiven the objectives of the course; and we had
him diagram iiose relations so as to form a diegramatic
representation of the theoretical orientation'struc?ure‘(see
Figure 33).

S P G D AP R GRG0 Ay N e AN EP WR A e SR IS SR N S AR R G A A -

Inser. Figures 32 and 33 adbout here
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Third, we had the SME double check to make sure that no
important theoretical relations were left nut.

3. Analyze the Orientation Structure

First, the designer and the SME identified *he most
fund§mental theoretical relations (principles). They are
expressed by Ohm's Law, which is wmathematically described as
I=ER. This was selected as the topic for the epitome.

Second,,thé SNE arranged the remaining theoretical
relations (principles) in Figu}e 32 in decreasing order of

importance (this i: already done in Figure 32). Many prin-

' ciples were more or less at the same level of importance, so

they were grouped together into levels.

Third, the SME identified a set of conditions which
simplify the application of the principles énd reduze the
nimber of principles which apply. Those conditions are the
typé of electricity (DC ;r AC) aﬁd the type of electrical
circuit (sizple, series, parallel, or combination). Figure
.34 snows the resulting parallel conceptual structure.

A AP YA A T SR G S Sl SO Ay Sus deh S Gup G S SN SN G dRE GuD Gm0 WD SN GRS AR SN S Smp

Insert Figure 34 about here
o

Fourth, on the basis of both the prioritized list and the
dimensinns of compléxity shown in Figore 34, we identified a
set of theoretical relations that‘aré of,fundamental impor-
tance to underptgnding electricity and electronies. They are

those which relate to (1) power, which elaborates on E, and

1y



TYPES OF ELECTRICITY

DC AC
Simple DCin ACin
simpte simple .
'(2 circuits circuits
3 Series DCin ACin
= series series
:: circuits circuits
O
v Parallel DCin ACin
o paraitel paraiiel
t circuits _circuits
Combination DC in ACin
combinatian combination
circuits circuits

Figure 34, A types-by-types matrix a3 the parailel conceptudl structure, It shows the
.conditions that iafluence the number and complexity of principles. Thase'
conditions influsnce the selection of content from the drientation structure
for esch jovei of elaboration. ra )
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(2) freguency in alternating current, which elaborates on R.
These were selected as the constructs for the primary level
of elsboration, along with the AC-DC distinction 1in the
parallel conceptual structure. | &

Fifth, on the basis of both the p-ioritized 1ist and the
dimensions of complexity shown in the parallel conceptual
structure, we identified the remaining thé;retical‘relaticns
that are thé masé fundamental elaborations on the theoretical
relations presented in the primary level of eladoration.
They are those reiated to the -simple-series-parallel-
combination distinction in the parallel conceptual structure.

These theoretical relations were selected as the constructs

for the ‘secondary level of eladboration, along with the

simple-qpfies-parallel—combination distinction {in the

paral¥el conceptual structure.

¢

//f,This process was continued until the entire orientation

“'struciure was allocated to one or anotl.er part of the in-

struction. Figure 35 outlines the parts of the theoretical
orientation structure and of the parallel conceptual
structure that were selected for the epitome and for each
level of elaboration. |
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Insert Figure 35 about here
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¢
Y Structural Part ~{ theoratical orientation structure Part of parallel
i 8 strategy . included conceptua’
5 componem , structure included
2 ety e e I e T
B
s_%; £ pitome Ohm's taw: '% DC sitvple
| £ -
/ EN Primary Pa=El DC -~ AC simple
- <, Level of Q
* Elaboration Cc ol
2
Kol Factors affecting:
1 inductance
g capacitance
¥e Secondary E‘-E‘QEzt... ‘ DC - AC
o Lavel of Ry = Series
& Etaboration fpelg=ige... Tl .l . Paraltel
5 A R
Ky T°Ry*Rye... ‘y
) ’ -. L = i
;e" Ly=tyelae... T 1—9{-4-_,,
® - L L
g B ek
R oy Qc— *...
¥ 1 L2 Cy=Cyetlat...
\1 E"E"Ez'... PT‘Pﬂi*Paz“...
’ fi fenj, tlge
* T 'y 2
fcrtmy Left-hand rule OC - AC
Level of Faraday's Law Combination
Elaboration Lenz’s Law
Ep _Np_ Is
R Ts
Pp=Ps
X " 2xfL
P
C"Tnic
P out
E"m L] W—
/ - True P
, f " Appar. P
Tc - RC
Phase and pawer reiationships
r.‘,; Nots:  This ficura is intended to be sxemplary. It is beyond our intent and the scope of our funding

1o include all of the content that thould be taught in the BE znd £ courte,

" Figure 25. The parts of the theoretical orientation structure and of the paraliel conceptual
structure that are aillaocated to the epitome znd to each level of elabora‘ion.
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4. TYdentify and Moke the Supporting Structures.

Given that we had selected a theoretical orientation
goal, the supporting goals would not be explanatory; but it
{s highly likely that there would be both important con-

textual and important procedural supporting goals. - There=-

'fore, we first helped the SME idratify those supporting goals

for the epitome and for each level of elabo;ation.

Seccnd, for each level of detail (imcluding the epitome}
we helped the SME maﬁe a concépiual supporting structure for
each contextual supporting goal, and we helped him make a
procedural' supporting struéture for eaeh procedural
sur sorting goal. Exsmplés gré sﬁowﬁ in Figures 36—59.

&---“----—-—-a-—--—-—-———--‘-—-
! LY

Insert Figurés,iﬁ-gg about here

Third, for every construct (incluling those -in supportgng
structures) at each lzvel »f detail, we identified whether or

not an enabling supporting goal was necessary, gilven the

| entering %nowledge of the trainees. And‘for'each necessary

enabling goal, we helped the SHE to make a learning-

prerequisite structure that‘extended to the level of entering

knowledge., Examples are shown in Figureslno-nz.

A G AR GF AP D S G A G D G =
.
.

Insert Figures 40-42 about here
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Aruitoxt provided by Eic:

. RESISTOR |
COMPOSITION WIRE-WOUND
RESISTOR RESISTOR
FIXED TAPPED vy VARIABLE
| POTENTIOMETER RHEOSTAT
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Key: The line batween two boxes on different levels means that the lower box
Is a kind of the higber box,
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' REMOVE ALL CONDUCTORS
REPLACE DEFECTIVE
INTERFERING WITH NORMAL
COMPONENTS , CIRCUITS
EXAMINE BRANCHES EXAMINE BRANCHES HAVING
. MAVING AN INFINITY A SUSNORMAL RESISTANCE
RESISTANCE VALUE VALUE
K

1 T

MEASURE RESISTANCE VALUES
IN FACH BRANCH OF THE CIRCUIT

‘4

‘%, sk~

(L2
L4

,,
I

DE-ENERGIZE CIRCUIT

°

KEY: The arrow betwesn two boxes on differant levais
means that the lower box must be performed
bafors ths higher box can be perfnrmed, Boxses
on the same level can be performed in any ordsr.

Figurs 38, A procedural-prersquisite structurs as 8 procedural supporting structure,
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) PROCEDURE FOR DETERMINING
THE QUTPUT OF A TRANSFORMER

P Te
r«fy’ii’
i

v
J i

| DIVIDE VOLTAGE CNTER- X
. : ING TRANSFORMER BY .
. THE RESULT OF I

g
4

* NO. PRIMARY/NO, SECONDARY

DIVIDE THE NUMBER
OF TURNS IN THE PRIMARY
8Y THE NUMBER OF
TURNS IN THE SECONDARY

i

AR IR

y o K
DIPAE
’

~

DETERMINE THE DETERMINE THE
DETERMINE THE © NUMBER OF TURNS NUMSER OF TURNS
VCLTAGE ENTERING
N " IN THE PRIMARY IN THE SECONDARY
THE TRANSFORME WINDING. | WINDING,

Key: The arrow betwsen two boxes on differant lavals means that
the fower box must e performed bafors the higher box can ba
performed. Boxes un the same level can be parformed in any order.

Figurs 39. A procedursl-prerequisits structure as a procedursi structure,




IMPEDENCE
)

CURRENT REDUCTION

Key: The arrow batween tow boxes on different levels means that
the lower box must be leamad before the high »r box can he jearned.

Figurs 40. A learning-prarequisits structure (or more precisely, construct) as a
supporting structurs. ‘
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ELECTROMAGNETIC "

| INDUCTION . ' )
) A
MAGNETIGFIELD CIRCUIT. f,s%‘é‘;“WDTW“E

Key: The arrow betwesn two boxss on differant levels means
that tha lower box must be leamed before the highet bo
can be lsarned. :

BRSNS .
.

) Figure 42. A lasrning prerequisits structure (construct) ss s supporting structure,
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As a result of this fourth step, we prepared a complrte
outline of the subject-matter content that should bde included
in the epitome and in each level of elaboration. This ‘out-

line is shown in Figure &3.

Insert Figure 43 about here

5. Identify the Indévidual Elaborations

With the help of the SHME, we divided up fhe principles &n

the primary level of elaboration according to the part of the

epitome cn which each 4f those principles elaborates. For
instance, P (poﬁer) ‘1.-. an elaboration on E (electromotive
férce) because power §s copceptually closer to E than to
either I or R. Therefore, the power formula (see Figure 33)
shauldHcomprise primary-level elaboration--that which elabo-
rates nn E. In a similar Qay we identified the primary-level
content that elaborates on I and that uhieﬁ elaborates R.
Then, with the help of'the SME we divided up the prin-

ciples in the secondary level of elaboration according to the

part of a primary-level elaboration on which each of those

principles elaborates,
Figure 44 shows the content in each level of elaboration
that was allozated to each individual elaboration within that

level.

- S e A D D en v S S G S o AR AR R S e ..

Insert Figure 8% about here
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Structuna Part of theorstical Part of conceptual Conceptual Procedura! supporting Lesming

strategy orisntation structure parallel structure supporting st ucturss structures included prarequisite

component included included included i structures included

. - | Epitome -5 DC simple Manipulating | E IR
: Measuting E, I, R Seientific notation
, 1 o Calculating E, I, R sharts, opens
‘ Troubleshooting

Primary Factoes affecting: DC - ACsimple Resistor (Kinds) Massuring L, C DC, AZ, magnetism,

Level of inductance . Capacitor (kinds) Calculating P electromagnetic
capacitance inductor (kinds) Manipulating f induction, caunter
c- a Power supply tkinds) Reading resistor, EMF, generator, fre-

£ . Frequency {kinds) inductor, capacitor quency, phase, L, C, P, Pt
Electromagnetic values resistor, capacitor,

£ = El inductor (parts) inducter, induction,

Secondary E,~ EqytEpat... DC —~ AC serres. Calcuiations Saries circuits, parallel

Level of paratiel Troubleshonting circuits, applied

Elabcreation ’T - 'R‘ = iﬁz %oee voitage, equivaient

resistanco,

. 81-"“"82.-..
LT-LI’LI"..

cr-(".‘,eé;f.;.

Ea=Epy=Epa” -
by~ iRt tiR2 s
—
Ry*1_ 1
R +R¢...
12 .
-——-nu-—-—ﬁ‘—l——-—--————_a—i.-—-————-—ih-—————-—-d-—-———_——ﬁ‘—_—-—-—-—-——d

Note: This figura is intended to be exemplwry, 1t is beyond our Intent and tha scope of our funding
. hWﬂdWmnmthtMiﬂhﬂMtintchEandEcoum.

4 Figure 43. An outline of the subject:matter content that should be includsd in the epitoms and in each
leve! of elaboratinn, ‘ ’
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Part of theorstical Part of conceptual Conceptual Procedural supparting Learning
stratagy . orientation structure poratie! structure supporting structures struct’res included prarcquisits H
component included Included included structurss incluusa i
r—_—-u—::- . S S G S S SIS TR S MM SN Gaste GEE Gy erEE FUNL SR SO G SE G G S S G G T G S S T . e e e
Secondary .
Level of bt S TS TP
Elaboration : L‘ Lz o
{Continued)
cT - ci + cz *...
Py=PRy +Ppat...
Tertiary Left-hand rule AC -DC Transformer {parts) Mazsuring X, X Transformars, trar.s-
Level of Faraday's Law Combinasion Calculating X, . X former efficiency,
Elaboration Lenz's Law culating b oc turns, primary,
Pp=Ps RC time constant, secondary, load,
appar. P, Pt ; rectifier, combination
Ep_Np_ls traqsfgrmer efficiency circuits, RC time
Ef' Ip Designing a voltage constant, X, , X
divider L 909:
xL 2xfL vactors, fppar. , P1.
X" Fxic
P out
Elfic. = n
P, True P
t Appar.P
Ye= RC
Phase and power
relationships

Note:  This figure is intended t0 be exemplary. It is beyond our inteat and the scope of sur funding
to inciude all of the content that should be taught in the BE and E course,

Figurs 43. (Continued) An cutlins of the subjsct-matter contsnt that should be Included In the epitome
and in each icvel of elaboration.
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Structural P22t of theoretical Part of conceptud! Conceptual Procedural supporting Luarning
strategy avientation structure parailel structure supporting structures structures included - preraquisite
compenent - included included included structures included
Epitome j=Ee DC simple Manipulating | £, IR,
R Measuring E, 1, and R | Scientitic notation
Calculating E, |, R shorts, opens
Troubleshooting
1. | P=EI DC - AC simple Power Supply (kinds) | Calcutating P DC, AC, magnetism,
Electromagnetic electromagnetic
inductor {par*s) induction, counter
] -3 EMF, generstor, P
- i R SR Y AP RN SRR TR SN SRR e el D Sy et D R SRR R e U AEES CRER L G G ety Sac R G N C— I S GE— S G SR S T CE— — R “
;‘ 5 2. AC simple Frequoncy (kinds) Manipulating Frequency, phase
S48 frequency
-g m b o e SRS G Sh Sl S G— — — e —— — T (TN MR S WD €S ew— R G . e S e e . C——— D SRR W el SIS CEE SN Gt St S— e
&% I |c- AC simplo Rezi,ize (kinds) Measuring L, C L, C, resis.or, capa
E  Factors affecting: . Capacito: {kinds) Reading resistor, citor, inductor,
inductance inductor (kinds) indugtor, capacitor, induction
capacitance values
1.1 E‘ = Em +Epg... DC ~ AC series Calculations Series circuits,
applied vollage
_ Pr=Ppy +Ppat...
35
.g.i 2.1 ly=lgy=Iga= ... DC ~ AC serires Calculations
§ g 3.1 RT » ﬂ, + 82 *... DC ~ AC series Calculations
Sw Troubleshenting
‘3'6 LT‘L,*szac.
.
CT E- + o +...
1 “2
h—-——-ﬁ——“-n_—-_—-———---—“_——-——_———_—-——-—-“_—_--i

Note: This figure is intended to be sxemplary. itis beyond our intens and the scope of our
funding to includa all of the content that should be tsught in the BE and E course,

Figucs 44. An outline of the subject-matter content that should be allocated to the epitome and to each
individual elaboration within each leve! of elaboration,



Structural Part of theoretical Part of concaptual Conceptual Procadursl supporting | Learning
sirateyy gﬂmuﬁm structure paralie! structure supporting structures structures included preraguisite
;mm. : included included included structures Included
S S S G Camiey G S S S Gt SRR G G UG GEED G S S SR Wty G e dem Sl ———n——mmm
1.2 E,- Ery~Egqo=--- DC — AC parallel Calculations Paraliel circuits
Py=PRy*PRat-..
- ~ .
s§— 2.2 'T-‘R‘*'Rz’... D\-"ALP‘!’I“E!
-
g 8 E 32 | Ry "',—LT_‘ DC ~ AC paraliel Equivalent resistance
-] 5. ‘no *...
] § t R |
L
p—
T .,
. ’ ranand * LN
Ly L2
cT - c‘ + C2 + 'YK}
1.1.1 [ Pp=Ps DE - AC Transformer {parts) Calculations Transformers, trans-
{2.2.3) Combination former efficiency,
.EE - %‘P. turns, primary,
s secondary, load,
P out rectifier, ccmbination
s Effic. = Fin circuity
Eg 211 [ Np_ s DC - AC Calculations
g .g 224 Ns " Tp o Combination
i3 311 | Te=RC DC - AC Calculations X, . Xc, RC time
@321 x a2x1L Combination Measuring X, , X¢ censtant
3 X\ moge) )
c ITTIC
\‘, by G W S Gy G GEnd ay (e A SN G S T e S i S SN T e WD S —————-ﬂn-—-!-————l-—-—— o A S Gl SN G fRab @
L Nots: This figure is intended to ba sxemplary. it Is beyond our intent and the scope of ovr
b funding t incluss afl of the content that should be taught in the BE and E course.

Fiqure 44. (Continuad) An cstiine of the subjact-matter contant that should be allocated to tha
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Structural Part of theorstical Part of conceptual Concaptust Procedural supporting Leaming
strategy orientation structure paratiel structurse supporting 57 uctures structures included preraquisite
component included included v included structures included
Pt SRS GEEE SER GNEE GUSE S el Guis Spm Sa GEES ENI AINEE GIER SRS Suge SRR Smmb G gy vy e——y——p——pe—ye Y L nl mm
1.1.2 2 Tiue P DC - AC Calculations Appar, P, Py, vectors
{1.2.2) Py Appar. P Combination . f
c .
§ % g Phase & power relationships
3 § £ 113 | Letrhand rule 7] oc-Ac
W g {1.23)] Faraday's Law Combination
-3L Lenz's Law

Nots: Thh figure is inlended to be exsmplary. 1t is beyond our intent and the scope of our
funding to includs all of the content that should ba taught in the BE and E couns,

Figure 44. (Continued) An outline nf the sﬁbjm-mmar content that should be aliocated to the
epitome and to each individual elaboration within each level of siaboration,
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6. Design the Epitome and All Elaborations

'This last step of the structural design procedure results
~4n a "blueprint” of the structural strategy components and of

the subject-matter content that is included ip each of those

components.
First, we designed the epitome by planning out the

sequence in which to present the construats (including those

in the supporting structures), and by planning out the

synthesizers and thc summarizers. The resulting "blueprint"
of the epitome is shown in Figure 45,

iy G 4in D AR GR Gl D AR P AP G AR M 6N SR G 8 SR aN G o D S M R D e S W b G OF ey

Insert Figure 35 about here ﬂﬁwﬁw“””

-

Second, we.designed eachﬁglabdéation in the primary level

of elaboration, again”biﬂplann:ns out the sequence {n which

to presqgt‘the”construets, and by planning out the synthe-

..-8fzers and summarizers. The resulting blueprints are shown

in Figures 46-48,

G0 S0 I e A S P G A D R D D D Sy - - . ey = - -

Insert Figures R6-48 adout here
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Third, we designed each eladoration in the secondary

level of eladoration, again by planning out the sequence in
- which to present the constructs, by \planning out the
synthes{zers and summarizers, and slso bﬂ planning ¢4t the

order in which to present each secondary-level elaboration.
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EPITOME

-
et

Initial synthesizer: l-% Paratifl con, structure
imm;czson on  EL 1, ‘and R, DC (concepts)
e mtitv-inmnce-mctice format

e

Y Instructionon | -& (Principie)
o generality-instance-practice format

= . -y - r r ¥ I L ¥ X ~* ¥ ¥ T 1 3 1 1 % 3 X J )}

- Initial synthesizer scientific notation
Instruction on scientific notation

° genenility-instance-practice format
Summarizer/synthesizer on scientific notation
N Initial synthesizer on measuring E, 1, R
instruction on measuring k£, I, R \
® generamy-instanc.e-pnc:ice forn.at

Summarizer/synthesizer for measuring E, I, R

-l '_-—-------—-———_-_---

Initiat synthesizer on calculating E, |, R
.. Instruction on basic aigebra
® gcnmtzty mmnce—pneuce format

N

et
-

S SN Summarizer/synthesizer for basic'aigebra

instruction on calculsting €, 1, R. \

@ generality-instance-practice fo’rmnw‘
Summarizec/synthesizer o c:fp:latihg E,.R

Summarizer and expandei gpitoms synthesizer
u = ﬁ- xl its supporting strudtures}

) - ~ Figure 45, A “ulueprint” of the epitome.
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!
i

t

Initial synthesizer: P = El,

Instruction on P {concept)

@ genernality-instance-practice format \
N Instruction on P = El (principle)

- e o A it o e 4 8 8 A A 5 Mt S T
— 3

j
[
\ / o generality-instance-practice format

\\ : ; S e RSP GEED GRED I I SN GEND (NG S SERED GRED RIS QNS S dhu GuEe Gnfls e Gt Salih WSiae S Grnit Gage SEND GRE b S

\ Initial synthesizer on paratlel conceptual structure -
" Instruction on kinds of power sipply {AC - DC)

® generality-instance-practice format
Summarizer/synthesizer on kinds of power supply

Yy r _r ¥y r ¥y "y ¥ ¢ ¥ ¥ X I I X I X L AN (D (R Gl S SEND quii) GEEN S il

:niml s\{g;hninr on magnetism, electromagnetic Induction,

Summarizer/synthesizer|  counter EMF, and generators {concapts).

" Initisl synthesizer on parts of electromagnetic Inductors
S Instruction on parts of slectromagnetic inductors (G-1-P format)
v Summaﬁ:erlsyn!ﬁsim on parts of electromagnetic inductors | '
T initial synthesizer on calcatating P ]
Instruction on calculating P (G-1-P format)

Smnmrim/svnthesizef on calculating £

h QU SUTIN AN SN ey SUnp cad SEED SENE NN EERD CTRND SEmD St aEmy . r._r r_ 7y ¥ *r Y ¥ ¥ ¥ ‘K J ¥ _ ) ..q

Summarizer and sxpanded epitoma,

; | | )
! Figuwre 46, A "bl&ﬂin!” of the first primary-level elaboration.
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"PRIMARY LEVEL OF ELABORATION
Second Individual Elaboration

| tnitial synthesizer on kinds of frequency . ...
| on kinds of frequency o ' | T

i e generality-instancep format - '

- Summarizer/synthesizer on kinds of frequency - ’
) -——-————-—————-———_————m— . :
o lni.m synthesizer ] o o
* b Summriz«lsymhcsmr ]

—-—-—-—n————— ——-—————_—n- 2y ;\‘

Initial synthesizer | ) .

N . Instruction on manipulating mquencv ) DU
Summarizer/synthesizer | . SR
L——---—«--—————————-——-—--—--——- -y X =

Expanded epitome Mng the context of frequency ,

within the orisntation structure

' ® \ -

A \;,;;

~ - Figura 47, A “blusprint” of the second primary-level slaboration | I\




PRIMARY LEVEL OF ELABORATION
Third Individual Elaboration

¢

initial synthesizer: C= %
i

instruction on intuction, ‘L, C. Q, E {concepts)

e G-1-P format

" Instruction on c -2
- E (principle)
® G-I-P format *
initial synthesizer
Instruction on measuring
Summarizer/synthesizer C
—ﬁ_—-———_—ﬁ-—_———-“_——_—-q

Initial synthesizer
Instruction on calcuiating C
Summarizer/synthesizer
initial synthesizer on kinds of elect. components
Instruction (resistors, capacitors, inductors)
Summarizer/synthesizer and on kinds of those kinds

. Initial synthesizer on factdrs affecting inductance
Instruction and capacitan
Summarizer/synthesizer P ce
Summarizer and expanded epitome

Figure 48. A “Dblueprint” of the third primary-level elaboration.
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For thc purposes of this repcrt, we feel it is unnecessary to
present further {llustration: >f the resulting "blueprints"v,
The way in which these 4individual "blueprints® fit

L~

together 4: - -+ in Figure 49,

AT D GD G G @S Ep AR AN En GF AP AR GF BF R Gh Gp T G SR Gh = = ..

Insert Figure 49 about here
COMPARISON WITH HIERARCHICAL DESIGN.

To facilitate the comparison of our elaboration approach
with a hierarchical approach to instructioril design, we have
outlined the organization of the Navy's current Basic Elec~
tricity and Electronics (BE and E) eoursé (see Figuré 50).
The hierarchical design tends to stgrt with the trivisl and
is characterized by a notable lack of integration or

\
‘synthesi{s of the zontent.

g S A R A O b G AL G GR AL S SR D G G SN Sn ey dy e A e .-

Insert Figure 50 about here
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EPMITOME
(FIGURE 20)

!

FIRST PRIMARY.
LEVEL ELABORA-
TION AND EXPANDED
EMTOME -

(FIGURE 21)

l

SECOND PRIMARY-
LEVEL ELABORA-
TION AND EXPANDED
EPMITOME

(FIGURE 22)

l

THIRD PRIMARY-
LEVEL ELABORA-
TION AND EXPANDED
EPMITOME

(FIGURE 23)

:

FIRST SECONDARY-
LEVEL ELABORATION
AND EXPANDED
EPITOME

g o

'

TERMINAL EPITOME |
}

13

Figure 49. A “blueprint” of the way in which the blueprints” fit together.
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SEand E Parg of theorstical Part of conceptual Canceptual Procedursl supporting Learning
Module orientation structure paralie] structuse supporting structures structures included prarequisite
Numbaer included included included ' structurss included
] Simple circuit Massuring } §, simple circuit, basic
algebra, scientific
potation
2 Leit-hand nule DC, AC, (series) Measuring E E, magnetism, electro-
magnetic {nduction,
generator
3 " Simple DC Resistor {kirds) Measuring R, reading R, resistor
resistor valuos
4 ly=lg=... Series, {paraile!) Measuring 1, E Series circuit, (paratlel
De Calculating E' circuit), applied
E.- ERI'Eﬂz"“ voitage
5 { ~-§- Series, DC Calculating £, 1, R, P P, short circuits, open
Manipulating | Circuits
PeEl Troubleshooting
-] E,~Eqy~ERa=.-. . Paralicl Calculstions Paratlel circult,
. Troublgshooting equivalent rasistance
!T"R"‘Rz’..c 1Y

Note:  This figure Soss not contsin all of the content in the BE and E coursa, It s intended to give
an indication of the nature of the organization of this varsion of the couna,

Figure 50, An outlina of the organization of the Navy's Basic Electricity and Electronics course,
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SE and E Part of theoratical Part of conceptual Conceptual Procectural supporting Learmning
Module orientation structure parallel structure supporting structures structures included prerequisite
Number included included included structures included’
—-—---—-----—-——————-.—c;—mgn;?io—n- — e S—— ——m——mmﬁm-m@;———-m
{Continued) Designing a vaitage voltage dividers
divider -+ -
8 Left-hand nile AC : Inductor (kinds) - Calculating L L. induction,
Facaday’s Law Electromagnetic : inductor, counter
Lenz's Law inductor {parts) EMF
Factors alfec.ing
inductance
9° Ly=Lyelae... All Calculations Te X
Reading inductor
Ly --!:-1— © values
1 =2
XL s2xf C *
10 §£. gg o I8 AC Transformer (pans) Calculations Transformer, turns,
s Ns Tp primary, secondary,
Ppes load, transformar
p efficiancy, rectifier
Effic, .-MP i
" c-g Al Capacitor {kinds) Cairulations C, capacitance,
Factors affecting capaci- Rc:c.i;:‘ capagitor capxitor, xc, phase,
tancs RC time constant,
CT I e, P, Py
* ’ eew
GG
CT - c, ’ c: * . e
e SR Eay e S g ——-—-———-——Jn—-——————J—————--—-J-a——-————— b et cu rOE v G Bt Sy
Note: This figure does not contain all of the contant in the BE and E course, It Is Intendsd to pive
a5 indication of the nature of the organization of this version of the course.
‘ Figure 50. (Continued) An cutline of the crganization of the Navy’s Basic Electricity and Elsctronics course,
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l BEand E Part of theorstical Part of conceptual ‘mm supporting | Leaming
Module osisntation structure paralial st supporting structures structures included pranguisite
_ Anely included structures included
iContinued)
o hl P o JrueP
e " Appar. P
Phase and power
relationships
Nots: This figure doas not contain all of the content in the BE and E course. It is intended to give
an indication of the nature of the organization of this varsion of the course.
Figure 50, {Continued) An outline of the orgenization of the Navy's Basic Electricity and Electronics cuurse,
A
142 143




......

79

SECTION 3

| APPLICABILITY TO NAVY TRA}HING
= ' The applicadility of the instructional model ané
‘ {instructional design procedures to Navy trainins is
excellent and highly important. The elaboration model of
iastru;tion applies cqually:as well to training (i.e., the
teaching of performance akills:and procedures) as to more
purely cognitive (academic) types of instruction. Most
. training types of 1natructton hav: a procedural orientation
‘and can very profitably uﬂnze syrocedural epitome and
subsequent 1¢velg/,nf ehboration according to the model.
There nrq,;E;\iﬂ}rcquent situations in which the model would
not apply. If the course 1;\31ry short, the notion of
vepitome/claboration ;ouid make little difference because the
content is small enough that sequencing and synthesizing
" will not make much difference {as long as learning prerequi-

sites are considered). And if there is no structursal inter-

relatedness smong the constructs being taught, such ss 2

2 . course that entails memorizing morse code or signal flags,
then the notion of epitome/elahoration does not apply.

‘f : : . In addition to having broad applicability to Navy

é;ainins, the elaboration model ls very important for Navy

training. There are two reasons for this importance (they

are reslly different sides of the same coin): (1) the
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inadequacy of current hierarchical methods for structuring a
course and (2) the particular strengths of the elaboration
model for structuring a course,

The major reason for the inadequacy of current hierar-

chical methods for structuring a course §s that learning

hierarchies are only one aspect of the structure of subject
natter content. Therefore, at best 4t represents a very
incomplete dasis upon which to make decisions about sequen-
oing that subject matter content. Also, of all the aspects
of the structure of subject matter content, learning
hiersrchies are the only one that {s totally useless for
synthesizing the content.

‘There are at least three particular strengths of the

elaboration model for structuring a course: ¢1) {ts

emphasis i3 on the analysis of the orgsnization or structure

of the subject matter;. (2) the model was developed on the
basis of prescriptive ﬁ%inciples of instruction that place
top priority on increased effectiveness, efficiency, and

appeal of the instruction, and those principles are highly

consistent with recent theories of cognitive psychology; and

(3) the 1{increased efficiency and effectiveness of this
method for structuring a course should reduce training costs
in a criterion-referenced setting. “

The elaboration model emphasizes the analysis of the

organizstion or structure of the subjent matter. This is asn

important improvencnt in the theory of instructional design
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because it provides a clarity in the undefstanding of
relationships (within the aupJect matter) that Erovide an
important basis for making decisions adout good sequencing
and synthesizing strategies. Being able to make consis-
tently good decisions abdbout Qequenctng and synthesizing
atr{;esiea maskes possible a 1level of dnstructional
effectiveness, cfrlciency,' and eppeal that was previously
unsttainable.

Second, the elaboration model is based on prescriptive

principles ‘of instruction that place top priority on

{ncreased instructional effectivenss, efficiency, and
appeal. The emphasis is on what ought to happen and how to
mar« it happen, rather than on what tends to be in the
majority of cases. It {s the difference between imbroving
the way people learn and merely describing the way pecple
learn. This difference is what distinguishes the science of
{nstructiop from the science of learning. Yet, clesrly, the
scienc2 of <{nstruction 4is based to some extent in the
science of learning; improving the way peépie learn is
dependent to some extent on understanding the way people
learn. For these reasons, we would ;1ke to emphasize that

the elaboration model 4is highly consistent with current

theories of cognitive psychology. it is highly consistent

with Ausubel’s theory of subsumption (Ausubel, 1963, 1968)
and with the newer schemata theory (Anderson, 1978). .On the

basis of these theories and on the basts of our empirical

148 :
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experience, the elabdboration model ahould result in greater
effectiveness, long-tarm retention, and transfer/
generalization to new aituatians because of greater
meaningfulness and cohesiveness of tae instructional
content. |

The third reason why the elaboration model is very
inportant (tor Navy training 1s that it should( reduce
training time in a criterion-referenced setting and thereb}

reduée train!ng costs. This savings is a benefit of the

model's higher instructional ‘effec}:lveness and efficiency.

Finally, we .would 1like to point out that the eladbo--

ration model extends and comp ements the Instruectional

Quality inv‘entoﬂ. Whereas the IQI focused on considera-

tions for instructionsl design on a single construct, the
elaboration model focuses on design éona‘iderahions'related
to relationships among constructs. The two instruments form

a comprehensive approach to {nstructional de=ign.
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SECTION A
FURTHER INVESTICATIONS
" There ‘are two major kinds of further {nvestigations
which we feel need to be done: (1) those which improve the
products thit ue have slresdy developed.in this project and
(2) thqn‘ﬁmtch extend iwhat.*'we have done to new Aapp.licl-( .
tions. These two kinds of investigations rare discussed in
greater detail below. | ,
Inproving What We Have _ |
‘We recommend two separate aet;vitéea for improving the
preducts that we have developed in this project: (1)
inpirica’l research to test and improve the {nstructional
godel and (2) a large-scale development project to exten-
sively and rigorously field-test the design procedures.'
We propose that the type of emgiﬁical research needed

is not of the prevalent mcontrolled experiemnt® variety.
Rather we advecate the type »f empirical research that
at.udiea whole models of Snstruencn and determines what R
- components are nnced fo eomprise the best possible model |
for given inggr,aetional ccnditiong (see Beigeluth, 1977)
’ merctorf;‘/ét;is type of research must bde per rmed under
re;x{stic conditlions. _ :
,/ Touard this end, we reccsmend the performance/ o;‘ two

types of e:perments. a correlational study/and a»

P experimental study. The purpose of the eorre18=i¢n81 study

© 145
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{s to dstermine the relative value (i.e., relative contri-
butizn to instructional effectiveness, efiiciency, and
~ appeal) of each part of an extremely "rich" model (i.e., a
model that 4{ncludes an unusually large number of strategy
- eomponents), This study results in a rank-ordering of the
strategy conmponents that comprise the model. .

Then, on the basis of this rank-ordering the experi-
mental study can de designed. Its purpose is to test that

rank-ordering under an "alterrative models™ poradigm. This
paradigm requires that each strategy eomponent\be tested in
combination with unly those &' ategy components which are
more valuable than itself, rather than being tested in
combination with 21l other strategy components. To accom-
plish Lhis, the first treatment is formed by !mplementing
{he most valuable strategy‘ component (or the two most
valuable components, ete.) as determined bdy :the correla-
tional studj. The second treatment is formed by adding to
41t (them) the next most valuable strategy component, and so
on until sbout ten treatzents are formed, The least
valuadle strategyﬁéemponents in the correlational study will
probably be left out of this experiment. This experiment
will either confirm the rank-ordering of strategy com-
ponents, or it will lead “c & new runk-ordering, which in

turn may need to be confirmed by another similar experi-

mental study.
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The result of these two types of studies will be an

improved model of 4instruction. Scms strategy components

. will probably be eliminated from the model for lack of

contridbution to effectiveness, efficiency, and appeal; and
other components may be added. '

‘We also propose that s large-scale development project

is needed to improve the instructio:al design procedures.
‘Our field test on electronics '.elped greatly %o improve the
:design procedures developed {n this ptoject, but {t was only
s partisl field test because it was heyond the scope of our

funding to develop more than a “blueprint" of the most

{mportaat constructs in electronics. An entire large-scale

development project would undoubtedly lead to considerabdle
improvement in the instructional design procedures that we
have develored in thié projecﬁ. Although the development
project would cost more than the standard development
curreatly done by Courseware, Incorporated, that extra cost
woild in reality be a relatively ifnexpensive research
project; and we are confident that the instruction resulting
from the project would be superior to that currently pro-
duced by Courseware, Incorporated, inJSpite of the experi-
mental nature of the development project.

Extending What We Have

We recommend extending what we have developed in this
project to new spplications (i.e., applications other than

design). The most valuable extension for the Navy would
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probably be the development of a diagnostio/evaluative

{nstrument (similar to the Instructional Quality Inventory)

for analyzing and improving existing N& 4 instructicn. Such
sn instrument would complement rather than replace the

Instructional Quality Inventory beeauselit would extend the

analysis of instructionsl quality to structural strategies,

which are currently totally ignored by the IQI. It is
1ibely that the structural aspects of instructional quality
uil; have at least as great an impact on improving the
effectiveness and efficiency of dinstruction as have the

IQI's presentation aspects of instructionsl quality.
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