CONTENT ANALYSIS VIA
CONCEPT ELABORATION THEORY

M. David Merriil

Brigham Young University
Courseware, Ine.

Presentation at AECT
April 27, 1977
Miarni Beach, Florida

Early in my career as an instructional de-
sign consultant I took the position that
my concern was not “what to teach?”
but rather "how to teach?” During the
past several years it has become evident
that subject matter experts may know
what there is to teach but that they usual-
ly do nat know what to teach. It is even
less likely that having decided what to
teach they know how to structure and
sequence this content for maximally ef-
fective acquisition on the part of the
student.

Robert Gagné has probably had more in-
fluence than any other person on current
methodology for structuring and se-
quencing instructional materials, His
position has come to Be called “cumula-
tive learning theory” {Gagni, 1968, The
construction of "learning hierarchies” is
often standard procedure in many of the
systematic approaches to instructional
design and development.

The purpose of this presentation is to
Propose a distinctive alternative to learn-
ing hierarchies and the frequently used
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procedures for sequencing and organiz-
ing subject matter content which are
based on this approach. For identifica-
tion purposes our position will be called
“concept elaboration theory” and the
content structure proposed will be called
a “concept elaboration network”.

A Review of Learning Hierarchies

How does one construct a learning hier-
archy? "Bepinning with the final task, I
found it was possible to identify. . . sub-
ordinate capabilities related to each other
in an ordered way by successively asking
the question concerning each task,
"What weuld the individual already
have to know how to do in order to learn
this new capability simply by being given
verbal instruction?” (Gagné, 1968b)

What is a learning hierarchy? “A learn-
ing hierarchy. . .represents...the rmost
probable expectation of greatest positive
transfer for an entire sample of learners
concerning whom we know nothing
more than what specifically relevant
skills they start with.” “. . . one is search-
ing for subordinate tasks which will
transfer positively to the learning of the
task in question.” ”. ., what are these. .
capabilities that rmake up a learning hier-
archy?. .. They are intellectual skills. . .
not entities of verbalizable knowledge...
one must carefully record statemnents of
‘what the individual can do’, and just as

carefully avoid statements about “what
the individual knows."” (Gagné, 1968h)

"How does one know of the order as-
signed to the skills in the hierarchy is
corrgct?. .. A general guide to such or-
dering is one ... in which sample re-
sponses are subordinate to chaing or
multiple discriminations, which in turmn
are subordinate to classifying which in
turn is subordinate to using principles or
ritles.” (Gagné, 1968b)

How iz a learning hierarchy used to se-
quence instruction? “A learning hier-
archy...in the present state of our
knowledge, cannot represent a unique
or mest efficient route for any given
learner.” *.. .1 am not sure that a learn-
ing hierarchy is supposed to represent a
presentation sequence for instruction in
an entirely uncomplicated way. . ." “. ..
learners can acquire verbalizable knaw-
ledge, and even intellectual skills, from
sequences of presentation that are al-
tered in various ways from what may be
considered ‘highly organized’”. *. . re-
gardless of presentation sequence, if one
is able to identify the intellectual skills
that are learned, he will find them to
generate positive transfer in an ordered
fashion.” (Gagng, 19680}




In spite of Gagné's statement that hier-
archies are not necessarily devices for se-
quencing subject matter, as currently
used in systematic instructional develop-
ment they are frequently used to deter-
ming instructional sequence. A student
is usually taught each capability in turn
progressing upward through the hier-
archy.

A second use of a Gagné-type learning
hierarchy is as an organizing device for
the student. Hierarchy diagrams are of-
ten represented on the lead page of in-
structional segments, The box represent-
ing the content of the segment is often
shaded or marked in some other way
supposedly to let the student know
where he iz in the structure of the con-
tent.

Based on the quotations above, the use
of hierarchies for sequencing or repre-
senting content structure for the student
may be unwarrented extrapalations of
Gagné's original intentions. What is
Concept Elaboration Theory?

Concept elaboration theory is first, a
procedure for representing the content
structure of complex subject matter,
Second, it is a procedure for determining
an optimal sequence for teaching com-
plex subject matter. And third, it is a
procedure for determining an optimal
presentation strategy for complex sub-
ject matter. It was created specifically as
a design tool for instructiona! develop-
ment.

Concept elaboration theory was created
for teaching subject matter which re-
quires the student to use a set of interre-
lated procedures or principles to produce
some kind of product or solve some
class of problems.

The fundamental premise of elaboration
theory is that the underlying principle
should be taught first. A principle is a
statement of relationship between two
or more concepts and most often explaing
why some event occurs. The principle
should first be represented in its simplest
form and should be illustrated via the
complete procedure which can be de-
rived. A procedure is a series of steps
which must be followed in arder to cause
some event to occur or to derive some
solution. Procedures most often indicate
how to cause some event to accur, There
are usually many procedures which ran
be derived from a single principle. In
other words, first teach the principle
which is fundamental to the complex
procedure to be taught. Second, illustrate
this principle with the most restricted

but complete procedure which can be
derived, Third, introduce layers of com-
plexity by elaborating (i.e., making
more complicated) the procedures in-
volved until the student can carry out
the procedure in its most complex form.

Concept elaboration theory is based on
several hypotheses, First, that under-
standing why an event occurs, the prin-
ciple, facilitates learning how to cause
an event to ocour or to predict its occur-
rence, the procedure. Second, that learn-
ing a complete procedure that is limited
in scope and then elaborating this pro-
cedure by adding dimensions of com-
plexity is more efficient and effective
than mastering each step of a more com-
plex procedure before moving on to the
next step.

How is a concept elaboration network
derived?

Step 1, Identify the terminal task. This
is the sarme as step 1 in developing a
learning hierarchy. This task should be
represented via a carefully stated objec-
tive or via the test item(s) which will be
used to assess performance.

Example. In order to briefly iilustrate
this procedure, consider the topic, “the
accounting cycle”, one of the first units
in an introductory accounting course,

Objective, Given a packet of business
documents such as cancelled checks, in-
voices, etc., which represent all of the
transactions of a business over an ac-
counting period, set up a general journal
and a general ledger, enter and post the
transactions, make appropriate adjusting
entries, and prepare a balance sheet.

Step 2. Specify the complete procedure
which i5s necessary to cause the task
event(s) to occur or to produce the task
preduct(s),

Example. A complete specification of
the aceounting cycle would unnecessarily
lengthen this presentation. The follow-
ing may be sufficient to enable the reader
to follow the example. In actually pre-
paring a concept elaboration network, a
more complete specification is required.

The accounting cycle is as follows: Basic
business documents indicate expendi-
tures and revenue received by the busi-
ness. The transactions indicated by these
decuments are entered one-by-one usu-
ally in chronological order, in a General
Journal, These transactions are later
classified as to type and transfered to ap-
propriate accounts in the General Led-
ger, At the end of a specified period of
time the separate ledgers are totaled, a
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balance sheet prepared which summa-
rizes business activity during the period.
For most businesses this surnimarization
is complicated because some of the sup-
plies, or inventory purchased in a given
period will not be used up or sald until
another period. In order to have a mean-
ingful balance sheet, these unused sup-
plies or unsold inventory must be cred-
ited to the accounts. These are called ad-
justments. Adjustments are entered into
the General Journal and thus transfered
to the various accounts in the General
Ledger in a manner similar to actual
transactions. A balance sheet is then pre-
pared which reflects these adjustments
and hence provides a more accurate pic-
ture of business activity.

Step 3. [dentify the underlying principle.

Example. The accounting cycle is based
on the principle that equal amounts can
be added or subtracted to both sides of
an equation without changing its equali- -
tv or balance. The fundamental equation
invalved is that:

Aszsets — Liabilities = Quwner'’s Equity
If & buginess has $1000 in assets and has
no liabilities, then the owner's equity is
equal to $1000. The equation is in bal-
ance. Accounting procedures are de-
signed to record business transactions in
a way which will preserve this balance.

Step 4, Derive a procedure based on the
principle which is simple as possible.

Example. The simplest procedure for
our accounting example is as follows:
Step 1 add up the assets. Step 2 add up
the liabilities. Step 3 subtract the liabili-
ties from the assets, the remainder is the
owner's equity. Step 4 prepare a simple
balance sheet to show the results. (Ob-
viously one wants to use a very simple
business to illustrate this simple pro-
cedure.)

Step 5. Identify the dimensions of com-
plexity which when added to the simpie
procedure elaborate it until it becomes
the complex terminal behavior.

Example. The following seem to be the
dimensions of complexity for our “ac-
counting cycle” example. For purposes
of this paper they are considerably abre-
viated. In areal world application greater
detail would be required.

Starting with the terminal task (1) If we
consider a business which starts and
staps, rather than continues, we can sim-
plify the procedure by making adjust-
ments unnecessary. (2) If we reduce the
number of accounts from many sepa-
rate accounts, which is & necessity of an

1



actual business, to a single asset aecount,
a single liability account, and a single
owner's equity account we can simplify
the procedure by entering transactions
immediately into one of these three ac-
counts making a general journal unnee-
essary and making pesting to a general
ledger unnecessary. (3) If we merely list
assets and liabilities rather than record-
ing individual transactions we are back
to our simplest procedure identified in
Step 4.

Step 6. Identify levels of elaboration.
For cach level identify the task by speci-
fying an objective or preparing a sample
test {parallel to Step 1). For each level
specify the complete procedure which is
necessary to cause the task event(s) to
oceur or te produce the task product(s).
(Paralle] to Step 2)

Example. For level O (we cal] this the
epitame because it is the simplest repre-
sentation of the principle and the pro-
cedure which still represents the entire
principle}.

Objective. Given a list of the holdings
and amount owed by a simple business,
decide which are assets and which are
liabilities, calculate the owner's equity,
and prepare a simple balance sheet,

Procedure. Step 1 c¢lassify items as as-
sets, liabilities or owner's investment or
withdrawals; Step 2 add up the assets;
Step 3 add up the liabilities, Step 4 cal-
culate owner's equity; Step 5 prepare a
simple balance sheet.

Forlevel 1 (the first leve] of elaboration)

Objective. Given a limited number of
transactions, enter them directly into
single asset, liability, or owner's equity
accounts and prepare a balance sheet,

Procedure. 5Step 1 prepare T-account
ledgers for an asset, a liability and an
owner's equity account. Step 2 enter
each transaction into 2 debit column and
a eredit column in the accounts. Step 3
total the accounts. Step 4 prepare a sim-
ple balance sheet.

For illustrative purposes it is unnecessary
to complete this example for all levels,
The procedures provided for illustration
are necessarily brief and hence incom-
plete. In an actual application consider-
ably more detail is desirable.

Step 7. Based on the procedures itemized
for the terminal level (Step 2) and the in-
termediate levels of elaboration (Step 3)
identify the concepts, identities and
operations involved at each level, Alse
identify how the principle applies at each

P1 Balancing Accounts

level including any extentions which
may be necessary in the underlying prin-
ciple. Diagram the relationships in-
volved,

Example. Figure 1 illustrates such a dia-
gram for “the accounting <yele.” The
conventions used in this diagram are as
follows: A hexogon is used to indicate
an identity or set of identities. A large
circle is used to indicate a concept. Con-
cepts are included in the network only if
a student must learn to classify newly
encountered examples and nonexamples
of the concept in order to use the opera-
tion, Concepts which the student is as-
sumed to know are not included.

A small cirele is used to indicate a pro- '

ductive operation. Descriptive opera-
tions are not included in the network. It
is understood that each concept in the
diagram can be defined via domain con-
cepts (attribrutes) and an appropriate
descriptive operation,

Arrows are used to link domain concepts
and identities to an aperation and to link
an operation to the resulting range con-

LIST OF OPERATIONS

P2 Entering Transactions
PF3  Posling to Ledger
P2 Adjustiments
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cept(s). A given concept might be re-
quired by more than one operation. A
range of one operation might be the do-
main for a subsequent operation.

Dotted lines are nsed to connect identi-
ties, concepts, or operations which are
required in some modified form at a
more complex level of elaboration.
Dashed concentric cireles are used to in-
dicate levels of increasing complexity.

The terms used in defining these conven-
tions are defined elsewhere. A repetition
of these definitions in this paper would
unnecessarily lengthen this presentation.
{See Merrill and Boutwell, 1973; Merrill,
1973; Merrill and Wood, 1974; and
Merrill and Wood, 1975),

In Figure 1 level O indicates that the stu-
dents must learn to classify instznces of
three concepts: assets, liabilities, and
owner's equity. Further P1, is the pro-
cedure for adding these separate quanti-
ties and displaying them via a simple
balance sheet.

At level 1 the three concepts have been
medified to include transactions classed
as to assets, liabilities, or owner's equity.
Also debit and credit conventions have
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been introduced, P2 is the procedure for
entering individual transactions into 1-
accounts, P17 (which is similar to P.'I.o) is
the procedure for totaling accounts and
producing a balance sheet. Space pre-
vents aur describing the whole diagram.

How is a Concept Elaboration Network
Used to Sequence Instruction?

A sequence based on a concept elabora-
tion network consists of an alternating
series of integrated and segregated pre-
sentations, Starting with level 0, an inte-
grated presentation involves (1) the pre-
sentation of the underlying principle and
{2) a demnonstration of the simple pro-
cedure with a specific example while
showing the relationships of the proce-
dure to the principle.

Following the integrated presentation
{which we call the epitome) each of the
separate concepts involved are taught
wsing the rule, example, practice pro-
cedures which have been described clse-
where (Merrill & Tennyson, 1977;
Merrill, Richards, Schmidt, & Wood,
1977). These rule, example, practice diz-
plays constitute a series of segregated
presentations,

The epitome is then reviewed and the
student is asked to practice the inte-
grated procedure using new examples.
This integrated, segregated, integrated
cycle is repeated for each level of elabo-
ration, For level 1, the underlying prin-
ciple iz again stated, extended as may be
necessary for the new level of elabora-
tion, The elaborated procedure is then
demonstrated with a specific example
while the steps are explained via the un-

derlying principle. This integiated pre-
sentation is followed by segregated pre-
sentations for each of the new comnpao-
nent concepts. These segregated presens
tations are followed by integrated prac-
tice, and sc forth, to expanding ievels of
¢laboration until the student has ac-
quired the task at the terminal level of
elaboration.

Summary

This presentation has been neceszarily
brief. Adequate instruction in the use of
¢laboration theory as in preparing a
learning hierarchy requires considerable
practice and can hardly be adequately

‘taught in a short paper, Nevertheless,

we have suggested that as used in in-
structional development for sequencing
subject matter content learning hier-
archies are a useful step in analysis of
component skills but may not provide
sufficient synthesis for sequencing in-
struction in complex interrelated pro-
cedures and principles, Concept elabora-
tion theory has been suggested as a more
adequate design tool for structuring, se-
quencing and determining presentation
strategies for such complex subject mat-
ter. The premise of elaboration theory is
that the underlying principle should. be
taught first accompanied by the simplest
comnplete procedure. This initial presen-
tation of the epitome should then be
elaborated with an alternating sequence
of segregated and integrated presenta-
tions which enable the student to learn
the component concepts and to put them
together in integrated practice. Each
cycle of claboration introduces more
complexity until the student has acquired

the terminal procedure,
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