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Design tools used for instructional planning can be -
described in terms of "inputs, outputs, major .components, and thelr

,1nterrelataons. The outputs are course length; student flow; and

requirements for resources, such as facilities, material, personnel,

" and dollars..The inputs are the teaching institution, learners for

whom the course was,designed,.and the course objectives. The major -
steps in planning the design are to chdracterize learners in terms of
teaching methods and techniques, to staté a general instructional
policy after the analysis of learner population, and to analyze Xhe
curriculum. From these steps, specific strategies are developed/based
on design criteria, local resources, and student loads.. (Four

of the design process are 1ncluded.) {BRB)
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PREFACE

This is the first of four interrelated reports contributed to a
symporium held during the American Educational Research Association
Convention in Chicago during the first week in April 1972, The other

L3

reports in the group are:
R-1019-PR, A Decision Process for DeveZoptng Strategzes of
Ingtruction, by Polly Carpenter

R-1020-PR, A Structured Questiomnaive for Describing Learning
Events in a Course of Study, by Rudy Bretz ,

R-1021~PR, A Model for Implementing Instructional Strategies
Applied to Specifie Courses, by Robert L. Petruschell and
Polly’ Carpenter

fach of these, except the contribution by R. Bretz, is an abridged ver-
sion of a more comprehensive and detailed report. The abridged versions
will be of interest to the genera% reader; the detalled reports are in-
tended to assist those actually involved in the desién process.

The symposium discusses an approach to the design of instructional
systems developed by the Rand team under sponsorship of the Air Force.
The design methodology is intended to be sufficiently general inrnature
that it could be used by education planners in any school situation.
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THE PROBLEM

Many new ways of teaching‘and much instructional technology have
been developed and validated for their contributions to effective in-
‘struction, yet these innovations have seen but little inplementation -
in existing teaching institutions. One of the prime reasons for this
18 that plannera;of instruction, even-when they are not also. burdened
with the task of elassroom teaching, are (1) not sufficiently familiar.
with the new aystems to plan their implementation and (2) lack tools to
"assist them in planning the implementation of those’ systems with which -
they are familiar. ‘.

At present the 1mplementation of 1nnovations in the process of in- .
struction at a teaching institution arises primarily from the e£§3}:s of
a few people who believe that some particular strategy .of instruction or

application of new instruct*onal technology will be more éffective than - — ——

X mothogs already in use. If such people succeed in convincing school -~

personnzl of the merits of their position, they must either go through

& lengthy 3esign process with very little to assist them besides their T

own convictions, or they must effect the change tnrough tzial and error.
Their efforts, of necessity, will beé directed,. primarily by intuition

" and subjective judgment. More effective or leaa expensive instruction }

, may result, but there is no assurance that 1t ia as-effective as it -

could be, .no assurance that,other strategies could not be used along

wvith the one of primary interest, no assuramce that.more deairable com-
binatlons of techniques, operating procedures, peraonnel materiala, and
equipment have not-been overlooked._ -.. a

It would be desirable for changes in instruction no longer'to bgf
one-shot responses to some rwsearcher's: pet‘theory. Instead, change -
should be a continuous feature of any, viable inétitution that, serves the

social, economic, and “technological needg,of the future. The objective

“of the research-we shall describe today is to faeilitate change by de-

veloping a kit of tools for the design of systems for instruction.* These
tools will permit the education planner rapidly to assess the utility of

a particular instructional approach. 1f the approach then appears to te .,

have unacceptable flawe, he may quickly conatruct and ass¢ . an.alterna- _—

" tive approach. By providing this kind of feedback the process will help
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assure that many promising approaches are "tried out,"

8o to speak, be-
fore one is chosen for actual implemé;tation. . ’

As suggested, the design of instruction drows primarily- on the judg-
ment of people in' the schoole-:judgment that is shaped largely by the

schools' facilities, equipment, operating practices, and materials, and

by available personnel. The tool kit héi}s,the planner to externalize ) T

“these judgmento so that they may direct design in an orderly tashion.
~Thus, the profeesional experience of the educator becomes an integral

part of the. design process, In addition, the -cutrent state of affairs

~ is such that some~feéatures that are crucial to the deaign of instruction

are not explicitly considered before teaching is actually under way.
The tool kit also helps the planner take such characteristics into
account in designing his course by providing a checklist of items that.
should be thought about. R *
- We term these toon because every’attempt has been made to avoid

‘prescribing who 1is to be taught "what and how. " Instead, given that the
B p:.anner nas esx:a’o.u.sneo his own generai po.u.cies on tnese matters, tﬂa
tools should help him to get there from here. ‘This is & tool kit
because each tool supplies something that fan be used by the others.
Even 80, each tool 1s useful in its own right because each externalizes

{
and delineates features of the instructional process that direct teach-

3

ing in the classroom or workshop. - .
Whom do we see as the users of these tools? Ultimately, they should
be people in the schools who are responsible for the selection, design,
and implement:ation of new inst?uctional progiams. Such people are found
in the administrative offices of large school districts, in such military
counterparts as the training research hpplications group&'in the Air
Force, and in the teams that develop instructional systems for firms in
the education industry. Hopefully, as tools are more- fully developed
for instructional system design, people of these kinds will be able to
tailor instruction more precisely to the needs of learners and schools.
This work has been supported by the Air Force, in which we find a
wide variety of instftutions for education and training--from training
pilots to purso}t of higher degrees. To assure the relevence of the de-
gign methodology to-all of thzse schools, we have directed our efforts -
toward. applications that will be of use to a‘varied audience including R

also those in ;lementary and secondary education and vocational training.

2
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THE GENERAL APPROACH . .

The pﬁtpose of this Symposium is to describe several of the tools .
to make them more accessible to people involved with the theory and
practice of instructional system design and'to provide a vehicle for
critical comment. The tools we. shall discuss are key €lements in the
set of methodologies for planning and designing insttuctionzl'systems.—-k“‘“*éqq.,hi
" The overall process of ‘instructional system desigg will now be described
to provide afframework for the Symposium. The process will be described

in terms of ﬁnputs, outputs, major components, and their incnrrelatigna.,

A deacgiption of the outputs will illustrate the direction of our

i

efforts in opecific terms. They are ‘the follow;ng charactevistics of

7
t}“‘\
an instructi‘gal system: course length; strdent flow, as a fuaction ‘ff

of time during the course; and requiremercs for resources,‘suchfas fa--
cilities, material equipment, personvel, and dollafs (see Fig. 1).
The outputs will also show variatisns in resource requirements during =~ =™ g
the phases of implementation ar. operation of the course.

These outputs will be related to the inputs, which we characterize -

in three general areas: the teaching institution, . 1earners for whom the

course of study is intended, and the course objectives. Th:oughout. it

is ossomed that the learning objectives of thelzourse have already been - ii

determined. The step on which Rand has been working is the point at |

‘'which actuai instruction must be planned and implemented for validation. .
Therdosign process is intended to relate outputs to inputs so éhat

the outputs will be acceptable to the teaching institution, and so that ~

the instructional system they oescribe will teach the course of study

to the designatéd learnere. We have made same progress in identifying

the steps in,the'design process, determining their sequence, and dis-

covering their inoerrelationshigg. The results of this work will pro-

. vide school personnel ‘with toolo that will both make it easier for them

to design new instructional systems and will help assure that their de-

gsigns are comprehensive, coherent, and appropriate to their needs. We
plan to automate parts of the design process so that it will take a mat-
ter of a few weeks or perhaps gven a few daysj’iather than taking, say, :
saveral months to a year as it does aé present. -This will allow plan-

ners to consider several possible aléernativé waya to conduct a par-

ticular course so that they may choose the way that 18 most promising.

-
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~ To our knowledge, a comprehensive methodology for instructional system
design has not been devised. Thus, the work is not only challenging )
but an exciting pioneering effort. ' <
The first step is to characterize the learnérs in terms that will’
affect the way the course will be taught (step 1, Fig. 2). For example,
some léarners may have alrealy had experience in the narticular field
in which they will be’studying and will not’ need to study some parts
of the curriculum. The second step, wa,believe,sis to state general
policy (step 2, Fig. 2). 'This is accomplished by having the planner
answer a simple questionnaire, to be described shortly.* The stateé -
ment of general policy can be heavily influenced by the analysis of
the learner population; ' )
The third step, the Curriculum Analysis, is dgpoted step 3a (Fig.'
eaa because it 1is interrelated with tbe ‘fext step. This analysis is a
branching'questionnaire and will be described by R« Bretz immediately

*k
after my presentation. It guides ‘the user in providing 2 detailed

dsgrorintion of hia cour a

- —p - - - —

)
[}

tody . -Firet, it eate gorizes each tonde’
- ' in the curriculum in "system-oriented" terms, such as whether the in- -
struction must be given in a classroont or in a laboratory, whether it
requires special equipment, or -whether it requires-a monitor to ensure
student safety. . ‘..
““The Curriculum Analysis also cﬂaracterizes\each to?ic's require-
ments for communication media. We have focused on communication-media
for two reasons. First, media are playing an increasingly important
role in education. Second, many people are unfamiliar with media and
- ' their uses and are looking for guidance in this area, which we believe
we ¢an provide.*** However, the design methodology does not specify
that cormmunication*media must be used for every topic even though the
Curriculum Analysis describes possible requirements for communication
media for every topic.

e

. M

~

Polly Carpenter, 4 Deczszon Process fbﬁ'DeveZopzng Strategies of
Ihstructzon, The Rand Corporation, R-1019-PR, March 1972.

Rudy Bretz, A Structured Questionnaire for Deseribing Learning

Events in a Course of Study, The Rand Corporation, R-1020-PR, March 1972.
: AR
. ‘Rudy Bretz, Seleotion of Approprwate Comnunication Media for

Ingtruetion, The Rand Corporation, RrGOl-PR, February 1971.
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The next step will be the main subject.of the discussion that I
will give following this introductory mgterial. It is the process for

‘rilpecifyihg straﬁegies of instruction, step 3b. This process is a'logig

_tree, with each decision point a logical consequence of the decisions

that have preceded it. To exercise it, the designer will have two

aids~-~an interactive computer program written in JOSS and a manual

‘that presents the pros and cons of the decisions to be ‘made. at each

point alnng with some of.the logicai consequences of each choice.
Step 3b 18 the point at which apecifications of instructional

mathod are explicitly entered intc the design process. The purpose of

e = e

this step 1s to encourage the pianner to “consider tha bulk of methods
he may wish to use and to translste, his decisions into~guide11nea for
systam ﬁesign.' Thus, the process is not prescriptive in the sense that-
it gh;mpiohs no particulﬁr instructional method. Rather, it‘atteﬁpts
to allow the planner to ‘select -and apply any method he may think appro-
priate, from the formal lec ure to student-directed role-playing.

The gpecification of‘stratééies of instruction interacts closely

with the Curriculum Analys’s (see Fig. 3). At the same time, the frame-

work for this specification is provided by the statement of general pol-
icy as well as by indirect input’from the teaching institution.

" As used here, a strategy of instruction has two dimensions. For
each type of instruction identified in the Curricului Analysis, it spec—-
ifies (1) whether a person or medium‘wili be teaching, and (2) how stu-
dents will interact with this teaching. Shortly, I shall discuss the

. . R *k
way in which answers to these two questions specify a teaching method.

The strategy also petmits specification of details of the use of media
or personnel for each type of 1nstruction, such as the level of skill
the personnel should have,

~Step 4, Fig. 3, establishes a set of design criteria, input from
the teaching institution. They will be of the following sort: least

* . -
Rand's on-line, interactive computer system.
*i

Carpenter, op. cit.
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" resources and constraints will also be gathered by means of a logically

»

- ) e 3o e
datasfrein the Curriculum Analysis, tus GeBLEL &

0~ -

coest, shortest course length, graduation of the nost studentn,per';)it
time, or maximum uge of communication media. “The planner would asign
each criterioh an-order of importance or a wzight.

Next, data!describing the rate of ztudent entry and the school's

Py

Q-

cttuctured set of"questions (step 5). These data will include the num-
ber of classrooms, laboratories, or other facilities. available; the’
existence of communication equipment such as television receivers in-’

stalled in the clessrooms;- the geographical distribution of students, .

w

that ig, whether they are 311 in one building or scattered throughout

a campus or city;and the number -of -instructors- svailable.uirhe tZsultﬁiﬁ_,iw
ing description of local resources and student loads will be used in ’a{
the final design process to specify class size, select specific media

-t

systems. “and for other purposes.

‘- Now final system design éan-begin (step 6, Fig. 4). The direct

inputs tc the design process will be the strategies of ingtrdction, . . -

iteria, a and ths descrip-

e B o Ve

tion of local resources. Charaeteristics of the learner population,
thezstated general policy, and the general features of the course of
study also enter into the design process indgrectly.

At present, we see the design process as having four main ccmpo-

nenp?: First, each topic is linked to the strategy of instruction that -

.has been chosen for that particular category of instruction. Second,

student. flow through the course is simulated by a flow and scheduling
model in order to generate graduetioh rates ané resource requirements.
Third, a set of criteria is used to select specific media systems.

[The Curriculum Analysis only identifies the class of media (for e:am-

ple, motion-visual) that might be used for a particular lesson. What

* precise form the media system- should take (for example, silent 16-mm

£11m) will-be specified by the strategies of instruction and other cri-

teria.] Fourth, a set of criteria is used to assign personnel. There

*An example of the application -6f the design process is described”
hy R, Petruschell and P. Carpenter in 4 Model for Implementing Instruc-
tional Strategies Applied to Specific Courses, The Rand Corporation,
R~1021-PR, March 1972, sy
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will be instances where a certain number of people will be required to

carry out a particular task, such as monitori: 4 for safety; other per-

~ sonnel requirements will depead on existing facilities, such as the

nunber of students that can feasibly be assigned to a teacher-in a

~1- “groom.
~ . jendent dollar requirements for the system. .

The final step will Qe a.cost analysis to determine the

As noted above, the outputs of the design process will be course

. length, student E£low, and time-dependent requirements for resources;

all are useful for the planner._ He can then compare the requireﬁints .
for resources with the resources he expects to be available to .the .
gchool to determine whether-the sy.tem is econémically feasible; he
can also compare the outputs with reQuirements for general policy and

other iitputs to determine whether they are what he wanted. If not, he

. fan change some of the initial specifications such as the strategies of

‘4nstruction or the design criteria. Possibly, he would want to change

ithe learner population, the course of study, or_even the general policy.
i Although these toois compose a ciosely interreiaied sei of. ele-
ments Zor system design, several are useful in their own right. . For
example, the decision process for setting instructional strategy con-
tains a, comprehensive checklist of considerations in instructional sys-
tem design,that can be used without the computer program if go desired.
fﬁﬂﬁilarly, the Curriculum Analysis helps the user-look at his subject

matter in a methodical and systematic manner.

=

e

W

.
1 gt A s



