O

ED 051 456

AUTHCR
TITLE

INSTITUTION
SPONS AGENCY

REPORT WO
BUREAU NO
rU3 DATE
GRANT
NOTE

EDRS PRI1CE
DESCRIPTORS

ABSTHACT

DOUUMENT RESUNE
AC 010 349

Collings, Mary Louise, Ed.

Programrned Instruction and Corputer Assisted
Instruction in Adult Basic Education: An Institute
for State and University Level Adult Basic Education
Personnel.

North Carolina State Univ.,
Fducation.

Bureau of Adult, Vocational ,
tducation (DHEW/0R),
R-1

BR-U4-32028

Mar 71
CRG-0-70-459G(324)
233p.; Papers presented at An Institute Lor State
and University level Adult asic Education Personnel
{Raleigh, N. C., July 2i-August 1, 1969)

Raleigh. School ot
and Technical
dashington, Dn.C.

EPRS Price MF-30.65 HC-3$9.17

+#Adult Basic Education, *Computer Assisted
Instruction, Educationsl Technology, *Institutes
{(Tcaining Programs), lnstructional Technology,
*frograred Instruction, ¥Speeches

An Institute for state and Untiversity Level Adult

Basic Education Personrel was held to fprovide insight into the

philosophy,

Proyrams.
publication.

potentials,
computer assisted instruction as they relate
Speeches given at the institute are reproduced in this
The titles and authors ot the speeches are:

and techniques of progrsammed and
to adult bas -~ education

prokblems,

"pPsychological Foundatiors of Individualizing Instruction™ by
Lavrence Stolurow; "Ihe 3ystems Approach to Educational Projranmcs"™ by
Lavrence Stolurow; "Programming Success tor the Undereducated Adult"®

by Mark Laurence Berman;
Education Project®” by Sye Ztephenson;
by Desmond L. Cuok;
"Mylti-Media Design and 4edia Selection® by Donald T.

Techniques”

by Peter D21n;
"Computer Assisted Instruction:
"¥valuatingy Prograrmed Instructional Materials" by Ronald H.

Tosti;

“Corputer Tige Sharing in an Adult dasic
“"Fducational Project Management
"Course Authoring iechniques for CAI"

An Overviey" by Walter Dick;
Sherrcn;

"Integrating Procracwed Instructional Materials into ABE Progranms:

The Learniny Laboratoly Approach" by Joseph b.
Use of Programred Instiuction in Basic FRducation"
“Developing Progranmed Instruvction (P.I.} Systems and

Meredith;

Materials" by Vicginia Zachert;
Bitterlich.

Shirley B.

ERIC

Aruitoxt provided by Eic:

Carter; "Systeaatic
by Grady M.

and "Multimedia Prograwming" by
(DBY



A A A S T ™ A

US DEPARTMENT OF HEALTH.
EOQUCZ T'ON & WELFARE
QFFICE OF EFUCATION

THIS DOCUMENT HaS BEEN REPRD
DUCED EXACTLY AS RECEIVED FROM

"HE PERSON OR ORGANIZATION QR
INATING T POINTS OF VIEW QR OPIN
IONS STATED OO NOT NECESSAPR.Y
REPRESENT QF¢IC AL OFFICE OF gpU
CATIUN POSITION QR FILICY

i0051456

FROGRAMMED INSTRUCTION AND COMPUTER
ASSISTED INSTRUCTICGN IN ADULT BASIC EDUCATION

AMINSTITUTE FORSTAT T AND UNIVERSITY
LEVEL ADULT BASIC EDUCATION PERSONNEL
JULY 21-AUGUST V. 1969

£ A, e LA~ . 8L

EDIT.DBY

DR. MARY LOUISE COL.LINGS

ORIGINAL PRINTIN™: OCTOBER. 1970
REVISED: MARCH. 167

ADULTLFARNING CENTER

E lC Schoo!l of Education, North Carolina State University, Raleigh, North Carolina

. Dr. Carl . Dolce, Dean



ADULT LEARNING CENTER

The Adult Learning Center was approved and established as an experimental ¢nd demonstration
project in adulv basic education in 1967 under the provisions of Section 309(b) af the Adult Edu-
cation Act of 1966. The Center is an integral part of the research and development program of
the School of Education at North Carofina State University. The purpose of the project is the icen-
tification, development, and evaluative of innovative curriculum materials and ‘nstructional methods
that will accelerate and enhonce learning in undereducated adults. Special emphasis has been placed
upon investigations into the utilization of moZern educational technclogy for the instriction of
undereducated adults. A major concern of the Center is the development of packeged in. -uztional
materials and improved instructional methods which are capable of being institutionclized within
adult basic education progrums in public school systems. The Center is totally committed to the be-
licf thot its research and develcpmental efforts must give promise of materially improving the ongoing
adult basic education program at all levess, local, state, and national.

Th. Center is part of the progrom conducted under the Auspices of the Bureau of Adult,
Vocational, and Technical Education, Division of Adult Educatian Frograms, Office of Education,
U. 5. Department of Health, Education, and Welfare. The prograin of the Center cuts across the
Schools of Education, Agricufture and Life Sciences, Liberal Arts, and Physical Sciences and Applied
Mathematics ot North Carolina Stete University at Raleigh.

CENTER SEMINAR AND CONFERENCE REPORTS

The Scminar and Conference Progrom of the Cent»r has been established to facilitote the
«oordiration of the programs of the Center witn other agercies ard individuals interested in research,
development, and evaluation in adult education. Positicn papers and other scholarly manuscripts in
the: Seminar and Conference Reports are intended to pravide the underlying framework or rationale
for the initiotion of experimental and demonstration projects either undur the program of the Center,
as projects to be initiated by a consertium of institutions interested in cooperatively engaging in bread
frontal attacks on preblems of major, far-reaching signiticarice, or by researchers throughout the
nation. The Center Seminar and Conference Report series is the vehicle adopted by the Center for
publishing these manuscripts as interim reports of the Center.

ADDITIONAL INFORMATION
For additivnal information regarding the Center, piease write to:

Dr. D. Barry Lumsden, Directcr

Adult Learning Center

P. Q. Box 5096

North Caro ina Statz University ot Raleigh
Raleigh, North Ceraling 27607

ERIC

Aruitoxt provided by Eic:



EDC51456

O

ERIC

Aruitoxt provided by Eic:

PROGRAMMED IaGTRUCTION AND COMPUTER ASS1ISTED
INSTRIICIION IN ARDULT BASIC EDUCATION:
AN INSTITUTLE FOR STATE AXND UNIVERSITY LEVEL
ADULT BASIC LDBUCATION PERSONIIIL

DR, MARY LOUISE COLLINGS, EDITOR

Copyright 1970. Copyright for this document is
claimed ounly dvring the perioed of development,
test, and evaluation, unless authorizatcion is
granted by the U. S. Qffice of lducarioun to claim
copyright also on the final proluct. For informa-
tion on the status of the copyright clain, contact
either the copyright preprietor or the U. S§. Office
of Education.

% AR RO e R S e A e e s e e

kAR k& A& TRk Aok deno e de o e e ke ks

The institute reported herein wars conducted pursuant to a grant fron
the Office of Education, U. S. Department of Health, Education, and
Welfare. Giantees undertaking such projects under government sponsor-
ship are encouraged to express freely their professional judgment in
tne conduct of the project. Points of view or opinions do not, there-
fore, necessarily represent Office of Education position or policy and
no afficial endorsement by that office should be inferred.

S ddeh o ok ek

Ak ok e o ok oot o R Yookt e st o e e st de e e e ek

U. S. Department of Health, Education and Welfare
Office of Fducation
Bureau of Adult, Vocational, and Jechnical Education
Division of Adult FEducation Programs
Froject No. 432028, Grant No. QiG-0-70-459% (324)

ADUTT LEARNING CHELNVITR
NORTH CAROLTNA STATE UNIVERSTTY A1 RALLIGH
RALETGIL, XNORtwH CAROLINA
MARCH, 1471



FOREWORD

The Institute reported in this volume brought together some of
the mos. outstanding national leaders in the field of educational
technology. 1Its participants were drawn fcom state and university
level adult basic educatior perscnnel from among the filty states.

The purpose of the Institute was to give participants insight
into the philosophy, po:entials, problems and techniquas of programmed
instruction and computer assisted instruction as they relate to adult
bassic education programs.

The use of individualized instructional techniques currently
cffers a promising means to increase the efficiency of learning
among the undereducated adult population. Wheun appropriately
designed, programmed instruction insaies that the learner actively
responds to information and is promptly provided feadback and
remedial instruction withiit seconds after his demonstrated need
for them. Computer assisted instruction afforde the lcarner
experiences through a multi-media approach.

While recognizing the values tn be gained in utilizing educa-
tional technology, few adult basic education personnel understand
how to use its techniques. During the Institute, cach parti-ipant
had¢ an opportunity to inspect and usc a variety of PL and CAL
materials in order to familiarize themseclves with the techniques
against the background of apprepriate selection criteria. The
infornality of instiuction allowed for full discussions between

participants and instructors.
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The major speeches presented at the Institute were taped and
transcribed for publication. We are grateful to ecach speaker who
edited the transcribed material and gave permission for its reproduc-
tion in this present volume. It is hoped that Lhe presentatiors
reproduced here will convey to the veader some of the enthusiasm and
raprort wiih the speakers which participanis in the Institute gaired
from live presentations.

The proceediigs oi this Institute will extend to a larger
audienice some of the benefits that accrued to those present at
the Institute itself.

Edga. J. Boone
Head, Department of Adult and
Community College Education

North Carolina State University

Raleigh, N. C.
March, 1971
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PSYCHOLOGLCAL FOUNDATIONS COF INDIVIDUALIZING INSTRUCTION
Lawrence Stelurow, Director
CAI Projects, larvard Computing Center

I want to try to glve ycu at least one point of view with respect
to what might be called a reorientaticn to learning and instructiocn.
An orientation which I thiunk is gradually becoming the point of view
that many people are adopting and trying to put into effect.

The need for change within educational systems, particularly
schools, is something which has been stressed for a number of years.
1 think Marshall McLuhan made the statement that schools and rail-
road people were the two socletal institutions tliat have not been
changed over the years. While education is the social mechanism
by means of which we pass information on and prestvably consolidate
it into more effective form so that individvzls are able to cope with
the future, it seems to me that yesterday's ana today's events
inc¢icate the tempo that is with us and suggest the need for our
educational institutions to make some rather drastic changes.

A number of commissioners of education have mention~d at one
time or another the notion <¢f individualizing education. If we
are to pick a single theme or topic the notion of indiviiualization
{s one cf the main concepts that is being woerked with in order to
make this change which everybody feels should be coming about. There
are a varlety of bases for change. They come not only from the
youngsters who are asking for more relevant education but also from

adults. As you vell know, there 1s a var:ety of kinds of adults.
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I con't thinl there is any adult in our society today who can
affoid not to be concerned about education, about his education,
simply because things are changing so rapidly that he soon becomes
out-of-date unless he does make some 2ffort to re-orient his thipk~
ing and to develop new skills.

First 1 would like t¢ mention some {acts which 1 think identify
some needs w'th respect tec education. 1t has been estimated, for
example, that 50 percent cf the labor forcc tnaday earn their living
in industries that did not exist when the country began. A third
of the items on the super market shelf did not exist 10 years ago.
One half of whact we learn in school is no longer valid wien we reach
middle age. Ninety percent of the drugs prescribed today were not
even known 10 years ago. Moure mathematics, chemistry, and biology
have been created since 1930 than in the entire prior period of
recorded history. One nalf of wiat a grad.ate engineer studies
today will be obsolete in 10 years. These kinds of statistics
irdicate that we must provide not only for the education of the
group to whom we relate, bit we need to build into the instirutions
that provide that educatioi, the means by which thev can keep pace
with the changing times. Change is obviously greatly acrelerated,
and I feel it is likely to continue to accelerate.

The question *hen is, if we are going to try tc respond to
these needs, and If we are to take tne theme of individualizing
education, generally how do we go about doing it? 1 would like to
start by first summaricing, very briefly, some concepts frum the

-2 -
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psychology of learning which are basic to an analysis of an inter-
action that cakes place between a student and some source of infor-
mation-teacher, book, or some other medium. Fundamentelly, the
psychologist assumes that man has evolved as a biojogical organism
in a way which distinguishes him, in terms of his cognitive or
rational atilities, from other animals, and these proc:sses have
reached a state which engineering has identified as self-organizing.
This means that with higher levels of intellectual zbilities the
individual is capable of not only responding to hic environment, but
also éf accumulating th.s experience and organizing it in ways that
make him more adaptive. The aurvival of the fittest” notion was
fundamental to much of our rec»nt thinking and, unfortunately, much
of our current thinking.

However, with programmed instruction and more recencly computer-
aided instruction, & new set of conce, .s has been identified wnich
deriveu fundamentally from some thirking provided us by Norbest
Wenier, who was concerned with the human usage of human beings and
the relationship of man to the physical environment which he himsel¢€
has created in terms of the machiue. Prior tu the computer era, man
created tools which helped him work, helped him get more lebor
accomplished, helped him move larger masses, move them mcre rapidly
gnd with greater force. The computer on the other hand is an
intellectual or conceptional aid to man. It helps him in rational
provlem solving. It permits him to analyze complex pioblems to cope
with problems in short periods of time which previously would have

taken many man-years.



In order to utilize this kind of technology effectively, it
is necessary that man relate in souze cffective manner to these
adaptive mechanisms. Now we can think not only of man alapting to
his environment, but of his generating machines that adapt to lhis
needs. We can think in terms of instruction, of the new machines
beiug adaptive machines in the secnse that they can be designed (o
adapt to the indivic:al and to provide him with the optimum organiza-
tion of irformation and practice whicn is 1equired in order for him
to perform more efficiently. This notion of the environment adapting
to man as opposed to man adapting to the environment is extremely
important thinking, and fundamental to a real appreciation of computer-
assisted i+ .truction. Adjusting to this kind of environment is some-
thing with which all of us will sooner or later be faced.

Psychology itself, as a profession, has given primary emphasis
upon its theories of learning under conditions in which man is
adjusting to a rather fixed, or at least specified, environment
that maintains certain critical characteristics. Tea:hing in the
classroom generally has fellowed chis pattern where the teacher
defines the environment for the student and those who manage to
cope with tnat environment most effectively are considered to be
the best students. Those who do not, are those who are dropped by
the wayside.

The emphasis today on the individual i, coning about when we are
developing our technologv tv a higher lcvel. Consequently there is

much confusion in thinking with respect to the relationship of man to

O
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technology. The quastion is, is man the master of the technology, or
vice versa? Related to this questicn is the concern which many have
that the inclvsion of equipment, somectimes referred to as hardware,
into the classroom or in the interaction with students is a deep
impersonalization of the instriuctional process.

I hepe that after w2 have concluded this series of meetings,
and your visits to the CAT Laboratory, you will leave with at least
a question with respect to the validity of that idea and hopefully
you will be convinced that modern hardware, in the form of the
computer, is an adaptive device that produces a greater humanizing
environment, a more individualized environment, than we have been
able to accomplish in the past with individual media and unrelated
visual aids. These have becen more often a burden to the teacher than
a help.

Now the question is what kind of thinking is important in
trying to cope with this situation? We have secen the advances made
to land on the moon. I feel that some of the changes we are seeing
on the hcrizon in education are going to have an ~qually important
impact upun cur whole way of thinking regarding th: way in which we
relate to one another in an instructional situation. I mentioned
earlier that psychology had sort of laid a foundation of individualized
instruction in the sensc of one-tc-one relationships with individuals

in the learning environment but had defined those situations primarily

1in te 1+ e of Darwin - of the survival of the fittest - namely, with
a fixed environment and an individual wlw adapts te it. 1In that
-5 -
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context, however, a number of very useful results and a number of
very usetul thcories have emecrged. While the model has changed
somewhat , uecause of the conditions that are now possible, it is
nevertbeless true that some insights have been prov.ded by psycho-
logical research on learning theory.

The Purpose of Research

But before talking about some of that reseerch, I want to
emphasize clearly the fact that research on learning is not
co-extensive with, and equivalent to, the research on instruction.
Learning and instruction are quite separate procvsses. They -ire
sometimes confuscd and in many cases the psychology of learning is
taught to teachers with the assumption that this is all they need
to know in crd.r to become good teachers. When we reflect upon it,
teaching is an active process encompassing more than just learning.
The psychology of learning Zs .he result of teaching and the question
which the teacher or the teacning system is confronted with is the
question of how to structuvre the environment in which the individual
works in order for him to modify his thinking and/or actions in ways
which permit him to achieve certain instructional or educdational goals.

Learning Psychology

We generally sssume that the environment in which the individual
finds himself becomes represented internally in some symbolic manner.
The stimuli which exist in his environment are somehow represented in
the nervous system, as are his own responses. The problems of

psychology that are most frequently theught of with respect to learning



are ones ia which there is an appropriate relationship established
between these representations of stimulation and the representations
of response. The internal process which relates stimulus represen-
tations and vesponse representations is frequently referred to as a
mediating process. It mediates between the external events of
observation and of overt behavior. To refer to this, psychologist coin
various symbols to represent what goes cn under the skin presumably
in the central nervous system.

Obviously in instruction and in learning one is concerned
not only with coghitive processes. Tn fact, in the gen.ral taxonomy
of learning behaviors there are three groups of behaviecrs that relate
to the terms that I just used; namely, the cognitive domain, the
psychomotor domain, and the affertive domair. And when we identify
objectives for instruction, when we determine what it is that we
are ultimately seeking with respect to the instruction which we
provide stu'ents in a seiected learning envirooment, it is with
respect to those three domains that we have referance.

We uced to distinguish also between the associative process
and prior level or more abstract processes upon which the very
fundamental ones build. Thure are otaer notions of thinking, reason-
ing and problem solving which have vorying degiees of ¢.<eptance and
currency and definition but fundamentally the search of the psychol-
ogist is one which attempts to make inferennes about these processecs
which none of us can see in any one else and frequently are unaware ¢f

within ourselves.
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But the problem here is ¢o build theories based upon information
which is reliable and which permits us to infer what's going oa
within an organism. To understand, in other words, what tha psychol-
ogist is trying to dc¢ is [undawental to the realization that he is
tryihg to proceed ir a parvticular manner to arrive at a state «or
understancing about iroucesses and to test that understanding by
ineans of prediction. The idea is, one's cheory is only as good as
the predictions based upun this theory. To the extent that the
model for the theory h2 uses allows him to make extrapolations into
the rfuture, then he feels that that theory is effective. Two theories
are frequently decided upon in favor of one or the other, depending
almost entirely on the ability of each te accuunt for existing data
and to predict future events.

Se this is what learning theory is about, ir is concerned with
the internalization process and the representation of (t. The
manipulation with conditicns in the laboratnry is more often an
effort to understand the mechanisme that are assumed to exist within
the individuai than iv is to achicva a particular learning event
or performance of any socizl value.

However, there is 7 growing trend which T think is highly
desirable, that is, an attenpt to create within the real situation
the necessary conditions ¢f learning, or study under those constraints
and iimitaticas whick permic the learning psychologist to infer s-me-
thing about the precess tnat is iuvolved 50 the perfermance that

he and others have obhserved,  The icd2a is to cttemnt fo create
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laboratory-like conditions within real environment. FNow the word
"laboratory” is considered by many to be inappropriate, or some-
thing undesirable. Really all that it means is a set cf conditions
which permit an investigator to make some inferences that something
is related to sometbing else.

The whole process of statistical analysis of data, the logic
of research design, is the set of couditions which will permit
inferences once observations are made. If one cannot draw an
inference and relate something that happens in the future to some-
thing existing prior to ti:at time, then one has not moved ahead
with respect tc theory or science and ona has no more knowledge
about what to do next time.

Learning theory is the search to achieve ultiinately a state
of understanding which rcan provide guidance with respect to the
design of instructional material, guidance with respect to
teacher training, guldance with respect to how to teach students
to learn to study or to work so they can learn rmore efficiently
or more effectively. When I mention 'mediators', 1 am speaking
of infereatial processes for which there are existing experimental
designs aad conditions that permit an individual to r.ake an infer-
ence that something appears to be taking place within an individual
and that it Las certain properties., We speak sometimes of represen~-
tational mediators. These are mediators, processed within the
individual, that represent his environment. We have stimulus pedia-

tors so we can speak of internalized cues of images, we have process
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mediators which refer to the interualization of responses which
represent action or behavior or performance in some internal way.
Responses

The psychologist's use of the teim ''behavior' may seem
strange to you. I am not talking about behavior in the sense
of the c¢hild's guod behavior or bad behavicr, but any performance
of the individual, any observable kind of action. When the
psychologi.t refers to behavior, he means anything observable
about a third party which represents his performance.

Intentions, or goals, or motivations are critical events with
resprct to the individual's direction of behavior, with respect to
the selections that are made in choosing among alternatives within
an environment., Generally it is assumed that stimuli when repre-
sented internally are not represented in total. There is some
fragmentary representation and this is frequently cumulative
representation so that wite increasing experience a greater or
more ccmprehensive representation of exteraal events becomes
internalized.

Many of us also assume that the responses we make to a
situation have a cowplex set of characteristics, Our attention {-
usualily focused on the most obvious characteristic of the response;
on the other hand, when a c¢hild is rasponding to an obiect thac he
can consume, there are nct only the chewing and biting responses
but also the salivary response. These 1 distinguish only to

i{llustrate the fact that some part of the total response to

- 10 -
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stimulation is frequently capable of appearing independently of the
event that initiated it. The response is thus a =<t of responses
rather than a single responce. Some parts of it are capable of
independent activity or appearance and can anticipate the larger
response « which they were originally a part.

In addition it is frequently assumed that responses produce
stimulation. All of you are quite aware thiat you can ~lose your
eyes and 1ift your hand and tell the position of it. You can
do that because you have sencury feedback from your muscles whicn
tell you something about the position. Coupled with respoases
are cues, or sensory informacion, which give you some usrful
information bases, coupling that respuuse with some otbher
response. So responses should be thought of as cue-producing,
as being capable of providing you with stimulation which in
itself can be “he ¢ : for additicnal responses. It is in this
way that we learn serial behavior, or complex motor acts, such
as dancing or pleying golf. The responses become cohesive sets
because one becomes chained to the other.

These are some fundamental notinns that represent som2 of the
current thinking with respect tc psycholugy of learning that give
us somewhat of a foundation for considering certain problems in
teaching and instruction.

Transfer of Training

Another field of important contribution is the area of transfer

training. Historical roots go back to about 1900 in this area.

- 11 -
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It is concerned with the questiaon of haow sameone learns ane thing
and its influznce an the learning of something else. There are
three kinds of results. Eijther the first task can facilitate

the learring af the second, it can be neutral with respect to

the learning of the secand, or it can inhibit it. Transfer

of training provides us with some canceptions that help us in
understanding the larger learning unit that takes place in

schoal and abviously it is our purpase in instructiaon and particu-
larly in curricular development to maximize pasitive transfer,

ta intraduce sequences aof experiences which build one upan the
other in facilitating ways as much as is passible. The under-
standing of how this is daone is a critical understanding from

the point of views of the larger unit of learning and the larger
units aof teaching. Hence, when we talk abcut instructian, we

are really more concerned with transfer concepts than we are

with the concepts of learning themselves. The cancepts of learn-
ing that I have autlined for you are cancepts which praovide the
faundatian for learning which, in turn, becomes th= basis for
trunsfer. There are many concepys o: transfer training and this
is an entire area of research and d2velapment.

Individualized Instructian

Since we cauldn't passibly do justice to such a Lroad area
in today's preseniatian, I have ch)sen ta present some of the
thinking about the new systems aof instruction, particularly,

camputer-based systems ¢f instruction. I would like tao shatre
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with you some of the thinking tha< has been important in guiding
our work, which tends to put both precgrammed instruction and compn-
ter-aided instruction into a more systematic framework.

This analysis, which I have labled '"the ideographic nodel",
highlights the fact that we are fo:using our attention on the
one-to-one relationship ¢f the student to some instructional
environment. We are not dealing with group environment, as
such, but we are focusing on the individual. Group interactions
are not excluded. however, and I will mention this later.

In considering the preocess, I have made a distinction among
three sets of decisions. One set of decisions is those deci-
sions which take place before instru:tion is actually initiated.
Now it seems to me if we are serious about inilividualizing {fvsiruc-
tion, then we need to btegin wiih the individual and some of his
characteristics. A set of these characteristics has been identi-
fied in terms of conventional ways of representing them; the
aptitude of the student (and this would be relevant aptitude
for the material that 1is being taught); his knowledge or achieve-
ment level prior to the entry or beginning of the instructional
experienne; and some....ng about the personality characteristics of
the learner whiclh help us ia relating various characterlstics of
the environment to hils needs and expectations. These then are
characteristics of the student. A second set of decisions are
based on information of importance gbourt the instruction, 1its
objectivey, the topics to be covered, the final level of performance

- 13 -
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on those topics and the amount of time that we can maximally
allow for his accomplishment of these objectives.

Given these two kinds of information, the problem which we
have as a live teacher, tutor, guidance counselor, or computer-
based instructional system is the search for a teaching program.
By program we mean two things, first of all we mean some content
that has been defined, usually subject matter, and second, some
method of instruction which I will call a strategy of instruction.
We can differentiate an inductiva from a deductive strategy.

In other words we can go from specific examples to general
principles or vice versa. For example, the same subject unatter

by providing the individual with examples of words spelled accord-
ing to a rule, or w2 could present him with the rule and then give
him illustrative words to spell. Now one of them, the former,

was an inductive tule or stratagy of instruction; the latter was

a deductive rule or procedure of strategv of instruction. The
idea is that 4 program consists of content, a specified set of
works, the example of spelling and the rules that are to be taught
and, secondly, the order ¢r sequence or manner in which this
material is presented. We call this a set of conditions and given
that, we have specified a variety of programs and, based upon
experience, we can make certain basic sets of predictions.

(1) We can select more than one program which will achieve
our objuctive with each student we're working with; then we

evaluate the instruction we provide according to some efficiency
- 14 -
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critecvia, such as which will do it in the minimum time, or which
one will take the least effort, or which one makes best use o1
our existing resources.

(2) A second alternative is tc locate a single program,
and oaly one; having done this, we then teach.

(37 The third alternative is one which all too frequently
comes up. The idea is clearly expressed in advanue, but the
problem here is that we cannot find an appropriate match beuween
these individuals and the objectives, a means by which a program
would relate the two. Consequently we have to make some new
decisions. We can increase the student's information level
and this can be done by giving hinr some separate instruction through
a variety of means. Another way is to change our risks and gamble
a little more and accept some students who have a high enough
aptitude level that suggests that possibly, through the course
of instrustion, they could compensate by some additional ~ffort
and increase the probability that some of them will survive.
but, obviously, the risk is greater than with those who met the
conditions ab-ve.

(4) “he ocher possibility is to change the actual objectives,
or the time that is allowed or the final performance level that
one would find minimally acceptable for the students.

Given a change in any of these new decisions, the informa-
tion has to be re-pr-cessed in order to determine whether or not
teaching will take place. These processes, I think, are real ones.
They are not often formalized, but they need to be if a proper

- 15 -
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system is to be designed tha% copes with the initial decision-
making for individualizing instruction. Exactly how they are
handled varies tremendously, cepending on the particular progran,
the group that 1s participatirg and the resources available to
us. Nevertheless, : is set of processes has to be developed if
we are going to begin a truly individualization of instruction.

Now we come to the second set of decisions that has to be
nade when we are individualizing instruction. And again these
are not un‘que to a computer; they are not peculiar to PI or
CAI. In my view, they represent fundamental preccesses which
every teacher has to go through if he or she does a complete job
in the individualization of the instruction that is being pro-
vided.

We can introduce the notion of cybernetic process nere. The
word "cybernetics” comes from Norbest Weiner who did some very
early work in the mathetics or modern computers. We have the
student or learner who has to respond to something in his environ-
ment. Now the question is, what haprens when he respends.,

Wnen the learner makes a response some standard is imme-
diately taken into account upon which a decision is made that
that response was correct or not - was appropriate or not,
was acceptable or not. Now in modern technology, programmed
instruction and CAI, we make our performance standards implicit
right from the start. We say that the student has to make this,

that, or the other respuiuse before we will cul!l it correct, and
- 16 -
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we will call these responses, these partially correct, and these
incorrect and interpret the answersc in these categories. This

is the wh~le business of making it quite clear in advance what
will be used in making a decision about the adequacy of the
ftv'ent's performance. Now the fact that you have these standards
is not enough. One has to compu.re the standards with the
response. The actual process of comparison is a separate process,
and this hecomes very apparent when one is wriiing computer-

aided instruction material, or when one is Jdeveloping programmed
instruction material and has to allow the student either to make
the comparison or have the machine make the comparison. It is

a distinctive process sometimes fallible, or somewhat fallible,
depending on how it 1is accomplished.

When a comparison has been made, whether it is correct or
incorrect, these things usually happen. First, some knowledge of
results is provided the learner. He is given some information
as to the correctness or incorrectness of that performance.

This information is conveyed in a variety of ways, the
simplest of wihdch is that something else happens, the scene
changes in sume distinguishable way. In other cases, the student
is told that he is right or wrong. Many programs of instruction

show a+ **e firet wora in the next frame "Right'" or '"Wrong" to

make it quite clear to the student that he has in fact made a correct

or incorrect response.
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Another thing that happens ig that a rule is invoked that
providass a selectinn with respect to what happens next. Tre
simplest, least interesting, rcelection when you have made a
linear program and every student has made a response to frame
one, is that the bookle! selects frame two for him. "Brancbing",

"contingency management'', are terms used to

for example, and
represent the fact that there are existing systems which will
make a selection for the student based upon the response pre-
viously made, so selection can become quiteg an elaborate process.
It is either intuitive or predetermined. Tlhere are no options or a
large number of options are set up and one of these occurs on
some basis. In addition, some record is made and usually collected
so that we know what response or performance went with what
experience. That is ideal. 3ut one could simply record this;
teachers do it all the time and they make statements to the effect
that "Oh, tha:'s Bill and Bill always needs to be presented some-
thing three times before he pays attention to it'", or something
of the sort. The idea is thau the collated record three times, or
whatever is the recorded information, accurate or inaccurate,
complete or Jncomplete, selective or non-selective, is available
in the system for use and it may be utilized for making selections
or it may not. It may simply be used in making decisions about
grades and other uses of this sort.

In addition, there is usually a pacer, or timer contrvl,

some means by whicl the system presents mate:rial faster or more

_18_
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slowly te students. There it some control over the speed with
which the interactions take place and the speed can be in the
display, huw long it is shown, how quickly it is shown after
response, or it can te in terms of how long the student has to
make his response. There are a variety of controls of time,
all of which can alter the way in which the stuaent performs
tt.» learning task.

1 prefer to describe the iustructional resources, nowever
they are formed, as a library, and to think of the system as
including a teacher. This would iean the selection of material
from information already available plus items in her head, let's
say, but it may al<o be a computer in which data are in the memory,
and on slides or tapes, and .tored in a variety of ways. The
selection process picks out items from such a storage unit of
some kind, which we call a library, and puts them 1u a form
which is then presented as a display to the lezrner. The
fact that it puts them in some form combined with identifica-
tion of sore content that was presented according to some
ocganization»l rule, gives you the program step and ultimately
the display. Now I think those are fairly fundamental sets of
ccnditions which give you a general framework with which to look
at any interaction between the studeni and a teaching system
or teachar, whichever happens ta be active at the moment. The
idea is, then, to try to think of interaction according to the

set of classifications in c¢rder to sort out tle functions wnich
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the different steps really perform. lYou want to keep in mind that
we are functionally oriented. Just what function does each
action serve when we are interacting with students? What ir
being accomlished by the event that is taking place - an event
initiated eithar by a student or a teacher?

Now I want to mention the third step but I won't go into
it so completely. I like to think of this step as considering
resource management decisions. I think that considering them
as resource management, rather than computer-managed instructions,
is a more useful concept. You hear morc talk currently about
CMI, that is computer-managed instructions as opposel to CAI, ds
if they are in opposition. My feeling is that if you take seriously
the idea of a systems orientation to the instructional prccess,
then putting CMI in competition with CAI is an artificial
distinctioen.

One cannot take a systems approach and ignore either one;
the idea being that, when you identify a set of conteants and a
set of rules for teaching a particular student, *teaching interaction
is taking place according to that program. While that 1s taking
place, the computer is monitoring that in keeping records aund
keeping an accounting system, so to speak, as to what is happen-
ing with respect to the performance of the studeat, with velation
to expectations, [and) 1f the student's performance comes up to
erpectations that teaching interaction continues according to
that program. On the other hand, {f the instructicn is not
producing the results thai. are expected at various check points,
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it is pussible to change the program. We do this frequently. for
example, when we call in a remedial teacher ia elementary school;
that is, we call in a specialist to assist us in ;eaching a student
when ve are not able to relate effectively to him. Systems also
cai do this by having an alternative available so that, when the
first program selected by the preinstructional process is found
not to work, tha alternate program can be substituted. That is
all that is meant by (this duality here andj building CAIL systems
with alternatives. Alternating or shifting from on=2 program to
another is only now coming inta actual use; however, we need to
study its use much more intensively. Superimposed on that kind
of management or monitering is the usual administrative monitoring
which takes care of a variety of activities such as the utilization
of the other audio and visual resources, the scheduling of teachers,
determining whern they will be avaiiable so that when students com-
plete certaitn objectives by one means they are grouped or sent to
a teacher o: another computer for further instruction. By the
management of resources we mean the ability of the system to keep
tract of developments with respect to student progress and to
identify tte possible resources that can be utilized with the
student who has achieved a certain ievel of performance.

Now we have been talking abdout individualizing ins:ruction.
When we get to this type of problem of resource management it
becomes appropriate, I think to be sure that when we are using

the term individualization in this context we are all thinking of
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the same thing. By individualization in this context, I mean
"prescription”. I do not mean leurning in Isolatinn. Many people
translate "individualization" to mean "learniug in isolation".

It would be quite appropriate at any point in time for ''prescription”
to contain a suggesticn, or recommendation, that the individual
work with several other inaividuals at that time to discuss, to
analyze as a group, to debate, a particular issue or point which
has been taught to that individual by some more isolated means.

In other words, "prescription' is the better synomyn for "individ-
uvalization" than "isolatinn'. The idea here is to prescribe the
particular set of learning conditions, whether it is an interaction
with other students or whether it is a debate or classroom partici-
pation and discussion is rot critical. The critical thing is that

the appropriate kind of interaction be identified and that arrange-

ments be made so that it can be accomplished. It is this aspect

of {nstruction which we mean by individualization. It means that
the system is relating to the individual needs: it is not that he is
learning in isolation.

Well, those are the three basi« sets, as 1 see it, of decision
processes that need to be taken into account in any} totul system
of Instruction. Whether that system is partially implemented by

teachers or totally implemented by teachers, in other words with

or withiout the support of various ailds and media, is not important.
The set of conditions, I think, are fundameatal to any real effort

at individualization.




A part of the set of decisions that needs to be made with
respect to instruction is what might be called the "medium of
instruction’, the type of instruction presented the student. You
see here a student sitting at a teletype. This is a typewriter,
usually thought of by teachers as something that has a negative
value because immediately students have to learn to type. It is
the assumption, and that is an additional burden. It is true that
students do have to press keys, but whether they have to learn to
type as a secretary, or at the level of proficlency of a secretary,
is another matter. Most of the time spent in learning is time
spent in thinking, not in mechanical action; consequently, the
relative importance of the key board and the fingering of it is
less in an instructional situation then in a work situation. So
the demands of learning to use the typewriter, in tarms of location
of the appropriate keys, are demands vhich from the point of view
of the learning situation, are relatively minimal, But one thing
that you want to remember when you are dealing with CAI 1is that
the compiater doesn't pay any zttention to what the student is
doing until he signals at the end of a series of responses that
he wants it to pay attentic : He hits a special key and that
key permits the system tc look at all he has done up “o that
point, process it, and react to it; hence he is not tying up a
computer while he is trying to find the right keys, The compurer

1s busy doing other things and not just waiting for the learner.
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But more important educationally, now that we have talked a“out
some of the often exp;essed negative feelings about the keyboard, the
positive advantage is that when the iearner types A, it -is clearly
an A, and when he types a C or D, it is clearly a C or D. Consequently
the images generated on the paper and images tihat are clear and dis-
tinct wodels. In other words, the level of precision is imposed
upon the learner, which from the point of view of learning is extremely
important. The idea is to think in terms of these conditions with
respect to the learner thsn those of the mechanics -sed.

If you ac lock at the conditions with respect to the learner,
you will find that, in the psychological studi2s on typing taught
tc students, one of the ='de effects found is generally that thei:i
language skills also improved. Consequently, theie seems to be
more to the process of interaction with a typewriter than the simple
mechanics of typing itself. This relates back to the distinctive-
ness of the stimuli, their usefulness as rues. The response,
chaining and sequencing that I mentioned, all tend to develop in
a much clearer 2nvironment with the result that learning is more
precise and more etfective.

Another kind of console which students use deals with a multi-
media or multi-sensory environment. Here we are dealing not only
with the mechanical keyboard and the learner's response to it,
but we are also dealing with a visual display and the student has
another respcnse device, called the light pen. If the response is

sc.ething that he presumably already kiows, then cne can simplify
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hi 3 means of communicating by simply letting him point, or ore

can have him actually construct the response, depending upon which
objective seems to be appropriate for the instruction. Thus, the
media or response as well as the media of stimulation can be varied.
This is a critical factor to be considered in terms of relating

to students on an individual basis, By individualization we are
thinking of systems, or teaching environments, in which the partic-
ular kind of sensory exposure of the students is dependent upon

the educational cousiderations, the objectives, as well as upon an
awareness of the particular needs of the students and their ability
to cope with the kinds of material that are being presented. In
this way, we have flexibility and the learning is scheduled on a
point-for-point basis in small units of time. This method is

more efficient than shcwing a film for fifteen minutes or more,

then having students go off to practice before rosponding. The
practice and or responding can take place while the individual is
viewing and on a step-by-step basis. Complete recording is main-
tained and decisions can be exercised with respect to the logic,

or fiow, of strategy of ihe instruction. So in a sense the consoles
that have been provided car be thought of as the counterparts of man's
eyes and ears for an instructional system. And the computer can

be thought of as the central nervous system that controls or
organizes or integrates these into a totality that is coliesive,

that has continuity. I want to peint out to You that when you

speak of CAI you should not alsc speak of media. A CAI system it
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not a wedium as is a film, or a slide, ur audio tape, or video tape.
It is a computer connected to a variety of devices that organizes
and inte,cates them and puts them into some kind of systematic
relationship. As a result, CAI is a system. The distinction that

I am making now is between these audio-visual mediea that are
connected up and are a part of varying system designs, and CAI the
way in which we cculd, if you will, vary the Information that {is
presented to students. Not only do the media make a difference

with respect to learning but also the decoding makes a difference
with respect to learning. Diagrams, graphs, various devices for
presenting information to students need to be looked at not only

in terms of their diagramatic character of visual appearance, but
also in terms of what they seem to require the individual to do

once he is exposed to one or the other, or is required to relate

one thing to another. To illustrate, let's use some data from
study dealing with some problems too of individualization. We
presented a set of problems to the students; we asked these students
to solve each problem using one of four rules. Each student solved
a set of 40 problems, in which each rule was required equally often
so that there were 10 instances that reqg:ired rule A, 10 for B, 10 for
C, and 10 for D. We lovked at the data produced by the students and
asked the question about each student; namely, which rule does the
student have a better batting average with, which rule when it is
appropriate is he more likely to use correcctly, what's the probability

of his successful use of that rule, and which rule does he apply most
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rapidly, or most effectively. We had two kinds of information
stored as the result of this initial experiment - (1) how effi-
ciently 3 student uses the rule, and (2) how rapidliy; he uses it.
On the basis of these two kinds of information, it is possible

to set up a ratio and to say that a student has a particular
pattern of performance which might be considered his optimum

or best performance, given a lot of problems to solve involving
those four rules. 7Then we have the cumputer generate for each
student a set of new problems which fit his best performance.

So if rule A then B, and C and v was his best seque :, in other
words, if he tended to work best with rule A, next best with B,

C and D, we would define his strategy as that sequence A, B, C,

D. We would then present a new set of problems in which A was in
fact more often the appropriate rule than B and B more than C and
C more than D. If another student on the other hand performed
best in a D, C, B, A order, just the reverse, then the computer
generated a new set of problems for him so that D was the most
likely soluticn to the problem, C the next most likely. Each new
set of problems for each student thus conformed to the pattern

we had observed in his first performance, and the question we the
asked ourselves was: To what extent do students perform according
to their best efforts? Do they learn to perform in a reliable way
without explicit »or specific instructions? Now we have the sysiem
adapting to each student to provide him with the best set of chances

for success if he behaves in the second sct as he behaved in the first,
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but without telling him that. After a series of problems and
solutions, we asked each student what was the order in which he used
each of the rules, and we found that the students in terms of their
awareness of their behavior vwere only about 40 percent correct, that
is they ¢ (ld tell us the order in which they used the rule only
about &' percent of the time., Actually they deviated from their
first performance after we had adapted to their needs as much as

70 percent indicating that contrary to many discovery learning
addicts in compiex problem solving situations when the environment
is made to fit their needs, scudents do not discover their most
efficient strategy. Of course, we can't generalize on the basis

of one swall study about all discovery situations but at least

our research indicated to us that one probably needs to provide
students with an explicit description of their own performance

in ways which allow them to respond according to their own abilir:
in the most efficient manner. Hence individualization by adapta ' n
without instruction as to the condition does not se m to be suffj
cient for most learners.

There are other ways in which we can individualize. There 1i.
the veview option. Most CAI systems allow the student to go bact
and review slides or tapes or parts of programs. There is a '"go
cption that tells the system to go to & particular part of slide
tape if there are audio-visual duvices. But the idea {s to look
the conditions under review as needed and to determine from the

characteristics of the learner the optinun tine for review with o

- 28 -



notion that people probably need to be taught habits of review which
are a part of :he general st:3iy habit, We can devise more explicit
ways cf having the instructicral material actually assist the learners
in reviewing. We can remind them to review, for exampie, if the
data were to suggest that they wvere at the point in learniung when
they are likely to have confusion or conflict with respect to the
new material and the old. This is another option tc teach students
¢0oc habits of individualized self-study, so they can actually
tecome self -teachers. 1In other words, our larger objective in this
series of examples is to try to teach each student ways in which
he can become more effective ar his own teacher. We feel that
this needs to be made an explicit part, rather than an implicit
part, of an instructional program. Tne idea in this particular
program is to tell the student that he can at anytime take notes
or comment on the program so that he can record information that
he later wants to review. And what we want to do here is to
identify the kinds of notes the students take, the kinds of infor-
mation that hclp them, and then to see if we can improve their
ability to take notes, to summarize their ¢-m statements, so that
when they go back to revead them the students can rn.ake sense of them.
The idea is to first previde the capability tihen to study the behavior
ind then from that behavior to see what one would teach students so
they may le more efficienc at this kind of self-study activity.
Another kind of individualization of the instructienal process

can be used. There is a difference in the wav in whico students
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react to the same instructional experiences. We took the same
program and set up four conditions. 1ln one condition, the material
titat the student saw after he responded was neuircal, in the sense
thaz it simply told him 'Right or Wrong'". In other words it gave
him knowledge or results, but it did not evaluate his performance.
In the second condition, students when they were wroug were told that
[it] was a bad response, or 'you can do better than that'', and
similar kinds of evaluative statements. A set of 14 different
comments that had been scaled by judges were used to give the feed-
back when the responses were wrong but not when they were right.

In still another group, the same program of instructions was vsed
except that, now, when the student was right und also, to evaluate
his performance, which meant that it said "That's a great response',
or "“you are doing very well", and such encouragning statements which
also had been rated by judges as being very positive. In the fourth
condition, the group received both positive and nega*tive evaluations
depending upon whether thay were right or wrong, of course, so that
they got the full treatment, so to speak.

I should mention one other thing. To all students we gave a
personality fest. You remember my pre-selection, predecicion model
in which the students are given different programs depending upon
their personality characteristics as well as aptitude. These
students were assigned on a random basis so that we did not know
which student would get what one of four trea'ments. The question then

was what is the relationship between personality characteristics
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and a student's performance on the program in terms of achievement
or amount learned. We found that the correlatior goes from as
high as a positive 35 to as low as a negative 50 depending upon
the group. The relationship between aggression and attitude
toward the program shows a variation from negative 50 {2 a positive
73. Deference, another personality characteristic and attitude
toward the program goes from essentially zero to a minus 50
correlation. And deference and time speed with which they learn
goes from a negative 40 to as high as a positive 48. Now I don't
want to concern you with the details about the groups because my
main point is simply to indicate that one kind of change seems to
have a significant effect on determining which type of student,
in terms of personality characteristics, dces well and what the
student's attitude is toward the learning experience. Lt turned
out for example that students who were high in aggression performed
best when only negative evaluative statements were provicded, no
positive ones, and ther alsc like this program better. This indicates
that & student who is high 1n aggression on a personality test,
scems to prefer a learning environment thai fights back, so tec speak.
Now you can interpret 1t in different ways of course. Interpreta-
tion at this point, in my mind, was critical in that vne character-
istic of the learning experience can make such a significant
dif ference in terms of student performance.

In summary, in terns of individualization of iastruction, we

rean not 1sclation but prescription prrsonalizatien or humanization
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taxing into account éﬁw needs of the student, in making decisions about
his instruction; on the basis of thnse needs. Secondly, :hat in any
individualization there are many factors to be considered. Some of
them relate to the way in wiich the system adapts to the learner

in sort of an automatic way, and 1 mentioned several of those. In
other systems there are deliberate attempts to teach the student to
become his own tutor, to allow him to bécome sensitive to his own
need, and to practice those kinds of learning to identify the char-
acteristics of the learning environment which should automatically
take into account the learner, and we should also deliberately
implement in our instructional program those procedures which teach
the learner to become a better self-tutor. Some of the examples
that I gave you illustrate sone of the characteristics of these

environmen.s which seem to play an important role.

]
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THE SYSTF.MS APPROACH TO EDUCATIONAL PROGRAMS
Lawrence Stolurow
Director, CAI Projects
Harvard Comnputing Center

My objective is to explore the systems concept, to define what
it means in a kind of operational sense, and then to indicate to
you more specifically where this general kind of thinking takes us
with respect to talks about instructions. I will use the word
"system'" quite a bit, and I will also refer to something that I
mentioned to you last time hopefully so that they will be clearer
and more useful concepts to you.

I think it is desirable to begin by saying that the systems
approach means something more than systematic approach. We don't
want to use this term as if it were synonymous with systematic. It
is systematic, co be sure, but it has as its objective the definition
of what might be called a systen.

General systems theory is a relatively new development in applied
mathematics which really came about during World War I1 out of opera
tions research work, particularly associated with military activit.: .
Operations research is a rather elaborate and sophisticated area in
which there are many texts.

We are rnot going to go into this apprvach in detail, but this is
an a.ctempt to show with mathematical models various interrelationships
among complex systems. In addition, there was an historical route in
biology with an effort to organize information about binlogical

processes.
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You are familiar with the terms, such as organic systems. The idea
was that there was rather separate recognition that one had to consider,
not just physical entities and what they are doing. But if we can use
the biological analogy, we are concerned here not only with the anatomy
of the system but alse its physiology; in other words, how it works.

And in fact, if we are to identity one of the more fundamental
notions 1In the whole systems approach, it is that we should look at
complex protlems in ways which lead us tou better identify the functions
that are being pexformed as opposed to the identification of the objects,
or conditions, or material of which they ccasist. In other words, in
the systems approach we are lcoking for functions. When cne designs
an electronic system, for exampl:, one specifi=s that he <ants to
amplify some sound in a systems kind of approach to the problem, and
then he may use tubes or solid state circuitry co do the job.

So tte physical unit that accomplished the function is a variable.
It can be a variety of different physical things so the objects are
not critic:l. They simply represent an example of the type of function
that is to be perfbrmcd, And one has to distinguish between the physi-
cal properties and their functiovnul properties. For example, 1f I ask
you to describe a car, most of you would start enurerating a collec-

s
tion of objects. You would start with something like the body, the
wheels or the seats which are the objects. This is very natural, but
I am trying to distinguish tha® rather naturgl way of looking at some-
thing that is complex from the way in which it would be looked at {if

one were doing a systems analysis, which would be instead to say what
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a car doeg. It moves people or things from placs to place, and it uti-
lizes energy. It transforms energy from one kind to another kind; so
one deals with a systems analysis in a very different kind of language
than one deals with, let's say, an analysis of objects or a descrip-
tion of a systems analysis in terws of its physical components. For
example, when one talks about jobs, if you talk aoout a job, and

say, ''Well, I want to hire you for a job which Mary Smith is now

performing,"

you are in a sense doing the same kind oi thing; namely,
you are identifying an individual who is filling that job, but you
are not telling the new applicant the things she has to do.

A job descrintion, on the other hand, tells what the individual
that fills that job has to accomplish and it is in t:rms of doing,
accomplishing or functioning; that is critical.

So, one of the jobs in a system analysis is to first focus on
the physical aspects of the probler and to identify both the func-
tioning units and the functions they perform and to do this in
terms of their critical characteristics as opposed to their less
critical or variable characteristics.

Another difference from traditional approach to problem
solving which systems approach represents, 1 think, is that with
the systems approach we enlarge the problem. We don't try to reduce
the problem. In fact, we are trying with a systems approach to
avoid over-simplification. In cther words, the systems approach is
more orierted tovird avolding this error than it is upon narrowing

down a problem. FEnphasis on narrowing down a problem bhas frequently
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led to misiuterpretation of the problem, a failure to see a problem
in perspective. Consequently, when you do a system analysis, you
enlarge the problem; you try to look at the problem and the environ-
ment in wbich it occurred because you know that the external
enviropment has some implications for the problem and the main

point of attention. I think it is fair to say that with systems
analysis the orientation is toward expurgation; the effort is to

be explicit about the nature of the problem, in fact to be complete,
rather than to oversimplify.

I think this is very different. It sets you up differently
in the way in which you look at prcolems. It means you shift your
attention to related matters as well as specifics of the problem,
and you try to see it in terms of some total context.

Now ihe result of the systems analysis typically is the
construction of a model, or some conception or bstraction. You
come out of the analysis with something in symbolic form that
represents vhat it is you thought you saw or that you derived from
the analysis. And that abstruction presumably represents the
characteristics of the problem, and is generally referred to as
a model.

Now models vary, of course, in the way in which they are
formulated; some are mathematical models, and in reference to
operational research mentioned earlier one is typically dealing
with a mathematics model. bkut a computer program is just as much

a formalization of a problem and represents an expurgation of that
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problem, for example, as does a wathematical model. The idea then is
not to reduce everything to mathematics but rather to reduce tc a
formal symbolic structure whicn permits you to iden=ify the critical
features in the problem and to see their relationship.

Generally, you also are concerned with the problem of procedure
because what vou are dealing with for the most part are dynamic
systems, systems that take place, that perform over a period of
time, that consist of activities that are not all represented at
any moment in time but for which a tine series is needed in order
to identify all of the stages of the system. Consequently, you
are dealing with a time series, you are concerned with procedure or
sequence, and this is where you are iuterested in what happens first,
second, and so on.

As you know, all computers operate on the bhasis of a very strict
ordering of things in time, and everything has to be done one step at
a time. It is done ver: quickly of course, so it appears to be happen-
ing simultaneously.

So we have both wmodels and procedures, and generally when you
design a model f.r a system and look at its procedures you are con-
cerned with optimizing scmething. Now many people use the term
optimizing in a very loose way. But in this context it is very
important that you snecify what is being optimized. What are you
optimizing? It's not sufficient to say you are optimizing, for when
you say you are optimizing, generally you are dealing with two or

more things. You want to optinize, let's say, learning and retention,

O
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or learning, retention and transfer of the information so that the
individual not only learns rapidly but retains better and is able to
use the Information, which means you are dealing with several thingai.
You want to get the best possible combination, and to get the best
possible combination means that you get the best of each one in the
combination. You might have to settle for a bit slower learning so
that you get better retention, let's say, or better transfer.

Now these things are variable, these measures that you are
optimizing, and you want to combine them in some way so that the
totality 1s your best result in a sense but is generally referred to
as your optimum result. The best example that I can think of now
is that you think of man as a kind of optimization of the achievements
of certain things. He certainly cannot see better than any other
animal. Obviously, birds can see better than he can, he can't run
faster, and so on--item by item man is excelled by different creatures;
but if you take the whole combination, he tends to put together a
very good set. This in a sense vepresents optimization.

Usually systems are designed to optimize some set of things to
achieve objectives. When you generate a model from your analysis,
you are in a position to simulate. This means you can use the model
to accomplish tasks more quickly than without it. For example, the
characteristics of an iInstructional system can be represented symbol-
ically as a model, then programmed into the computer to process data.
One can use the nodel both to process inputs and to get outputs and

in that way determi~e what would bappen if various conditions exist.
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You decide whether the model seems to be useful or effective,
whether you want to explore what you set up from the system and
use the model to produce for you, and whether you actually move them
into the real world and employ them in some real setting. So your
simulation, which is_derived from your model, gives you a way of
examining the implicétions of a lot of the protlems that, otherwise,
would be solved very slowly. 7Thus, simulation is a way of further
exploring the validity of your model and of making predictions
about what you might do in the real situacion. In this way, you
may narrow down the possibilitiesﬁand proceed in a more efficient
manner to solve real problems.

Not all modeling produces simulation nor is developed in this
way and goes through the steps 1 have described, but tuis is fre-
quently the case. And, of course, this is a very efficient way to
proceed. From such simulations one can also derive pr.cedures
so that one can effect new ways of accomplishing jobs which have
not been previously accomplished.

One of the big problens in achieving the stat~ c¢f simulation
is in specifying or getting gund measures of the chings that we want
to optimize. It is one of the big hang-ups in L.« i ole business of
systems approach to instruction, tco education in ,.1eral, the data,
the kinds of information, or scures we get. Most jrople are unhappy
with test scores; on the other hand, they are ¢ jrrtive data, and
on» can do someth g with them. If tliey are not s f-icient, then

the question 1s what other ki.ds of data can we olit1li so that we can



gradually move from a state of undefined specification of our scores
to ¢ -eater and greater specificlty.

So we say we want to optimize not only learning; we want to
nptimize the student's attitude toward the course, whether he likes
the course. This means you generate a questicnnaire that tries to
capture his attitude. So with each one of the things that is
identified as being appropriate conceptually for us to achieve with
a systems analysis, we have to back off and say how we get the data
and demonstrate that we are in fact making some changes, making some

imprevements. {

)

The purpose, then, of any system has to be defined in terms of
these kinds of objective data, and they have to be as clear as we
can get them. Systems are different in the sense th. :hey deal
with analysis of a variety of problems.

We may think of systems in terms of school management. We may
think of systems of instruction or of systems which are designed to
produce instructional material. These would all be different kinds of
systems. But one vould conceive of a larger systewm in which all of
those systems were sub-systems, and no systems notions lead you
naturally to a kind of hierarchical structuring of the environment.

One can proceed either upward or downward in complexity.

In other words, beyond the fact that one is dealing with an

interrelated set of functions that takes some defined input and

L ——————————

produces soue defined output, beyond that fact one cannot specify

the system. And the complexity of systems is another variable whi-zh
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is not quite 1n the systems concept but is permitted in by the systems
orientation to problems. Systems analysis does not always lead to a
unique solution to a problem.

I will give you a set of steps to follow in solving problems.
Many of you probably know D:wey's steps for problem solving. If that
is not familiar "o you, he says if you want to solve a problem,
here is the way to apprecach it. First of all you have to identify
what the problem is; then you have to think ebout some possible
solutions and identify variables that affect the solution; and then
you have to translate this into some kind of operational form.
Obviously that set of steps does not necessarily lead you to a
solution of a problem. You may go through the set of steps and still
not solve the problem, but b; following those steps your batting
average in problem solution is increased. You are more likely to
solve problems by following that set.

Now, there are many different solutions for the same problem,
in most cases. If I ask you, for exampie, what the rule is for
long division, most of you will give the particular set of steps
you were taught to believe will guarantee a solution to the problem.
But that set of steps is not the only way to solve long division
problems. One can, for example, solve the problem just by successive
subtraction and find cut how many times a particular number can be
subtracted from the other. Ihen you just count those, and you should
come up with the same answer. In fact, in riodern rnath one of the

procedures is to teach students a variety of ways to solve problems.
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Now there are two basic types of systems that I think are use-
fully distinguished. One is called the open system; the other is
the closed system. In an open system one is dealing with an input,
some processing, and an output, which is the minimal set of condi-
tions. But the output does not affect the system you are attempting
to analyze, it simply goes on in an open-ended fashion. From our
point of view, what I am doing is more or less open-ended or lends
itself to an open-ended system analysis in that I am processing
certain inputs, then giving it to you as output. But the reactions
that you have to what I am saying, at least at the moment, aren't in
any way influencing what I do next. This lecturing is an cpen-
ended system.

If we talk about individualized instruction, then we typically
are concerning ourselves with a closed-loop system, a system in
which the response of the student does something to the teacher or
the teaching system so as to modify what happens next. The thermo-
stat in your house is an example of the clored-loop system. It
tends to turn on or off the furnace or the air conditioner, depend-
ing on the time of year, in order to maintain a desired level of
temperature. As the temperature varies a few degrees, the system
goes on or off. But the system tends to do things that influence
the on and off state.

Students turn the instructor on and off; on the other hand,
one student turning hin off decesn't mezn that the others do also,

so in th2 lecture situation there isn't that kind of control. But
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in a responsive environment, or an interactive environment which is
still more complicated, we are dealing with a closed-loop, or cyber-
netic system, in which the feed-back, the output, of the system itself
is fed back to ihe system and becomes part of the input instead

of total output.

Fundamentally, in instructional systems, there are three basic
components} (1) there is the learner, (2) some mechanism for trans-
formation, and (3) some information source, which might be educational
materials for example. And thess are, at least in my view, usefully
analyzed into a set of eight components as ye go down into a lower
level. These relate to the diagram which 1 used in the previous
presentation. One of the functions to be performed is the selection
function; another, of course, is the innut function to the learner;
third is the learner himself; fourth is the output of the learner;
fifth is the performance standard or expectation of the teacher or
system with respect to the learner; sixth is the comparator, the
process by means of which this performance and standard are related
to one another; seventh 1s the information storage or library;
and eighth is the feedback, which is the output of the instructional
componént and its response to the student.

It is important to go ahead to some ev:n finer distinctions
because we are dealing, in a sense, with an onion. We are peeling it
after we look at the problem; we are trying to see it in its totality;
we are trying to break it out into components and put thbings back

together in a way to understand thelr relationship better. This is
- 43 -
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the procens of systems analysis. It 1s a fairly critical exerclse to
get the orientation that we are dealing w.th. Mest of you, I am sure,
are used to dealing with the stugent-teacher interaction situations

in a nuch more global fashion. One has to do that, obviously. But

1f you are to understand what systems development is all about in
instruction, and what the wh-le new look in curriculum development
(i.e., CAI and PI) is all about, then I think these disrinctions

have to come into the picture.

Let me explain a bit with respect to seleccion. For example,
when we are dealing with selection, you will hear such terms as
1in 'ar programs, branching prograus, and contir.gency management,
which deals with things you can put in an 'if-then' relationship,
such as, "if this happens, then that happens’ or "if he does this,
then the system will do that". Now that is the fundamental way in
which most of the rules of instruction can be, and ultimately should
be, expressed so that we can deal with them in a fairly objective
and efficient way.

Psychologically, we are concerned with the characteristics of
input. e want to know what the individual should attend to, look
for, be on the alert for, and want to distinguish between what's
critical and what's not critical, for what's critical would be the
fuse in the situation. Sometimes the problen in discrimination 1is
just getting to know what the cues are. A person learning to read
is obviously trying to do this. The elicitor function is a function

to which stimulus input has to provide some immediate basis for
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responding. The response may be instrumental, it may be a response
taat enables the individual to do something, or it may be a critical
response; but in some sense it is a stimulus which elicits some kind
of behavior. So the elicitor function of the input, as well as the
cue function, needs to be distinguished; one has to ask questions as
to which function the stimulus is performing. And if it can't be
associated with any particular function, then maybe it should not

be in there. 1If one is not sure which but is sure that it is one

of the two, then probably one should leave it in.

With respect to the learner it seems to me that psycholeogically,
at least with the present state of the arts, we are concerned with
aptitude, with personality, and with knowledge as the main critical
dimensions. These are broken down, depending upon various theorists,
in a variety of different ways. It is largely a matter of taste
as to what aptitude structures vou think are appropriate, and knowl-
edge the same way. Most people, like Guilford, have identified
what they feel are appropriate ways of looking at the learner from
a point of view of the psychological dimensions. So there is gquite
a range of choice here, and you will not find a great deal ot consist-
ency among psychologists with respect to the way in which they look to
the learner; but, from uy point of view, if we are going to individ-~
uvalize and set up an efficient structural system, we have to take
into account information about the individual's state of knowledge,

something about his aptitudes and about his personality.
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Now oﬁtput you might look at in terms of its form, sometimes
referred to as the quality or various qualitative characteristics
of it, for frequently these have meaning in relation to the tasks
to be performed ultimately by the indlvidual, If you use forms
that are not rrpresented in the final task which he has to perform,
then one has to modify forms of presentatign so that he gradually
achieves a form that is representative of the final task to be coped
with. One is also concerned with temporal char;;teristics such as
latency and duration of the cutput that is provided to the student,
the speed with which he responds, the length of time he takes to
respond. Performance standards are typically translated into some
statements about errors and some statements about level of improve-
ment or rate of improvement, the level to which he will achieve, or
the rate at which he will achieve a particular level. With respect to
comparators, we are interested in an element>by element comparison
which is the way some systems work. They look at each element of
the student's performance and each element of the performance .
standard to see how they match up, and depending upon the degree of
match they provide certain kinds of information to Fhe student.
Sometimes it is just the summary or an equivalence response where
the comparator is concerned with the end product of the response
and not the procéss by means of which it was generated.

With respect to the library, this is a very active area particu-
larly in a computer field, how one organizes the storage uvf information

for an instructional system. Do you put things together in a man-made
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form as we do in P1, which is the way unfortunately that mest CAI is

being generated, or does one try to develop the capabilities of a

computer system so that general kinds of forms are specified but

not tha details? One has lists or generators which provide some

of the contents, and the combination produces the display that

the individual reacts to so that man does not have to generate

every frame and every step. The form in which storage takes place

can be within the computer and within the memory system, an elec-

tronic form so to speak; it can also be in film and video tape or

these can be mixed in a variety of ways for the form, the organiza-

tion and the sampling of contents. If you teach fractions to a

student, for example, you don't teach every fraction possible; you

select some fraction deliberately in accordance to so%e plan. When

you get through, someone can look at the fractions you use, and

you will have limited that set. Tiat is true of any spelling set,

of any examples of concept; there is alwéys somé selection mechaniﬁm

operating. So the library 1is the result of the notions about forms,

organizations and the sampling of contents. ‘ ‘
Feedback generally consists of information that has a reinforcing

function. Information does, in fact, inform in the lay sense of infor-

mation, not in the communication sense of information; and it als§

has another aspect which you mignt call motivational. 50 when you get

feedback while you are learning, whether you were right or wrong,

it would decrease the probability that you would do’the same thing

again 1f given the chance. If vou use information that expands the
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knowledge you have about the learning situation or about the task
and 1t motivates you in either a positive or negative way, each of
these dimensions is more or less important and is given more or
less attention depending upon how you, as the author, or a
programmer, sees the system is formed.

Now when we talk about tasks we generally distinguish in an
analysis of learning situations between learning tasks and performance
tasks. In all tasks, we are concerned withﬂaccuracy and quality and
with rate and quantity. These are measures which we generally derive
froem any task. But when we are dealing with a performance task
we are mainly concerned with the stability of the dindividual perform-
ance, the reliability or consistency of his performance.

On the other hand, if we are dealing with the learning task,
we are interested chiefly in change. For instance, one is learning
when he has altered his behavior, when he has progressed from a given
point to some other point. Rather than stability, we are looking
for change in learning tasks, so one can often determine whether
or not the individual has put the label on, whether or not hs was
in fact defining for himself, or for the student, the performance
task or learning task.

Now what kind of change you lecok for, of course, can vary, and
sometimes in learning tasks we are looking for changes in rate, not
in accuracy, where in other learning tasks we are interested in

accuracy. Which measure you look for first is also important. Your
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program may be set up first to produce accuracy and then an improve-
ment in rate.
Now that concept, that sequence when applied to the typing task,
tends to be erroneous because, if you strive for accuracy initially
in typing, the response which the student makes are not the same
kind of responses that he makes when he is performing at a high
rate. To increase his rate of speed he has to shift to a different
kind of response, a more ballistic type of mOVeﬁent coming from
the wrist; whereas, when he strives for accuracy, he uses a finger
movement. So you are really teaching him a different skill when you
move up to high speed. One has to worry about whether or not there
is this kinn of transition going on; and 1f it is going on, then
the question is whether you aim first for accuracy or for speed.
Many typing teachers say, "'let's let them make errors initially and
get the right speed, then work on errors;' so we strive for speed
before accuracy. But this is contrary, I think, to a lot of practice.
Instructional objectives as we state them in developing a progranm
is part of our synthetic process in going from an analysils of an
instructional task to a synthesis of it. When we define instructional
objectives, we are in fact defining both our performance standards,
which should be specifie) definitely, and our error standards, which
are a part of the performance standard, and the level of improvement
standard. That's all tied up In one set of conditions that one is
concerned with, aad, secondly, we are concerned with the specification

of the information content. Within the performance standard, we are
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talking about the‘levels; the quality of performance, the kind of
improvement, or change as well as the status or specific response.
The next step is frequently one of specifying the modes of
instruction or the ways of specifying or breaking down, making clear
or explicit the way in which the mechanism will work. To use riore
conventional terminology, we are looking at the rules of teaching
or those that teaching will use. This is where your theory of
instruction, your concepts, get translated into some kind of action.
If you don't have a theory, and this is the way you are going to

teach, you are still committing yourself to a mode of instructicn.

Presumably, then, you are really implying a kind of theoretical concept

so you dor't avoid the problem.

There is a variety of wmodes of instruction. I like to think of
the modes in the following way, and I make two levels of distinction.
The teaching level is the level at which what is useful in learning
theory is applied to the instructional process. At the first level,
the teaching level, I distinguish six levels or modes of interaction,
and it is with respect to these that learning principles are used
in varying degrees. The first mode on the teaching level is drill
and practice. 1In drill and practice we define a sequence of things
that a student will do to set up a definite order, and then proceed
to give him experiences in which that order or sequence of events
follows consistently from problem to problem; from drill to drill,
and from practice session to practice session. These are highly

structured.
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The second mode is system control. With respect to systems we
are always concerned about the loci of control, and with drill and
practice we are dealing with system controlled experierces, or
teacher specified experiences, where the system is simply carrying
out the bidding so-to~speak of the teacher.

A third mode is problem solving. Here we are dealing with low
structured materials; for example, we are dealing with the situation
in which the learner knows the language of the cemputer, say he knows
whatever language his computer speaks, and he has a problem. The
learner defines his problem, writes the code, or enters the information
to be processed as well as the rules for processing, now using the
computer for solving a problem. This is why 1 say it is a low
structured situation. The student at the computer has the capability
to process anything in this language that he puts in, and as long as
he obeys the rules of that language, the grammar will generate an
output for him. But he does the structuring, so the system itself
is not highly structured. It is structured enough to be an integrated
self-structured language, but it is the problems he puts in and
the structure he provides that are critical. Well, this is a
learner-controlled as opposed to a system-controlled situation. The
system does very little; the learner controls the environment
in problem solving.

Inguiry 1is another mode. In this mode, one has a question,
addresses it to a system, and the system provides him with an

answer. The answer may be, "I don't understand your question; can
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you say it in a different way?"  Of course, vou always have to provide
for a question the student doesn't understand. Teachers all are

ready for it wher their students ask them questions, and systems

must have that capability as well.

In inquiry, we are dealing with a moderately structured
system. There is more structure than in.prob]em solving because
obviously you have to compile the data base that the individual is
asking about; and oune has to have procedures in the system so that
when the student raises a question, informaticn, that set of words
or set of symbols, is processed so as to make the system capable
of relating to what it has stored. It has the language that was
involved in problem solving plus these additicnal features that I
have just nentioned.

Another mode 1s the collaborative control mode in which we are
c2aling with a moderately structured sitwvation ~nd with a divided
control which is shared by the learner and the system. There is
question-and-answer where the student's responses are used for
branching, for example.

A sixth mode is gaming. Here we are dealing again with
moderate structure. In a gaming situation ycu are mainly inter-
ested in giving the stvdent experience with the symbolism or represen-
tation of real world events and building up his ability to respond
te these; but you are not imposing within the svstem a tigorous
definition of the real world sitration, as yYou do in simulation.

The objectives of gaming are nainly tou give the individual the
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vocabulary and the response repertory, but they den't necessarily
provide you with an adequate model of the real world. When you
play Monopoly, for example, you learn about rents and about buving
and selling real estate, but the controlling condition for the
tragnsaction is a die, or a little wheel you spin, a purely random
entity.

So the thing that determines what happeng next is really a
random processer; it is not a model of the real wurld unless you
want to take the view that the real world is a random sequence of
events, which I suppose some people might assume. Gaming is funda-
mentally giving you the opportunity to interact with things like
the terms of physical representation. The game might consist of
some of the individuals actually piching up money, doiag things
with it, buying and sellirg things, carrying out various kinds of
real werld activities; yet, the cont:ol of how all this takes
place, the flow of it, %s not tlrough some specific model, design,
or any plan but is basec on some kird of random generator.

In simulaticn, on the other hand, the controlling factor which
determines the fl w of events is something which has intelligence.
It may not be a goul representation of the real world, but it is
the best representation you can get hold of, or work with, or
express at the present time, so you try to simulate as you do in
training a pilot. You try to give him the dials and representatior
of what's going to happen whea he is coming into a landing field, or

taking off, and the system can represent the real woirld quite
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accurately. You can build in the barometric pressure and the latest
wind conditions and get fairly good contrcl over it,

In other siliulations 1ike economic games where you get into
control of economic systews as large as a countrv, we obvicusly have
less knowledge about how :hese systems really work. But there are
formal mcdels that describe fairly well the kinds of things that
happen, and to the extent that they are there in determining the
flow of events, you are dealing with a simulation.

0f course, this is where the structure comes in, and the
collaborative control comes in. From the fact that in a simulation
the individual has some choice about what he wants to do and, glven
that he is committed or that he commits himself to those choices,
the system acts accordingly. Thne system will do different things
depending upon what the student does. So if you specify that he
must take off under certain conditions, he will get certain kinds of
experiences that are different from spacification of landing; or,
if you are talking about international banking in an economic simula-

tion, he will get different kinds of experience from that Iin dealing

- with Lousehold finance and budgzting of a family entity. Or, if

you are dealing with simulations of a bioleogical system for medical
purposes, you will get very different kinds of interactions than 1f
you are dealing with biolozical simulutions that represent let's say
a pharmacological or biochemical interaction.

Those represent what seem to we to be useful distinctions among

varieties of modes of iuteracticn, or ways in which the mechanism I
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referred to earlier is defined; and these
instructional reasons we try to relate to
vide them with some change, some learning

altering their performance and responding
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PROGRAMMING SUCCESS FOR THE UNDEREDUCATED ADULT

Mark Laurence Berman
Research Coordinator
Child Development and Retardation Center
University of Washington

A. Introduction

1. Philosophy and Rationale for Using P.I. With Undereducated
and/or Disadvantaged Adults

a. Goldberg states that the disadvantaged learner has little
prepdration for recoznizing the importance of schooling in his 1life,
and that early difficulty In mastering the basic intellectual skills
which the schools and thus the broaier society demands leads to
defeat and failure, a developing negative self-image. While it is
not universally true that the undereducated and/or disadvantaged
adult has not seen the importance of education for his own life
and that of his offspring, it is frequently the case that such
persons do not feel that they can make it in the world. The fact
that someone knows the education 1s essential to his own and
others' well-beiAg i1s no guarantee that the motivation and confi-
dence necessary to enter an educational program to remain in it
and to succeed, will be present.

Programmed instruction is iuntanded to generate more efficient
and effective leavning by breaking information down into a logical
step~-by~step progression, by providing immediate knowledge of
results, by moving from simple to more complex material only after
the responses of the student indicate that he 1is ready to move on,
and so forth.
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The individualization of instruction and the self-pacing
features of programmed instructior have proven to be highly effective
in enabling students to master a large amount of information and
¢kills in a relatively short time span. The successes reported
with the use of P.I. for teaching children are many, and will not
be discussed here. Programmed instruction, however, is particularly
well-suited for use with adults, whose experience in educaticnal
settings has been negative, incomplete, or both. The adult commonly
has a long history of failure in educational settings, and, in
some ways, 1s more difficult to educate than the child., Aside
from lack of infor.mation and skills, the typical undereducated
adult is "turned off’ by education; he has experienced failure
and punishment 1in learning situations before. Why should he
expose himself to these aversive conditions again?

Clearly some kind of motivational procedures are calied
for to demunstrate to the undereducated adult student that education
can and does "pay off", that there are positive aspects to learning.
Uf course, the big '"pay off" for education 1s rather delayed; this
may tste the form of better jobs, more income greater prestige,
better education of children, and so on. It is necessary, but not
alvays sufficient, to promise these kinds of rewards for partici-
pating In educational programs. Additional kinds of rewards, more
immediate than a distant job, are needed. Prograrmed instruction
1s well-decigned as a motivator, as well as a teaching device.

Students vorking with F.I usually get a high peorcentage of frames
- 58 -
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correct, In contrast to their often aversive earlier educational
experiences, it is eye-opening to see the confidence resuiting
from correct answers to program frames.

b. P.I. allows students to move at their own pane,
Students whose knowledge base is pocr, or who have a very slow
and deliberate learning style, will not be left behind, as is
the case in the usual classroom situation. This does a great
deal for cune's confidence and for generating an enviro>nment
which maximizes learning. P.I. also may functioun to reduce
stressful competition among students. When using P.1., there
is no necessity for other students to know how fast another
student is learning, nor the degree of accuracy of performance.
By utilizing P.I. we can avoid punishing students, either in
front of a class or in private conference with a teacher, borh
of which may be extremely distasteful to any student, even more
so to an undereducated student .no has a history of failure.

It is often the case that students' spelling, vocabulary,
punctuation, aad mastery of subject matters not covered by any
particular program improve as a function of working with P.I. 1In
order to perform effectively on programmed materials, students have
to pick out key words and phrases in program frames. Caretul
reading 1s required. Thus it is not only the precise subject matter
dealt with by & particular program that is added to the students'

repertoires.
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2. Adapting P.I. for Use With Undereducated Adults

In order to siructure an educational environment which
fosters learning, it is also necessary to insure that the vehicles
of instruction, namely the learning materials and procedures
utilized, are tailored to the student populatlen. There 1Is more
to individualizing instruction than allowing students to work at
their achievement levels, and so on. Because the undereducated
often are members of sub-cultures which are "disadvantaged', it
is necessary to take Into account thelr cultural backgrounds, in
order to develop skills and knowledge and to motivate students to
strive for further sducation.

As an example, the names, activities, settings, events,
and phenomena referred to in programmed materials (all learning
materials for that metter) should be those with which the students
will be familiar. Therefore, if studenis come from Hispanic
culture, such as Mexican-Americans and Puerto Ricans, concepts
and events should be related te their backgrounds and experiences.
One should also not lump different sub-cultvral enclaves together
and treat them as 1f they were similar. This means that educational
programs aimed at Pueblo Indians,such as the Hqpi, would differ in
many ways from programs almed at another tribe, such as the Navajo.
Fach group, the Hopi, and the Navajo, has a different cultural
background, has different world views, has experienced different

phenomena, and so forth.

o
ERIC B3

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

We can attack local problems such as sanitation and housing
by gathering baseline information and then including frames related
to these prablems in prograumed materials designed specifically
for a particular sub-culvural group. It is possible to combine
the teaching of, say, English grommar, with instruction concerning
the alleviation of bad sanitation. This is not to say that frames
relating to a comnunity prablem will be sufficient to eradicate the
prablem. 1t is simply to say that by using topical informatiaon
in progrem frumes, we can attack more than a single c-ncexrn at a
time. This is but a single possibility for imaginative and useful
adaptation of learning materials to the student population.

Because the various sub-cultures within the United States
have prohibitions and tahus unique to them, a determinacion of
these should be made prior to the structuring of an educational
program. Students should not be asked to emit behaviors which
are incompatible with rigid social observances in their sub-culture.
To unknowingly include material of this type could prove harmful
to the overall edvcational program, to the student-teacher relation-
ship, and to the studeat himself.

It is probable that a number of you will be in charge of or
involved in educational effourts aimed at students from differing
cultural backgrounds. It is maybe the case thct learning materials
which are adapted to particular sub-cultural backgrounds are not
commercially available. 1t may also be possible to redo commercially-
prepared programs ar:d to tailor then tovard parsticular sub-cultural

enclaves.
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In 2ny event, the importance of such efforts for success-
ful education cannot be stressed too strongly. The experience
of the country of Chile provides an example of the way in which
standard attempts to educate may have to be abandoned in favor
of efforts which tzke the cultuve of the students into account.
Chile wished to instruct pregnant women in prenatal care. They
found that the women equated education with childishness. Since
they didn't see themselves as children, they refused to be educated.
Solution: Chilean people placed great prestige on social clubs,
since these were associated with the upper middle and upper classes.
Therefore, the Chilean government, through public health centers,
arrauged to have classes held in private homes, and provided tea
and cakes. In this club~like atmosphere women began to attend
classes!

If black students want only to study "Black History,"
this in itself should be no barrier to moving the focus to other
areas of concern. By buiiding upon students' interest with
Black History it is possible to teach rnumerous facts and disci-
plines using this as a base. Sclence, mathematics, social studies
and other topics can be taught in this manner, sin.e all are part
of Black History and therefore legitimate matters of concern. What
is needed is appreciation and xnowledge of cultural variables which

may affect learning.
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B. Relevant Resedrch Done by Author

A five-year rescarch project sponscred by the Army Medical
Research and Davelopment Command, and undertaken at Guadalupe,
Arizona from July 1, 1963 to June 30, 1968, used operant condition-
ing procedures in community development activities. The town of
Guadalupe is composed of Yaqui Indian and fenican-American resi-
dents. 'The purpose of the pruject vas to develop new methods for
analyzing and influencing the behaviors ol persong living in small
social units. Ve had to determine environmental variables affecting
individual and group behavior, and onc? these variables were identi-~
fied and classitied, develop a behavioral repertouire i the local
porulation which would facilitate community development.

Daveloping the peopulation’s confidence that they could be
instrumental in Improving their ccmmunity was a key problem. As
a result of a long histury of failure in their relationships with
ihe world-at-large, the people exhibited a marked lack of self-
confidence, which greatly lowered the probability of tteir achiev-
ing their goals. For example, the people said that since they xnew
so littie about the English language, and other important kinds
of information, that they would never ''get anywhere'. It was
necessary, therefore, tu devise strategies which would, first,
build confidence and, second, develop the behavioral repertoire
(such as facility with the Fnglish language) necessary for a

successful community developrent eftort,
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The project operated on several fronts simultaneously. One
aspect dealt with gathering baseline information regarding social
organization, political structure, and economic and religious
activities, and then using this information in shaping community
development. A second aspect deait with an educational program
carried out under controlled circumstances. The educational
program began approximately one year after the starting date of
the project or follewing the gathering of baseline information,
and continued for approximately twe and one-half years.

The population asked that Fnglish training be given high
priority, so I designed a programmed text on English grammar that
was specifically tatiovred to the students' background where feasible,
Spanish names, e.g., Juan or Maria, were used in place of Anglo aames.
The situations described were those with which the students were
familiar, and cescriptions of the physical eavircnment and obiects
(such as cars) were in keeping with the experiences of the students.
Finally, care was taken that material containel in th2 frames did
not violate the meres, ncrms or ethic of the ~tudents. Knowleilge
of the anthropoligical aspects of the pepulation of Guadalupe was
required in arder Lo effectively tailor the learning materials
to the students.

Graduate students in the departments of anthropology and
psychology were used to staff the program. Class:size was limited
to four or five students, in order to facilitate face-to-‘ace

interaction of student and teacher and to allow more time for

- 64 -

63



analysis of student responses. Prior to beginning work with students
the staff of three teachers received training in the anthropology
of the town of Guadalupe.

Seven students, ranging in age from 17 to 40 years, partici-
pated in the educaticnal program. bLxamination of their scores on
standard tests, such as the Stanford and Metropolitan Achievement
Tests, and the Nel »n-lerny Reading Test, snowed that the students
possessed, on thz average, a fifth grade ¥nglish repertoire. The
average student had completed about five and one~half years of school.

Particularly in the first classes of an educational program,
ezch nlass should contain at least cne ''very good"” student. This
person serves to demonstrate to the other students, who might be
skeptical of their learning ability or the necessity for education,
that persons such as they can learn and that there is a payoff for
their efforts. The performance of the 'very good'" students helps
prevent discouragement among the other students.

Standard teaching methods were deemed inapplicable because

our students were universally "drop outs''.

One factor in their
leaving school w25 exposure to educational products which were not
tailored to their backgrounds or experiences. Qur students told
us that they had a great deal of trouble witt tasks assigned in
grammar school because the terms and concepts described in these
books beld no meaning for them.

The content of their education and the manner in which they

vere treated by their grammar school tecachers led to the development
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of avoldance behaviors on the part of the Guadalupe students. One
approach to decreesing tihe aversiveness asscociated with learning
situatitns was a series of tours arcund the Arivzomna State University
(at Tempe), where the research project was headquartered. Students
vis?ted chemistry laboratories, zoological displays, and so on.

Un taese occasions professors gave informal talks to the students.
We cften tock students ro campus coffee shops for get-togethers
after class. OQur stucdants mnirgled with Univecrsity students,
dispelling some of the mysteries of University life and studying.
Scme of the younger scudents began to inquire abcut the possibili:ty
of being admitted to college and whac would pe expected of them {if
they were admitred. Verbal behavior such as "I .auld like to go

to college and learn to te somebody" increased. Attending classes
at the University functioned as a very effective reinforcer; there
was high prestige in ¥ - able to say "I study aights at the Univer-
sity'".

The English program draft devised fcr the Guadalupe
students served as a very ceffective confidence builder and teach-
ing device. I constructed the program in two levels. The first
level, containing 1500 fcaxes, dealt with basic English grammar.
The second level, containing 500 frames, dealt with reading
comprehension.

Student: initially were quite zelustant to answer ques-
tious in our classroom. The basis f:r this characteristic of the

students may be found in both their culture and as « result of
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wheir earlier experiences in school. Deference to "superiors”
is a common *rait among disadvantaged ;ersons in Guadalupe.
The verbal abuse meted out in elementary school for failure to
respond properly reinforced this reticence to speak cut.

[he following procedure was used tc shape question answeur-
ing: before asking questicas in the classroom setting, Leachers

noted the gen=ral and, where possiblz, specific lrowledge 1-vels

™

or cach student. as a fanicion of interaction with studente in
their home town of Guadalune and of chatting with theas over
coffee at campus snack hars, teachers were able to acquirve a
fairly exteusive amount of infermation of this sort. Whepr a
teachsr Zirst called on a particular sradent to answer a question
in the classroom (as opposec to ihe extra-classroos) setting, he
asred a low-level question. By successively increasing the
difficulty level of the questions asked, contirgent upon the stu-
dent's demonstration of abtility to answer przceding qGuesticns,
thn question-answering behavior of tne students becceme far more
corpetent. Heavy verbal reinforcement, in the form of teacher
statements such ac "very good’, was contingeat upon students’
answers. 1f the student wac wrong positive reirforcement was
vithheld.

If students were unable t. answer questiouns, this could lead
to rapid less of these weakly-developed behaviors. Therefore,
the first questi.ns were those that were determined to be answer-

able by each individual student. At first numercus prompts were
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supplied, such as rephrasing the questjon co as to provide slightly
more information to the student. Laler, prompts were gracually
removeG so that students were answering c.estions independent of
the teacher. After question-apswering was cstablished. it became
possible to ask diverse kinds of questions. While students would
soretimes be unable to answer questions, the “chavior had been
shaped so tnat they continued te arswer questions. This contrasted
with the stuadents’ expersences in their elementary school days, in
which punishment frequently followed the emission of "silly"” or
"stupld" answers.

1. Use of Reinforcers to Shape and Maintain Bzhavior

.. rec.ipt of taperback dictionaries grammar and reference
books, access to '"beer busts', etc., was contingent upon class
attendance and performance. 1lu addition to the intrinsic reinrorce-
ment of correct respending in the progecam, these extrinsic factors
were aliso effective as reinforcers. From initial baseline attendance
levels which were irregular (approximately 50%), attendance became
extremely regular (approaching 100%) followlag introduction of a
contingency system. The students, many of vhom had worked 12
hours at a physically taxing job during the day, r.rely ".dssed
classes. It was a matter of pride to have perfect attendance.

Ali students attended every meeting ext¢ept when a death in the
family or severe illness prohibited.

Lxcellent performanc2 was reinfoiced by the presentation

of a complete set of paperback books on English grammar, vocabuiary,
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and fundamentals of reading and writing Englieh. The quality of
work rose dramatically following initlation of this procedure.
Performance witiiaut error occurred dozens of times after this
point. Students repcrted that they were paying more attenction
to detalls and checking thelr work more closely because of the
rayoffs involved.
2. Results

The mean percentage of frames cn vhich students responded
corrcctly was 94.0 for tne first level of the English program,
and 66,1 for the secouad level. The percentagu‘of correct frames
ranged from 8%9.5 t¢ G7.1 on the first level to 92,0 to 98.6 on
the second level., Orly one student was correct lesc than 90.07%

of

the time on the first level.

Mean time for completion on the first level of the program
was 27.50 hours, or 51.5 frames per hour, while on level two the
respective figures were 8.75 hours and 50.8 frames per hours. Time
taken to complete the first level ranged from 16.67 hours to 37.75
hours, while the rangc on the second level was from 7.63 hours ¢o
10.23 hours.

The students reported that during theilr school years they
had rarely been correct on tests. The studeuts’ initlal accuracy
on the programmed materials was at approxilmately the 50% level.
liowever, belng correct on every other answer was a large liprove-

ment over their previous ciassroom performance. The students'

first reactlon was one of surprise upon making so few errors,
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relative to past performance. Later the students' accuracy and
speed increased dramatically.

Because the program progressively increased in difficulty
(i.e., progressively larger step-sizes were explicitly built into
the program), it is believed that the studeuts' increasing famil-
iarity with the mechanics of using the program l:d to thils signifi-
cant improvement 1in performance. On the first level a typical
student required an average of 34 minutes to complete each ¢f the
first five sections, buf an average of only 28 minutes to complete
each of the second five sections. The average number of exrors
on tle second five sections was only one-eighth the average number
of errors ou the first filve sectilons.

Initial exclamations of surprise turned io pride at mastery
of the material. For perhaps the first time our students began
to gain confidence in their intellectual abilities. Interest 3n
further educat!on and, possibly, in gaining high school diplemas,
increased greatiy. They talked less of their "inferiority" ard
their earlier practice of avolding things related to education
changed to an active seeking of further education. The progrum
proved to be extremely effective, not only in providing reinforce-

ment for engag.ng in learning activities, but in providing informa-

tion to the students. A post-test, admiristered following completion

of the level of tbe English program which dealt wi:h grammar, showed
that the students had mastered most, if not all, of the material in

the program. Observation of the students' speech and writing during



O

ERIC

Aruitoxt provided by Eic:

and arter the program showed that the information aequired was
Fring used in everyday cctivities.

3. Shaping Behaviors Which Have 1 ..ediate Payoff

We found that the older students in the classes, i.e.,
those who had : "en out of school fo: five years or mure and/or
were over 22 years of age, had better attendance and performance
records than did younger students. This fact has implications
for the rehabilitation of schosl dropouts. Traditionally, programs
are aimed at students who are recent dropouts. Many people assume
that these persons should be drawn back into school before they
drift away permanen-.lv. The longer persons are out ol school, the
harder it will be, so it is felt, to get them back into the educa-
tional setting.

This assumption may be far from universally correct. When
we place a dropout in an educational pvogram, the program is usually
no different from what he dropped out of. Environmental stimuli
and avereive qualities which wvere factors in his becoming a drop-
out are again present, There often are no nore reinforcements for
remaining in the reomedial program thun there were for staying in
school in the first place. Older persons, having been out of the
educational setting for soine time, may have had an opportunity
for the aversive nature of such settings to fade, leading to easier
reshaping under quite differint environmental conditions. Younger
persons, perhaps very recently out of school, tend to respond with

the same escape-avoidance behaviors previously emitted.
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The older students ia our study had an oppor:unity to immedi-~
ately utilize knowledge gained. For example, those employed on
construction projects put their newly-acquired knowledge of basic
arithretic to practical use and secured raises in position and
income. Students from the ages of, say, 14 to 21 years, often
did not hold jcobs or held jobs which called only ror physical
ability, with no copportunity to put new knowledge to work on
the job. Efforts at behavioral analysis and design for the
culturally-disadvantaged learner should enable these persons to
immediately use knowledge gained in educational programs.

This brings us to a discussion of reward and Punishment
techniques. All human societies make use of these. Reward may
take the form of praise, appreciation, elevation of status and
income, awarding of diplomas,and so on. Punishment may take
the form of ridicule, fines, accusation, physical pain, confine~
ment, restriction, etc. Therefore, the use of contingency
systems as an adjunct to P.I. 1s a natural outgrowth and exten-
sion of this concept.

Because of the tackground deficiis possessed by the Yaquil
and Mexican-American students, 1t was clearly insufficient tc be
concerned merely with inculcating certain %ehaviors (such as
facility with the Fnglish lenguage). If these students were to
acqulire mastery of enough subject areas to attain a high

school equivalency, 1t was n2cessary for them to learn faster
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than was previously the case. The procedurec drvised fuvr rapid
shaping tack Intc account the students' very low-level baseline
behaviars.

By making reinforcement contingent ar deperdent tpan
pragressively higher performance levels, 1t is possible to shape
bzhaviar in the directian of jreater spced and accuracy. If the
criteria for reinfarcement wz2re fixed, then there wauld be na
compensation far change in the students' rerformance levels, and
no allowance for individual difterences in perfarmance. Also,
since material varies in difficulty as the student pragresses
through the program, there is danger in adjusting criteria tao
high or too low in relation te the difficulty af the particular
part of the pragram currently being warked on,

The adjusting reinforcement schedule technique was particu-
larly effective with the culturally disadvantaged student, since
such students usually bring a paarly develaped knawledge base ta
the learning situation. It 1s a means four providing reinforcement
ta students with very paer packgrounds wha, in the rsual situatian,
would not be reinfarced until their performance reached some
absalute level, e.g., '"a passing mark", '80 aor 90%".

C. Other Relevant Research

1. Since 1962, programmed instruction, conbined with contingency
management techniques, has been used ta increase the educaticnal
achievement of institutionalized aoffenders at the DUraper Carrectianal

Center in Elmore, Alabama. The wark aof Dr. John McKee and others
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on his staff has been extremely successful. Utiliziag P.I., it has
been pussible to individualize instruction far more than would be
possible in the usual classrcom situation. The e:fect of P.I. aside
from accelerating students' progress through & sequence of learning
materials, has been to overcome the defeacist attitude «f a number
of inmates who expzcted failure in anything haviug to do with
education. Instruction is provided from literacy ‘raining

through college preparatory work. A rapresentative of I'r. McKee

i3 addressing the Institute. so it 1Is not necess:ty "v go into
further detail bhere.

2. In 19265, Harold Cohen and his co-workers trom the Institute
for Behavioral Research in Silver Spring, Maryland began an educa-
tional program w»hich used programmed instruction and contingency
management. The program aimed at an inmate populiation at the
National Traini-g School for Boys in Washington, D. C. 4As with
the Draper Project, ihe general purposes were: 1) to improve the
attitudinal behaviors of the fnmates, in that they typicslly were
unmotivated, lacked persistence, and did not have proper study
habits; 2) to improve thefr mastery of subject matter areas,
since many of th2 Inmates not only were undereducated, but were
also unable to acquire information aud skills very easily.

The students Cohen "orked with at the National Training
School were reinforced by the receipt of points for high level
performance. The points cculd be used to buy goods or secrvices,

including ‘eisure time, soft drinks end clothing. Other
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reinforcement was provided by the social acceptance of being correct,
and by the opport.nitv to take advanced courses following successful
completion of basic courses.

Like McKee's work, the techuiques used at the National
Training School were extremel, effective in improving motivation and
developing a knowledge base. The effort was so successful that the
methodology has been expanded and implemented at the Robert F. Kennedy
Youth C2nter, which recently opened at Mortantown, West Virginia.
Directed by Roy Cerard, who was Director of the Natipnal Training
School, some 259 offenders sre involved in a contingency-managed
environmeant, vtilizing programmned instruction as a major instructional
vehicle.

4. Current work on project newgate {(Pennsylvania) suggests
that many persons who commit crimes simply lack motivation, inter-
personal and social skills., Although marny of these persons have
the ootential to finish bigh scheol and college, they usually
drop out of school. Once convicted and sent to prison, they
rarely take advantage of the limited educationzl programs made
available within the institutional setting.

Faculty aud students of the College of luman Development
at The Pennsylvania State University have undertaken a project
to help correct this situation. 1In a program ticled, ""Precject
Newgate', they have s2t out to help prepare inmates for enrollment

in a university program.
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Project Newgate “egan June 1, 1969 at the State Correctional
Institution at Rockview. During the first year, 50 trainees will be
celected from the six to eight thousand lnmates committed to the
Pennsylvania Bureau of Corrections and county jails. Preference
will be given to inmates with high potential and poor academic
records; to the poor and those from broken homes; tu thcse with
short remaining sentences; and to blacks, who make up about halﬁ
of the prison population.

Of the 50 inmates selecced during the first year, it is
expec..d that at least 1{ will be advanced enough to complete
some college level courses and be ready for a full-time academic
program on a university campus after their release. Three Penn
State professors will tezch basic college courses in English,
biological science, and speech. Once on a college campus, the
trainees will be provided with a stipend sufficient to cover £ull
expenses including fees and tuition for their initial term.

Another 20 students who have finished the 10th and 1llth
grades will receive intensive college preparatory instruction
and will take at least three college courses before being admitred
to college.

Twenty other students classified as under achlevers --
persons who have not cnmpleted 10th grade but have high potential
for learning -- will be encouraged to perform college preparatory
work. At the end of the project period they should have high school

eqrivalency and be able to meet college admission standards,
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Trainees in the project will be motivated to achieve their
aducational goal by a system of rewards for high-level performance.
There will be "payoffs' for more rapid and accurate mastery of
information. The payofi will be in the form of points, which can
be used to obtain items such as clothing, candy, trips to campus,
and access to entartainment. Successful academic performance
may als~ gererate such rewards as self-satisfaction, feelings of
adequacy, mastery and success -- feelings which most criminalrs
and deliquents sadly lack. ‘

In a new educatioral building at Rockview, trainees will
be taught by the latest techniques in programmed instruction. Infor-
mation will bz presented step by step by teaching machines. Each
new frame or unit builds on the ovreceding ouwes. Whenever new
information or conccpis are introduced, the student 1is tested
on his understanding of what is presented. Depending on his
response, he is directed to move on to more challenging material
or to review the lesson. In this way, trainees move 3along at
their own speed.

Four full-time instructors will be on hand to supervise and
give preparatory instruction in English, matheratics, science,
and social studies.

Pending legislation in Pennsylvania promises to permit
involverent of selected offenders in "off-grounds' classes and
programs. Qualified priscuers in this project will be permitted

limited involvement in the University's social and cultiral life.
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Tours of the campus, and participation in drama, art and music
may be utilized as reinforcers and motivarors for the trainees.

Studeats (both volunteers and interns) will be utilized
as academic tutors, discussion leaders, and counselors.

In some cases, senior student counselors may be selected
to live with prisoners in an ovdinary house on the priscn grounds.
Trainees will attend academic classes full-time at a University
after they are released.

D. Prescriptions
Some methods required for projects using P.I. with under-

educated adualts:

1. Need to work with pilot groups of 5 or so students at first.

After testing-revision cycles with these ar+ other students,

if the method pans out then expands. We need the same kind
of testing-revision cycle for the try-out of contingency-
management Or reianfcement procedures as wa do for the

programmed materials thamselves.

2. Need for baseline infcrmation on students: &} sub-cultucal

difference-: bt) differences as a runction cof trzining,
education, etc. An example of the latter ic the kind of
information secured from the Scholastic Aptitude Test,
Metropolitan and Stanford Achlevemeni Tests, and others.

3. Need for rine~grain data ct¢ 2ctiou systems. Need to see
the effects on speed/accuracy/retention of P.1., and

contingen~y systems.
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Need for widespread application of concept of successive

"simpler" societles,

approximation. Learning in so called
e.g., Americau Indian, Is far less formalized, and relles
much more on succosrive approximation. Example: economic
attainment {s carefully graded from simple to complex,

so that, in a2 nunting culture, a child 1is carefully guided

to making a capture of a very small animal with a minlature
bow and arrow before he is guided co the next size of animal.
Working with undereducated and/or disadvantaged adults, we
need to use successive approximation in depth.

Need for anthropologists in educational aciivities, in
designing, implementing, and analyzing. Of 1,000 staff
nembers of the 20 education research and development labora-
tories in the U.S., there is only one anthropologist {(to my
knowledge), and he is leaving for a University position.
Teachers of undereducated and/or disadvantaged need anthropol-
oglcal training and experience, as well as training and
experience with sub-culture of the kind they will be working

with.

Wrap Up

Programned instruction has a natural affinity to programs

d=signed to educate undereducated adults, It can, as the examples
T have c.ited show, be extremely effectiv: not only in rapidly
providing a full education, but in providing incentive or developing

confidence and a feeling of success 1in learners who sorely lack this
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c¢~mmodity. When combined with a contingercy of reinforcement system,
such as those previously described, P.I. can bhe that much more

effective.
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COMPUTER TIME SHARING IN AN ADULT BASIC EDUCATION PROJECT
Miss Sue Stephenson
Regional Training Offices
Head Start
Morehead State Universitv

The first operation of our program at Merehead State University
started with une terminal located at the laboratory school on :ampus.
The main objective of our demonstration project was to try this
type of instruction in a rural setting. I* proved very effective and
we were funded to go on with this as a full time operation during
the summer of 1967. We aperated 36 terminals through the summer,
¢ aected only with the elementary schools. The program came from
Stanford University to our small computer which in turn ouperated the-
36 terminals located at University Breckinridge Trainin2 School.
Participants in the program consisted of students in grades 1-6
at the training school, Upward Bound, and Neighborhood Youth Corps.
In addition we conducted a demonstration project with a few adults,
which was thz foundation for starting the &dult program in the fall
of 1969.

In January 1968, the program changed hands. With the changing
of administration, our 36 terminals were placed in different schools
in the area, so we had 29 centers located over the eastern F ntucky
area, one terminal in each school. Of course, the main objective
here was to see what type of results we would reseive from the

community, administrators, teachers, and pupils.
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The main trouble that we encountered was due to the fact that
there was only one terminal in each school and 1t proved to be difficult
for a class of 35 students to utilize one terminal. This problem was
worked ou* by taking half the class for one semester and the other
half the nex* semester.

vur largest school is the furthest away (115 miles) which added
tc the difficulties. Some other difficulties were involved in work-
ing with the various telephone companies. W-.th the programs scattered
over a wide area any terminal trouble was a problen, for getting a
technician to each school in a day's time was difficult. In our
veacher training we tried to discuss some of these problems so the
teacher would know how to handle the problem and to help us in this
respect.

Teacher training in the eastern Kentucky area consisted of a
number of workshops held for teachers who would be working with
CAI programs in the rall. OQur program consisted of five workshops
involving over 100 teachers. 1In these workshops we tried to give
teachers a brief orientation to the program, an introduction to
what they would be doing and how to iIntegrate this program into
their classroom activities. We discussed behavioral objeciives
and the teachers were given a chance %0 work on a program of
their ovn to decide exactly what they wanted in a classroom and
how to go about getting it. Along with this we had a sess’‘on where

they could participate on the terminal themselves as if they were

- 82 -



students. This is alweys interesting because adults are more afrald
of the terminal than the students are.

We had four areas which did time sharing. We had a time shariag
arrangement with Eastern Kentucky Educational Development Corporation,
the administering agent for Title III projects in our region, and
the computer program was under Title III. EKEDC had contracted with
Stanford for ten hours per day. Of the ten hours, eight hours were
utilized by the elementary schools in the area leaving only the
last two hours from ¢°00 to 6:00 p.m. for use by other programs.
Four Adult Education classes were scheduied to utilize those two
hours. Thus, the beginning of ABE Time Sharing.

Some of the problems encountered in our operation of the ABE
program ware dne to the {act that we began late. At one time we
had all four centers with over 300 students participating. Around
April the program started running very smoothly but the program
which was supposed to run through June, terminated early. At the
termination of the project, we had i0N0 participants.

We administered a survey test to the participants at the
beginning and also at the end of the program. Another professor and
T developed the instrument in which there were statements made by
participants in some of our workshops, plus questions concerning
education :.n gereral. The survey was designed to get the opinion of
the students and the teachers in the area as to the suitability of
different arithmetic methods used in the area. We were hoping to

get a wide variety of opinions but we didn't. We concluded that
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the difference between the attitudes was appreciable even though

we did not have a lot of time. The fact that none of the partici-
pants were against the prograrm was very rewarding because we were
really expecting them to be. On the contrary, the stucdents and

the teachers in the area wanted to ccntinue with the program another
year.

The achievement results were taken from only a small group
due to many difficulties. From one center tae pre test and post
test results were collected for 19 students.

Different groups have been participating 1in our program at
Morehead. Some learners have been remedial students; these are
high school students who were working on a third grade levei in
mathematics. Other programs have been the Upward Bound program
which ran for a period of six weeks. The gain during these six
weeks was eight months,

A study is still in progress to determine the feasibility
of utilizing computers in upgrading the education system of
eastern Xentucky public schools, colleges, universities, and
vocational schools. This study involves such are2e ns grade
reporting and administration. It was intended that the study
investigate the possibility of locating a computer center in the
eastern Kentucky area, hopefully =t Morehead so that we would
supply the area much more efficiently than from Stanford. As of
now, the study has not been completed but we are eagerly awaiting the
report; it would etiminate a lo. of problems if it results in a new

computer.
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EDUCATIONAL PROJECT MANAGEMENT TECHNIQUES
Desnmond L. Cook
Director, Fducatlonal Program Management Center
NDhio State University

I would like to discuss with you today the concept of project
management. Let me start by outlining what I mean by a project.
The first requirement is that it should have a finite time limit.
(i.e. the project will termirnate at scme point in time usually
when the objective has been accomplished.) 1In & preat many
prcjects this occurs when the final report has been prepared.
The second requirement is that there is a wide variety of tasks
and jobs that have to be done by a large number of people utilizing
all kinds of resovrces, Just think of the magnitude of some of
the things that go in develuping a Computer Assisted Instruction
program (CAI): You have the computer people, you have the software
people, and you have specialists. Obviously, projects vary in their
degree of complexity, some being very simple one-man operations
and others.very extended operations.

It is cenvenient to let the project be viewed as a system.
That system nust ba definzd. What we are saying here is that
the tasks which we have to do on a project are much more like each
cther than they are to the rest of the environment in which that
project exists. One of the major tasks in project preparation is
defining the boundaries of the project or defining the boundaries

of the system, and isolating the project from its environment so
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that one is able to say that this is a tasi I don't have to o in
order to get to my goal. One of the reasons a lot of projects fail
is because of an inadequate defin®'ion earlyv in the preparation

of the pruposal.

Projects are usually non-repetitive in nature. For example, we
can think of building a schcol btuilding as a project. Now one
advantage in building school buildings is that w2 have done it often
enough that we have a model for doing it. This is quite helpful,
but in developing CAI, for example, we don't have all the models we
need for doing this project. Basically, we won't Go a pioject egain.
We might g~t additional funding to explore another idea or a related
idea hut that will be a different project. Such projects are often
referred to as once-through. A good case of a once-through project is
the Apollo preject. But now that we have been to the moon, the goal is
reached; from now on going to the moon will be a matter of routine, a
continuad operation.

Organizational Placement of Projects

In talking about project management, one of the topics which
must be included is the way in which projects are placed into
organizations. Since this condition has a great deal of bearing
upon the successful operation of a particular project. In an
organizational structure such as a state department or education or
a university, the structure includes various levels of management,
functioning departments, and organizational units. Projects can

be incorporated in several ways.
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The project director can be placed in the organization directly
under the administrator but away from the rest of tie group. In many
cagas this is a good arrangement '.zcause the project director has
quite a bit of freedom to hire the staff he wants, to move in the
direction he waats. He is fully responsible. But, on the other
band, he may be off by himself with no interaction with the insti-
tution or agency.

Ariother pattern is the placement of a project in an existing
departmsnt or unit. In this case, the unit has the capability
of doing the work; it has all the personnel needed, all the
farilities and skills, But it may lecad to empire building and
to little or no interaction with other units.

The most coumon pattern which exists in a large number of
organizations 1s what is called the Matrix Structure. Here the
project is brought in and a project director if mamed. He is
responsible for getting the job done, but does so by using resources,
personnel, and Jacilities from many departments and organizational
units. In this case, the project director can make maxium use
of these people in the unit, but since he i{s not in a line relation-
ship a poov authority pattern exists. He runs into things like,
who 1s going to give the rewards (the project director or the
department head;) who gives the staff member his salary or promotion,
and related potential conflicts.

There are many kinds of problens associated with being a

project manager too. For exemple, one of the principal job- of the
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projec. director is to work himsel! out of a job. He is supposed to
bring the project to completion. What often happens is that when

he sees the project coming to an end he is tempted to write up
another project in crder to keep himseif in this position. So the
last four or five months o? one project he may spend writing a
provosal for another one. Consequently, we need some way of
providing a kind of job security to project directors in between
projects when they don't hzve to get money. You can build up an
extremely good staff of people, but when project funds run out,

you lose all these people.

Project Manager Effectiveness

What makes an effective project director? First, the kind of
educational background and experierces he brings to a particular
project. Does he have the kinds of skills and abilities that he
should have? This requirement is particularly important when a
project deals with a speclal field such as medicine. Second
regardless of background there are certain kinds of skills and
abilities that & person should have, mainly logical skills and
analytical skills. You have to be able to take something apart,
and isclate the elements, and put it bacl together again. We
find many good project managers have science backgrounds or
research backgrounds. Thiru, a project manager should have some
experience as a project director, but this is not always possible.
One can get this eiperience as an assistant project director when

he is a graduate student. W¥e should be aware of this when we employ
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students and give them this kind of responsibil!ity during their train-
ing. It doesn't do much goeod to put students through a series of
cupurses ~n statistics and measurements with the idea that when they

go¢ out they will be able to rum projects. We beove to start training
them to run projects as part of thelr graduate programs. Finally,

the project dirzctor will be effective anly to the extent that the
organization puts resources and support behind him in terms of

getting jobs done.

Nature of Management

Many people have made studies of management over the years.
Historically, you could say the field of management is about fifty
years old. People who have been spending scre time at it have
formulated certain assumptions about what managers need from an
educational point of wview. These are some general ideas which now
pervade a great deal of the training of managers.

First, they recognize that it is a profession callirg for
common training. It doesn't make much difference whethef he is a
public or a private agency, the manager, or director, needs certain
kinds of skills.

Secondly, the most important task is making decisios. A
tremendous amount of effort and energy in mancgement 1s devoted
to a study of de:ision-making processes. This 1s particularly
true with regard to resource allocation. How does the Congress,
the Office of Education, or any other agency make decisions as to
how 1t 1s going to cllocate the money received? 1t is a very big

problem.
- 89 -

94



Thirdly, most management specialists say that the manager needs
some idea of quantitativ: methods. Certainly, one of the prime
reasons for this is that decision-making is always done under a
cloud of uncertainty. Many people have simply made subjective
decisions. Basic concepts of probability theory are needed, if
only to be able to say that 1if we go this way we stand a better
chance of success than 1f we go another way.

Fourth, it is recognized that the manager fundamentally has
to vet people to do things. Therefore, he spends a tremendous
amount of time learning to work with people, handling personnel
problems, motivational problems, and the like. The largest part
of his time is spent in this area.

Fifth, if we have differences in managers, it is in terms
of different levels rather than the kinds of skills that they
need. For example, the p=vple at the top level of a corworation
like American Motors set the policies; the managers are eng:ged in
wihat we call strategic planning. It was the top level manager
making the strategy decislon to go into manulacturing sports cars
instead of staying with compacts. Sc¢ the differences are only in
terns of levels, which means that we don't train specialists in
management; we train generalists in management so they can step
in and cperate at any level in any type of situation.

We are beginning to pick this up in the field of education.
Some of my colleagues in the field of educational administration

are uo longer talking about training the a2lementary scheool principal,
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the junior college administrator and the secondary school principal.
They are saying that there are enough common skills so that these
people could step inco any level of education and manage the enter-
prise. In our own institutions, we are making our students go over
more and more to political science, economics, and other areas to
get their training to be administrators.

Functions of Management

Historically stated, four major management functions have been
identified. Actually they are interrelated one to the other but
we generally refer to them separately. (1} Planning refers to
determination of objectives and alcernatives. (2) Organization
refers to people, resources, and equipment associated in some kind of
structure to help carry out the plan. (3) Directing means getting
people to work, the reward structure, the problem of 'ow to deal
with creative researchers in organized environment, and similar
personnel problems. (4) Control refers to tiiose actions that are
necessary to adjust the operaticns to the plan. This is a basic
idea; since it is an adjustment mechanism in a sense. It {s not
punitive. It is not negative, but 1if we set off to go to Chicago
we begin to digress, we had better find a way to tell us we are
digressing and get us back on the track before we go too far.

When we talk abcut projects and the work that goes into them,
we find that there are twe functions that are a concern to us:

j One we identify as planning, ard the other we identify as control.

In reality these functions are very closely related and it 1s
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hard to separate them. We'talk ahout planning and controlling,
sirce, the project manager's major responsibility centers in these
domains.

Project Planning and Control St=ps

In looking at a project, we can identify a series of steps
the directonr goes through. The first is to set a goal or end
objective for the project. Then, given the goal, we have to
outline the series of supporiive tasks or jobs that are going to
help one gct there. Outlining the series of tasks is nothing more
in the long run than an olLjectives/hierarchy which iec called project
definition. Once this definitior stage or hierarchy of objectives
has been outlined, we know the what and why of a project. Then, we
go into the work flow or plan which is a process of outlining the
sequence or order in which the jobs have to be done moving from left
to right.

lhen, we establish a schedule in terms of getting the project
done by a certain date. The reason we do this task is because we
can relaia costs or budget to time and, therefore, we can plan
and control costs and time at the same time.

These several steps constitute what I call establishing the
shoulds. This is what we say should be happening; these are the
gozls we should be accomplishing; this is the work sequence we should
be following; this is the budget we should be following. We then
proceed to enter control phase. Here we get perivdic progress

reports of what's going on in the project. These reports tell us
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what is actually happening. Now, the project manager's job 1s to
tale what should be happening and compare it to what 1is actually
happening, znd tc identify where there are deviations. Where he
finds significant and decisiuns that are necessary to get the
project condition to where it should be. To do this, he may exer-
cise the option of even changing the should.

There are, however, not many choices he can make. Many of the
discrepancies will be negative in the sense that the project might
run behind schedule, or it might be running behind on performanca.
On the other hand, the project could be running ahead or have what
we call a positive deviation. Things coutd be going better than
they should.

This is what is meant by project planning and control. In
carrying out these functions, the manager is constantly making
decisions regarding the gocals that are being achieved, the plan
that is going to be used, the schedule that is going to be main-
tained, and what measures of performance are going to be secured.

Information, Decisions, and Project Management

We know many things about lecision making. We know for
example that it involves making choices among alternatives. We
know that we must specify the objective of the decision before
choosing the alternatives. We know that information is needed
in order to make decisions. The project manager needs information.
One of his major problems, of course, is to determine the “_ad of

information the manager needs in order to make decisions effectively.
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The question is, '"What kind of information does the manage: need in
a project situation?"” Most people have generally identified the
three major categories of (1) time, (2) cost, and (3) performance
as the critical information he needed. Information about time should
occur in the planning stage. He can then lock at the schedule in
terms of where he actually is. Is he runninz behind or ahead?

Cost is preparing the budget and checking expenditures agninst

this plan to make sure he 1s not over-spending, or under-cpending,
or spending too fast, or too slow. By performance we mean quality
control, making sure the objectives are beiag achieved, and that

he sets out to accomplish what he said he was going to do. It

is the qualitative dimension, if you will, as opposed to time~

and cost-dimensions.

Someplace or other there is a nice place to balance out these
three dimensions. It is very interesting to tkink that at any
given :ime a project manager has to deal with time, ccst, and
performance concurrently.

Lat's say that I am in a project situation and a certain
problem comes up, If I want to maintain my schedule or keep time
constant, then I can begin to play with cost and performance. On
the other hand, if I want to maintain performance the only vari-
ables I can play with are cost and time., If I have a budget con-
straint, that is fixed price contract, the only things I can play
with are time &nd performance. New you begin to put a counstraint

on any two of these and you begin to get into a rea. problem. This
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wight occur when a schedule date is to be maintained and a budget to
be set, the thing you begin to play with is performance. Think back
to the Apollo program. They chose in a rather deliberats sense

to constrain performance. They wanted a system which would guarantee
a safe return almest 99.99 percent. They weren'l too much worried
about the cost or time. They would sacrifice a delay in getting to
the moon in 1970 rather than sacrifice a performance.

Project Management Systems

Historically, there have been many systems developed which
helped us get the project management job done. 1 want to review
these quickly for you.

Let's assume for the noment that we have a little effort
going with several tasks that have to be done. One of the earliest
systems developed for this situation is the Gantt Chart developed
in World War I. It outlines simply the tasks from start to comple-
tion over a time scale. Time was used because it can he related
to other things such as cost. While you can show the start and
completion unfortunately one can't show the interrelation between
Task A and Task C. This may be a very important relationship,

The other difficulty with it is that we recognize we might be
through a task 50 percent in time but not 50 percent in work.

This set up now often happens, so some people wanted to
improve on the Gantt Chart developed what is referred to as
milestone charts. You identify within the tasks certain signifi-

cant points of accomplishments and refer to these as milestones.
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This enables us to mark off particular points of accomplishments so
we can see whether or not we are proceeding on schedule. We are stiil
not able, however, to see the interrelationships of one task to
another. Gantt and Milestone systems were developed for production
operation situations - manufacturing of cars, turning out nuts and
bolts, and the like.

Starting in the 1940's, a new phenomena was occurring. We
began to see the development of the programmatic effort tou reach a
particular goal. The goal set out was to develop & nuclear device.
People, agencies, resources, from all over the country were brought
together to achieve that goal. What happened in the late 1950's
is the development of a new management approach caused by the need
for better preject control. This led to a new variety of systems
which are not known as network techniques. 1In this system, we
have our milestone events, but also, are chute show the inter-
relationship. Program Evaluation and Review Tochnique (PERT)
is probably the classic example of this type. PERT was particu-
larly developed for use in the research and development situation.
Cectain dimensions of it take care of the problems of uncertainty,
but one has to be a student of the system to talk abour {ic.

Projects in Education

What we have been trying to d» 1is to take a lot of this kind
of thinking and put it together for vse in the field of education.
We are saying the project is a system. A project proposal is a

simulation or model of the system. You are trying in the project
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proposal to outline the future. You are modeling it, you are
simulating it; you are saying, "Give me the money, and this is

the wo?ld that I am going to create out there.”" This is what

that project will look like. Of course, the better you can do
that, the more successful the project is going to be. The less
you are able to do it. the less you are able to model that futvre.
In a sense the better you can do it, the fewer problems you will
have.

Let's apply systems thiaking to a project as shown on Figure 1.
In this particular example, the objective in a project is very ciose
to what we call the mission function of a system. In the project
planning we have what we call definition where we outline or
break out terms, the funation, the product, the sub-svstem. This
is very similar to the factoring or decomposing that goes on in
systems. Once you decompose a system, you put it back together
again in terms of a synthecis and this becomes a plan. Nctice in
systems analysis column there is not scheduling dimension but there
are feedback loop interactions. I have generated what I call a
general project management model as exhibited in Figure 2.

There is a3 basic overall system or totality. This totality
can be broken out into two major .ub-categories, one called the
planning system and the other called the control system. The
planning system is set up to outline the way we go; the control
system is @ vehicle to make sure we are going that way. What too

often happens is that sumebody will do the planning but nobody is
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really controlling anything. On the other hand, we have some project
managers exercising control. They are worried about the budget,

the schedule and so on but you look around for the plan and none
exists. That kind of situation would be 1ike just getting in

y&ur car and suddenly driving down the street not knowing where you
are going. Both of thase go together. If you plan something, you
intend to control it. If you control something, then there should

be a plaun.

What's involved 3n planning? DBasically we identified five sub-
systems. The first of these we call project definition which is the
outlining of the goal of the vroject, moving from large parts dovn
to small parts. We use terms l.ke factoring, decomposition, analysis,
disassembly. What you do is take a global task and try to break it
vut into its constituent parts. This is where your systems concepts
become quite useful to you.

Let's now take the technique or Program Fvaluation and Review
Technique in the right column of Figure 1. We can relate to PERT
arnd show how it fulfills each one of the planning and project
control ideas and also to systems analysis .r4 the way we are using
it here. 1In the PERT system, there 1s a najor objective to be
accomplished and you develop what we call a work breakdown structure.
This 1s hierarchy factored just as it was over in the system column,
We can eventually break out smaller and smaller tasks which we
eventually call activities. We then take these activities and put

them together in a flow graph which we now call a network.
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Where PERT differs from systems is that with PERT we now
produce time estimates t° d. the job; we establish what we call
slack conditions for management purposes. Then in the controliling
function, you take care by noting the deviation that occurs between
what shauld be happening as outlined by the plan and what is
actually happening, taking those actions which are necessary to
correct the thing and then recycling to get back by establishing
a new set of 'shoulds' or by revising the existirg "shoulds'.

A Model of Project Managemant

What I have done over the last several years is to study
various project management systems and asked, '"Why can't a
project director develop his own system?" 1If he understauds what
is going on, what the functions are, then he is not bound by one
particulas technique. One of the problems you have is that people
can see the same global thing in different wsys. What a staff has to
7’5 is agree on some kind of structure before they can move anead.
The main thing here is the outline of the task. i‘nce tasks are
outlined we put them into a flow. Once we get that done we go on
to time estimatinn. Here is where you run into some interesting
problems because, if it is a R & D situation, *ou are going to
have to develop expertise with what we call probatbilistic systems.
You are going to have to recognize that unplanned elements can
happen and therc is a need and a way to protect ourselves on that.
Scheduling is a matter of setting up the resources we need and when

we want them. This gets to be a real problem. 1 have seen a lot of

- 101 -
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projects run into trouble because the managers were thinking they
could ger a consultant at a certain point in time when they needed
him but they had failed to check with the consultart. So they
had to delay a ceitain vital part of the project until the consult-
ant wes available or else get a different consultant. In many
cases a gifferent consultant has not had che same quality and
consequently the project suffered. So scheduling is a real prob-
lem. Budget preparation comes last. It 1s done after the others
are accomplished. Many timnes I have reviewed proposals in which I
wonder i{f the sezme people who prepared the bhudget prepared the
rest of it. It is very hard to see the relationship between the
work to be done, the objectives to be achieved, and the budget.
Under control systems three points vere emphasized. The
first point {s that if you are going to control you do this
through a report system. T-eve is an expertise just in this
particular thing. I would say to you first of all repcrts have
to be on time. It doesn't do any good tor a man to know about
problems toe late o do anything about chem. 3econd, they have
to be brief, and 1f at all possible they shouvld be visual. They
should be written up in graphic form so that the protlem can be
readily jdentified by the manager so he can see what he has to
deal with. Make it very simple, one or iwo pages. 1f you then
want to supplement it with necessary appendix material, gn ahead.
Second, the report identifies the problems to which the management

give his attention. Using problem analyses techniques, ke works
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out a solution to the deviation from plan. Thiid, having made his

decision, the manager must maixe sure it is implemented.

Summary
The general model presented covers the basic dimensions of
project management in education. Proper understanding of the

basic concepts and princtples will give some assurance that you can

be a successful project director or manager.
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COURSE AUTHORING TECHNIQUES FOR CAl
Peter Dean
Education “esearch Departuant
I[BM Corporation
San Josa, California

When I firet joiuned the Internationa. Business Machines company
I knew nothing about computers and couidn't uncderstand what people
were saying. Every second or third word sourdeu 1like '"byte' and
"pbit'" and "index sequential storage'. It was a completely different
language that souanded 1lile Engliish but failed to» make any sernse.

Aitar I had learned a little about the business I recognized
that the language was indeed English and made s2nse provided that
1 s; 2nt time studying it.

The point ir the people who work around computers have a jargon
all of their own, and unfortvnately, this jargon is recursive; that
is, 1f you don't know c¢ne term you are prevented from understanding
by context other terms which follow.

I would 1ike to start today by skipping through a few definftions
with you so that we may jointly have a common basis of unuerstanding.
A glossary is by definition a 1list of terms in a special subject,
or field, or area of usage with accompanying definitions. Gilbreth's
definition of technology is the most satisfying I have yet encountered:
The systematic application of scientific or other organized knowledge
to practical tasks. We use a similar definition for education tech-
nology 1is the application of technology to education, i.e. the
application of an organized body of knowledge (a technology) to a

practical task, in this case education.
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Instructional technology is a subset of educational technology.
Here we are talking about that part of education which is known as
instruction. 1Instructional technology is the use of technology,
the use of organized knowledge, and in this case the practical
task is to improve the student's interaction with his materials,
the subject matter, and his teachers.

Instruction is: interaction between a student or learner and
(1)} learning materials, (2) subject matter, the discipline itse f,
and (3) the instructor, the individual who is available to interpret
and help him understand, his teacher.

If T take that same definition of Instructional Technology but
change a couple of words 1 have a useful def  “tion of Computer
Assisted Instruction. If we cross out ti,. words “inscructional
technology" and replace them with "CAI", instead of speaking about
technolegy generally; which would include such things as audiotutors,
video tape records, books, films, or tape recorders, these other
tools; we talk about the use of a computer, then we have: CAIl 1s the
use of a computer to improve the student's interaction with his
materials, subject matter and teachers.

As we begin to look at computer assisted instruction specifically,
and before we get to the question of how one goes about authoring
material for computer assisted instruction, we need to look next at
the varieties of computer assisted instruction. 1 will present these
in a few groups and try to make some differentiations between these

uses of computers in instruction.
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DRILL

FRACTICE

PROBLEM REVIEW

DIAGNOSIS AND PRESCRIPTION
TUTARIAL

GAMING

SIMLATION

FACT FINDING

COMPUTATION

LOGICAL PROBLEM SOLVING

EXPLORATION

Figuve 1. List of different ways computers may te used tc improve
instruction

There is no real hierarch in the list; that is, #’though the
first item is called Drill and the last item is Exploration, this
does not necessarily imply that the one application 1is any more
useful, any more powerful, than the other.

A computer may be programmed to drill a person on requisite
knowledge. It may be programmed to permit a person to practice the
use of skills or techniques or it may be programmed to provide
the student with assistance in problem review. These are different
applications of the cemputer.

A number of fairly large projects with a lot of money involved

have been less than successful becaise of the failure to understand
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the difference between Drill and Practice. And yet, when you sit
down and think about it, most any classroom teacher can specify this
difference to you. As an example of what I mean by Drill and what I
mean by Practice, consiuer some skill involved in basic erithmetic.
If 1 ask you "What is 9 times 9?" I expect a responsz of "81". 1
den’t expect 2 bunch of manipulations with numerals which lead to

the answer 81. And my criterion performance of good behavior would
be huw quickly you emitted the correct answer and in terms of overall
periormance how frequently you emitted the correct answer.

Now in programming drill fur a computer you write a program
which will (1; inc'ude randomly all possible combinations of numbers
for which the student is expected simply to know the answer. And
in presenting such a program to the student, you are not much
interested in telling why 9 times 9 is 81. The concerns are (1) that
the student give the correct response anl (2) that he give it quickly
and consistently.

Practice :'n the other hand can be illustrated by the Problem
99 times 9° In this case the student is expected to (1) know the
numt :r fact 9 times 9 and (2) know an algorithm or procedure for
multiplying two digit numbers. The exact response and the speed
with which it is made are relatively unimportant.

Drill and Practice are quite different, and you don't program
remediation for them the same way. If an error is made in a Drill
the correct remediation is to represent the problem with the correct

answer supplied. 1If an error i: made in a Practice, the correct
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remediation may be either to teach missing number facts or to teach
the proper procedure. Additional diagnosis must be done to determine
which.

Problem Review 1s another, rather different yet associated, use
of computers in instruction. This is a situation wiere you may have
student, say you are teaching him basic science, and you ask him to
calculate how quickly a body falls from the Leaning Tower of Pisa to
the ground. The student is expected to have sat down and independ-
ently calculated the answer and figured out how to solve the problem.
Then when he sits down at the computer terminal, you ask him a
question such as: What answer did you get? If he got the correct
answer you might tell him this is right. 1In case of error you might
ask him to type the formula he used in getting this answer.

In other words you would do the same kind of interacting between
the stuilent and the computer, as you would in a classroor if you
were sitting down working with one student rather than a whole
group of students. Going over a student's individual problems at
a terminal is an effective use of the computer as instructor.

The concept of using a computer to find out what a person knows
and what lLie needs to know is very attractive. The idea 1is that you
place a learner at the terminal, give him a task to do, look at the
answer, watch the way he performs the task in terms of building
sentences or doing problems or whatever, and then tell him on the
basis of what you find out that his response is correct or send him

to "other'" instructional tools in order to practice the needed s¥ill.
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"Other'" tools might consist of other applications of computers in
instructiorn, CAI as well as video tapes or films.

Tutorial 1is the most common concept, the most commonly understood
application to student instruction. This is the kind of situation
where in essence you have put a programmed book on a computer which
has the ability to understand natural answers. There you are
engaged in a dialog with a student except that you are not really
there. You are there by being the author of a program. The student
interacts with a nrogram rather than with you directly.

The tutorial concept of CAI is the oldest of gll the CAIL
concepts. When Ralph Grubb and others first began to work with
computers and instruction in 1958 or 1959, thev wrote tutorial
interaction so that a typewriter would ask s g estion of a student
who would type back an answer, and the typewr:tlc¢:s would respond on
the basis of the answer provided. It is quite «1ifficult to write
effective free language CAI instruction.

It 13 possible, of course, simply to put 1. Shinner-type
programmed instruction programs and let the mi:.ine keep track of
the student's answers, but I do not believe there are benefits in
doing so. Why use an expensive machine as a paye turner?

One of the real problems of CAI, 1is that 1t 1s so exciting
when you can program a computer so it sits up a:d whistles, as it
were, that people tend to write programs simply because they are
fun to do, not becucse they vill a need. Co g er assisted instruc-

tion is as old as PI; yet even at this stage, 10 or 11 years later,
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we are still in the process of trying to understand what there is
about the computer in instruction that adds something that other
techniques or tools do not. It simply does not make sense to write
a CAI program if you can do the job just as well with a motion
picture or printed page.

Gaming and simulation might be regarded as being at the opposite
end of a continuum; in other words, there is a fuzzy dividing liue
between what is gaming and what is simulation. I think the most
useful distinction between tlew is that a simulation is an inita-
tion of reality whereas gaming is something one does just for the
fun of it. Yet, even gaming can be used as ¢ rvather powerful instru~n-
tional tool., There are a number of computer games for which one must
have command of certain basic skills to be successful, such as spelling
in some word games. There are games you can do which are basically
fun but which require you to develop speed; in this casa, it would
be similar to Drill to develop quickness or the ability to apply
skills in which they become similar to Practices.

Simulations, on the other hand, are the brirging of reality
into the classroom or onto the terminal so the person can compress
things in terms of time. For instance, one of the oldest computer
games is the Sumerian game in which the student fulfills the role
2f the warrior priest king of anclent Summer. He has to make decisions,
such as how many people shall plant ihe grain needed {or food, how
many people will become soldiers tc¢ guard the frontiers, how much of

the total national resource shoulc be put into killing rats so they
- 111 ~
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don't eat so much of the grain, and should they build rat-proof
warehouses which will cost $10,000 each or wooden warehouses which
cost $5,000, or do they simply sustain a certain percentage loss
to rats, 1in sum, all kinds of decisions which have to be made 1in
order to live in a community.

There 1s no possible way of providing such experiences first-
hand for a learner, yet on a computer we can compress the time scale
and the learner can practice making decisions. A medical srudent
can practice diagnosing and prescribing for an 111 patient. If
he makes a3 mistake the patient dies. You can't let a student
do that in reality; yet, with a computer, he can readily gain skills
in these directions.

Somewhere between doing things for the fuu of it and in imita-
tion of reality are items which can be found along the continuum of
games and simulation,

Another simulation is practice for job interviews. The computer
asks a question; the student gives an answer; the computer asks
arnather question; this situation is very similar in nature to the
diagnostic materials which are used by the nedical people. Yet, I
think this would be very useful in the work with the under-educated
people y-u have here at the Center.

0ddly enough, one of the powerful uses of the computer is simply
to find facts. Library skills are important but once you have
developed library skills you still have to go to the library and
spend much time to find information. Perhaps the computer can be used

to help you find information quickly and easily.
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Interestingly enough, Computation is an instructional use of
computers. Indeed, in the entire field of computers in instruction,
there are probably more terminals being used just for cumputation
than fcr all the other uses combined. A number of vendors offer a
service called Basic, for which you put a terminal in the classroom
where the student simply sits down and computes on it. .

Logical Problem Solving, as opposed to Problem Review, is this
idea of <ritical thinking, the process of learning how to take
advantage of facts and ideas in order to arrive at solutions for
real tasks., People who are concerned with critical thinking and
prablem solvirg talk about hypotheses and testing hypotheses. 1In
ordinary English this comes out like this, "Well, let's see, that's
the problem; what are the possibilities?” And so you think about
the differeat ways that it might be explained. "I have so many
dcllars; I have to pay so much for rent, so much for insurance, so
much for food; what is the optimum solution in terms of relative
applications of resources?" You can try out solutions and get
answers, then change variables and get different answers and co a
handle on what would happen -- until you arive at the kind of solu-
tion that would be applicable and make sense to you.

The last concept I would like to introduce is the idea of
exploration. This probably has more future and more promise in
terms of the use of computers in instruction than any of the others.
This is the idea of making available to the learner, in essence, all
the accumulative knowledge of mankind, in a form that he can go ard

get as he needs it.
=~ 113 -
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As 1 think you can c=e, from the list of items we have gone
through, there are a lot of different ways of writing CAI courses.
Some of them, such as programmed instruction on a machine, consist
of no more than just putting 1n a series of seguential frames for
the students to see, with the following frame basically determined
by his ruswer to the previous question. Others, such as Expleoration,
involve somewhat different organizations of knowledge. Let's look
a little further at Exploration. V¥Figure 2 {(next page) might be a
model of the knowledge involved in scme subject matter. The illustra-
tic. is diagrammetic and has no reference to reality

As you look at any subject matter which you want to teach people,
you can define pieces of knowledge. Some of the pleces are relatively
small, and some are relatively large in terms of what ycu have to
know, understand, and relate in order to get an idea down firmly.

I am sure that of the learners that come to your classes, each one
br}ngs to any experience, be it learning or any other, a widely differ-
ent ! ackground, and what they know 1s also different. It doesn't
make sense to me, then, that everybody that comes to a classroom
should be taught exactly the same thing A person coning to a class-
rvoow should learn just those things that lLe needs te know that he
doesn't already know. When you set up your criter:a, your objectives,
and specify critical behaviors for a bedy of knowledge, what you are
really saying 1s when a person finishes studying this material this
1s what he will know or this is whiat lLe will be able to do. [ don't

think 1t matters at all whether every individuwal wlo comes tu study a
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Figure 2,

Organizatiot. of the knowledge available within a subject area;
dotted lines show paths followed by two different students
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tody of knowledge reads every page of the book, or listens to every
word of the lecture, or covers all the material in exactly the same
way. What is important is that the person, when he finishes, is
able to meet the course objectives.

One of the real promises of CAI is the ability to permit a
person to study those things he needs to know. Each student should
be able to go st a rate that is comfortable and meaningful te him
as he progresses. In a given body of knowledge, a student may
enter the course, study this materlal, then go study that material,
be satisfied that he knows what is involved; and go take the exam-~
ination or otherwise attempt to meet the criteria. Some people are
very organized and will take first this and then that, other people
i may explore widely. Yet each one is equally happy, and gets equal
i effectiveness from the material. I maintain that this 1is the proper
! way of organizing material for instruction.

Let's look a little bit at the problem of writing and authoring

materials for CAL. Figure 3 (next page) compares the writing of

materials for CAI with the writing of any other sort of instructional
materials. 1In either event an author is involved; he simply writes a
manuscript, and when he finishes a chapter, page or unit, he then
submits this material to an editor for review, revision, sugge;tion,
and correction. This is a regular procedure, for there is no one of
us whose written output cannot be improved by the assistance of

some other person looking over our shoulder and pointing out to us

where we made assumptions that were not valid, and the like.
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In the usual publishing process, once the editor and the author
have finally agreed concerning their material, che editor then sends
the manuscript to the typesetter who is a specialist. The author, if

he wants illustrations, draws stick figures or writes a description

§ of what he wants illustrations to be, and the editor sends the manu-
script off to an artist to have them done properly. After the type

is set and the plates are made, the whole thing goes to the printer.

B

Up to this point, a paper manuscript exlsts; from here on, a typescript

will exist.

The output from the printer goes first to a pruofreader, a

person who checks to see that spelling and punctuation are correct;

by h At

then the galley proofs go back to the author and editor for review
and any necessary changes. Once the text is in print it looks
i different. Eventually, after everyone has approved the sample
- pages, a production run is m3de and the book exists, or the set

of slides exists.

Now let's look at the CAI process. When textual material is
to be used on 3 computer, the autnor's task 1s exactly the same

as when he is writing for any other media. Just as an editor in

the publishing business must know about typesetting, even though
he himself may not be a typesetter, and must know about what is.
possible In the printing process, although he himself may not be
a printer, so an editor concerned with CAI has to understand
what 1s possible within the pasticular computer system that is

being used.
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Eventually a manuscript, a joint product of an author and an
editor, is sent to a keypunch operator, whose function is to punch
the data on cards so that they can be printed and entered into the
machine. From the keypunch operator the finished cards go to a
coding editor, a person who understands all the vocabulary used in
computer coding. When the coding editor finishes, he sends the
completed deck to a machine operator who loads this program to
the machine. The debugger means exactly the same thing as proof-
reader. Only after all these people have done their tasks does
the program in the form of an on-line program go back for the
author to take his own course to see how it looks. The author
does not need to know the machine language. Finally, when all is
done, a new course is available.

When you are writing for a printed page, a long paragraph can
be continued on the next page. When you are writing for presenta-
t;on by computer, if you are using television-like screens to
presen” the material, only so much material can be put on one
screen, If you are hsing a Teletype, or if you are using a type-
writer, the machine prints so slowly your concern is for the
economy of words. In either event, an author writing for CAI
must be confined. We have found this form to be very useful
(Figure 4 - next page). The author and his editor are concerned
with the instructional integrity cf the single frame presented
to the student at one time. They try to get one idea on one

frame. Convention specifies that every frame must have a name, so
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when you write for CAL the concept of naming things is important.
You name every frame that you present. One way of naming things is
simply to number them.

When a frame shows up on the CAI system, the page number will
be called a label and will be the identification needed by the
machine to enable it to present the frame t¢ you when you ask for
it.

After the student has seen a given frame, there are severel
things that he might do; for example, he might go on to the next
page. In this case, all the author needs te do is specify by a
simple check that he wants the student to see the next page after
he has finished with this page. If the student is to go to a
different page, all the author does is indicate the name of that
page in the space provided. But 1f the student is to go to a frame
that he is to select, then the autl>r indicates that the student has
freedom to make his own selection.

On the other hand, it may be that the next page the student
sees will be determined by the answer ht¢ gives to a question on
the current page. If that is the case, the author provides at the
bottom of the form a decision table. This is basically a little
chart that tells the machine to send the student to page "X" if
his auswer was this, or page "Y' if his answer was that, and so on.

This is a general authoring system for any CAI system. Notice
that, in order to use this system, the author does not have to know

a computing language. All the author has to do is understand how to
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present ideas to learners of the age, ability, and skills that will be
using the material and how to think logically. It is the concern of
the coding editor to get this material into a form acceptable to

the machine being used.

In addition to the written presentation on the screen, and the
decisions concarning the answer, there may be uzsociated with each
frame audio messages to be played, and if it is audio, you specify
the name of the message. He might also want to see given frames on
a projector, images which are prepared for presentation, color photo
material which is best done on a projector as opposed to a CRT type
screen. Notice that the decision table permits the learner to go
to this frame if his answer was this the first time he gave {it, but
go to that frame if his answer was this the second time he was given
permission to answer.

The output from one of these frames 1s a manuscript consiscing
of many pages. An advantage of a paper manuscript is that it
defines what is going to be seen on the screen; it shows what will

happen on the basic of any answer a student gives.
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MULTI-SEDIA PROGRAMMING
William A. Deterline
General Programmed Teaching
Deterline Associates
lLos Altos, California

The technology of instructional programming grew up tied to
the printed word, in the early teachiung machine presentation
devices, and in programmed textbooks. Well over 95 percent of
all programmed materials presently available still take the form
of programmed printed materials. There is an obvious conclusior
to be drawn from this: programmed instruction is a "book-bound"
method of instruction. But that conclusion is not correct; instruc-
tion-~including programmed instruction--can take many forms, and
¢ n utilize a variety of media.

Many articles have described programming as a 'process'’.
Actually we should make a distinction between two processes: the
instruction itself is a process, interactive in form, requiring
active responding by the students, and providing coufirming or
correcting feedback or evaluation; and the design and development
of the program is also a process, a process tiat requires objectives -
the operational definitions or specifications of the desired learning
outcomes - and an empirical developmental process of testiné and
revising the instruction *o make it achieve the objectives. These
two processes are as applicable to any other medium as they are to

the printed word.

O
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When we look at media from the instructional design point of view,
we should do su with objectives iIn mind, and ask ourselves what kinds

of stimulus inputs can be used to facilitate, c¢larify, and make more

comprehensible either the responses themselv.s, ¢i the stimuli to
which the student is to learn to respond. Althoug' we cannot go
into tue complexities of this approach, it should be clear that this
is quite different from the more typical and more casual approach

of selecting a variety of media on the basis of relevant content

and availability! Typically the ratioaale for construction of
"multi-nedia courses” is the priuciple of redundancy. The teacher
tells and shows, and assigns text and reference coverage of the

same material, and then brings in a variety of audiovisual presenta-
tions to present the same information all over again in a different

form. This is generally a '"shotgun' approach that has very little
systematic or professional expertise applied to 1t. The approach
says, 1n effect, '"Since no one approach seems to do the job for all
students, we will subject all students to all repetitious presenta-
tions, hoping that as a resvlt, they will ail learn.” This is a

part of the basic instructicnal apprecach that has always dominated
pubiic education, an apprcach that concentrates on content and infor-
mation presentations as the design emphasis, ratber than on an
approach that concentrates on changing behavior by specifvaing that
behavior and then building whatever contert and instructional intev-

action that an empirical apprcach rinds to be necessary.
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It is possible to program any instruction, whether that instruc-
tion is presented by a teacher, an audio tape or video tape, a film,
or a textbook or workbook. But the programming process - at least in
its initial stages - is the same, independent of the media that might
eventually be selected. The cbjectives must be identified, ard so
must the entry level competencies of the students, in relation tc the
objectives, and in relation to the media selection possibilities.

We need to ask what stimulus inputs are relevant to the objectives,
either as stimuli to which the student must learn to respond, or to
teach the student abcut the stimuli and related responses. And we

have to consider the capakility of the student, and whether a given
medium will facilitate or hinder. Practical considerations are also
important, those considerations of convenience for studer. and for

the teacher, as well as cost, and equipment availability and cperation.

The '"language lab'" is now a fairly common application of audio
tape for instructional purposes. 1 spent a year working on a research
project at the Defense Language Institute's Language School at Lackland
Alr Force Base in Texas. One of the very first language laboratories
was developed there a2 numbher of years ago, and the decision to employ
audio tape for language inttructivn was a perfectly sound one. At
the language Schoul, Engiish is taught to foreign stude: ts - Inglish
as a foreign language. The Scheol dues not Fave instructors who can
teach foreign students in th:i: cwn language. All teaching, explain-
ing, and instructing is done in English, building on the very slight

proficiency that the students bring with them. 1t is a fascinating
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structure of instructional desizn problemns. Audio tapes provide
drill and practice, and, in some ol the newer materials, language
Jdevelopmeat itself. Audio tapes - particularly in cassette form
provide a potentially powerful instructional rocl, not only for
language instruction, but tor instruction in many kinds of other
subject matter areas. But nost language laborarories are only
partially eftective, and very incfi{icient, 4and some of the
materials used are almost unbelicvaoly bad!  The medium is not

so poweriul as to be able to make a voorly Jesizned or irrelevant
"instructional exercise" 3nto a lighly effecrive and efficient
instructional tool. It should be obvious that the same 1s true
of films, television, Looks - and lecturues.

Research and develeopment and emnirical course development
projects have indicated c¢learly that intuitive, lopizat, a priori
media select.on and design are simply not adequate. Ihe inade-
quaclies are not as readily identitind in the rore conventional courses,
since it 1s assumed that the course structure 1+ adequate, and that
all inadequacies identified by course examinarions ate in some way
the fault of the students - and the students pav for 1t But tle
empirical approach directs evaluation atteatinn to the conponents
of instruction as well as to the students, and revisions of mate-
rials can eliminate the bulk ot the iniadequacies - oi which there
are many - previously blarmed or the student.

Multi-media courses, and rulti-imedia pregrans for seprents of

courses should nake use of the erpirical develnpacat medel and
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specifications of objectives. This does not mean that when that

"redundancy

approach cannot be fully implemented that the old
principle" and the "interest value and change of pace' principles

arc 1lnappropriate. Sometimes we have no choice. Sometimes
redundancy is the only available expedient, and multi-media variation
can make ¢ rses more interesting. But since we can be more precise
and more effective, and more relevant in our use of instructional
media, those shopworn 'principles for media selection’ should be
second cholces, and more accountable methods should be used whenever
possible.

Individuals involved in the empirical development of instruction,
whether for "live' iustruction, ''packaged’ instruction, ir education,
or in training, have utilized flexible programmed lectures and pro-
grarmed demonstrations, programmed laboratory work, and programmed
independent study. It is unfortunate that the computer and its
terminology has led to an unfortunate interpretation of the word,
"programmed". Many pcople respond emotionally to the word, ‘hink-
ing of it as referring to something inhurman and inhumanc, wechanical,
stifling, and contrary to the values of creativity, intuition, and
insight. 1In the instructional sense, programmed instruc lonal mate-
riais and presentaticns are those tuat have been designed to provide
interactive instruction, to achieve specific objectives, and do so
reliably and predictably. The do much rnore, and well-developed pro-
grams can stimulate interest, curiosity, and creativity, and develop

competence, and self-confidence. Other kinds of instruction can also
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do those things, but pneither conventional nor progrcammed instruction
will always do it unless creatively designed and implemented. And,

I believe, this requires accountability through all phases of design,
development, and implementation.

Implementation, surprisingly enough, 1s not our strong suit;
that i1s, the plea for iwore precise specifications 1n the form of
objectives does not in any way imply, "We know how to teach; what
we need are better specifications.’” The bulk of activities called
teaching are little more than presentation methods, except in the
lower grades, where interactive instruction is a necessity, or
nothing much happens (actually, it is a necessity at all levels, or
very little happens, and accountability won't work in an environment
in which teaching is no more than bombarding the students with
information). Elaborate or simple presentations and performances
based on only vauge notions of the kinds of competences to be
developed in the students, confounded by a fallure to direct and guilde
student interaction, appear to be a rather unprofessional and casual
way to go about something as important as instruction! We do very
little to improve our chances - and our students' - from that point
on. Frequent progress evaluation and remediation tiight help save
it all, but, again, there is very little of either except at the
lower elementary level. ¥We don'l seem to care about finding out
what is happening to our students on a day-to-day or even a week-
to-week basis. Tests that might help us diagnose student difficul-

ties often are so widely spaced as to leave the students in a
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cumulative failure position for weeks cr months before the diag-
nostic data are collected. Bu:t then the diagnostic data are not
used for diagnostic purposes - not in any systematic manner -
nor is much done that could be called remedisl instruction.
Described in those unflattering terms, our instructional imple-
mentation procedures are not very impressive.

' 1s of temporary value

The term, "multi-media programming,
only, to refer to the programming process applied to the develop-
ment of courses of instruction involving a varilety of media and
methods. But it is the programming process -- nat the multi-media
aspect -- that {s the more important. Objectives, interactive instruc-
tion, and validation (testing and revising until the course achieves
its objectives) can be applied to any medium, any method, and to
any combination of media and methods. 7The implementation methods
required to make each component of instruction do its specified
task might be the single most important development in education
during this period of innovation and change. We have learned how

to do 1t in small, special projects; now all ve have to do is

learn how to do it on a broad front and on a large scale.
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A MODEL FOR PRESENTATION DESIGN
AND MEDIA SELECTION

Donald T. Tosti1

Vice President
Individual Learning Systems

In the early days of programmed instruction we naively believed
that the produce we were developing was so innovative and so powerful
a learning device that as scoun as it got into the hands of the stu-
dents they would c¢ry for more. Any means of reaching the student,
even by door to door selling would lead to an overnight revolution
in education. So we thought. We were not alone in this supposition,
for by 1963, something like 200 teaching machine - programed learning
companies had been formed. One year later, most were bankrupt. All
of the bright, ecager advocates had neglected cne item - we never
really questioned how PI material would be used in the classroom.
Failure was rationalized. It was fashionable to blame the clussroom
teacher for being resistant to change and fearing replacement. But,
the negative reaction of teachers stemmed not so much from a fear
of being replaced, but rather from a reluctance to implement some-
thing which did not really fit in the present educatioaal system.

The resulting "bust' in the PI business proauced many casualties.
However, a few professionals still clung to the belief that behavior
psychology could contribute to education. Some continued to write PI,
others wrote on how to write PI. And some of us began to see 1f we

1Formerly Division Manager, Behavior Systems Division, Westing-
house Learning Corporation.
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could design methods of incorporating our materials into the exist-
ing or modified educational system. For this latter activity some
useful information had been collected resulting from the testing

of our previous programs. PIL fortunately allows one to observe

each step of the learning prccess. So, we began by taking these
observations and generalized them beyond the tight stimulus control
of the frame tc broader concepirs of an educational system. Individ-
ually prescribe instruction, contingency management, and educational
accountability are examples of these extensicns. Most recently this
research has led to the development of the media or presentation
design model which 1 will now discuss,

We are at the present time testing this model at the U. S.
Naval Academy under an Officer Fducation Grant. 1t is a significant
research project which requires well over a miltlion dollars in
its implementation. Its objectave is to determine exactly what
effects various educational media produze. An important collary
to this question concerns the cost-effective ccusiderations of
methods and media.

We first had to come to grips with the problem of defining

.
[1]

what educational media are. An examination ot the research on
media 1s very disappointing. Attempts to classify factors that
could be tied to media was almost hopeless. It appears that those
educators who favor certain medi~ do so rore for emotional reasons
than because of any research results. 1In tact, the resecarch on

redia 1s so discrganized tlar anvene who is trying to put together
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a multi~media package is almost forced to rely on personal preference.
We all talk about the grand advancement of nulti-media and mixed
media educational systems, but there are no rules for mixing media
or for the design of multi-medie courses. This state of affairs
led us to attempt a different approach,

For this, my engineering training came in handy. A medium in
an engineering sense is that which transmits something. Every
medium has limitations that modify your delivery some ways. For
example, the diameter of a water pipe acts to limit the flow at
a given pressure. In engineering, we examine the limitations -
not the advantages of a medium. Might we not examine educational
media in a similar fashion? We may assume that any educational
medium limits us in some way. It 'cuts off'" in certain predictable
ways some aspects of the message. The 'message’ in education is
not just the content but includes the form of the ''package' as well.

Let me illustrate tlie point. let's consider this presentation
form: (1) Information is to be presented in a verbal or illustrated
display, (2) a demand of a written or sclected response is to be
made, (3) the presentacion will last as long as ithe student desires
it, and (4) a student must respond before going on to the next
item. It is important to note that I did not specify any educational
medium. Although certainly the cholce of redia we may use is
effected by the presentation forn. As you may recognize, this presen-
tation form is a standard Pl form. It usually is implemented via a

work book, but it doesn't have (o be. The P1 ‘o liove become very
- 133 -
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inventive and have used other mrdia suc™ as slides and tapes to 1:; ‘e
ment essentially the same presentation

Let's look at that presentation when we try to put it through
the singla medivm of motion pictures. We find out that condition
(1) caw be met, but condition (2) is nut since there is only a
covert observing response demanded in respunse to this mediun.
Condition (2) is violated - the dur:'ion of the prescntaticen is pr
set, is not available as long as tl  stuldent desires it, since ti..
next presentation occurs ny matter what the student dJdoes, condition
(4) is not met. This example clearly indicales what we mean by
linitations inherent In the medium. A wovie cannot convey this
presentational form iatact,

Let's take a more sophisticated device - the human tutoi.
A human tutor alone canno® present stimuli in anything but a
verbal form. He can demand a vocal response. tecaunse he can
hzar and the student can speak. The presentation lasfts only as
long as it takes the tutor to speak the words so there is ne way
the student can linger over these stimuli. Coudition (4) can ve
met by the tutor demanding that the student nust make some
response before proceeding. Clearly, the tuter is also limited
in presenting the PI presentativa fora. If, bowever, instcad of
the tutor alone we use mixed media presentation which involves
the tutor plus the blackbeard and a writing tablet, we can

convey our original presenlLation forn intact.
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Now what are the important characteristics of the important
presentational forms? As I said, we first attacked thic problem
by listing every factor we could think of. This included attitude,
atmospnere. cclor of the walls and more than 200 other factors.
We soon decided we had enough so we began to analyze and condense
them. We finally narrowed the factors down to six which we felt
directly influenced learning. We found these six dimensions formed
three classes: (1) stimulus class, (2) response class, and (3) what
we call an instructional management class. These classes vary in
two very impertant ways; in form and in frequency or rate. T7The

dimensions thus appear as follows:

the Dimensions of Fresentation

Display Form Duration

Environmental structure Transient

Fictorial Length of tinma the
Stimulus presentation remains

Symbolic intact

04
Werbal Pacsisteat
Response Demand Response bemand Freguency

%ovcrt

Selective

Constructel Jffﬁdﬁent
Respons: 4

Vocal Sparse

[Motor

Affeciive
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Monagement

‘he Dimensions of Pre<en;q:{qnﬂ£cgﬂ£inuedl

M nager Purpose
—EEFE Tanagement
Achievercut Management
Prescripteve Management
Enrichment Managenment

Motivation Management

Systems Supnort

Instrucrional Management

eoeofrequency
.FféQuan

1\

~N

o Frequency of decision to

change presentation
A
7

Sparse

Although this structure mav appear logical and simple, 1t tcok almost

a vear and a half before we saw these relationships coming out of

the mass of variables we began with,

(Tosti and bBall, 1969).

The first dimension, the display form or stimulus, can be

represented in a varilety of wavs, but four forms are most cormon in

education:

trated inforwation at all;
(4) verbal, both written and oral.

ways in which informatien can be displayed.

(1) environmental structure;

(?2) pictorial - any illus-
(3) synbolic - as In mathematics, and
Now there are obvinusly other

One could use gestures,

odors, feel, etc., but usually these forms are unirportanc in

education.

Suppose we decide a plctoral display 1s the rost appropriate

presentation form.

use to convey that plcture.

We have not specified what nedium ve right

Obviously, a bock could handle a

picture, so can a film or a blackbtovard - which one do ve want to

use? Perhaps, if we censidev
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will be @ arrowed. If our educatlonal system indicates an ideal
cordition we would like to have for cach of these six, not for just
the display, ve .an begin to make sore rational decisions on what
madia-mix we might use. Possibly we might be forced into trade-offs.
For example, a film may be too expensive, a book too dull, and a
blackbecard too inconvenient. So, it might be best if we ccould
eliminate the pictoral display. If we break the verbal informa-
tion dovn - ore and thus increase the response demand frequency, we
might do just as well.

Let us now exarine the second dimension. Displays vary in
their duration; that is, how long they will remain intact. The
impact on learning of duration ~an be very important. Display
varies from very cransient te very persistent. Various media have
different capacity iv i.andling the duration aspects of the display.
For example, a book cannot handle a highly %ransient display. Wwhile
a movie normally handles a very transient display with ease. Movies,
however, can also handle persistent displays. For example, there
are underzvound films that show the Empire State Building for 18 hours.

Duration factors are fraquently found, but not identified as
such in Fducational studies. Researchers have ofcen cormpared the
highly transient display of imovies with mixed transient-persistent
displays of conventional lectures or they have comrared conventional
lectures with the still more persistent Fl. Inherent in all th-ose
experiments has been this confounding factor of ducation. It is

difficult to compare Pl with lectutres wnen ihe student, at his
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lelsure, can cobserve the PI1 displav as long as he likes. Such research
is not analytical when as potentially powerful a factor as duration
is rot being controlled.

Too much resrarch is of this form. Ouwue of the major considera-
ticns of the Annapolis project is to eliminare the confounding of
m2dia with presentational considerations. There are marn ' Important
questions ra'sed. Is duration a factor in learning complex informa-
tion? VWhat are tlie interactions between prescentation dimensions and
wha* we are teaching? Or the kind of students that are learning.

Let us row consider the two response diuwensions. Yhere are a
class of media that we usually neglect in our research which we
might - 111 the response acceptanc: media. These are media which
can accept strdent outputs and possibly store or transmit these
responses. Such media may be just as important as dispiay media.
The note pad you are writing on 1s a respounse - acceptance medium.
My ear is a respcnse ~ acceptance medium. Now one way 1n which I
differ from a video tape is that as a device I have potential of
acc.pting oral responses, walle a vidro tape has ro such potuntial.
Even though our display characteristics may not differ ruch, our
response acceptance characteristics do. This nay be an iwportant
difference between the lecturer and the 1V, but only if the capacity
is used. To a lecturer with 500 students in his class, his respouse
accepted capacity is of little use. Unfortunately, in cducation it

is as cormon for us to pay for unusable media advantages.
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It could be, and we are investigating this now, that thec wost
significant single dimension of presentation i1s the response demand
frequercy. There is some evidence that the surcees of PI and CAL
does not result from their elaborate feedback mechanisns, or their
precise attempts al establishing stimulus control but, just from
the high frequency with whirh they demand response, which causes the
student to interact with the material. Our preliminary results indi-
cate that if you <an guarantee tunat tle stulent is interacting with
the matzrial, the frequency with which he is required to respond
may be the best predictor of success. It may also be the faccor
which is most sensitive to individual differcnces in students'
abilities. We suspect, and there is tentetive data on thisg, that
some students require a L.igher response - <emand frequency than do
other students. Most of us in this room have he:n able to learn
successfully from tooks, which have a velatively low response -
demand frequen:y; however, we know of ctiers who require much higher
response - devind frequency.

We have in our own work developcd instructional material which
ve call multi-level materials, whicn arc really presentation variations
in response-demand frequencies. The top level 1s usually a textual
or motion picture pr:sentation vith a very luw response-denand. The
student ray read three vr tuur pages of material and then take a short
examination con this infornatioa. Then, 1f he 1s successful, he
goes on to the next topic. If, however, he is not successfu', he

branches down *to 3 greater level of response - demand frequency,
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with information presented this time in a paragraph form with
questions after each paragraph. If he is unsuccessful at this level,
he is branched down to a still lower level with the high response -
demand frequency in the form of PI frames,

I must point out that respoase demand frequency is independent
of any feedback considerution. Though feedback 1s often incorporated
in such nrocedures, feedback falls in the 3rd category of instruc-
tiondal mani.gementc.

There is a third class of media which we call instructiouaal
management devices. There are duvices in any learning situation,
which asses informacion ond mike decisions to change the presenta-
tion for a student. In conventional education, che teaclier is an
instructional m-nagement device. She listens to questions and
changes her delivery as a function is assessirg thr student’'s needs.
Instructional management can be very important in an educational
system. We detinc it as the decirion to change the presentation
as a function of some assessment ». the student's needs aspirations,
or achilevements.

As a lecturer, 1 have a preset display plan. If [ wer2 stopped

by a question from the class I might change my presentation as @

function of that question, If I had previously recorded ny plannea

e e e o

display on a video recorder, the system could not accoismodate such
instructional management. The video tape is limfted in its ability

to act as an instructional management redium.
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Tnstructional management requires three procedures, (1) appraisal
of the student, (?) selection of activity, and {(3) initiat .on of that
action. These activities take place in every guod instructional
situation. We have gone into conventional classroors and evaluated
ongoing teaching in teris of what student data the teacher is accepting,
winat kinds of decisions she is making, aud what kinds of actions she
initiates. We find, for example, that in highly enginezred class-
rooms, there is « significant corcelation between the kinds of
instructional management action that the teacher *takes and resulting
student performance. It appears that the more the teacher overrices
the system, by deciding things for the student which he zan decide
for himself, the pourer student performznce is,

Altlough all forms of instructional managerent requires the
same activity of eppraisal - selecti.n - initiation, what data to
use and what activities to initiate depend cn the purpose of manage-
ment. We have tentacively indicated {ive purposes three of which I
would like to discuss now.

The first purpose 1s called need management. This form is
particularly important in remedis programs. It is Lecessary to
be able to decide what curriculum is required to meet a particular
student's needs. In the Job Corps system, students are given an

chievement test battery to place them in the appropriate curriculwum,
Instructional management that allows the student to «kip tle next 15
frames if Iz is faniliar with the topic is an exarplc of nced manage-

ment .
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Purpose twa, achievement management, is the one which is most
comaonly employed. More effort goes toward achrievement management
than any other form. The purpose of achievement maragement is to
insure that the student masters the desired objectives. There are a
variety of ways of doing this. You may be familiar with individualized
programs in which short tests are given after each presentation. If
the studeut passes these tests he may proceed, but if he fails he
is acsigned different material covering tie same tupics.

Another form of achievement managerent in a computer managed
system evaluates the sgtudent every two weeks. If he falls the student
is given remedizl instruction. In our Annapolis project, students
are evaluated on a daily basis by means of a post-test. Each wrong
answer requires a di.ferent form of remediation prescriptions.

The confirmation technique consmonly employed in PI 1is a forw
of achievement managem~nt. The confirmaticn of aun incorrect response
indicates to the studeut that he huad failed to acquire that informa-
tion within the frame. It signals the student to engage in self
management. YNe uses the data of hir “error'" to re-examine tie
presentation and thus remediates himself. The autiior has found
that in one situation mare than 85% of a1l students errors could be
remediated by this procedure. Thus eliminating the need for costly
branches.

Achievement management was not the original rationale given for
using conrirmation. Originally, we thought the confirmation acted

as a reinforcer. However, we very scon found out that the confirmation



would not act as a reinforcer in the same sense that food could act as
a reinforcer for an animal. It J(id not maintain behavior or material.
With no other "reinforcer" than confirmation, the student often gave
up and threw the material away.

Tne third purpose, motivation management, is often confused with

achievement management. We are not defining motivatiun management

in terms of interest. Many studies have indicated that interest is
irrelevant as long as there is some way of assuring continuing

contact with the educational environuent. Ilotivation management is
therefnre defined as that which maintains student contact. WUbviously,
you have a situation which is s boring that students will leave or
not 'pay attention' - learning will be diminished. C(ae way to avoid
this is to use contingency management procedur2s. In contingency
management we make highly probable activitlies, such as recess,
contingent upon the execution of lower probability responses such

as doing arithmetic. Contingency management Is just the recognition
that what one cught to do and what one prefers to do at the time

may be two different events. Contingency management solves this
dilemma by making the execu*ion of the prefered activity contiugeut

on the emission of the required activity. The instructional manage-
ment procedure asseses some evidence of student accomplishment, such
as the passing of a test and then Initiates a high probability
response such as an opportunity to take a 'coke' breal. Intivational
management 1s often the nost significant single factor in an educatiocnal

systen.
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Let me describe how instructional management may work. We have
a program we call the PRIME educational advancement center. We have
organized reading and arithmetic materials into an individualized
program. These have been divided into steps. A task within a step
requites approximately 20 minutes of work. Each task is followed by
short tests which adequately mea:ures comprehension of that material.

When the studen. comes into our program, he ftirst receives a
standardized achievement test which is used to place him in the
approoriate step curriculum his needs indicate {(need managenent}).
His tasks are assigned, and he works them. At the completion of
each task he takes a short test ve call a progress chieck. If he
fails a progress check test he is re-routed through a recmredial
exercise (achievement nanagement).

We {nitially insist that the student arrarge his tasks in such
a way that the less preferred task precedes some higher probability
activity. He Is allowed a 7 to 10 minutes of break for each hour
of instruction. 1In the back of the roon we provide a varlety of
activities, such as coffee and soda pop, a chance to talk with
friends, and card games. In other words, a menu of high probability
activities. Eventually the student is completely free to daily
arrange hic tasks ac a contract with tasks interspersed with breaks.
He has agreed that he will not go on his break tire until he has

sat{sfactorily completed his tsask (motivation managenment).



Summary

It vould be comforting to think that the engineeriug model
preposed in this report would appear immediateiv in operational
educational svstems and revive the "ed biz". Hewvever, the
model proposed here is uneither sacrednor sufficient.

The present six dimensions of presentaticn lesiin are a good
first attempt to structure presentation in terms m aningful to
the eduvcational designer. Of course, the tnder’ying philosophy
in these dimensions and the whole mocdel is that Liuliuvioral technology
is a practical solution to the needs of educavion. Uvert considera-
tions of behavioral technology are foreign to present educational
practice. Buc¢ we ferl that an acknowiedgement of the efficacy of
behavioral technology and its dedicated practice in the schools
will solve most of the elucators' problems {except for the equally
large problem oi school administration and logistics).

We discussed presentation in termrs of six empirical dinensions.
A continuatiun into procedvres for selecting a presentation form
must be made. Any real situation will also be finally judged in
the marketplace where cost, equipment transition, and completeness
will be prime variables. I!uch work is needed to devise and measure
alternative systems which will be responsive to the demands of the
market. The creation of demand for « fixed product {s another
strategy which the diversity of educators iInterests, goals,

experience and their autonomy seems to preclude.
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Media limiiation i1s another research area which will ultimately
produce media selection criteria together with bekavioral chauge
expectancy figures.

If media prefercences really exist and if learning rates of
individuals are sensitive to media choice, then some reasursble
student attributes must be defined which will provide media
selection guides. It wwld be optimal tc be able to derive
curves for expected behavioral change versus media seleation
on a real-time basils for each student, ard so provide material
to achieve highest experted gain.

There are also significant questions r<gard.ng choice of the
dimension of presentation. Deces stirulus complexity have a place
in presentation design or should that te a concern of the generators
of the behavioral objectives or even of the writers ana artists at
the production end? How can the scope of - presentation form be
adjusted to accommodate enough behavioral objectives to make a
reasvuable lerson? How can larger presentatlion forms be structured?
The game and the real-life simulation are twv forms for which the
ganeration of o.,uctives must be done to fit the form rather than
the form depending entirely on the characteristics of objectives.
How should the learner anu content variables affrct or be brought
into presentation desiga?

A better definition of timing and sequencing of instructional

events must be offered than appears under the distribution dimension.

~ 146 -
El{lC 1

Aruitoxt provided by Eic:

!

t



O

ERIC

Aruitoxt provided by Eic:

If the objective of creating a presentation design technology
ie to provide a media-indeperdent zbstract form in order to have
a theoretical btase for structuring learning materials and selecting
media, hew can the theory really be partitioned off from its companion
components, media selection, behavior objective generation and
sequencing, and even basic learning theory? 1f the concept of an
abscract presentation form is to stand and prove useful, much more
etfoirt and thought must be put into these types of questions. It
cannot stand or even be put into practice using only the thoughts
presented in this paper.

Finally, different sorts of problems must be solved in the
practical ar. s of teaching the yet to be developed tzchrclogy of
presentation design and sorting out the complexities of creating
and maintaining an operationail system.

The job of educating will be only half doue when a system is
on tne store shelf. Success will be l»rgely a function of adminis-
tering a smoothly, cperating system that works in the field, operating
an accountable system to meet the required student goals as was

predicted on paper.
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COMPUTER ASSISTED INSTRUCTION:
AN OVERVIEW

Walter Dick!
Research Associate
CAI Center and Associate Professor of
Educational Research
Florida State University

My comments on CAI are based not on an extensive amount of
work with adults but rather on the experiences we have gained
at Florida State working with a wide variety of students. To my
knowledge th~ group at the Center in Raleigh is the only one i-
the country tnat is dealing directly with this type of application
for adult learning materials. Perhaps the most effective way to
provide you with an overview of CAI, and to givc you an orientaticn
to our thinking about the problems associated with it, is to
introduce some concepts of CAI and try to assess its potential
role in adult basic education.

The best place to begin this presentation is to define
Computer Assisted Instruction; hovever this is practically an
impossible task since it has multiple definitions which are
related to a variety of applications., It is interesting to ncote
that historically CAI was defined by the IBM Corporation. IBM
has not only dominated the field of CAI, but has in fact generated

the label (al.

1
Now Assistant Dean for Research and Development, College of
Education, Florida State University.
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The original terminology for this interaction between the
student »~nd the computer was called Computer Based Instruction but
after a brief upheaval in the IBM Corporaticn in the early 1960's
the term emerged &s Computer Assisted Instruc:iion, dencting that
it simply was a ~orollary toul for instruction as opposed to the
primary source of imstruction. The field has grown beyond IBM
at this point, however, and CAI is taking an even broader connata-
tion.

The best fnnctional d:finition of CAI was derived by Svppes
in terms of the three kinds of activities cemprising CAIL; nauely,
{1) tutorial mode of instruction. <“his mode clearly represents
the type of teaching which is currently available in program
instruction; that i:¢, the content area 1s systematically analvzed
ard performance objectives are developed. The student receives all
his instruction in a particular topic vii an interactive dialogue
at a computer terminal. This type of instruction is typical of
the efforts at Pennsylvania State, Texas, University of 1llinois
and to a certain extent Florida State. (2) The drill and practice
type of activity is clearly best represcnted by Syppeg activities
at Stanford. He has provided math and spelling materials to
students by means cf teletype terminais which are connected via
telepnone lines to a PDP/10 system. He has achieved from good to
outstanding results by using the computer primarily as a presen-
ta*ion device. The drill and practice materfals contain informa-

tion which the student has previously encountered in the classroon
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but in which he nezds continual practice, immediate feedback, and
repeated presentations of difficult material in order that he cen
achieve these basic skills., (3) The third area within the defirition
of CAI activities is that of prcblem solving. Problem solving 1s
generaily most like what we call simulation or gaming. Gaming or
simulation is often used when a student already has the basic infor-
mation abou’ a topic, but he is required to utilize thus information
in his interaction with the computer in order to derive a deeper
understanding of the concepts which he has learned. Economic games,
business games, and medical diagnosis simulations are all typical
of CAI. Games and simulations are often very difficult to program
in this area and have probably been lezst pursued in terms of their
learning potentiality for the student.

Since the tutorial mode of instruction is perhaps the one in
which is mos: familiar and prevalent in CAl, it is worth taking
time to discuss in some depth the Florida State CAI Physics Project.
I will not argue that our developmental techniques, or necessarily
our outcowe, are typical of the general use of tutorial systems
throughout the couatry; but 1 think there are a number of generaliza-
tions which we have evolved from this project which may have a
great d2al of bearing on aow you might consider the use of the
computer i+ 2duit basic education.

The computer based multi-media physics course was funded by
the U. S. Office of Education in order to provide us with support

to erplore the possibility of developing and evaluating an autornated
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college physics course, Approximately 300 to 700 students enroll
in the physics course each ruarter and it was from this group that
we obtained our studeuts.

When the project began, we undertook two activities which
proved to have high pay-offs; first, we video taped the lecture
presentations of the professor who is responsible for the class-
room version of the course. We utilized the tape to do an
analysis of the content of the course and to determine what infor-
mation was bpeing presented to the students., These tapes proved to
be invaluable to CAI writers at a later date.

In addition, in order to show some immediate activity on our
computer system, we secured copies of the course tests, analyzed
the types of skills that were required in order to solve the questions,

i and analyzed :he homework t.at students were required to do. We set
up a series of home work rceview problems which were made available on
an optional basis to the students in the regular physics course.

The students were offered the opportunity to come to the Center and
receive homework test-like questions which were similar to those

they would be receiving on their conventional test in the physics
course. The computer supplied answers to the questions as well as
re: «dinl feedback and reinforcerent.

You can imagine what it was like the first time we entered

! the class of 700 students and offered this service to them. We
had to explain in three minutes what CAl was all about, and why

they might want to ccme down and participate. Out of about 700
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students only 30 vcoclunteered to participate. The second time there
were 75 to 80 who came down; and by final exam time, the Center and
its terminals vere saturated for nearly a week pricr to that exam,
processing approximately 280 students. This was tremendously
encouraging to us in that the growing number of students indicated
that in their minds we were providing a service that was of some
importance to them. A great deal of data showed us where the problem
areas were. We were able to identify those concepts in physics
where they were really having difficulty. We used the video tapes
and this student base line information to go about the development
of the individual lesson sequence.

I think that it is important to note from these early activities
that, in genecral, it is unwiac to develop a CAI course, by first
programming lesson one, then lesson two, then lesson three, and so
on without first bringing these materials before your students,
getting their reactions, performance data, and some kind of base
line infurmation about the current level of capability, before
you begin the actual detailed programming. A gr .t deal of time
is wasted in preparing instructional sequences with extensive
remedial loops which are eventually of no value to a significant
number of students.

An important decision was to make the CAI physics course
a multi-media course. We made an early declsion not to depend
solely on the computer as a presentation device but to take

advantage of the excellent films which have been developed by the
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Physical Science Study Commiictee. In addition, we tock advantage of
the film skills of a pic_essor at Florida State who procuced film
loops of the experiments usually carried out by the instructor in
front of the class. We also developed audio tapes which were, in
essence, compressed versions of sume of the lecture presentations.
And we utilized, of course, a text bock which the students were
required to read prior to starting a lesson.

We used the CAIl system itself for monitoring and guiding the
students throughout the lessons, for continuallv reviewing their
progress in both the testing and review mode, and for providing
remedial informaticn to the students. This approach to the
Jdevelopment of the CAI course optimized the use of the resources
which were available to us. Although there are po clear cut
rules at this point which say that this should be presented via
computer and this should not, it is our opinion that it is inefficient
te try to do everything on the computer.

The third {mportant aspect which evolved quite early in the
project was that of staff differentiation. I think this is a
critical concept in the development of CAI materials. We utilized
several professors from the Physirs Departnent ¢t Florida State to
provide the overall conceptual leadership in the developrment of the
instructional materials. This was a role which they plaved very
well; however, it would have been foolish and naive of us to
expect them to spend a great deal of their tire in actually writing

and debugging all the instructional materials. These ron are busy



with important researczh projects, and contrary to some of the early
I1BM thinking, there is no payoff at the present time for a professor
to develop CAI materials. Therefore, we hired three physics writers,
one with a master's degree and two with bachelor's degrees in physics
who were competent and who were interested in the instructional
process. They translated the general conceptual view of the

physics professors into meaningful, instructional materials.

In this process, they interacted with the psychologists who
were available in our Center and to people who were completely
informed as to the capabilities of the computer system itself,

These writers were the backbone of the actual development of the
instructiondl material which was implemented on the computer as
well as on other media. When the materials were completed they
were h. led to th¢ coders. These are people who are expert in
the CAI language utilized by our computer; they did the first
debugging of the materials and actually entered the information.
We had computers operators, also, who ran the CAI system, computer
programmers, who developed a data analysis system for us, and
proctors whose role it was to work with the students as they came
to the Center. These people, alnng with secretarfia. help, characterized
the type of staffing wilch we utilized in the project. 1 cannot
emphasize too heavily the necessity of having such role differentia-
tion, and for maximizing the utilization of people's capabilities
where they can contribute rmost eignificantly without dissipating
thefr time and energiles accoss a wide range of tasks which would
take much longer to master.

O
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During 1968 and 1969, we cenducted three field studies in
order to evaluate the multi-media comput2r based physics course.
Qur students were sampled on a volunteer basis [rom the students
regilarly enrolling in the Physics 107 course at Florida State.
The administration granted the CAI students the regular three
credits for this course with the stipulation that the students
take the regular exams which all the other students in the
course would be taking.

In the first study we had 23 ctudents who took their entirc
physics instruction by CAI. The outcome was a significant difference
in the final grades of the students who took the course by CAI
compared with a matched sample of students from the regular course.
There was also a considerable time savings; however, we did not
witness any great acceleration of ti.: students' pace through
the materials. In general, the studen.s came to the center to
take two or more lessons ¢t cne time and primarily scheduled their
time in the Center when it was convenient in relation to their
other course responsibilities.

The second study was conducted after the CAI materials were
revised. We achieved in this study approximately equal performance
between the CAl group of 37 students and a matched group of students
in the regular course. Again, there was approximately a 15 percent
saving in time.

For the third field study, we removed the films and most of

the audio tapes from the course presentation so that the course was
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only two thirds the length it had been in the past. The other third
of the cnurse time for CAI students was speat in class discussions
of topics related to the physics course, and extension of these ideas
in more advanced sreas. The results of this study indicated that
those students who completed all 29 CAI lessons performed equally
well on the final exam as those students in the conventional course.
The outcomes of these studies make a number of things quite clear
to us; for example, the students see the major benefits of CAIL in
terms of its self-pacing aspects. There is also & great sense of
working along with a tutor.
As a part of this physics project, we attempted to evaluate
the cost/benefit of CAL. Immediately we encountered a problem in
demonstrating the value in a monetary seuse, of enhancing learning.
ln the University system budgets are generated in terims of credit
hours produced and not grade points; and therefore, it is difficult
to place a monetary value on an "A" as opposed to a "B" or to
determine the value of achieving ten oblectives as opposed to five.
However, in the final analysis, trends seem to indicate that
the cost of CAI will continun to go down, and hopefully the
effectiveness of CAIl wil®. increase within the next decade. It is
apparent that the homework problems that were utilized by the initial
students in Physics Project, pifor to their various examinations,
contzibuted approximately 10 percent gains in their learning outcomes
on the exams. This appears to te a potent and very rewarding tool to
students and we are considering the application of this particular

aspect of CAI in other areas.
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Gereralizations.

In summary, we have discovered and evolved a number of generaliza-
ticns about CAL curriculum development that yvou may wish to consider
when other people talk to you about their views on this topic. The
first of these generalizations deals with the systems anproach. We
evolved and developed our own veision of the systems approach and
we progressed through this project.

We did in fact analyze our tasks and our context. We did get
to know the entry behavior of our students; we did formulate our
behavioral objectives primarily on the basis of behaviors expected
of the students on the tests. Instructicnal strategy was one of
utilizing a variety of instructional media in order to try to
optimize the capability which was represented by each medium. We

; evaluated as often and in as pousitive a fashion as we could.

You can learn the jargon cof the systems approach in a relative

short period of time; on the other hand, it is a very difficult and
complex thins to seriously follow all the guidelines and procedures
which such a mnodel suggests. lHowever, we feel that the curriculum

development efforts of CAI are worth this effort and there is

beginning to evolve scme evidence that in fact this effort is worth-
while.

The second generalization is that the higher the criterion
performance wiich you exrect of the students for whom you are
preparing materials, the more difficult will be your task of

programming the course, and the more corplex will be your
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instructional strategy which you will have ta employ, thereby
co&plicating the development of your instructional materials.

Third, we are convinced that CAL is a tool which should fit
within a curriculum and within an instructional setting; that is;
it should not carry the entire instructional load but should be a
part of a multi-media resource. One thing to keep in mind, however,
is that the greater the variety of media which you choose to empley,
the more complex will become the logistics for the student, and
the more difficult will be the total implementation process.

Last, let me emphasize a point made earlier; you should be
constantly aware of the role of staff differentiaticn, which
seems to hive high pay-off in terms of carrying forward a curriculum
project. In other words, the burden should be spread among a number
of people who have special aptitudes or training for tb: various
tasks. Specialization within a CAI project undoubtedly increases
your probability of success.
1he Hardware

I would like to talk briefly about the ocher side of the
coia in CAI, narely, the hardware or comp ‘ter aspects of it.
To educators, the computer itself is probably the least interesting
and certainly the nost costly aspect ¢f computer-assisted instruc-
tion. In principle many of the conputers available todcy from
numerous manufacturers can be utilized for computer-assisted
instruction. the primary reason why more different manufacturers'

computers are not being used for CAI is the lack of CAL operating
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systeiss. By this I mean that the software required to assemble the
course material and to provide it in a time sharing mode with a
number of student terminals {s not available, and it is costly to
develop.

The CAI computer system that is predominately found in the
United States at the present time is the IBM/1500 system. The
currently available versions of the 1500 system have a 1130 central
processing unit which rents for less than $2,000 per month. How-
ever, the peripheral cquipment require. to complete the CAl systen
vrings the total monthly cost anywhere from $8,000 to $12,000
depending upon the varicty of audio--visual devices added. Clearly
this cost {s prohibitive in an operational setting. In nearly
every CAI Center, the federal or state government is paying the
bills ir order to provide researchers with the opportunity tc

explore the potentials of CAI.

There are at least two solutions to this problem of CAl
equipment cost. Perhaps your first inclination is to think
of adding many terminals to the computer system in order to drive
down the hourly cost per student. This concept has receivad sore

attention. The IBM Corporaticn is now making Coursewritci 11

available on its 360/40 computer system. As such it should be

capable of driving more than 32 terminals; hovever the cost of

b

the terminal devices 1s still prohibicive.

Several feasibility studies have been corpleted for the U. §S.

e

Office of Educaticn on CAI systems which would cexve 1000,000
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students in a metropulitan arca and would Lave approxinately 1,000
terminals.  lhe Universicy ot [ilino:s 1s currently attermpting to
develop a C.'1 cemputer system which woodd drwve 4,000 terminals.

I have no doubt that in time thesc o <teis will vecome operaticnalg
however, one of the priwary costs 1avolved in sunh large systems

is no longer thz cential mrocessing unii but the telephone line
charges becausc mos: of these systems reguire cone telephone

line per ternnnal.

The second cost is the terminal device 1tself.  Cathode
ray tube (CRT) tcrminals are rioch like a 1V ser wicth a typewriter
key board. These terninal devices scll for over %3,000. For
computer systems with hundreds and thousands of teasinals the
cost would become axtrecsuly high.  However, the University of
I1lineis is working on a low cost plasma screen terninal which may
become operational in the ncear futovre.  [his teiviiinal device
should overcome some of the zurreut technoiogicat problens and
costs assoclated with the C(RT.

The other development, in terms of ithe iuture of CAL hardware,
is one that few people are cspeusing but at Florida State we feel
that it has distinct possihilities that 1& previding CAL on a
small computer whiich js a stand-alone, locally centrolled, teason-
able priced computer syster.  jhe tesults o1 ¢ur analvsis indicated
such systers could te made available for aporonimate oy 105,000 to
$185,000 or at a rate of approxivately S15.00 to $20,00 per student

per year. This svsterm worid 1o Iude the CAL gprrating svstem and
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16 to 32 student terminals. The cost for this prnposed system would
be approximately 1/3 of the cost of the present 32 terminal CAIL
systems.

We also cspeculate in this regard that as time goes on two eco-
nomic hypotheses will becom¢ reality. First, althcugh the decrease
in the cost of the computer cent.al processing un will begin
leveling off soon, we feel thrnt the cost of the peripheral equipment
and the terminal devices will continue to go down. Likewise, it
seems a fact of life that inflation will centinue to drive up the
cost of instructors' salaries - that fixed item which represents
anywhere from 70 to 80 percent of the educators' budget. These
two trends argue for the enhanced economic feasibility of CAI.

Aith regard to computer systems, I would like to describe
briefly one study which we have done at Flsrida State University
which I think may have particular relevance to the field of adult
education. This study began as a rather mundance comparison of
student performance on a programmed text with performance by
another group of students on a siallar program presented by
CAI. Although this 1s not a very startling idea there {s remarkably
little evidence of this type of comparison being carried out, at
least it is not being reported in the literature.

This project evolved from a graduate student's efforts in
which he developed a PI text which was utilized as source material
for the development of an enhanced CAI course package. The package

consisted of about 40 minutes of instruction on the topic of
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significant numbers, a topic whicn is usually taught to eighth
graders. The study was run once and the dara were analyzed and
replicated under better experimental conditions.

The primary finding of the study was that with high ability
elghth grade students there was essentially no difference in their
perfurmance ir ‘2rms of being on CAI or using PI: however, the
performance on the final exam of the lcw avility students who used
CAI was significantly less than that of the lew ability students
who utilized the PI text. As a matter of fact, on a retention
test the low ability students using PI actuzlly scored better
than the high ability students using "I. The importaat point
here 1s that the device that the low ability students were
using in CAI treatwent was a cathcde ray tute terminal. The
program did not provide the students with an opportunity to review
in the sense that the student could review a P1 text by flipping
back pages. Information appeared on the screen, the student
respoxded to it, aad Lt was gone. The results seem to indicate
that the low ability students may have greater need for memory aids
or actual hard copy printouts. Perhaps this result might be
generalized to include adults who might use cathode ray tube
terminails.

On the final note on the utilization of a variety of {nstruc-
tional devices that are driven by a computer. One point of view
would argue that in order to maximize learning vou must have all

the instructional devices under the control of the computer; :het
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is, we should have a random accuss audio device, cathode ray tube,
light pen, key board, projector, and even TV and other display
devices under computer control. It has been our feeling, based
on some experience, that we prefer to utilize only the basic CRT
key board, and light pen capability on the CAI system. This
decision has been reached on the basis of, (1) the cost of additional
: devices, and (2) a genuine questioning of the trade-off or benefit
which is to be derived from additional devices. We have found, for
example, that students as young as juntor high age are quite
capable of utilizing a Kodax carrousel pProjector appropriately,
We have also utilized flip pads which contain graphics, and work-

books for additional writing activities. None of these devices

was under computer control. We do not feel that the student has
been handicapped in any way because of the situation.

In summary, the intellectual and economic battle will
continue over the rext several years as desirability of large
; computer networks for CAI is compared to small, stand-alcne,
full type purpose computers. The functional characteristics for
the terminal will also become more important. If you are fortunate
enough to have the funding available to actually implement CAl,
there will be a number of pitfalls which should be avoided, or at
least prepared for.

Let me briefly indicate the two primary areas of concern
which 1 have identified. The first occurs in dealing with computer

manufacturers. There are many problems whicl, you Lan anticipate
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in terms of delivery dates, total cost, one time charges, maintenance
scheduling, and the like. I don't mean to imply that the manufac-
turers are out to deliberately deceive you; but often, if you are

in a city in which they have never heard of CAI until you order

your CAl syster, it is very difficult to get people from within

a manufacturer's sale organization who are familiar with CAIL.

Second is the problem of continuous on-the-job training of new
people. We have found that after establishing a staff of

computer programmers, authors, operators, coders, and psychologlsts,
we have been able to increase their effectiveness by various
on-the-job training techniques, for it is almost impossible to

hire the services of trained CAI people. Florida State is one of
the few institutions in the country where therc are specially
trained people with capabilities in the area of CAI aad we are now
producing our first significant number of doctoral candidates.

Computer-Managed Instruction (CMI)

As a final portion of my presentation, I would like to discuss
some alternate applications of CAI and mention a sample of the
research studies we have conducted at Florida State, pointing out
what 1 consider possible implicitions in the area ot adult elucation.
Let us return to the classification scheme, namely drill and prartice,
tutorial, and problem solving. Although I spent sorme tire discussing
the tutorlal mode, I would argue that the drill and practice r:de
will also have considerable application in areas of critically

important learning skflls in adult btasic education. 7The very n:.ture
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of a CAL system makes 1t a very piivate learning situatioa in widch
the student can make numerous mistakes .ad th: computer will continue
to provide him with the type ot aaterial vhic: he needs in crder to
master certain basic skills., lhe sams situation c¢epeated in the
classroom would be embarrassing and Lumiliating.

: Perhaps the most immediate dewand f.r coputers in .ducation

! 1s what is now being called computer manaped 1astruction or CMI.

If you consider our physics project in which we used a variety of

i media, the computer plaved vrimavily a mericorang and an evaluative
E role. It is my understanding that this 1s what the majority of
g professionals weuld descrile as conpoter-maraged iastruction.
E CMI is the overal! manqiginent ot ledwrning waterials and evaluation
t
f of students who are participating in = trainiug vroegram vhere the
i instruction is nut primarily conducted by the corputer but by the
use of varicus types of instructicvnal mat.rials
Project plan of the Anerrcan lustitutas of kesearch is one
t example of CMI and Beb Glaser's work at the University of Pittsburgh
% with individually prescribed instruction, which new 1ncludes the
i implementation of a computerized monitoring svsten, is another. It
3 is my observation that the type of instructienr in which objectives
E are set for the student, and materials are provided te achjceve those
A objectives, 1s becoming rore evident. A stnd -t pay select those
3
E objectives 1n a sequence ..ich he fecls is et for him, o1 the
i sequence may be prescrited by the corputor. 1o - tudeat is tetally,
or partfally, evaluatod by the vonputer op e zoquistiden of those
[ERLEI
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objectives. 1t is a very significant step forward, not simply in
the utilization of computers ir education but in our nhilosophy
of educatiorn per se.

In order to give you a concrete example of computer managed
instruction, I would like Lo describe the graduate level course
which is conducted via CMI at Florida State. The name of the
course is Techniques of Programmed Instruction; its purpose is
to have students produce between 30 to €0 minutes of programmed
instructional materials which are developed in accordance with
a systems approach model. Of course, under computer managed
instruction, the content has been task analyzed and 20 primary
tasks have been identified. For each task there are from
one to three objectives. One half of the students are given
a sel sequence of objectives whlch they must follecw; the other
half are able to select any objective or task which they feel is
appropriate,

After choosing an objective, the student is given a list of
the resource materials which are available in order to achieve
the objective. For each task there is basically, 1) a cognitive
skill, such as proficiency in identifying the components of a
behavioural objective, and 2) a product such as writing behavioral
objectives. Ultimately, through reading the materials, meeting
in small grcups, and requesting prec2ntations as they see fit, the
students proceed to develo~, evaluate, revise and again evaluate

their instructional materials and document this whole procedure in a
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final report. The primary role of the computer is to evaluate the
students' performance on each of the cognitive tasks and to maintain
a continuous record of where the students are in the cgurse.
Student requests for assistance can be raised with the graduate
assistant, or the professor, We are analyzing both the role the
professor plays and the ability of the computer to manage this
relatively large graduate course.

As far as I know, this is the only application of Computer
Managed Instcuction in which students actually interact with
the computer via a terminal which is operating in real time or
in a CAI mode. In other applications of computer managed
instruction, the student, when he has completed his instruc-
tion on an objective, takes a test which is then scored by the
computer. The report is sent back either to the student or to
the teacher who determines the next instructional sequence.

Other Applications.

The CMI course which we have implemented is a rather small
beginning effort to try to understand the variables and comple:..ities
assoclated with computer-managed instruction, A larger effort which
may be more prototypic of total adult education training programs
1s one that we are mounting in the area of elementary teacher
training. Florida State has been awarded a U. S. Office of Educa-
tion contract to develop the second phase of a model teacher training
program for the preparation of elementary teachers. The Florida

State conception of this training relies heavily on individualize?

instruction.
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The present enrollment in this program at Florida State is
approximately 800 to 900 students, with projections that can go as
high as 1500 students. In order to implement an individualized
program ol this magnitude it is imperative that the computer be
involved as a monitoring, scheduling, and evaluative device.

The computer will continuously print reports for counseling by
clinical professors in order that they may spend their time
advising students in terms of the use of resources. The details
of this model have not yet been worked out but it is a challenging
task ar.d one in which the computer will be an invaluable tool,.

As you can see, by Including these other examples of CAI,

I am tvylng to broaden the concept of CAI to include more than
just a tutorial mode ¢f Instruction. For exanple, we have run
ceveral studles in which it is quite clear that using a branching,
testing strategy based un test item characteristics, one ~an very
quickly and efficiently test students In a series of concepts
without administering large battcries of questions. The final
leval of perfoimance can be quickly identified. W¢ have used the
term sequential t. sting for describing the process in which a
student 1s provided test iiems thich approxiinate his level of
performance on tue preceding ltem on the test. 7The test is
specifically adapted to his perforv..u =~ : s .e proceeds through
it; therefore, this type of tlesting wccivity can be utilized ..
the same way conventional test are currently used. However, 1t
is much shorter and qQuicker and has been shown to provide more

reliable data.
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Another 1nteresting exawple of using CAT in a testing mode is
currently under way at Florida State's Department of Social Welfare.
Again, this may have some applicatior to adult education. The
students who typically enter the Graduate Department of Social
Welfare come from a great varlety of backgrounds. The initial
graduate courses are often trivial to some and over the heads of
others.

A battery of test items is being established in the area of
psychology and sociclogy which will be made available by CAI to
students entering the Social Welfare progrem. They will take these
tests and be systematically evaluated at various concepts- For
certain levels of misunderstanding, remedial activity will take
place at the terminal. For students with very poor performance,
2dditional materials will be made available and they will retuin
and be tested later. 1t {s anticipated that in this manner students
can be screened and placed in either remedial activities or regular
courscs appropriate to their interests, skills, and program. They
will no longer be required to participate in courses which are
either beyond their capabilities at the present time or are rela-
tively trivial on the basis of their background or undercraduate
experiences.

Another successful ut{lization of CAL has been iun the area of
academic advising. A study of this application wes made at “he
Tallahassee Junior College by one of our graduate students. He

placed two terminals at the college and programsmed a sequence of
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information which was felt to be of value to the students. This
information included the rules and regulations of the Junior College,
information about grading standards, information cn the basic
studies program required, and courses that were available within
that basic studies program. There was also information available on
transferring to various colleges in the southeast, as well as
specific information on Florida State University. The purpose
of the activity was to provide the student with information which
he n:ceded to better understand the Junior College and its rules
and regulations, and to give him official information about the
program. The computer also provided the student with 1 listing
of his current record at the college in terms of tihe courses he
had taken, grades he had received, and his grade point average.
On the basis of his information about the junior college
curriculum and his record there, the student at the end of his
interaction with the terminal was requested to list the courses
which he would 1ike to take during the next academic quarter.
The information was stored in the computer and evaluated by tle
counseling team at the college. Approximately 85 percent of theo:
records generated by the students were judged to be good or
excellent by a faculty jury. The system was heartily accepted
by both students and faculty members. It is interesting to not.
that this 1is in a juniour ccllege where they take pride in the t:.:
of counseling they can provide the student. This application is

cal of the use of corputers to providc accurate information for

diverse pnpulation.
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A Sigrificant Question.

I would like to conclude this presentation by raising a question
that is often debated by CAIL personnel; that is, should CAI be used
primarily as a tool in which we implement programmed instruction
material or is it a totally different conceptionalization of the
problems and capabilities which we can utilize? In other words,
should we use CAI basically as = nage-turner, or should we make
it a very esoteric device? I think my answer at the present time
would be to straddle the fence with one font on ecither side. 1
would argue that if we are to prepare meaningful materials, get
them running oa a systeuw, and begin producing results, the best
way is to start with programmed instruction materials which
have been developed with a reasornably goncd systematic approach,
and utilize these materials to become more familiar with the computer,
and to learn about our students' reactions to it. Unlike other
media, the computer has an extensive memory system; it can nake
decisions and it can control media devices other than itself. It
is because of these capabilities that many people have become
enthusiastic about the long-range capabilities of CAI. Within
the past year, we have begun exploring some of these capabilities,
hopefully in a reasistically simplistic systematic way to try to

determine whether we can manage these capabilities.
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EVALUATING PROGRAMMED INSTRUCTIONAL MATERIALS
Roniald H. Sherron
Director
Adult Basic Education Evaluation Project
Virginia Commonwealth University

We have heard a lot about programmed instructional materials
ani how to develcp thenm, but we have heard very little about
evaluation; yet this 1s one of the most important aspects of
instruction. Evaluation is an appraisal, and appraisal calls
for judgmein:t Judgments are based on a crirical consideration
of the best evidence avaiiable, with evidence being the key word.
We need evidence If we arz to make judgments and evaluaticns.

Now, how 1s evidence collected? In man's search for truth
he has traditionally used several approaches. Let's take a look
at four or five of them in scome detail. (1) One is tenarity.
We hold to ideas we have always believed to be irue; they are
handed down from generation to generation, and sometimes we cling
to these truths even when « 21e 1Is evidence to th2 contrary. We
all know many examples, such as the early belie. that the carth
was flat. (2) Another 1is appeal to authority, UWe accept the
ideas of subject matter experts, for example, because of their
training and experience, but unless they “eep abreast of new
discoveries thelr advice may be conf{licting. (3) Intuition is

a third approach, but you know how often a hunch fails to pay

off. (4) An additional arpreacii is reason. There is the btelief
that we humans can artive at truth by rational thousht. Often,
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however, such reasoning is quite false. A person can be very
Ltogical, but if the basic assumption tnat he starts with is
incorrect, then his conclusions will be incorrect. (5) Finally,
there is the scientific approach, using data that can be verified.
There is testing involved, which is open to inspection, and you
draw your cenclusions from the findings. You don't just say some-
taing is true because you believe it is true; you say it's true
because of evidence you offer. Objectivity is always a puoblem;
it is very hard to be obiective, especially when the data doesn't
support your assumptions.

There are several of the methods man uses to search for
truth or facts. Scientific thinking and scientific methods are
a comblnation of various approaches. They may be labeled inside and
outside. The inside methods are reason, formal logic, the deductive
method, rationalism; this is the ivory tower. The "outside" methods
are experience, observation inductive thinking, probability, criti-
cal analysis. These methods, deduztive and inductive, are both
used in the scientific method. The scieutific method is character-
ized by, or is 'ased on objective data. It uses hypotheses to test
data; it is analytical and it strives for objecrivity. It d:velops
tools of measurement. We loox for specific evidence and we use
statistical techniques to compare findings. Measurements are

developed and tested to assure validity and accuracy.

~ 174



Evaluatior “mployees Scientific Thinking.

With this introduction then, we will discuss evaluation as a
type of scientific thinking. The whole notion supporting research
is the fact that wou can define it in some understandabie form and
it can be verified. It promotes, self-improvement, and self-study
for a person or an institution. The end purpose of evaluation
is to improve what you are doing, to see if you have reached your
objectives; and if you haven't, then to change things or try
another approach. Evaluation involves three basic steps: (1) stating
in precise terms the objective; (2) securing evidence relevant to
the objective; then (3) drawing your conclusions or making a judgment.
Ia other words, you collect evidence, you review evidence, and then
you make a judgment in regard to the social uvtility of the process
or activiry.

Start With Objectives.

There are many approaches to evaluation. TIf you want to
evaluate a method, or a program, yot must know the goals and
objectives of that method or program. Then you secure evidence
to find out whether the objective has been accompliched, and
you relate the evidence to the objective in various ways through
statistical computations, and through rational judgmeat. We
use all of our various means and their validity varies with the
method we are using. The more control we have over a situation

the more likelihood that our findings are valid.

ERIC



Let's take a little closer look at analysis of objectives.
; First of all, objectives must be stated in terms that allow
appropriate evidence to be collected. If I say one of my
objectives is to teach you to understand Shakespeare, what do
I mean by understand? How will I know that you understznd

Shakespeare? We define understanding in behavicoral terms, and

T, vy vy

these must be observable behaviors. Sometimes it is hard to

know what is going on in a person's mind and we only see secondary

e ¢ gt 2

evidence of learning in terms of psycho-motor performance,

cognitive behavior, or affective behavior.

B ]

Ways to Collect Evidence.

How do we secure such evidence? They involve both subjective
data, such as opinions and attitudes, and objective data such as
test scores; but all data collected must be clearly related to the
nbjectives. Observation is perfectly legitimate. It is one of
our oldest and best methods. Qu-stionnaires, interviews; and
analysis of cumulative records; all of these are legitimate
methods for evaluating. The basic qiestion is: to what extent
do the available data indicate that the desiced objectives have
been, or are being, effectively accomplished? This is really
whét we are trying to find out when we evaluate programmed
instruction materials, whether we have effectively accomplished

what we are trying to dv, the key v :d beiug "effectivaly".
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Criteria By Which To Evaluate Materials.

Now how do we know whether we are effectively accomplishing
this objective? We need some criteria. Everybody has criteria;
for instance, you have your criteria for a good meal, and I have
mire. You have your criteria for an educational program, and I
have mine. One reason we neced criteria is that thousands, even
millions, of dollars are being spent every day on educational
systems, hardware, and software. There is no end to the variety.
and the manufacturers are turning out materia.s and equipment by
the tons. Adult educators are buying these products, some of which
are effective, and some ave not worth the paper it's printad on.
We need to study and find out which systems, and materials will
accomplish specific learning objectives with persons having
specified learner ci.aracteristics when used in a particular
instructional environment.

Educators have been told that PI materials are created by
testing and revision, and you expect evidence of performance.
Evidence of performance is often poor, or 1s not supplied. There
is a growing concern that Pl materials are not being adequately
field-tested. If you will review a progran manual, you will s=e
the kind of field testing done. For example, program pioducers
will say that they tried the program out with 80 Uka Indians and
put it on the market. Or they wiil say that it was tested in the

Job Corps on 2000 pesple, but all of one type. How representative
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are the materials? Will they work in rour unique situation with
your peodle in your geographic location?

Three professional organizations cooperatively drew up criteria
for evaluating programmed materials, The NEA formed a joint committee
+nvolving representatives of the American Educational Research
Association, th2 Americaun Psycholcgical Association, and the Depart-
ment of Audio Visual Instruction. The committee published various
reports.

They recommended criteria in two categories, internal character-
istics and external features, or internal and external criteria.

The internal characteristics or features can be revealed by visual
inspection. From inspection some of the following basic character-
istics can be assessed: (l) Detailed effective tasks to be
accomplished with the content orga:ized in such a way that you

can s2e what the objectives are. (2) Level, forms and style.

(3) The types of programming. (4) The length of the frames that
are in the PI book. In addition, in editor's check list will

note these essential items: (1) organizaticn, how is the book
organized and how the system is organized, (2) tte difficulty,

(3) accompanying checks, (4) accessory naterials -- their conven-
ience, ease in use, (5) the physical features, and (/) the cost.

External criteria are features that are not observable nerely
by inspection. These call for a little more detail and study:

(1) What was the source of the program content; (2) what were th-

qualifications of the author; (3) what about the history of the
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program, how was it developed; (4) is there an explanation of the
tryout and revision that it went through, if any; and was it field
tested; (5) are there any test data, are “here data abogt the
characteristics of the students used for validation? Was this
population similar to the people that you want to use the programs
with? 1If not, it is probably not appropriate.

There are critical reviews, you can read ycur professisnal
journals, you can read your audio-visual magazines, there are
various ways to gain knowledge of the program. Research is being
completed and reported in education and related disciplines. Read
these reviews and reports beiore you buy a program.

Evaluation of Results.

Most important to evaluate are the products of the instruction.
These can be measured through achievement, retention, or transfer.
Information is needed about instructional effech. low much did
the student achieve? Was there any retention after he closed the
ﬁook , or is that the end of it? Will this undereducated person
be able to go out and make any applic.tion of learning? Can he
make the change in his life style, in his self-concept as a result
of what he has learned? These are important questions to which you
should address your attention. Very few program materials on the
market answer these questions, 50 You may have to conduct your
own evaluation studies.

Here are three basic considerations evaluating programs:

(1) Evaluate each program according to its merit in producing

O
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the specific outcomes that you want, your objectives. If you
don't know what you want the program to do, how are you going to
buy a program to accomplish this? You must have objectives for
your program, and then you seek the materials that appear likely
to achleve them, or you can collect evidence to support your
assumption that it will accomplish your purpose.

In other words, you ask of a given program, is it appro-
priate for your purpose? Is it practical, and do you have evidence
of the effect that this program will produce? The Guide To

Evaluating Self-Instructional Programs tells you how to set up a

small study to do your own evaluation. After screening some of
these hundreds of programs that are on the market, you may narrow
selection down to two or three. Then 1f you are not sure which to
choose, you can run a small pilot study.

(2) There are criteria for validating your own materials;
some recommended by the same three professional organizations
I mentioned earlier. The evidence should be based on a carefully
conducted study which shows what the programs accomplish. People
should report these validation studies in educational journals or
in project evajuation reports. If the adult education centers
will share these, and if the Adult Education Clearing-house in
Syracuse will report studies in formats according to these criteria,
it would eliminate a lot of our problems because Just about every-
thing on the market is already being used by scme“.dy in the field.

It 1s a matter of finding out whether a program is effective. Most
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people haven't bothered to evaluate what they are using. They are
just using the materials because of convenience or other subjective
reasons few are happy and many are dissatisfied. Most users really
don't know what their programs are ar.complishing. Results should
be carefully documented. If you are the director of a program and
you say your program works, you ought to be able to substantiate
this in some objective manner, not rely only on your own opinion.
An opinion stated by an expert is fine; but all claims to effec-
tiveness should be supported by specific evidence.

(3) The last thing we need to look at, a very practical matter,
is cost. This may be the most important criterion. All the others
are important; but sometimes this is the one on «#hich you really
make the final decision. You may find an ideal program but can't
afford it. You figure what the program is going to cost you per
unit, per student, the equipment cosr. Some softwarc doesn't
require equipment and others do. What is your initial investnent
going to be, can you afford it, what is the long term investment,
what is the training time per student and teaciier needed in order
to use the system? How lung does it take the system to accomplish
what you want to accomplish? What quality of student 1is required
by this particular program; in other words, what student character-
istics and instructional setting is this program designed for?

You need to know the answer to these additional questions.
What kind of instructor will be required, or monitcr, or pro:tor?

Can a student aide administer it, or «i!'1l it take a professional?
- 181 -
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What are the logistlcs, space Irjuilements’ Yoo only have so much
space, where or how do you store the equipment? Ihzn there are the
; power and maintenance reguarervents What 1s the useful life of
the hardware and softvare? 3Somc pregrsms are desigaed to run out
quickly; what will it cost ro nodernvze them? inzse are all
. materials.
In conclusion, the responsihili'y for Jemanding quality
instructional systers recides siih tha proressional educator,
who must becoma aware of, a:d be able to articulate program

objectives and acceptable ewvidenc. o learning.
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INTEGRATING PROGRAMMED INSTRUCTIONA®
MATERIALS INTO ABE PROGRAMS:

THE LEARNING LABORATORY APPROACH
Joseph B. Carter
Coordinator of Learning Laboratories
North Carclira Department of Community Colleges
Raleigh

In 1963 North Carolina educators and politicians recognized
the urgent necessity for an educaticnal program that would meet
the need of every adult that was underemployed, unemployed and/or

decirous of more educational training. In thu: same year the N. C.

Department of Community Colleges was established. During the past

'six years, 39 technical institutes and 15 community colleges

have been established and are now in operation. By establishing

these institutions it was possible for the state to extend unriversal

education and opportunities to everv adult, regardless of his previous
educational experience or training. The community colleges and
technical institutes offer programs in college preparatory work,
vocational. and technical training, general adult education, basic
adult education, and community services.

The Open Door Policy was adopted and has had its greatest
impact on basic and general adult education pregrams. The Open
Door Policy states that any adult will be accepted into the program
and given instruction relative to his abilities, interests, and
goals. We knew that any instructional prograr. that ve could
develup would have to be Individualiced, so we started out in tie

fall of 1953 on an experimental basis to see whother we could pull
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together materials that wouldltake a student from wnere he might be
to vhere he wanted to go on an individualized basis. About six
months prior to the research stage, we developed and installed the
first leerning lab. To date, we have 94 compre’iensive learning labs
and .;ore than 150 mini-labs. The comprehensiva 1lebs include
subjects from grade levels one through fourteen, and many labs are
especially designed to meet the nceds of the adult basic student.
Since the inception of the learning lab program here in 1964, at
has expanded in other states, and probabl 20 additional states are
using a similar type of system at the prisent time. They developed
into Job Corps programs, Youth Center and {IND projects, public
school projects, Neighborhood Youth Corps, correctional centers,
colleges and university projects.

In order for you to better understand what they are, let me
try to define a learning lab and also the methodology enployed.

The learning lab can best be defined as an accumulation of commercially
available programs and/or self instructional materials. These mater-
ials are arranged by subject in a logical sequence in relationship

to grade level and general interest, The instructional technique 1is
dependent upon che methodclogy which it follows.

As a teacher is a key person in a school or college, so the
ccordinator is the key person in the learning lab, The role of the
traditional teacher nust change when a new {nstructional technique
is introduced. The coordinator serves as the facilitator in the

learning process by bringing the student and subject together in a



one—-to-one ratio and having the student interact on a one-to-one
~atio with the subjext to be learned. I think‘most of us will agree
you really can't teach anybody anything, but you can facilitate the
learning process by bringing the student and the subject to be
learned together and letting thew interact. The coordinator should
be highly trained in programmed and self-instructional materials,
capable of making educatione. decisions and of directing students
through their assignments. The coordinator interviews, counsels,

and seeks to establish and to develop an effective line of communica-
tion with the student.

Placement inventories are used to assess the student's entering
behavior in reading, math, and English. The reading inventory is
always given, but the English and math are given later if the student
is reading below 5th grade level.

During the counseling process the coordinator indirectly
encourages the student to state roughly his objective. Probably
this is the first time that the student has stated in his own
words what he would like to be able to do. The learning lab
instructional program is developed on a sound instructional basis
that is divided into four parts; (1) first is the stated objecctives,
or what we expect the student to be able to do at the end of instruc-
tions; (2) second is our ascessment of the student, to determine
his entering behavior, {(3) next we provide instruction which is on-

step, and rmeaningful to the student; and (4) last we evdlnate has

O
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progress. Any time you have an instructioral program or system
with these four components, you have the basis for a good tystem.

As I have mentioned, the coordinator is the key persou. There
is a very high correlation between the coordinator's ability and
interest and the success of the learning laboratory program. If
this person says the program is not going to work, you can be
assured that it 1, not going to work because he or she will not
allow it to work.

We have installed these learning labs in just about every
corner and nook you can think of, purchased all materials at the
state level, and took the material out to the lab as a gift to
the institution. No matter how bilased or prw:judiced the president
or administrative staff might be, or whether the project staff were
stuck In a corner, the laboratories have done ;h excellent job
regardless of such handicaps. The coordiaator is the key person.

During the counseling process, the coordinator helps the
student to state verbally his objectives or what he would like
to be able teo do at the end of instruction. Scmetimes th. student's
desire is to learn to write his name. Not only do we help the
student achieve this goal, but hopefully, high:r and more complex
tasks will be perceived and desired by the student. This, in
many cases, 1s the beginning of an effective verbal contract
between the student and the coordinator., The establishment and

maintenance of an effective line of comnunicatien and verbal contract
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serves asS a guarantee that the st:'ent will remain with us for a
longer period of time than hes might otherwise do. This contract
leads to greater motivation.

Each student is given a diagnostic inventory in reading and
math. These adult students have failed test after tes:, but they
have never failed an inventory; so when you tell them you would like
for them to take the placement inventory they relax. But, if you
say ''test', they freeze up. This is just to determine their level
of frustration. Fiom these assesesments an individual curriculum
is tailored to meet the needs of each student.

This curriculum is developed for the student in relationship

; to his reading ability and stated objectives. Having evaluated a
student by means of counseling and testing, the coordinator lists

the programs that will take the student from where he is to vhere

he wants to go. Here the student will quite often take part in
selenting the material or program which he likes best, so you get the
student involved in making decisions at an early date. If the

student objects to a prescribed course, and since the stud:nt is always

right, we let him start in a course of his chcecsing. He knows the

doos is open for him to come back and to start over in a rore realistic

subject and at a level wherein he can achieve success.

The student is thoreoughly introduced to pregrarmed instruction.
This is most important because all of us have developed a pattern of
behavior and we function in this pattern of behavior. The aduvlt

student functioning at a very lovw level perceives of a learning
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situation as being in a classroom with one teacher and approximately
thirty students. You have to re-structure his perception as tu

the learning process or as to hLis role in the learning process.

If you fail to do this, the studen: will not adjust properly. 3o
again the cocrdinator is the key.

We know there are several ways to learn, such as by listening
or reading, but the coordinator's main purpose here is to re-orient
the student to individualized instruction. A working relaticnship
is established between the coordinator and the student, whereby the
student knows the program will teach him on & one-to-one ratio,
but at the same time he is confident in the fact the coordinator
is there to help him over any hurdle that he may confront from
time to time.

Students are placed at a level wherein they achieve immediate
success. They are challenged by the more difficult material but
are not bored by remedial skilis. They are motivated as a result
of their success in the more difficuvlt material. This is what I
refer to as on-step instruction. The whole process of the learning
lab {s that you never ask a student to do something that he is not
capable of doing. Inftially, we want to place the student just
prior to on-step so that he can achieve success, and then move up to
his on-step level.

This on-step can be defined as the maximum level of arrusal in
the learning process which can best be provided in the learning lab

on an individual basis. The student sets his own best pace that

- 188 .

191



O

ERIC

Aruitoxt provided by Eic:

will allow at least an ®5% rate of comprehension. Once the adult
student has been introduced to the program and understands what

he is supposed to do, he movas at his own rcilc. There is no cutside
competition, and the frustration in most cases has been eliminated.
If s.udents are placed too low, they are allowed to skip concepts

or sections until they are challenged. This is tu say, they are
kept on-step to maintain maximum motivation in learning.,

Since there are no formal classes, a realistic schedule is
established for eacn student. This is important because most adult
stu ents will do what is expected of them if they understand and are
properly directed. The schedule is developed relevant to his family
and work responsibilities. The student takes part and helps the
coordinator decide on a definite time and number of hours per week.
After a realistic schedule has been developed and established, the
student is told that he will be expected to attend at a specified
time. The schedule includes a minimunm of two hours of instruction
per subject per week. If the students core less than four hours
per week, they will not achieve the sense of accomplishment to the
point that they will sustain the initial motivation.

In addition to the established schedule, tﬁe students are
encouraged to work in the lab at any time, ind as many times a
week as they desire. This type of scheduling does not interfere
with job and home responsibilities. Really, a lot »of frustration
adhering to a strfct schedule has teen elimirited cnce you mave

this type of program available to the students. tuite often, the
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coordinator will tell the student, "If you can't come, call me' and
when they do call that's great, because vou know you have a good
relationship with themn.

Chapter, unit, and post test are administered to be sure the
students obtain 85% or higher on comprehension. If maximum progress
is not being made, program changes are made. Fach lab contains
the standardized test kit which includes the following: algebra,
geometry, general math, trigonocmetry, reading, Fngiish, comprzhension,
and general science, goverament, history;

The physical facilities that exist in various learning labs
vary; however, the basic requirements will include zuch items as
a coordinator's desk, tabies, chairs, a student cabinet assigned
to each individual, [ile cabinets, and approximately 220 linear
feet of shelving. Hopefully, there will be a room large enough
to adequately accommodate about 30 studants. The coordinator's
desk should be located at some spot where he or she can control
the traffic. Since the majority of students are enrolled in
reading, the maEerials are displayed on a large table near the center
of the room where students can get to them without creating a
traffic pro*lem. We have found that tablet arm chairs are nor
desirable at all because there is too amuch material for the student
to manipulate and do adequate work,

We have found that anytime you us~ a device without audio
eruipment, after the novelty wears off it is nothing more than

manipulating the software. If you ate using audio equiprent, ycu
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should use the audio and visual together. We use such items of
equipment as the Language Master, tape recorder {reel and cassette),
and filmstrip viewers. At one time, we used the single Super-8
Concept projector, but found the films for this projector too
expensive and not very interesting to the adult students. Presently,
we are developing more of a multi-media system than we had before.

My opinion is that the cassette recorder will really be a great
innovation in the field of education. We have found that the adult
students really like using the cassettes, or tapes.

Objectives of learning laboratories pertain to programs at any
level of comprehension. The labs are basically designed to help
adults achieve the following goals: (1) to give basic instruction
and literacy training from grades one through eight, and (2} to
prepare students who request it for the General Educational
Development test. About four years ago, we tested the validity
of the GED curriculum that had been developed. At that time,
we had 600 students that came into one particular leb with an
average reading level of eighth grade. 1In a period vaiying from
twelve to eighteen months, each student completed his curriculum
and had taken the GED test. COut of the 600 students, 588 passed
the test the first time.- 1 dare say that you could not get the
same results with such a heterogeneous group with the same number
of hours with any traditional classroom approach.

During the spring quarter of 1969, there vere 5,692 students

actually enrolled in the 74 corprehensive lats with 3,015 or nearly
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53 percent below eighth grade. The average entrance level was seventh
grade. Fifty percent, or 2,870, were male; 2,240, or 39 percent
are non-white; 3,327, or 58 percent vere enrclled for high school
preparation; 1,231, or 21 percent were in academic programs; 840,
or 14 percent in occupational trades; and 294, or 5 percent in
general interest courses. The total cost of comprehensive labs
will vary anywhere from $4,000 to $15,000 depending on the number
of students to be served and available funds. The learning labora-
tory system is flexible.

I would like to share with you some of the accomplishments
of the learning lab thus far. It has railsed non-readers to literacy
level, and a few to high school graduation. This required initial
and comprehensive instruction in reading, t£nglish, math, science,
and social studies. It has provided the basic academic skills
necessary for admittance into the curriculum and the mastery of
vocational level training such as auto mechanics, brick rasonry,
and similar trades. It has provided academic skills and knowledge
necessary for admittance into the mastery of technical and college
level instruction.

A survey was conducted several months ago to find out how
the cdults were doing who had gone through our learning labs and
received their high school diplomas or GED certificates and had
enrolled in two-year college programs. We wanted to compare thelir
performance with the average high school graduates. Wa fouad that
80 percent of these students were in the top 20 percent of their

classes.
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I would like to sum up for you some of the advantages of a
learning lab. Every student in the learning lab achieves success
as a result of the nature of programmed instruction and the
methodology used. Furthermore, success contributed to higher
motivation among the students. If the students come to You,
even though they are motivated, they will not maintain the motiva-
tion if they are not successful.

I believe that success is the greatest factor in sustaining the
motivation of the students. The instructional materi.l used in
the lab reduces student frustration, since each student sets his
own pace based on his rate of comprehension. Personality conflicts
are significantly reduced since the students interact with the program
text and a coordinator is always present. The labs are designed to
meet individual needs on a variety of bases; educational, social,
and psychological.

Scheduling is flexible; for example, one fellow who had
dropped out of high school in the ninth grade spent fcur years
in the navy, and came back wanting a high school diploma. He
came into the lab at 8 a.m. and stayed until 5 p.m. for five
days per week. At the end of five months, he had completed
his high school curriculum. After passing the GED test with a
high score, he decided to go to college. The coordinator inforred
him that he needed to come back to the lal and spend additional
time in reading, math, and science. He then spent six more ronths

on these courses. He passed the SAT test with a score of 1200,
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: This year, he is a junior in Electrical Engineering at Nor!
Carolina State University.

The nature of the learning lab instructional material compels
a student to progress in a logical manner with minimum deviation

from the program as outlined. Lab students nave a higher rate of

comprehension of such materinls than non-lab pupils. Students
retajn this information much longer thau if they acquire it in a

classroom situation. The mode of instruction in the lab is more

valid and more comprehensive in addition to being subject to less

bias. The program offered t¢ the students in the lab has greater

} contiruity than its traditional counterpart in the same program.
You will see the continuity built in once you see the curriculum.
The materials used in labs are designed for adults, regardless of
the grade level for which they are designed. The cost per student
contact hour is less in this instructional system compa.ed to the
cost in a traditional classroom,

In summary, if the student can't read the program, he is not
placed in that particular one. If he needs math at the seventh grade
level, and he is reading at the fourth grade level, vou must have
a program with seventh grade skills but written at the fourth grade
level. You never ask a student to do something he is not capable

of doing. If he is not successful in one program, we switch him

[ to arother program. Programs are selected that are relevant to the
student's needs, likes, and dislikes. In curriculum developrent, the

! student takes part in selecting materials that will take hin from where
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he is to his cbjective. Scheduling is flexible and students may be
phased into a program at any time and phased out when their objectives
have been achieved. 1In the learning laboratory our motto is "Learn-

ing by the yard is hard, but learning by the inch is a cinch".
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SYSTEMATIC USE OF PROGRAMMIED INSTRUCTLOX
LN BASIC EDULCATION

Grady M. Meredith
Rehabilitation Research Foundation
Draper Correccional Center
Introduction

The process iu which programmed instruction (PI) is currently
used in the basic education program at Draper Correctional Ceater
is the result of alimost constant change. Revision of techniques,
trials of new and different methods of approaches are continuing.
From the beginning of PI to the present, Draper has been very much
involved in {its application to adult education and, at times, in the
development of programmed material.

In 1962, Dr. John McKee began an educational program at Draper
with small grants from the Ford Foundation, the Alabama Board of
Corrections, and the Aaron Norman Fund. Later he received grants
from the National Institute of Mental Health (NIMH) which allowed
further research to be conducted and experience to be gained in using
PI with institutionalized adults. }!ore materials were being produced
and techniques for using these materials were developing. Experiments
were conducced to try to determine more effective ways of utilizing
them. Out of chis experimentation evolved the beginnings of the
method we now use.

In 1964, the first of three !Manpower Development and Traiuning
(MDT) Experimental and Demonstration (E&D) projects was funded at

Draper. Basic, or remedial acadermic training (using PI)}, social-skills
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training, and training in several trades were offered and rigidly
scheduled. Trainrees in this project wer: required to attend basic
education classes two hours per day throughout the program regard-
less of their grade level.

buring the three years which followed, we conducted additional
E&D projects which provided furthzr opportunities to develop and
refine the procedures we now use. In our present project we are
requiring of a trainee only that academic training which is
necessary for success in the trade ‘he ha: selected. He may elect
to go beyond this minimum and work toward 1 certificate of high
school equivalency or possibly to prepare for college. Many have

successfully done this.

This bit of history brings us to the present and the curxrent
undertaking at Draper. We are now conducting our fourth project,
which is funded under Section 251 of the Xanpower Development and
Training Act (MDTA).

The oft-described characteristics of the under-educated adult
require no elaboration here. There are, however, two characteristics
which must be noted because they are of paramcunt importance in
planning and implementing training prograns for this population.

The first is their attitade toward education. Having experienced
only failure in pubiic schools, they, in a learning situation,
are usually either apathetic and numbered, or are hostile, suspicious,

aggressive, and resistive. They are apt to view any educational
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activity as an insurmountablec obstacle course. Prison inmates. the
disadvantaged group with whom I have had most of my experience, may
treat the educational program as a game of wits, with authority as
the opponent. Though tuey will conforin, it 1s usually only to
secure earlier release or to avold an undesirable work assignment.
The second characteristic is their diversity in levels of
knowledge. One vocational class of 80 had grade placement scores
ranging from third grade to second-year college. This uneven
pattern is an individual as well as a group characteristic. Under-
educated adults, similar tc people on aay level of education, do
not usually have a total absence of knowledge, rather, they have
knowledge gaps. If grade placement scores on subtests of standardized
achievement tests are charted, there will be peaks and valleys,

Importance of Individualization

These characteristics, poor attitudes and knowledge gaps,
emphasize the importance of providing an educational program to
meet the needs of the individual. His training program must be
related to his own goals, and the relationship must be clearly
defined for him. (The first step may even be to help him to set
realistic goals.) Thus, to attempt to teach him only what he
needs to know - one must concentrate on the valleyvs, And the
valleys, which are his genevral deficiencies, must be carefully
plumbed. 1t's like walking a tightrope. 1t we err in one directiun
we can attempt to teach material which the ¢cainee has alrecady

mastered. If, on the other hand, we lean too far in the other
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direction, we may presc:. material for which the trainee is not
prepared. It is desirable, therefore, to determine as precisely as
possible what each trainee needs to learn.

The disadvantaged trainee should not be frustrated, but he can
be frustrated if he is asked to study material he already knows or
material at a level for which he is not ready.

These characteristics also mean that a conventional classroom
approach had best be avoided. The conventional classroom generally
recalls a series of failures to a man who has a deep-seated need for
success experiences. Further, the conventional classroom seldom
takes into account his unique pattern of knowledge and ignorance.

This is a wordy way of saying that, at all costs, the disadvantaged
trainee must be provided with a program which is designed specifically
for him.

The .ost effective tool we have found for use in our basic
education program is PI. We have built our entire basic education
program around this medium. Our efforts have been directed toward
developing a systematic approach, utilizing this relatively new
teaching ctechnique. It has been successful in our program where other
older approaches have failed. In our situation it is the only tool
which offers the flexibility we need. Any trainee can use PI
materials if he is able to read - at the third- or fourth-grade level.

Reasons for Using PT
Some of the reasons we have adopted this teaching technique are:

1. PI materials are adaptable to almost any physical situation.
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Trainees may work in specially designed study areas furnished
with computers, or they may secure a paper and pencil program
and work at their bunks.

PI offers the only method we know which will allow up to 13
trainees in one learning area simultaneously, each studying

a different subject at a ditferenr level of difficulty. This
one feature makes it worthwhile for our program.

[t enables us to éhow an average grade gain of 1.4 grade
levels in 208 hours of instruction. This includes all

levels of training. Some large companies quote fantastic
grade g ins in extremely short times with the use of their
materials, such as 4.5 grade levels incrcase in 55 hours of
instruction. But whan we learned what this meant, we
discovered that these igures represented gains by trainees
who were at approximately third-grade level at the outset

of training; and this is where tle fastest rate of learning
occurs. They did not include those who began at fifth-grade
level or atove, where the rate of learning is usually slower.
It assists us in preparing over 95 percent of our candidates
for passing tte General kdircational Development Test. (These
trainees are selected on the basis of overall test scores,
approximately eighth-grade level, upon entry into a six-
month vocaticnal and basic education traininy pregram.)

PI allows complete freedom and flexibility in individualizing
the learning process for each traince, We can treat specific
deficiencles with no waste uvf trainec time.

- 201

903



© wr e o e A

O

ERIC

Aruitoxt provided by Eric

1

It provides some intrinsic motivational characteristics
which are sorely needed by adults as well as children.
One of the most outstanding of these is that the trainee
is able to succeed - something which he probably has not
had a great deal of success in doing previously.

Characteristics of PI

In addition to PI belng extremely flexible, it offers advantages

which are not found in the ma*erials which have been traditionally

used in the classroom. The following characteristics are advantages

which distinguish PI from other materials:

1.

PIl's training objectives are behavioral, that is, the trainee
will be able to do something specific after completing a
program.

Material 1s presented to the trainee in a logical sequence
in which concepts and/or behaviors are broken down into
steps which are small enough to be easily learned.

The trainee is required to respond actively to eacl step,
that is, he 1s asked to supply informatien or perform
skills immediately after they are introduced. If his
responses do not require him to perform precisely the

kind of behavior we are trying to teach him, they require
that he approximiate the behavior. When the response caanot
be elicited in a real-life situation, such a situation is

simulated.
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4, The trainee rereives immediate feedback to eatch response-he
knows at once that he is raight or wrong. If he is wrong
he 1s told why. In good PI he is almost always right. This
characteristic explains the behavior-shaping power of PI.
The knowledge t . a response is right in reinforcing to the
learner. When he encounters similar situations in the
future, he will be apt to make the same response.

5. Most definitions of PI will state that it is self-pacing,
that 1s, trainees will learn at their own rate. Programs
designed for use on an individual basis have this character-
istic, and it 1s an important one. Indeed, it is this
characteristic which makes a system such as we describe
work. There are, however, programs for use by small
groups of trainees whose skills and knowleage in a
particular area are at about thie same level. We use one
such program at Draper to improve reading skills.

P1, because of the characteristics just mentioned, is ideal for
use in an individualized system, thus permitting the teacher to
handle a variety of learning problems within a single class. For
example, a trainee who needs to learn a specific basic skill, such
as ﬁow to add whole numbers, might be given one progra.. vhile the
traineec who has completed all of his assigned wvork and is anxious to
move on to the next step might be given a different program which
could enrich his learning either in breadth or in depth. As vyou

will note, PI materials can be used in a variecy of other wavrs:
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as a means of recalling previously learned subject matter, to supple-
ment classroom study, or to enable the trainee who has missed classes
for various reasons to do make-up work and so on.

The Learning System

We believe there are four basic, critical steps in the systematic
use of PI materials to obtain the type of results in basic and reme—
dial education mentioned eaviier. In sequence, they are: (1) diag-
nosis, (2) prescription, (3) management, and (4} evaluation.
Diagnosis

Background data must be collected. This should include age,
marital status, socioeconomic background, employment, last grade
attended or completed in public school, length of time since
attendance in school, personal problems, and so on. ’

A test must be selected which can be used as a diagnostic
instrument. We have used the California Achievement Tests and

; Metropolitan Achievement Tests. All levels of the selected tests
should be available, as should alternate forms of all levels for
post testing or continuing evaluation of the trainee's progress.
Other tests are avallable, some of which are designed for adults.

The tests which are selected should render a grade placement score,

[

not percentile and stanine scores; the latter are of little use in
diagnosing deficiercies when the result of the diagnosis is to be
a prescribed study program. The primary reason for this is that
PI materials which have been properly tested should be described in

terms of the grade level for which they are suited.
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Besides rendering grade placement scores, other features are
desirable. Fase of administration and scoring can couserve staff
time. Tests for which an item analysis is available are preferable;
item analysis is indispensable in making a3 refined diagnosis. The
test should provide some measure of reading ability, stated in terms
of grade placement. One final but important point for consideration
in selecting a test is cost. The expensc of operating a comprehensive
testing program czn be considerabtle and shouvld be carefully considered
in terms of the budget.

Once a battery of tests has been selected, a further determinaticn
must be made regarding the proper level of the test to be administered
to each trainee. We nave used the GRAY ORAL RFADING TEST as a rough
indicator in selecting the most appropriate level of the standardizéd
achievement test to be administered. If this is not possible, the
first section of the standardized achievement test can be administered
and the trainee observed. If it is obviously too difficult or too
easy for him, he shculd be given another level of the test. We
urnderstand that some tests will soen be available which will have
built into them some means of selecting the proper level for individ-
ual trainzes.

An item analysis of test results gives the manager (we refer to
the teacher or instructor as a "manager") the first general indication
of a trainee's weaknesses and strengths - the peaks and vailevs
mentioned earlier. It would seem that from an item analysis, one

should be able to prescribe PI whieh would tieat the deficicacy,
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but this is not the case if we are to be specific in prescribing
remediation. For example, the SAT scores might show a deficiency
in computational skills - this tells us nothing. When the item
analysis is applied, it might reveal a weakness in division of
fractions. This is a bit mere helpful, but still not enough.

'l.e trainee might know everything about dividing fractions except
that he must invert before multiplying. Determining this require
a more refined diagnosis. A pre- or post-test for a specific rat.
coursce which covers fractions could be used to pinpoint the gar

in his knowledge of fractions.

The result of this painstakinrg pri:zedure is that the trainee
can bu assigned a portion of a unit withia a course which will
correct the deficiency, rather than an entire math course. This
resulte in saving time and effort for the trainee along with other
positive factors, such as allowirg him tc progress at his own
rate and not tying him to a group which might move too fast or
too slow. Since tha entire procedure 1is individvalized, the
possibility that a trainee may be criticized by his peers for lack
of skill or krowledge 1s reduced.

Prescription

After analyzing the avallable data and weighing it in terms of
the trainec's goals, we prepare a prescription schedule for each
trainee. The scheduie is a record of the courses to be assigned and
tse order ‘n which the trainee will take them. Tc [ repare it, the

instructor must .onsider the information he has gained during the

- 206 -

200



diagnostic process. This information will include achievement test
results with overall and subtest scores and a measure of the

level at which the trainee reads, the item analysis, any further
diagnostic test results, and any information gained during interviews,
including the trainee's goals and identifiable attitudes.

The instructor, after having selected and ordered PI materials
for his trainees, will be familiar with the materials in terms of
behavioral objectives, grade level, reading level, appropriateness
for age level. and format or method oi presentation.

Keeping in mind the age and approximate grade level of the trainee
plus the information and insight he has gained into the trainec's
abilitiec and interests, he weighs course ohbjectives against defi-
ciencies and selects the course (or courses -~ or pcssibly only a
portion of a course) which the trainee will begin to study. At
this point, the prescription is still tentative. It wmav have to
be revised at intervals.

Management of the Learning Activitics

Before the traiuee actually begins his studies, he should have
a counseling interview vith the manager. During the interview,
the insiructor will review and interpret the trainee's test scores
and show him how they were used to prescribe the pregrammed material
he will use. The explanation should be couched in terms of the
trainee's goals. At this time the trainee's commitment to his
prescribed cource of study should be secured. The means of properly

using programmed materials must be explained, as should testing
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and grading procedures. Any questicas the trainee may have should
be dealt with.

When the traiuee begins to work with these new materials, he
must be observed closely for the first few days. Any errors in
prescribing should be corrected as soon as possible. Supervision
must be maintained. Verbal feedback from the trainee, progress
checks, and observations by the manager are all va uable tools
which can be used in involving the trainee in his own learning
process.

All of the aforementioned procedures require that the manager
be thoroughly ftamiliar with the program's content, grade level,
and method of presentation, as well as with the performance, work
habits, and specific defi-:iencies of the trainee if he is to success-
fully manage a program of this kird. He must also be aware that
trainee performance -an vary substantially because of factors such
as the mode of presentation of the materials (a paper and pencil
program as opposed on one which requires a machinea), a trainee's
interest in the svbject matter, and the relationship of the subject
matter to the trainee's academic or vocational goals. In addition,
the manager must frequently search for reinforcers which can main-
tain desirable learning behaviors.

It has been demonstrated that productivity can be increased
by utilizing contingency management procedures in the educational
prograin. Tor example, a point value may te assigned to each

programmed course on the basis of its length and difficulty, and,
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on the basis of available money, a monetary value ol the points may
be established. Using these procedures, a student can eacn monayv
based on his own productivity. He is not, however, opaid for merely
compleling frames. He has to pass unit and/or final tests in a
course in order to earn points.

Such a plan ueed not be rigid in delivering reinforcement.
Stud~nts may be paid once a week or they may be paid whenever they
have acrumulated a certain number of points; or payment for points
earned in one course may be made contingent upon earaing points
in another course. . point system is an extremely flexible device
which allows the manager to schedule reinforcement and vary the
value of points and the contingencies of earning tliem as he sees
the need. The learner shculd receive reinforcement only after
he has performed specified tasks which meet the established
criteria in th:z educational system.

Other motivating techniques, such as progress charts or graphs,
may be used. The trainee's own acacemic goals, when discussed with
hin, are often highly motivating. Other goals wvhich depend upon
more adequate basic education, such as higher level vocational
tkille, may be vsed to motivate trainces, Dlany of our trainees
are not avare of the most basic requirements for advancement. life
goals, if they exist, are frec eutly established in childltned through
the influenze > social contacts. The disadvantaged are not usually
exposed to the infiuerces which cause individuals to give thought

to predominant life motives. BLut hese motives can be developed in
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educational training, particularly if progress in basic education
czan be relaced to personal advancement.
Evaluation

Any learning system must have provisions for evaluation. The
most practical means of evaluating student or program progress is to
adiiinister a test. To meesure a student's accomplishments in the
basic education program, we adninis:er a different form of the same
standardized achievement test which was initially given. If ¥orm AM
of the Metropolitan Achievement Test (advanced) was administered
witen the trainee was admitted to thz: program, Form BM of the saue
test 1s administercd when he leaves. By comparison of pre- and post-
test results, we can eviluate the trainee'. progress (which we feel
is also an excellent evaluation of our procedures). womparisen of
pre- and post-test item analysis should give an extremely accurate
analysis of procedures.

In order to evaluate any procedure, detsiled records must be
kept. All test results, including standardized achievement tests
and tests on assigned courses, are recorded along with all pertinent
dates, manager's comments, and so on. By carefully recording all
pertinent data, we are able to maintain an ongoing evaluation of
our diagnostic and prescription processes.

Other factuvs involved in evaluation of a4 program are fregueatly
bused on observation or discussion with trainees. A close look at
the morale of trainees and staff, interest in learning (or the lack

of it), and problems created by unacceptable behavior in the learning
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area can provide supervisors witih information which is invaluable

in operating a program.

In short, evaluation depends upon accurate and detailed record

keeping (records which should be used -- not just accumulated), on-—

going observation of the trainee and the learning environment.

Evaluation should be a coistant procedure -- not something which

is done when the course or project is cumpleted.

Raconmmendations

From our experiences we can neow list a number of suggestions

for training disadvantaged populations similar to the one at

Draper Correctional Clenter. However, these recommendations are

mercly guides to behavioral engineering and we still require some

iriginative adaptations when employved in other settings.

1.

ERIC

Aruitoxt provided by Eic:

Use frequent and consistent reinforcements when the
desired behavior is obtained, whether money, congratula-
tio?s, or 3 pat on the back -- anything to reinforce the
desired behavior.

Keep ~teps in leerning small -~ to avoid arv semblance of
anticipated failure.

Give frequent and positive feedback regarding performance.
Carefully justify to the trainee the subject matter to be
learned in a practical wav - make his learning relevant
to his future.

Treat the disadvantaged as traineces, not students. The

latter suggests to them that they are not adults.
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6. Give tangible evidences of wchievemert, such as certificates
of award, progress charts, [ sting high test scores -
remembering that it's the cducational system that is at
fault when the learner fails.

7. Provide a consistently positive atmosphere for the trainee.

8. I> more than pay lip service to the concept of individualized
instruction: practice it by using the latest developments
in educational technology.

Perhaps the disadvantaged are not much different from the rest

of us when .t comes to training ceonditions and procedures. Bt two
marked differences do stand out: their deficiencies and strengths
are unevenly cast, requiring an individualized remedial program.
Also, the disadvantaged generally have been deprived o’ that reinforcer
we call success. We should give it to them ofter,

Sources for PI

Just finding out what is available in PI material is a major

task. For this purpose, two resources appear to be indispensable:

"The Automated Education Handbook" and the "Hendershot Catalog". Both

references 1list programs by subject matter. Fach also contains
information about grade level, price, and publisher. 'The Automated
Educatinn {landbook gives & botter description of the materials
available. In addition, it contains essays and discussions on the
theory and use of programmed instruction. The handbouk is, however,
an expensive volume; the catalog may suffice strictly for ordering

purposes. To acquire programs to =2valuate one peruses thise volumes
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and orders examination copies of programs which appear to cover
the desired subject matter at the appropriate level and for a
price which is within availabl: means.
No programmed iunstructional materials of systew of instruc-
tion {s Intrinsically valuable. It pust be considered in the coutext
of target population, adaptability to curriculum,time, motivational

~haracteristics, measurable outcome, and budget.
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DEVELOPING PRUGRAMMED INSTRUCTION (P.I.)
SYSTEMS AND MATERIALS

Virginia Zachart
Consultant, Medical Cnllege
Augusta, Georgia

Whether a program meets the needs that you have cau only be
determined if you tcy it out and see for yourself. You have to
try out programs ("TOP"} in your own setting.

Don’t believe the propaganda that is attached to programs
unless it is indicated that they were tried out on your type
population. Programmed instruction should be ''guaranteed learning”
and if it 1is uot, then you do not wart it. But vhen it is gnaranteed
to do one thing, and you want it to do something else, don't be
surprised when it does not work for vou,

Probebly no technique has peen more incorrectly used than

"it works fine", you tuvy it

prograimed instruction because I say
and it doesn't work for you. But You are trying it out on cne group
of people and I have evaluated it on another grou, of people. Any
type of teaching can work, and werk fairly well, in a situaticu where
it meets the necd. Mos: methods can not be used to meet different
needs. They often fatl with sowme group.

People keep saying that programmed instruction is going ta
save a lot of time, a lot of effort. This is not sc. If you
have an efficient method of teaching, you will find that in

programming it you will (1) not hurt the student, (2) not save

any time, (3) not save any money. But if you have an ineffective
- 215 -
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way of teaching you will find that this is probably the greatest way
of moving from the 18th century to the 70th century that has bean
developed and it will move you there in one step. The r=ason:

what you do in PI is unique; you listen to the learner!

Programmed instruction is an efficient and effective way of
getting {rom the subjec® matter experts what they consider the
learner needs to inow. Most tearchers are reall, not good at
defining what the learner needs to learn. In my opinion, teachers
have only two jobs. One is to define what should be learned and
the other to see 1f it is learned. Only subject maiter experts
can define the parameters of what nee 3 to be learned as they kaow
what "isn't to be learned". They have tou have more knowledge than
they are trying to communicate Lefore being a good teacher. A
teacher has to know more than he {s going to teach so he can
determine what should %e taught and what left cut.

? teacuer has to see that learning takes place. That is to

evaluate. Many times .- will find that if the paramsters of what

1s to be learned are determined, you have only to write a complete
final examination. Then anybody to whom you would give an "A"
would know everything they need to know about the subject. Once
you know what the objectives are, teaching is easy, or, at least,
easier.

In writing programmed material our biggest job in the medical
profession 1is getting the érofessors to determine the boundaries.

This is hard work!

- 216 -

]
O

ERIC 217

Aruitoxt provided by Eic



O

ERIC

Aruitoxt provided by Eic:

People will tell you that to properly analyze your job (look
at what you want taught) requires at least 50 percent uf your effort.
In other words, if you are going to teach a college course, you
should spend as mrch time in writing your final examination as you
spend during the entire quarter teaching that materiall See why
this is revolutionary?

In au industry, the perscn who controls Jhe money controls
the business. 1In learning, the person who contrcls the evaluation
controls the learning. If you tell students '""these questions are
going to be on vour final examination'" you can be sure what they
are going to study. You have determined their learning.

If there is & lagical sequence in what is to be taught,
tlle teacher has the responsibility of finding and teaching it.
That 1s the reason the subject matter experts wnust analyze their
materjial and find out what part of it must be learned. What
programmed instruction writers have done, and good tzachers have
always done, {s to get at the schema. That is, get at the under-
lying relationships of the material to be learucrd. And this is what
a systems analyst tries to do; he tries to force the expert to
iook at his materizl a .econd time. What is it you really want
taught? Programned instruétion is unique in getting at the
Yobjective" (what you want taught) and devising a schema. This
i{s what has been adced tc the old teacher-learner process.

Everybody writes programs a little differently. And when

anybody tries to teach yonu the way he d-es {t, listen to him
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and thank him because it is interesting, znd rhen ignure it. You
10 more want to copy somebody's merti.d of writing programs than you
want to copy Hemmingway's style if you ire geing to write a novel
You should write your own way when you write material just as you

teach your own way. Your personal tcich in teaching needs to rome

through. There are many things that you have <o du to find out
for yourself just what you want taught. I der't care what method
or technique you use--usually the subje t matter; the learnccs or

your personal style will determine this,
This week you have a tremendous group of people here. Every-
one of them has come up with his solution to the problem, and each
is going to show you his solutions to the problem. The first thing
yoa do when you leave here is forget what they said as far as their
solutions are concerned. The way they arrived at these solutions
is what you should be interested in. How did they go about doing it?
i What underlay the preparation of material? What are learning processes?
Do not believe anybody when he tells you this is according to
"learning theory'. If we had a single learning theory that was
adequate, teaching would bte simple. But there are many learning
theories and if you wanﬁ'to set up a model for a doctorate in

expevimental psychology in the field of learning, vou have to

p—

set up a minimum of five models to see which your controlled
learning fits. We are babes in the woods as far as kncwing about
learning so I suggest you be an eclectic pragmatist: anvthing

that works is acceptable! You try it out and see if it works.
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You must try cut methods as well as technigues and definitely try
out waterials.

Most of you are not going ta be developing waterials; most of
you are going tc be using them. You need to know whether they
will work with your papulation, with your people. Tr_ then out
and see. It daesn't matter whether it is a video tape of a slide
or a piece of pzper, or whether ic's a learning situation where
they are working with three dimensional tools. Whatever works is
what you waat to use.

To be sure you do it efficiently :nd effectively you must
aralyze your nceds first. Spend half of your time determining
what it 1s students need to know for this job., What are impourtant
things that you ‘vant done on this job.

What is the underlying schema or what are the aspects tharv tie
the whole thing together. We [nund that professors at the l!ledical
College of Georgila are not interested in students' just learning
facts., They want ttem to know how to use this information. How
do you find out if a person can use facts?

In most professions and in mast trades there is evaluation to see
if a person can do a job. How do yau evaluate? 1un medicine tkte
studznt J< expected to sclve a prroblem or to be able te work with
a patient. But what really happens in a medical school? A student
works up information on t. : patient; a res’dent physician is also
getting information on this patient; case h.story, physical cxam-

ination, lab studies, etc. The nedical student 1s expocted to
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decide what the problem really is and come up with the diagnosis, and
what to do about it. 3ut the student knows good and well he 1is pot
going to be allowed to kill patients, so he rounsiders much of this

as merely an exercise. No matter what he does it won't make any
difference. How can you put the student p a place where he can

make errors and see the results of his errors? What would actually
have happened to the patient 1if he did not get an adequate history?
What would have happened to the patient if he made a wrong diagnosis
@1 treaced him in an inadequale fashion? How can you put him in

2 real situation to show him what is happening? You can't turn him
loose on patients. But the ctudent must be in a position to actually
see that his error is going to kill a patient.

We prepared programmed problem solving cases and the student
goes through these branching programs and is allowed to make errors
and continue on through the branches. When he gets to the end it
may say something like: "Unfortunately the kidney you took it
of this patient was the only kidney left; you did not do an adequate
history an.. , .ysical examination; go bach and re-work this case.”

Another time when the student has gone through certain choices
he may see, "The patient lived, but unfortunately you butchered her.
Her husband 1is seeing another physician and if he finds out how
unnecessary the operation was you may be slapped with a mal-practice
suit."

These rases are real to the student. I have watched nedical

students who have corplete control of gathering data and material on
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a patient fworking to the best of their knowledge ond with the
best of intentions) find they have harned and not helped the
patient!: These students will turn as white as a sheet when they
sea the error, they start rubbing their hands, and even get up
and walk out of the room. They are in a much more real situaticn
on paper than they have gotten anywhere in medical school. They
vividly see that good intentions and the level of knowledge they
have are not adequate for them to take good care of patients.

Talking to a group of physicians in South Carolina last
montii, I asked them what was the primary reason for the recent
errors they had made. And without ~xception, evervone of them
said that he did not have time to get an adequate history or. _he
patient. Each one said he should have found out scmething mcre
about the patient and, if he had, he would have scted differently.
Their problems were not lack-of-knowledge but lack-of--time and
are not given to solution by PI!

How does one prepare problem cases? The material must be
prepared by people who have actual clinical exper‘ence. The
best care is one in which a competent person has made a mistake.
The case is prepared so this mistake won't be made by others.

Programmed iastruction is a general approacn. "PI" has
become a part of the language and it means many things to many
people. It is like the elephant and the bliand men, different

ones of us have apprecached different parts of it.
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In me..cal school the vocabulary is an important part in
teaching factual information. As students go onto each
different service for two or .1ore wecks, they have to talk to
the professors in the puofessors' special languages and, believe
me, every gpeclalty has its own language. How do you tesich this
quickly to a student who i- ning cn tle service, so he hears
correctly and asks goo< questions? Each professor states what he
wants; then w2 give this information to a student vho is paid to
write a text. This text must teach so that he would be willing to
accept the grade that his classmate would make on an examination by
the professor. Strange as it may seem, the can do it once the
area has been defined.

At what level should a third year medical student kinow a
given subject? The amcunt and depth have to be determined by
the protessor, for they determine what the students don't need
to know as well as what they need to know. The professar sets
the boundaries and gives us a serles of exam questions. Ve let
the students write or re-write in consultation with the professor,
these questions. Then the student learns the answers and teaches
his classmates. We tell a student that he has two months to
learn the rnaterial and write a2 program. It takes him one month
to learn the material but after he has programmed it he must teach
his buddy in a few hours.

Usually, we can get rrofessors Lo write material, once. It's

hard work, time consuming, and they are already working 70 hours a
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week, so we have found that the best writers are our student learners.
Students like it for they are learning while tltey are writing, and
they are getting pald for it. Writing material is such hard work

that most people will do one good program and quit-

Help in writing programs is available from books and workshops
2s vell as from professionals in the Natiunal Society for Programmed
Instruction. These are several with materlial on progrommed instruction.

The Ar: :d Forces have been working programmed instruction since
World <ar 1I. Since then the military has been putting several
millicn dellars a year into programmed instruction research and
development.

In the United States Air Force Air Training Cemmand alone,

a list is prepared every few months for the Commanding General
indicating every training schonl for officers and enlisted

persnns and stating how much of the course is 1in self teaching
foimat with an explanation why the rest of it isn't. The military
now trailns its own pcrogrammers and its own analysts. Materials are
now available in many technical fields that work beautifully in
self-paced self-teaching.

I repeat that my advise to every person who 1s in the area of
teaching, supervising, or managing 'earning programs is to "TuUP"
(Try Out Programs).

I think that ycu will find that programmed instructions,
particularily programmed texts are good when you have determined

the need, ard they are prepared to mect the necd thus glving you
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efficient tools. But I must say that, in my opinion, you use programmed
instruction and carefully programmed texts as a last resort. Any

other way that can be used to teach is usually less painful and more
enjoyable so if they learn as well, use other me_hods. If these

do not work, you really have a NEED, remember "programmed instruction

is like a girdle". 1It's uncomfortable, it's miserable, it's a

straight jacket; but at times nothing else will take its place’
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MULTIMEDI\ PROGRAMMING
Shirley B. Bitterlich
Vice President
General Programmed Teaching
Palo Alto, California

The world of instructional media can be a world of confusion
because there are so many different types from which to choose.

It has been said that we use media simply because they are there,
and unfortunately this is sometimes true. One solution is to
employ a variety--the more the better--without regard to appropriate-
ness or need Another is to back off from the multimedia approach
to instructional design, relying heavily on the familiar spoken
or wr %“ten wnrd rather than daring to venture into the wide world
of media. But these are non-solutions; each, in its own way,
sidest ¢ps the issue. There is no simple solution, but it is
possible to find satisfactory answers to the question: What
should I use to teach this topic to these students under these
conditions?

To start, let us consider some of the possibilities involving
visuals. Not everything can be visualized, but for the most part
there are few presentations that could not be made more effective
by the inclusion of some form of visuals. The vnly purpose may be
to tnake a dull topic more interesting, but this reascn enough.
Carefully selected visuals will usually cause the student to
attend more closely to the verbal content of what would otherwise

be a routine and relatively ineffective presentaticn, Thus, it is
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an appropriate use of the vi ual medi mm and one that we tend to
overlook.
There is, of course, much more to visualization than interest

value. All too often we instruct verbally when it wouid be far

better to use visuals as the primary source of instruztion. For

example, when we talk or write about a concrete object, we form

a mental picture of it and then describe what we see in that

picture. The trouble is that there is no guarantee that our
; mental picture will be transferred without change to the student.
The mental picture he forms will probably be incomplete, inaccurate,
or byth. The more complex the object, the more the problem is compounded.
For instance, how would you describe a spiral staircase to a student
who had never seen one? At best it would be difficult, more likely it

would be imrossible, and most certainly it would be a waste of time

to even attempt such a description. All that is n.eded is show him
a picture and say, "This is a spiral staircase"'. And you could be
sure that the next time he sees one there would be a better chance
that he would recognizc it than .. you had used the proverbial
thousand words. 1In both this and the previous example, there would
be a wide choice as to the type of visual to use. Photograph, line
drawing, black and white, color--any of these would do, provided it
furniched an accurate representation.

In almost any type of vocational course, there is a considerable
arount of discrimination t aining that precedes actual on-tue-jnb

practice. Visuals are extremely useful in teaching such discriminations.
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Here, however, the selaction of the particular type of visual becomes
more critical, and the characteristics of the target pcpulation and
the crnstraints of the instructional setting, as well as the nature
of the subject, may ent.r into the decision. For example, onc of our
conpany's recent projects involved teaching nurse's aides to discriminate
betveen correct and incerrect hospital rprocedures. Phiotographs could
not be used, primarily because there was tno much extraneous detail
(wrinkles in clothing and bed linens, shadows, superfluous objects
such as toil.:t articles, permanent wall fixtures, etc.). For
instructional clarity, it was necessary to use original art, and
developing the final art style required a long series of tryouts.
Black and white line drawings \.:re acceptable to the ..tracting
organization--but not to the target population. FYor sone reason
that has still not been precisely determined, we had to use cclored
drawings, even though color itself was not a critical element of
the basic discrimination. Line drawings, no matter how highly
cued with labels, "failed" in developmental testing.

In some instances it was necessary to show progressive move-
ments, for example, how to bend dewn, pick up an objuct on th=
flror, and theu return to an upright position witl.out suffering
body strain. We found ttac three body positions--all the way down,
halfway up, and standing upright--proviced an approximaticn to
actual movement tlat was clese enough to preclude having to go to

the intricacies of animation.
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Verbal information was presented on audiotape in the form of a
dialogue between an instructor &nd a student. This scriptwriting
technique was largely determined by the characteristics of the
target population. Even though the training was provided in an
individual setting, the aides simply did not feel at ease when the
instruction was aimed directly at them, which interfered with their
learning. Butf when they watched somebody else being instructed,
they no longer experienced any constrictive, persoral involvement
and entered wholeheartedly int< the instructionai situation. At
the beginning of the sequerice, the instructor would invite the
viewer to participate by answering the questions he was gcing to
ask of the student on the screen. Both the viewer and the student
marked their answers on a response card, and then eithcer the
instructor or the student gave the confirmation. (As an additional
self-confidence builder for the viewer, the student did n ¢
always get the correct answer.) Note that the hospital training
program involved a combination of two media; audio and visual.

Another course developed by our company resulted in a mix of
several media, each one dictated by the nature of the subject matter,
the characteristics of the target population, or the coaditions
under which the instruction was to be provided. The project concerned
the development uf a self-instructional couzse to teach the soldering
skills needed to qualify tor employment as an electrical assembler.
Job performance involved not only numerous discriminations, but

also a variety of skills ranging from gross motor sequences to very
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precise manipulations. Note that the instructional burden did not
end when the trainee had acquired the preliminary discrimination
training. In this case, there was no on-the~job practice. Thus,
the course had the added responsibility of teaching the actual
pevformance skills. In addition, it had to be in the form of a
complete do-it-yourself kit. It had co include all the tools and
supplies that the trainee would need. It had to include all of
the instructional components, both software and hardware. Auad

it had to include everytliing the course monitor would need to
evaluate the trainee's performance. The monitor could not be
expected to have any degree of expertise in this particular
performance area; hLe would probably be as unskilled as the
entering trailnee.

The course was first designed in skeleton form in the
terms of behavioral objectives, and was then expanded to include
the descriptive information required tou teach the various kinds
of discriminations and prucedural steps that the trainee had to
complete successfully. This, of course, also involved deterwining
the order in which the steps should be taught.

Two factors entered into the selection of audio for all verbal
directions. First, the reading ability of the target population
was very low, approximately fourth grade level. This factor,
however, was less important than the secord. We would have used
audto regardless of the level of reading ability. 7This particular

course involved performance from beginning to end. It was necessary
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that the trainee be ablte to watch what he was doing at all times.
"Reading"” his way through the course would interfere with his visual
attention to his performance, but with audio instructiens this
problem was eliminated The speed of the audio p:resentation had to
be carefully timed. Everything the trainee did--picking up a tool,
using it, putting it down and selecting znother--had to be taken
into consideration.

The second media input was visual, and numerous visuals were
requizrd throughout the rourse. The srimary purpose was to give
the trainee a standard against which to compare his own performance,
in other words, to provide the neans for making the necessa.y discrimi-
nations. The visuals were generally in the form of drawings so that
the item could be enlarged and more emphasis could be placed on details.
The illustrations were housed in a stand-up book directly in front of
the trainee. He had merely to lift his eyes momentarily from his
work, without moving his head, in order to make a visual comparison.
There was no instructional advantage to be gained from projected
visuals, nor was there any need for co.or, In fact, color reduced
the effectiveness of the i{llustrations. (This was in direct opposi-
tion to the findings in the hos ital *raining programs, where color
was equally unnecessary but had to be used to obtain effective
visualization.)

Theré Qéret;oﬂé‘objéctiééq that could not be aciiieved vith
still p!c%ures becausé a time fa@tor entered into the sequen-ial

performance of the requisite procedures. This invelved another
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visual input--motion picture. Note that we did not use color or
projection because they were not needed, and we did use motion
pictures because we could not do without them, In each case the
selection of the appropriate medium was not made on the basis of
an arbitrary decision. NWe did not select the v' .wal media. Rather,
they selected themselves in that they were determined by the perfarmance
requirements O0f the pertinent objectives.

It proved irpossible to clarify all of the visual features of
soldered cconnections with tvo-dimensional drawings, which meant
that still another medium wac required--the actual object. Thas
provided the trainee with the necessary three-dimensional view, in
addition to allowing him both to observe and to feel surface texture.
Again, the selection of the appropriate medium was a function of
the instructional need.

In summary, the design of mulcimedia prograns should follow
the same basic approach used 1n the design of any other type of
presentation. Specific media should be selected, not because they
are fun to use nor because they happen to be there. Media, like
procedures and techniques, should be chosen primarily on the basis
of the performance requirements of ghe objectives, then modified

as necessary to conform to the neceds or limitations of the target

population and instructidnal setting.

ERIC Clearinghouse

MAY 1 8 197}

on Adult Education
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ERRATA SHEET
To Accompany the Publication

PROGRAMMED INSTRUCTION AND COMPUTER ASSISTED INSTRUCTION IN ADULT BASIC EDUCATION

Please make the following corrections on yocur copy:

3 - "Norbest Wenier'--change to "Norbert Wiener'
16 - "Norbest Weiner'--change to "Norbert Wiener'

20, line 4 - “accomplished" instead of “accomlished"

oW o~ u o

24, line 5 - cbange "images generated on paper and images'
to 'images genevated on paper are images'

24, line 9 - after learner insert "more”

69, line 16 - "per hour”-.a0t "per hours”

75, line 4 - insert "3." before "Like McKee's work’
)

93, line 4 - insert 'deviations' after "significant”

"

95, line 22 - insert "who' befween "people” and "wanted"
96, line 15 - "are able to' rather than "are chute”

105, line 20 - insert "it" before 'is"

107, line 1 - "hierarchy"” instead of "hierarch”

111, line 22 - "ancient Sumer" rather than "Summer

128, line 15 - "vague' instead of "vauge"

131, line 2 - "product” instead of "produce"

132, line 16 - "corollary” instead of "collary”

144, line 2 - capital: for Educational Advancement Center

1"

144, line 6 - "a short test" instead of "short tests™

150, line 9 and line 19 - "Suppes” not "Syppes”

150, line 10 ~ colon after CAI instead of a semicolon

157, line 22 - insert "the" before "Physics Project”

"relative"

160, last line - "100,000" instead of "'1000,000"

158, 1ine 14 - "relatively” instead of

161, line 20 - insert "-." after "possibilities”

162, line 16 - change "mundance” to "mundane"

163, line 22 - change "'On the” to "One"

166, iline 1€ - insert "'The" before "Project plan”
177, line 22 - change "Uka" to "Ute”

179, line 24 - insert "in" after "considerations’

[ T - B T C R R - T T - - B o B - B - B o « S~ - N - - B - B - A o e - B - = B~ B

180, line 10 - insert "(by Jacobs, P. I., Maier, M. H. and Stolurow, L. M.
Published by Molt, Rinehart and Wiunston)."

P. 203, line 5 - change "in" to "is"
P. 223, iine 22 - delete hyphen from "malpractice”

line 6 - insert a period (.) after '"need”

Q 5,
JEIQJ!ZZS, line 18 - insert "“s" after "this”




