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PREFACE

A

The present interest in teaching machines and programmed instruction
1s specifically attributable to the writings of Professor B. F. Skinner
in 1955 and l958.l Other work on instructional technology was also being
reported at that time, such as the contributions from military and other "

2 ; ] e i /
sources and Pressey's 'testing" machines had previously appeared. However,

e it is Skinner's work which has captured the general imagination, and his

, transition from laboratory studies to practical application that has en-
couraged a systematic basis for further necessary research and development.
The language and technology of Skinner's laboratory that provided the frame-
;1 work for the first programmed materials.

; Initial developments spring intc being with the errors and ineffciencies “
of first inventions, as, for example, the Viright Brothers' airplane. However,
2 these first developments, if they are at all exciting, provide a basis for

' continued development and correction and a target for constructive revision.
Z! VWith this in mind, the attempt has been made in this guide to present the

: major principles that contributed to these first steps in programmed in-
struction and which have led to present practices and can snape their im-

x provement. These early attempts pertained to what can be called verbal,

linear, small-step programming, although the general principles involved 4
are not restricted only to verbal behavior or to this type of format.

Subsidiary practices, developed away from the main stream are described

in this guide, but the attempt has bteen made to provide a sustained point

of view, at least as far as possible.

A a » . . = g
Skinner, B. F. The science of learning and the art of teaching. 1In
Current trends in psychology and the behavicral sciences. Pittsburgh: .
University of Pittsburgh Press, 1955.

| * Skinner, B. F. Teaching machines. Scieuce, 1958, 128, 969-977.

2Lumsdaine, A. A, & Glaser R. Teaching machines and programmed learning.
Washington, D. C.: MNational Education Association, 1960. Part II. -
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At the present stage of development of programmed instruction, there
is little substitute for research, development, and demonstration. These
elforts, however, must take place on the basis of underlying principles
and not outward appearances. Programmed instructional materials have
distinctive formats, but are based on underlying ideas. The improperly
initiated practitioner may learn only to imitate the format and ignore
the principles. It is for this reason that this guide discusses principles
as well as procedures. Procedural prescriptions alone, at this stage of
development, lead to extreme rigidity and inefficiency.

\\\‘ii> Part I of this guide is an introduction to the major characteristics
and purposes of programmed instruction, Part 1II continues with a description
of principles of learning, Part III goes on to practical programming pro-
cedures, and Part IV discusses implicatioi.s for research, development, and
operational activities. \I'or special purposes, these parts can be read as
units in themselves. Of cRurse, there is no substitute for the practical
effort of constructing, testing, and revising programmed materials, and
this guide should serve only to prompt this behaviocr.

This. guide was initiated with Dr. Felix Kopstein as project monitor.

During the preparation of the present revised guide, Dr. Ross Morgan served

in this capacity. Ruth Ann Rishel provided the excellent secretarial skills

necessary for final production.
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Chapter 1: Introductory Overview

A var}et? of teaching machines, programmed textbooks, and other self-
tutoring devices have been developed in the past few years, creeting a
great deal of interest on the part of educators, training specialists,
scientists and the public. Despite superficial differences, the best of
these devices are founded on certain basic assumptions about how learning

§ takes place, and they attempt to make use of the same fundamental opera~

tions to accomplish learning. Most programmed learning methods present
the subject matter in a series of steps called frames which require an
active response from the student. Each step or frame is typically con-
structed so that it is highly probable that the student will make the
correct response. Sequences of frames are designed specifically to bring
about learning by gradually leading the student to make more and more
sophisticated responses on his own. Moreover, all prcgrammed learning
devices provide some kind of feedback or correction so that the student
is informed of his performance after each response

The most important characteristic of programmed learning is that it

applies what is known about learning to educational psychology. This e |

point correctly implies that, for the most part, educational psychology

and training methodology have not attempted to base their practices on

) modern developments in the science of learning. In recent years, however,
! an increasing number of experimentally and learning-theory oriented psy-

§j chologists have been working on educational and training problems. The

& approaches to problems employed by these individuals and their reports

of success and failure in applying the methods and knowledge of their

science have important implications for training and education in general.

A number of schools, colleges, and industrial and military training
organizations have also been stimulated by the apparent control of the
educational process that programmed learning and automated teaching

methods offer. Many of these organizations are in the midst of experi-

menting with radical curriculum changes--not so much in subject-matter

LT

/
|
; : f; content, but with respect to the teaching of it. As a result, it appears
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that programmed materials can teach many subject matters more effectively
than they are taught at the present time. Moreover, these new techniques
can be evaluated more carefully than other educational procedures. In
contrast to & textbook or lecture, the effectiveness of programmed material
can be determined by a detailed analysis of the learner's behavior. This
permits numerous improvements to be made in the course of developing pro-
grammed materials, as well as making it possible to evaluate program
effectiveness in an instructional situation.

At the present time, it is generally recognized that the success of
a teaching machine is largely a function of the material used in it. The
construction of this material is the most difficult and crucial task in
the development of programmed instructional procedures. This handbook is
concerned, therefore, with the principles and practices underlying the
construction of programmed learning sequences rather than with hardware
or machines. These programming principles represent an application of
learning theory to programmed teaching. As a student goes through a
learning program, certain of his initially unskilled responses are
strengthened and shaped into subject matter competence. Programming

rules are concerned with how to induce such behavioral changes.

Reinforcement

Present knowledge of the learning process points out that behavior is
acquired and modified through the operation of "reinforcement." Briefly,
reinforcement is the occurrence of an event (for ecxample, a reward) fol-
lowing a response which serves to strengthen and maintain the response.
The salient feature in modifying behavior is making the reinforcement or
reward dependent upon the performance of the learner. By “rewarding"
relatively minute behavioral changes, it is possible to strengthen certain
of the learner's responses and lead him in small steps from his initial
behavior to far more complex behaviors. This modification should take
place in small enouvgh steps so that the student's progress and motivation
are not jeopardized by frequent failures. In most current instructional
programs, the reinrforcing agent is knowledge of results, that is, know-

ledge about whether the learner's response is considered correct.

dibalaliis o




A great number of responses must be learned in acquiring complex
behavior, such as a new language or knowledge of electronics. The number
of reinforcements and the arrangements for reinforcement required to
establish such complicated behavior overtax the time and skill of the
most efficient instructor, especially within the limits of the usual
classroom or training situation. For this reason, instructors often
enploy educational materials such as textbcoks, manuals, and outside work,
to assist in teaching complex behavior. Uhen such aids are used, however,
it is not possible for the teacher to carefully monitor and shape student
behavior. Instructional programming is an attempt to provide for the
careful guidance of learning that is necessary. It is concerned with
the precise selection and arrangement of educational material based upon
what is known about human learning. The term programming refers to the
process of constructing sequences of instructional material in a way that
maximizes the certainty of learning and retention, and enhances student
motivation. It is a process which an effective tutor may use intuitively.
The hope is that an effective programmer may someday be able to program

certain subject matters according to definable rules.

Defining Instructional Objectives

A first step in programming is defining the objectives of instruction.
The programmer must know just what terminal behavior he wants the student
to engage in at the end of the program. He must be able to speciry the
kinds of subject matter material the student will learn to respond to in
the course of this performance. The primary purpose of instruction is to
provide the student with a behavioral repertoire comprising "knowledge of
the subject matter.” If the repertoire is elementary electronics, a pro-
gram must lead to the acquisition of the specific student performances
which define this kind of knowledge.

Defining and specifying the terminal behavior or goal of instruction
is no trivial problem. With the control possible by means of programmed
learning sequences, specific statements must be made concerning the form
of the knowledge skills that are to be learned. Should instruction in

mathematics, for example, enable the student to solve problems, apply his
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knowledge to new problems, prove theorems, or all three of these? The
form of a learning program can differ radically as a function of the
criterion behavior chosen. The behavioral end products of instruction
must be specified in objective, concrete terms in order to permit the
construction of effective learning sequences. This can often be accom-
plished by constructing & detailed achievement or proficiency tesi of

the behavior to be taught.

Zrogram Characteristics

Graduval Progression to Establish Complex Repertoires. 1In developing

complex performance, a program reinforces and strengthens any available
student behavior which is a slight approximation to the terminal behavior.
The program then builds upon this behavior in subsequent steps in order
to reinforce and strengthen a small change which is in the direction of
the terminal repertoire. Thus a program moves in finely graded steps or
‘rames, working from simple to higher and higher levels of subject matter
complexity. This gradual progression permits the student to be correct
as oi'ten as possible and is an efficient way to develop new patterns of
biehavior.

An example of gradual progression can be seen in the following items
or frames from a junior high school general science program. These frames
illustrate some typical programmed materials and might be presented either
in textbook form or in a teaching machine. Each frame exposes the student
to a small amount of material which is designed to encourage him to res-
pond. Before he begins the program, the student would be told to either
£ill in the blanks or write his answers on a separate answer pad. The
frame below is the twenty-ninth frame in a program on measurement and

the metric system.

ENERINSORTI - 1 SV

il ege N
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29. 1In the .letric System, we use something called a
meter in place of a yard. The English System
uses a yardstick where the Metric System uses &

stick to measure with.

As soon as he responds, the student turns the page or advances the machine,

revealing the correct ansver, "meter” or "meterstick,” against which he

checks his response. Then, the student turns the page or advances the

machine and looks at the next frame, number 30.

|
| . §
|

I 30. A meter is slightly longer than a yard. A yard
is slightly than a meter.

The student again responds, checks to see if his answer is the correct

one, "shorter," and moves on to the next frame, 31.

31. It is easy to learn about the iMetric System when
one thinks about our money system in relation to
it. A dollar has cents (pennies). A meter
has the same number of centimeters that a dollar
has cents. & meter has centimeters.
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Learning that a yard is slightly shorter than a meter and that a
meter contains 100 centimeters is not very astonishing in itself. 1In
a 250 frame program, however, these small steps gradually and systema-
tically result in a substantial amount of learning. At the beginning
of the learning sequence, instructional stimuli are used to evoke behavior
already in the repertoire vhich the student brings to the teaching situa-
tion. Frames 29 and 30, for example, both call for responses the student
can already make. During the course of insiruction the student learns

new stimulus-response combinations. Each step requires behavior the
1 g

student is capable of pericrming, however

, and thus permits the student
to take each step with a high probability of success The learning pro-
cess involves this gradual transfer of beha

stimuli. Towards the end of the instructional

frames call upon these gradually built up skills

example of a frame which appears late in the scquence

system.

kKilometers = meters.
Xilometers centimeters.
kilometers = millimeters.

Figure 1 is a further illustration of gradual progression in a
learning program. This consecutive sequence of [rames was taken Irom
the middle of an eighth grade program on work and machines. This
particular section of the program is designed to teach the student
methods for finding the mechanical advantage of simple machines and

expands the student's previous learning about simple machines.
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Figure 1

Gradual Progression in a Programmned Learning Sequence

on Work and Machines

Frames Responses

The increase in force that a machine gives us is caused by
its mechanical advantage (MA). The mechanical advantage
is the cause of the in force which the machine
gives us when we do work

increase

Most machines help us do work. Therefore, most machines
have a advantage.

mechanical

The increase in force that we get from a machine is its mechanical
v advantage

Most have a mechanical advantage. machines

If a machine helps us 1ift twice as much weight, it has a
mechanical advantage of 2 (twice as much). A machine which
enables us to lift L4 times as much as a mechanical advan-
tage of .

A machine which enables us to lift five times as much has
a mechanical advantage or o

If a lever has a mechanical advantage of 6, it will increase
our force 6 times. If a lever has a mechanical advantage of
T, it will increase our force times.,

Mechanical advantage (MA) can be calculated for a machine
The MA of a lever is the length of one end divided by the
length of the other end. For example, 6 feet & 2 feet.
MA = g , the MA of this lever is .
!
et — AL
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(Figure 1 continued) 1

The lever pictured has an MA of 6 = 1. It will increase

our effort (force) times. &
. '
h—— B¢ —— \*.z _)
= i 16 e
This lever has an MA of < = ” —_ =1
{ )
< é 2K >
//..
| AR
A lever with an MA of 10 should increase our force to
times the original force. 10
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Prompting. A programmed sequence begins by calling only for rele-
vant student behavior which is available at the outset. The problem is
to get the student to make new responses with a minimum of errors. Before
behavior can be reinforced and strengthened, however, it must be emitted,
and instructional material has to be designed to elicit the correct and
appropriate behavior which then can be appropriately reinforced.

The occurrence of desired behavior in a program can be made more
probable by the use of formal hinting and coaching techniques which are
based upon what is known or can be safely assumed about the student's
verbal behavior. Such techniques are illustrated in the following sample

frames designed to teach the Greek prefixes for numbers.l

The student is to acquire the correct use of mono,
di, tri, tetra, penta, etc., under the control of
numerical aspects of verbal and non-verbal stimuli--
€.8., pictured polygons, or the subscripts in chemical
notations. Existing connections in the student's
repertoire can be exploited, going first from Greek
to English, as in "The Decalogue is another name for
the Comaandments," or "A monocle is a lens for
use in only eye.” The student can then complete
familiar and later unfamiliar expressions by substi-
tuting the Greek prefixes ... as in "The five-sided
building in Washington used by the Army is called the
gon," or "People who make a practice of having
only one wife or husband are called gamous, "
or "A line of poetry having six feet is called
meter."” From such general material the
student can then be transferred to a specific appli-
cation--as in being asked to compose the technical
names for chemical compounds indicated with symbols
("cF, is carbon fivoride") or to write the
symbols for compounds named, "Osmium octafluoride
is written v

lThis example is from Skinner, B. F. The programming of verbal
knowledge. In E. Galanter, (Ed.), Automatic teaching: the state ol

the art. New York: Viley, 1959. Pp. O7-68.
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Prompting and cuing techniques, then, play an important role in
the progression through a program. They help in controlling error, in
evoking behavior, and in bringing this behavior under the control of
new stimuli. It is obvious that such techniques may often be the stock
in trade of a master teacher. However, the objective in programming is
to make these techniques as explicit and non-intuitive as possible.
Fading and Vanishing. Thus far it has been indicated that program-

ming techniques elicit behavior through prompting and strengthen behavior
through reinforcement and gradual progression. Another principle in pro-
gramming is fading or vanishing. These terms refer to the gradual removal
of prompts so that a student responds only to the stimulus material which
will be available when hz performs the "real" task; when he is on his owm,
so to speak, and learning crutches have been eliminated. The systematic
progression of programmed learning is well set up to accomplish this

elimination of cues.
The following description indicates how a student can learn to

recite a poem in a programmned learning sequence and illustrates the

technique of fading.2

The student must read the line "meaningfully" and
supply the missing letters. The second, third,
and fourth frames present succeeding lines in the
same way. In the fifth frame, the first line re-
appears with other letters also missing. Since
the student has recently read the line, he can
complete it correctly. He does the same for the
second, third, and fourth lines. Subsequent
frames are increasingly incomplete, and eventually--
say, after 20 or 24 frames--the student reproduces
all four lines without extermal help, and quite
possibly without having made a wrong response.

The technique is similar to that used in teaching
spelling: responses are first controlled by a
text, but this is slowly reduced (colloquially,
"vanished") until the responses can be emitted
without a text, each member in a series of res-
ponses being now under the "intraverbal" control
of other members.

2From Skinner, B. F. Teaching machines. Science, 1958, 128, 972.

BTN
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Figure 2 presents an example of fading or vanishing from a junior
high school program on electricity. Over 500 frames have preceded this
sequence and the student has already learned that an atom consists of
electrons, protons and neutrons. He has also used the word "electron"
in association with the word '"negative." The first frame in the figure
prompts the response strongly by means of a copying prompt; that is, the
response is copied {rom the stimulus matexial in the [frame. Fading
begins in frame 531. The response here is prompted by being set in
opposition to positive protons. This is a much weaker cue than that
used in frame 530. Frame 532 is even less prompted and again makes use
of the antithetical association of positive and negative.. Frame 533
cues the student by means of the first letters ol the response words.
The last two frames give the student minimal prompting and require him

to respond, for the most part, on his own.

11
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Figure 2

Electrons have a negative charge of electricity.
The part of the atom with a negative (-) charge

is the .

Protons have a positive (+) electrical charge.
Al have a positive electrical charge,
electrical charge.

all electrons have a

All have a positive electrical charge;

all have a negative charge.

Neutrons are neutral--that is, they have no

electrical charge.

P have a positive
e have a negative

s i il
have no charge.

have a positive

have a negative
have no charge.

The part of the atom with no

charge,
charge, n

charge.
charge.

charge is the

Fading and Vanishing in a Programmed Learning Sequence in Electricity

electron »

protons
negative

protons
electrons

protons
electrons
neutrons

protons
electrons
neutrons

neutron




- g

adlis

B I

Confirmation and Scoring. As has already been indicated, an

important characteristic of programmed learning is that the student

receives information regarding the correctness of his response. It is
generally assumed that confirmation can provide appropriate rei en
and that it will motivate the student to work carefully in order tc €

up with the correct answer at each step: In most present programs the
student makes a response and then judges whether he is right or wrong

by comparing his response with the ccrrecti one s

It is also possible, however, for a machine tc be more fully automated
sc that it senses and scores the correctness of a response.

The Observing Response. Immediate confirmation then, "encourages

& more careful reading of programmed material than is the case in studying

a text, where the consequences of attention or inattention are so long

deferred that they have little effect on reading skills.'"~™ This behavior
of observing or attending is produced by the structural arrangement of thae
program. -When imuediate reinforcement is forthcoming, a student will be
more likely to learn-how to concentrate on specilic features of a pre-
sentation. The constant attention to the subject matter which a program
demands will not permit the development oi competing habits of distracti-
bility. Less controlled methods of teaching than a program, hovever, may
allow distractible behavior to occur more frequently.

Practice and P-view. A program must contain a certain amount of

review and repetition in order to maintain previous learning and to
strengthen concepts which are weak or which will be called upon in
further learning. Figure 3 shows a consecutive series of frames from
the early part of a program, designed to get a response highly practiced
so that it can be used in further learning. The response "ten" is eli-
cited a number of times in this sequence so that it will be highly

racticed when further discussion of the metric system occurs.
P N

3

From Skirner, B. F. Teaching machines. Science, 1958, 128, p. 975.
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1 Figure 3

A Practice Sequence from a

Junior High School Program on Measurement

The reason for this is that the Metric System is
based on one key nunber and that is the number
ten (1C). 1In the Metric System, everything
depends on the number -

ten

The English System depends on many different

numbers including 1, 3, 12, 36, 32, 16 and many

more. The Metric System is easier to work with ten
than the English System because it does not use

all these numbers, but rather it uses only the

number as its base.

Our dollar system is something like the Metote

System. One dollar is the equivalent of + 73
. i ten

dimes.

One ten dollar bill is the equivalent of

dollars. ten

Our money system and the Metric System b
are both based on the numnber . ten

.
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Sufficient practice and overlearning &re necessary so that early

material is thoroughly mastered before or while new material is introduced.

R

With fading and with the omission of lessons as they are mastered, a sys-

tematic transition can be made from old to new concepts by means of review
and repetition. Concepts not otherwise involved in a particular sequence
of items can be reviewed periodically. PFrogrammers use the word "seeding"
to describe the scattering of review materials at various points in a
program so as to insure the maintenance of learning.

Since unvaried repetition can he extremely annoying, repetition in
a program shoculd be continuously varied both in context and pattern. When
the program contains such variation, the student receives new information,
learns to make finer discriminations, and learns to apply what he has . }
learned to a wide variety of situations.

Understanding and Discrimination. Subject matter materials have not

been fully mastered until the student can use them in varied contexts.

For example, a student cannot be presumed to have thoroughly learned the
concept "noun" until he has worked with material that requires him to dis-
tinguish between nouns and verbs. This kind of discrimination is involved
in the formation of concepts. A programmed learning sequence can provide ,i{
a vell-organized series of examples by which the student is led to develop
abstractions and complicated concepts.

The important goal in teaching is to enrich the student's under-
standing by making him permute and recombine the elements of his behavior.
The programmer or a good instructor. is not concerned with the student's
response to any one situation except as a sample of an abstraction. Rather
than learning a uniform and explicit verbal response repertoire about a

concept, the student should acquire a repertoire which is applicable in

T

a 'variety of situations. Thus he can use the concept to solve problems,

describe the concept to others, modify it for specific purposes, build

uFrom Skinner, B. F. The programming of verbal knowledge. In E.
Galanter (Ed.), Automatic teaching: the state of the art. New York:

Wiley, 1959. Pp. 63-68.
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a model of it, and so forth. When he can make such a variety of appro-
priate responses, it can be said that he understands a concept. A learning
program in contrast to rote drill, can lead to the acquisition of a con-
ceptual repertoire because the tehavioral elements which constitute the
repertoire are called cut in a variety of patterns and contexts.

Measuring and Improving Program Effectiveness. Programs must be

evaluated by means of carefully developed achievement and proficiency
tests. These test situations should measure the defined terminal behavior
in terms of stimulus material generally agreed to be relevant to the task.
However, the knowledge acquired by the student is only one aspect of the
effectiveness of a programmed learning sequence; efficiency of teaching is
also impcrtant. A student in a lecture and a student working on a teaching
machine may learn the same things, but the student using the machine may
take much less time. This would suggest that program effectiveness should
be evaluated in relation to time required for learning as well as in terms
of cbtained proficiency.

The detailed feedback available to the programmer concerning program
effectiveness 1is a very important aspect cf a program. If students do
not learn, the program needs to be modified. The editing and revision of
instructional material thus becomes an empirical matter in which the
teacher learns from the behavior of the learner. Each successive revision
of a programmed learning sequence insures that student performance will be
brought closer and closer to the defined terminal behavior, i.e., the
educational objectives of the program. Many educators who have tried their
hands at building and using programs for their own students have discovered
that the repeated revision is in itself an extremely valuable training aid
for the instructor. The detailed analysis of the student's interactions

with the program provides considerable insight into the processes of

teaching and learning.
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Machines and Instrumentation

At the present time the development of a technology of programming
subject materials appears to be & more important task than the development
of machines as such. This current emphasis is prevalent largely as the
result of the following factors: (a) inivial programming efforts were
accomplished with verbal printed materials; (b) for the most part, materials
have been tried out on age levels at which students can read and write;

(c) the response feedback employed permits the individual to Jjudge for
himself the correctness of his response; (d) programs have attempted to be
optimally useful for many individuals, 1.€., not written for one individual;
and (e) beginning attempis have employed simple machines whose functions
could be accomplished by non-machine formats.

There are, however, numerous possibilities for using machines. One
example is in the teaching of non-verbal and motor skills, such as the
ability to estimate distances or to work a lathe. Machines might also
permit the use of programs at age levels where only pre-verbal skills
and relatively imprecise responses are available. In addition, automation
seems useful for programs in which it is difficult for the student to judge
the adequacy of his response. It is possible that response feedback should
consist of more than an indication of correctness, such as guiding the stu-
dent, depending upon his previous response. Any such attempts to indivi-
dualize programs so that they are more finely adjusted to individual
repertoires would seem to require automation in order to implement the
required display and control functions. In general, the present emphasis
on programming as such should be interpreted as a stage of development in
instructional programming. The potential for machine instrumentation

should be concurrently under development.

Eduational Psychology and Instructional Practice

The development cf programmed instruction has reflected cne dominant
idea: that teaching and learning, as behavioral phenomena, can be made
subject matters for scientific study, on the basis of which a technology
of instruction can be developed. More important than the role of devices
and programs themselves is the fact that programmed instruction forces the

educator and training specialist to become explicit both about their

4‘“""“'-"-'-‘-i.""‘“illnlmiu...gﬂh*nﬂ“mu_»‘
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instructional goals, and the processes they employ as means of attaining
these goals. The rescarch and development so far are only the beginning
of the effort necessary to implement the consequences of this point of
view and to develop a technology of instructional methods. While it is
impossible to predict the outcomes of future investigations, it seems
certain that identification of the instructional variables which permit
behavior modification will continue to be the heart of effective attenpts
to improve education and training. Research on these instructional vari-
ables is the basis on which the systematic development of teaching machines
and programmed instruction must proceed.

As research and development continue, the focus of attention may shift
awvay from the specific considerations and instructional techniques which
are at present thought to be most important. Future research mey alter
current ideas, and techniques may be changed as well. The basic conception
will stand, however, that instruction and learning are amenable to systematic
description and improvement through experimental inquiry. The significance
of the approach represented by programmed instruction lies primarily in
this assumption, rather than in specific characteristics of programmed
materials as they currently exist or in any theoretical points that under-
lie current efforts.

The Plan of this Book
The chapters in this book are an attempt to present both the under-

lying principles of behavior that are related to instructional programming,
and the practical techniques which can be specified on the basis of present
knowledge and experience, Chapters 2 and 3 introduce some major concepts
and operations in learning and instruction derived {rom the behavioral
scientist's laboratory. These concepts apply to learning situations in
general and provide a basis for understanding many of the techniques of
programming. Since programming is at such a relatively early and unsettled
stage of development, familiarity with basic learning operations provides

a basis for the innovational and imaginative use of specific programming
rules. Chapters L4, 5, and 6 claborate on the major procedures and charac-

teristics of programming: the specification of program objectives, frame

characteristics, frame sequence types and program characteristics. These
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chapters describe some techniques currently in use and provide illustra-
tive material. Chapter 7 outlines the tasks involved in a team approach

to program construction and points up some of the problems and considera-
tions in program develcpment. Chapter 8 swumarizes the status of programmed
instruction and indicates needed research and development. Some considera-
tions in implementing programmed materials in an instructional setting are

also discussed.
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PRINCIPLES OF LFARNING: DEFINITIONS AND OPERATIONS
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Chapter 2: Definitions and Operations in Learning and Instruction

From the point of view of the psychologist, all learning involves the
modification of behavior. The instructor's goal is to change the nature of
the student's behavior with respect to a given subject, event or object.
His teaching techniques are all attempts to increase the probability that
the student will make a particular kind of response to a certain subject
matter. When the student has learned to add, for example, his response to
"5 + 7" has changed from any number of inappropriate statements such as
"S cross 7" or "5 ex 7," and inappropriate activities such as scribbling
or singing, to the appropriate response, "12." As a result of having
learned to add, "12" is a response to "5 + 7" that has become highly pro-
bable or exists at high strength. Put another way, the stimulus "5 + 7"
has come to control the student's behavior.

The primary contribution of the science of behavior to training and
education is the premise that behavior is controlled by specifiable cir-
cumstances. While many of the characteristics of behavior and principles
of behavior modification were first observed in the laboratory, they are
applicable to human behavior outside the laboratory. This chapter and
the next describe some behavioral principles which are useful both to the
psychologist studying the behavior of his subjects and the educator at-
tempting to modify the behavior of his students.

A major reason for including a discussion of basic principles in this
manual is that the technology of programmed learning is still relatively
undeveloped. It is highly probable, therefore, that the techniques of
programming will change to a much greater extent than the underlying
principles on which programming is based. Since the field is new and
expanding rapidly, techniques must be kept flexible and cpportunity should
be presented for ingenuity and innovation. The instructor who is familiar

with the principles of behavior can make use of programmed instruction and

other teaching procedures intelligently and effectively. Instead of rigidly
using certain instructional techniques, he can employ his knowledge
learning principles to integrate specific procedures intc a generally

effective learning environment. It seems [ar more desirable to teach the
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instructor how to arrange the learning environment than to leave the
matter up to chance or to less than certain devices. The exposition and
explanation of principles of behavior should make possible the optimal
use of programmed learning and effective management of the learning
situation.

The principles for behavior modification to be described here are
quite general and need not be restricted to programmed instruction. The
behavior of the student does not suddenly become subject to different
principles of learning the moment he puts away his program or teaching
machine. The more efficient learning of desirable behaviors that occurs
with a program in contrast to the ordinary classroom situation is due to
the carefully prearranged learning situation a program provides. Just as
programs are effective because of the consistent and well-planned appli-
cation of learning principles, so the non-programmed situation, such as
the tutor-student relationship, can be far more effective than usual when
the instructor understands the conditions which control the behavior of
the student.

Behavior as Observable Events

In a science of behavior and in a technology for training, the popular

meanings of such words as "personality," or "conduct" are too general to be

"

of use. The psychologist uses the term "bchavior," to refer to the overt
and measurable activity of an organism. The distinction between what can
be seen of an individual's actions and what is inferred by an observer is
especially important in the management of behavior. The overt, specific
and measurable actions of the individual are the data of a science of
behavior and the building blocks of a practical technology. Through the
study of observable behavicr it has been possible for psychologists to
begin to understand such complex forms of behavior as problem solving
and thinking. Similarly, in training and education it is through the

guidance of observable actions that the instructor can influence such

apparently covert perfomnnances.
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Stimuli

A stimulus (pl: stimuli) is any ccndition, event, or change in the
environment of an individuval which produces & changs in behavicr. Food
may be a stimulus to eat, the commend, "come here," may serve as & stimulus
for movement, or the word "dangerous," printed in red letters may serve to
abruptly change a person's ongoing behavior. A major task in building a
programmed learning sequence is the careful arrangement of the subject
matter stimuli to which the student will respond.

The term "stimulus" is seldom used abstractly, but refers to a specific
event vhich calls cut specific behavior. A stimulus is that aspect of the

environment which is responsible for producing the behavior; it is not nec

O

sarily that which appears t esponsible. For example, a
child may "read" the word yellow by ziving t teacher the correct vocal

response when the word is shown may be responding only to
the letters "LL" or "OW" alone have learned to respond cor-
.

rectly to different words on the basis of only a few features of each word.

tiie child responds only to

The teacher would be incorrect

as a teacher discriminates.

those aspects of the stimulus

The Stimulus Contrcl of Behavior

imulus, that

cfr

When an individual responds in a certain way tc a given s
stimulus can be considered to control behavior. The number of stimuli that
control or determine behavior increases with maturity. A very young child's
behavior is determined by relatively few and primarily internal stimulus
conditions, e.g., hunger, pain, or thirst. As he matures, the child res-
ponds to more and more external stimuli. The development of complex forms
of behavior is possible because of an individual's increasing responsive-
ness with maturity to new sources of stimulation.

For the most part, new stimuli are added to those which already control
behavior by means of learning. Thus an effective learning sequence is an
arrangement for the acquisition of new controlling stimuli. Since a techno-
logy for education is concerned with the manipulation of subject matter
stimuli in the environment of the learner, an instructional process first
requires the identification of those stimuli which currently control the
behavior of the learner, and then the placement of these stimuli under the

management of the teacher.
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Responses

A response is a unit of behavior and the building block of complex
performances. The flick of an eye and the twitch of a finger are examples
of simple responses; eating, walking, speaking, and reading are all
instances of somewhat more complex responses. A primary objective cf
educational technology is the guidance of an individual's responses. To
accomplish this objective, the instructor must first define and enumerate
the components of the performance that he wishes to produce. It is then
possible to arrange the stimulus conditions which will result in the cor-
rect response. It also becomes possible to develop objective measures of
the amount and accuracy of the occurrence of the response.

The consequences ol & student's response are extremely important in
learning. The events which follow the occurrence of a response have an
eflect upon future behavior. Examples of such response consequences are
revard, punishment and knowledge of results. The reward or other stimu-
lation provided to the organism immediately after responding is & signi-
ficant factor which seems to determine whether learning tekes place. The
oczurrence of consequences ol behavior that are effective in producing and
maintaining behavior is technically called reinforcement. In an educational
situation, the instructor controls the conseguences of the student's behavior.
Since these consequences determine whether the student learns, the teacher
will want to maximize those consequences which facilitate learning.

Approximating a Desired Response

The instructor's decision to reward or not reward a student's response
is usually based upon whether the response meets a specified criterion. 1In
learning complex behavior, however, the student's initial responses will be
variable and quite crude and will rarely meet the instructor's criterion of
competence. The effective instructional procedure is to tolerate the stu-
dent's initially crude responses and gradually take him towards mastery in
very small steps. This makes it possible to maximally reward the student
during the course of instruction, i.e., for him to be maximally successful.
Training then becomes a matter of reducing permissible error tolerances for

the learner's responses. TI'or example, a person may make many attempts to
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toss & penny into a cup. In approximating accuracy, the size of the cup

(i.e., the size of error tolerance) can be decreased gradually as accuracy
increases. From the learner's point of view, any particular attempt is
either a success or a failure. From the trainer's point of view, however,
the permissible error tolerance at any stage of training is only one value
or set of values along a continuous scale of measurement which results in
specific consequences for the learner.

One way to establish a new response, then, is by gradually contracting
the permissible margin of error. If the goal, for example, were to teach
precise tempo to a student of music, it would be unrealistic to reward the
student only on those rare occasions when he briefly maintained a precise
tempo. Since any beginning student will be quite variable in his perfor- o
mance of a task, error tolerances should be initially large. Error
tolerances should be contracted at a rate which keeps the probability of
student error very low. Each range of permissible or acceptable behaviors
should-include a major portion of the range of variations in the student's
performance so that there will be frequent opportunity to reward the stu-
dent for successful performance. With time, the range of observed perfor-
mances will align itself with the particular range of acceptable performance ~ 2
in force. As the student's behavior approximates what is required, it
becomes possible to further restrict the criteria. A sudden and umrealistic
constriction of performance criteria, however, will immediately degﬁsggg_,_.__ =
the student's successes and if sufficiently great will result in Eﬁe loss
of student interest.

Response Repertoires

In actuality, any given behavior of an individual is complex and made

up of many kinds of simple responses depending on the nature of the behavior

and the level of skill of the individual. Several responses which are §
logically or functionally related may be grouped together and referred to
as a "repertoire."” Thus the responses involved in performing a task such
as typing or solving equations or dealing with words constitute different

repertoires of behavior. An individual's total behavior can be considered

to consist of a wide variety of such response repertoires.
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- Consider, for example, two kinds of complex behavior, reading and
swimming; for different purposes, these behaviors can be classified in
various ways. When an individual has learned to read and swim, he has
learned to respond appropriately--that is, his responses are under appro-
priate stimulus control. Both swimming and reading can be considered
discriminative repertoires because a swimmer or a reader can discriminate
the correct stimuli for his responses from other, incorrect stimuli. From
another point of view, swimming and reading can be described as serial
repertoires because the numerous discriminative responses involved occur
in an ordered series. To be able to swim, the individual must perform
his responses in a specific sequence. In reading sentences, the reader
must follow a series of words.

The stimuli for reading are in the form of words and combinations of
words in sentences. Thus, reading makes use of both verbal and interverbal
response repertoires. Swimming, on the other hand, is non-verbal behavior
and can be considered a motor-skill repertoire. The stimuli to which a
reader responds are discrete or separate symbols and a reader's responses
to words occur in discrete units. In this sense, reading can be functionally
classified as a discrete repertoire. In contrast, swimming involves smooth,
continuous and sequential respons~s and, therefore, can be considered a
continuous response repertoire. In swimuing, moreover, cach response or
muscle movement serves as a stimulus for the next response--the swimmer 3

T sustains his own discriminative behavior through such response-produczd

stimulation. Thus swimming is also a self-sustained repertoire. Similarly,
? reciting a poem from memory would be a self-sustained repertoire.

With respect to an instructional situation, an individual can be con-
sidered to have an entrance and a terminel repertoire. The entrance
repertoire refers to vhatever pertinent behavior the individuel brings to
the learning situation. The terminal repertoire is the behavior which the
student should acquire from ihe instructional situation and is the reason
for undertaking instruction. Usually, students bring at least some elements
of the terminal repertoire to the instructional situation and this behavior

may be used in the teaching process to attain the instructional objectives.
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Thus a child learning to read already speaks the language and knows the
alphabet. A beginning swimmer, likewise, has years of practice in walking,

moving his arms, and coordinating his body movements.

The term repertoire, then, is used to describe the nature of the
responses wWhich are invclved in performing particular kinds of complex
behavior. To summarize, a discriminative repertoire is a collecticn of
related behaviors winich are elicited by specific environmental conditions--
in short, any learned behavior. When the stimuli to which the individual
responds are in an ordered sequence, the responses can be considered to
also form a serial repertoire. If the sequence of stimuli are produced by
responses the individual wakes himself, his behavicr can be described as
a self-sustained repertoire. Responses to discrete stimuli can be said
to comprise a discrete repertoire, while responses to continuously variable
stimuli can be said to comprise a continuous repertoire. These specific
types of repertoires are arbitrary and neither exhaustive nor mutually
exclusive categories. They should serve, however, to illustrate some
ways in which behavior can be classified and described.

A distinction should be made between the terms repertoire and know-
ledge. Repertoire emphasizes the behavior of an individual, while knowledge
focuses on the subject matter and its characteristics and content. Although
musical knowledge connotes a vast body of information about music, a musical
repertoire would be a description of the behaviors demonstrated by a student
of music. The notion of a response repertoire implies attention to specific
behaviors which have been or are to be learned. Just as a response may be
brought under the control of environmental situations, so entire repertoires
ol responses may come under control of subject matter stimuli. The instruc-
tional process is concerned with bringing specific repertoires under the |

control of subject matter stimuli in specific areas of knowledge.

Determining the types of repertoires to be taught in a given instruc-
tional situation serves to indicate the instructional approach required. !

Moreover, differences among some repertoires are indicative of differences

in level of training. Discriminative; serial and self-~sustained repertoires,
for example, may describe different levels of proficiency from novice to

expert. Thus with a discriminative repertoire, an individual can identify




and respond to a stimulus. A serial repertoire indicates that the
individual can also perform the discriminations in an ordered seguence.
With a self-sustained repertoire, the individual can perform serial dis-

criminations on his own without support from the stimulus environmernt.

Reinforcement

The consequences of an organism's actions are critical in the
modification and maintenance of behavior. Behavior is acquired (or
modified) under conditions in which a response produces a consequent
stimulus event (such as a reward) that strengthens or maintains that
response. The stimulus event which the response procuces is referred
to as a "reinforcer" or "reinforcing stimulus." The occurrence of a
reinforcer as a consequence of behavior is called reinforcement. When
a parent makes sure that a child's desirable performance is rewarded or
reinforced with a cookie (the reinforcer), that parent has provided
reinforcement.

The arrangement of an environment that will yield certain stimuli
(reinforcing stimuli) only when specified behaviors occur, is the process
of providing reinforcement. For example, in training a dcg to obey a
command, a dog trainer will give the dog a small portion of food whenever
he performs the desired behavior, i.e., the trainer reinforces the dog
with food. The giving of such a reward is a reinforcement, the food it-
self is a reinforcer. Human beings are similarly affected by the conse-
guences of their behavior. Praise, promotions, grades, and money may all
serve to reinforce or strengthen human behavior. In the example above,
the dog's correct responses reinforce the trainer and strengthen his
tendency to train the dog.

The reinforcing consequences of behavior may arise from the behavior
itself, as eating cake leads to a pleasant taste, or may arise from the
environment, as asking a question prompts someone else to give an answver.
While most behavioral consequences occur naturally, reinforcement in the
educational setting is a deliberately arranged conseqguence of behavior.

A teaching machine, [or example, is a deliberate and somewhat artificial

arrangement for the student tc gain immediate feedback for his performance.

il bl i
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The Learner's Response to the Reinforcing Stimulus. The most important

general point about reinforcers is that they are stimuli. They are parts
of the environment which are produced as a result of an individual's
behavior. In addition, they are stimuli to which the individual makes a
strong and rather consistent response. A reinforcer or reinforcing
timulus is effective as such precisely because it elicits a predictable
and vigorous response from an organism. It is the organism's existing

sponse to food, for example, that makes food an effective reinforcer in

teaching other behavior. 'he strength of this existing response to a rein-

orcing stimulus is, in a sense, a measure of the power of the reinforcer
to bring about Iurther learning.

In the laboratory, strong response to a reinforcing stimulus, such
as food, can be assure: oriving T 1 of the stimulus for a
period of time prior to the training session. In a similar way, it is
possible to insure that a human will find social approvel rewarding by
withholding such approval prior to its use as a reinforcer. Attention
and approval, if lavishly given, become useless as rewards for good conduct.
It follows from the above that a reinforcing stimulus may have differing
levels of potency depending upon the individuval's immediately prior expo-
sure to it, i.e., whether he is satiated or has been deprived. Over an
interval of time, the eifect of various reinforcers on an individual may
be expected to fluctuate as the individual's periods of satiation and
deprivation fluctuate.

Inmediacy of Reiniorcement. The effect of a reinforcer in strengthening

behavior is on the immediately preceding behavior. Therefore a reinforcer

must immediately follow the response to be learned. If the reinforcer is

delayed, the desired response may never be learned (although other responses

might be). A close temporal relationship between a reinforcer and the

behavior tc be reinforced is essential for the occurrence of learning.
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Characteristics of Reinforcers (Reinforcing Stimuli)

Most of the reinforcing stimuli described so fer have been external
or environmental stimuli, such as food. Reinforcing stimuli may also be
internal to the organism, however. dany important rewards and punishment
seem to be inherent in behavior. Often, for example, the process of res-
ponding seems to be reinforcing in jtself~-the individual shows "joy of

+al

doing." Thus, the teacher need not always arrange explicit environmental -
reinforcers; simply arranging for the occurrence of a new behavior may
frequently be sufficient to maintain that behavior for some time thereafter.
More will be said later concerning responses themselves as reinforcers. In
general, however, a reinforcer is any stimulation arising from the environ-
ment or from behavior itself wnich is @ consequence of behavior and may
used to modify, shape, or maintain periormance.

¥hile no single terminology or classification system is generally
agreed upon by psychologists, for present purposes reinforcing stimuli
can be discussed in terms of positive reinforcers, negative reinforcers,
and punishers. Before comparing their differences, certain characteristics
of reinforcers in general should be repeated. First, all reinforcers are
stimuli which arise either from the environment or from behavior iteelkf,
Second, all reinforcers bear a close temporal relationship to the rein-
forced response. Third, all reinforcers elicit a strong and consistent
response from the organism involved. Finally, reinforcers have an effect
upon behavior and may be used to modify or maintain an organism's benavior.

Positive Reinforcers. A positive reinforcer is any stimulus which

an individual will work to obtain. When produced as a conseguence of a
response, a positive reinforcer serves to strengthen and maintain the
response. Examples of positive reinforcers include censumable stimuli
such as food and water, as well as culturally derived stimuli such as
praise end money. Immediate confirmation with the correct ansver can
frequently be used as & positive reinforcer in programmed learning. In
addition to immediate knowledge of results, positive relnforcers such as
outstanding accomplishments, teacher praise, and the tangible products of

a newly acquired response, may also be useful in an educat.onal situation.
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Negative Reinforcers. Loosely speaking, negative reinforcers are

those unpleasant situations such as social disapproval or condemnation
which the learner will readily terminate if given the opportunity to do

so. When negative reinforcement is used, the response to be learned serves
to terminate or eliminate the aversive stimulation. If engaging in home-
work is the only means by which a student can terminate the displeasure of
a parent, the student may, over a period of time, learn to terminate this
annoying stimulation quickly by engaging in the required tasks. Negative
reinforcement, then, is a means of forcing behaviors tc occur. Negative
reinforcers are thought by many t e inefficient means of producing
learning because they may force the occurrence of both wanted anda unwanted
behaviors. Moreover, unwanted emotional responses to an aversive situation

may be difficult to subsequently modify.

Punishers. A punisher is an aversive stimulus which follows &a res-

ponse and frequently serves to suppress it. It is important to distinguish
between negative reinforcers and punishers. Negative reinforcers precede
the response and force its occurrence in order to terminate the unpleasant
condition. In contrast, punishers follow the response and decrease the
likelihood that the response will be made again. If disapproval or other
annoying stimulation follows immeli~tely after a behavior, punishment has
taken place. On the other hand, when disapproval and scolding are directed
at an individual in an effort to force behavior to occur and his behavior

Y

can terminate this condition, negative reinforcement is being used. Nega-

tive reinforcers and punishers are often grouped together under the temm

"aversive stimuli," since a given stimulus may often be used in both ways;
the relationship to the response is the critical distinction between then.
Disapproval and condemnation given long after the occurrence of an
incorrect behavior have little effect in weakening the behavior. Like all
reinforcing stimuli, punishment is effective only when it is relatively
immediate. However, even with immediate punishiment, the behavior m
be permanently suppressed unless punishment continues to be maintained.
The research on punishment does not yet clearly indicate whether punish-
ment can be trusted to have long term behavioral effects except under

special conditions.




2

SR S

—e

g
E |
’

e —— T T o

e e 2 Bt e

e i e 0wt et » = pr—
< o E g 'y

32

In summary, some responses Will be learned and others will not as a
result of the effects which the respcnses produce. By definition, a posi-
tive reinforcer is a stimulus which when made contingent upon the occurrence
of a response, serves to strengthen and perpetuate the response. Aversive
stimuli may serve to suppress, but not always to eliminate, responses.
Punishers and negative reinforcers can seldom be used by themselves to
point the way to other, more desirable forms of behavior and if they are
intense they may hinder the educational process by suppressing all but
avoidance behavior within the educational setting.

Secondary Reinforcement

The properties of the various types of reinforcing stimuli tend to
spread to other aspects of the learning environment in which they are used.
Neutral stimuli which are accidently or deliberately associated with a rein-
forcer may acquire the ability to reinforce behavior by themselves. The
pleasant effects of candy, for example, may spread to the store in which
candy is obtained or to the person who dispenses the candy. The psycho-
logist distinguishes between stimuli which seem to be naturally reinforcing,
such as food, water, or pain, and those stimuli which acquire reinforcing
properties through learning, such as money, praise or criticism. Rein-
forcing stimuli which seem to be naturally or innately reinforcing are
referred to a&s primary reinforcers. Derived or learned reinforcers are
technically called secondary reinforcers.

Just as the pleasant effects of a positive reinforcer may generalize
to the environment, the effects of aversive stimuli may also generalize
and suppress ongoing behaviors. When an individual is returned to an
environment in which he was previously punished, nearly all his responses
may be suppressed except those required in avoiding direct contact with
the aversive stimuli. After considerable exposure to aversive stimulation
such suppression of behavior may be brought about even by the suggestion
that the learner return to the aversive environment. Thus, secondary

reinforcers like primary reinforcers can be either positive or aversive.

i
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Typically, seccadary reiniorcers ars the only ones available in an
educational situation. Teachers make use of praise, grades, criticism,
promotion, and feer of Teilare in order to modify student behavior.
Humerous studiec have showi. that another highly effective reinforcer is

receiving knowledge of resultz, i.e., being told whether a response is
corresct immeliately aifter responding. Kacwledze of results or confirma-
tion, as it is sometimes calied, is pariticularly suitable for an instruc-

tional situvation &nd is clten assured to be the major reinforcer in present

technicgues of progwamzd fastruction.
Reinforcement in Education ang ir rograming

itate instruction in that behaviors

Positive rei
for vhich rewards are available will become behaviovs in which a learner
prefers to engage. Moreover, positive reinforcement olten results in a

general heightening in cctivity which may be useful for instructional
purposes. Praise, encouragement, and success seem to promote continued
interest and enthusiasm for the learning task and perhaps the entire
educational situation. In contrast, teaching through aversive stimulation,
by means of disapproval or fear of failure, may lcad to generally negative
attitudes and the learning situation itsell may become something to be
avoided.

Programmed learning is based on a philosophy which suggests the
consistent use of positive reinforcement. In addition to knowledge of
results, there are many other potentially vselful reinforcers in program-
ming depending vpon the characteristics and general background of the
students for whom the program is invended. For very young children,
being able to turn & page in a book may be strongly reinforcing. The
direction tc turn the pege and being able to do so, constitutes a

reinforcing event. inding a short cut or an easier way to emit a

o

certain response is also reinforcing ior most learners. In programming

PP

as well as instructicn in genersl, clever use should be made of all such

reinforcers. The often heard dictum that being right is the sole rein-

forcer is too limited: a program should use as many reinforcers as the
progremmer can think of. In tie context ol teaching machines, additional

4

reinforcers rmight aleso be found in clever tecnniques of automation.
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A distinction should be made between a reinforcer and what might be
called a bonus. It is not enough to provide a generally pleasant and
approving atmosphere for the learner. He mwust earn the reinforcer. I
rewards are dispensed without reference to the student's accomplishment,
there is no knowing what behaviors will be reinforced and hence learned.
thatever behavior is in process at the time a reinforcer is given will
be affected by the reinforcer. Thus it is essential to make reinforcement
contingent only upcn desirable performance. Further, a reinforcement is
not a bribe. A bribe is typically profifered before desired behavior ha
occurred. If the person to whom a bribe is offered happens to
at the moment, the bribe may reinforce or strengthen stalling.
of a reinforcer is that it is produced by and is a consequence of
learner's behavior.

A program will almost always be used within a larger educational
environment and tne program's effectiveness can be maximized by an under-
standing of how reiniorcement is used in the larger environment.
overall decision regarding whether a particular program should be
is subservient to more general considerations concerning the manage
of the total instructional situation. In the learner's environment,
some of the most potent reinforcing stimuli are social in nature, i.e.,
derived from people. These social reinforcers are managed through the
interpersonal relationship between the instructor and the student. How=-
ever, the same principles of learning which give rise to efficient
programs may be employed to make the interpersonal relationship more

efficient and conducive to learning. When the instructor understands

the proper way to use positive reinforcement and the way reinforcement
affects behavior, he is in a position to wake maximum use of a program

and to carry out an important role in mediating social reinforcement.
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Extinction

Extinction, or unlearming as

process of omitting reinforcement

forced. When a response is no longer reinforced it will occur less and
less frequently and eventually be "unlearned." For example, a person

who inserts a nickel in a broken stamp machine and gets no stamp for his
mongy, soon stops dropping nickels into the slot. Eliminating @ response
or a repertoire through extinction requires, first of all, identifying

the reinforcers which are operating, since these are the agencies through

which the response is maintained at some strength. Having identified the

reinforcers, one is in a position to attempt to eliiminate them so that
the response involved will weaken and eventually extinguish.

The term extinction is used to refer to both the process and its
effect. Extinction as an operation consists of removing or blocking the
prevailing reinforcers. Extinction as a behavioral effect is the decrease
in frequency or likelihood of a response. The term may also refer to the

weakening of stimulus control over a response. The phenomenon of extinc-

=

tion is of great importance to learning thecry, but its practical implica-
tions for programmed instruction are less obvious currently than those of

reinforcement.

Extinction Contrasted to Admonition and FPersuasion.

explanation, and persuasion are frequently used in education as attempts tc

guide student behavior. Such attempts may be effective when they prompt

desirable behavior which can then be reinferced. Explanation or exposition

by itself, however, is neither a sufficient or necessary condition for the

occurrence of learning. It is only when the learning environment makes the

student respond actively to whatever materials are presented that the
conditions for effective learning are approximated. On the other hand,

il admonition and persuasion are used as negative reinforcers which the
student will seek to avoid, they have little value in instruction.
Generally speaking, a more reliable way of removing learned responses is
to identify those aspects of the environment which reinforce the unwanted
behavior and to arrange the environment so as to prevent these reinforcers

from occurring.

Verbal admonition,

—————-
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Extinction Contrasted tc Punishment. In the process of extinction,

reinforcement is withneld with a consequent drop in response likelihood.

In contrast, when a response is punished, a noxious consequence is pro-
duced by the undesirable behavior. It should be obvious that punishment
and extinction involve very different operations and result in different
behavioral effects. Consider the differences between the student vhose
behavior is met with a verbal reprimand (punishment) and one whose behavior
is completely ignored (extinction). Reprimands and physical punishment
oiten immediately suppress the punished response, but this suppression

i} may be specific only to the immediate environment and may not be permanent.
b On the other hand, if an individual's behavior has not been reinforced over
a series of occasions, it is unlikely that the behavior will occur. Thus

a student's misconduct in a classroom may be extinguished if he is ignored
by everyone in the room. Punishment might temporarily stop him from mis~

5 behaving, but the attention he receives while being punished might serve

to reinforce his misbehavior.

Extinction and Response Substitution in Programmed Learning. In a

learning program, the extinction process (i.e., the deliberate withholding
. of reinforcement) is seldom used as a separate procedure. The student is
‘; rarely if ever encouraged to engaze in behavior which is left unconfirmed.
If the student responds incorrectly to subject matter stimuli, one way to

eliminate the incorrect- response; of course, would be to withhcld rein-

forcement. A more useful procedure with human behavior, however, is to

teach a competing, desirable response to the stimulus. For example, most

students begin algebra with considerable past learning in the use of letters

of the alphabet. Vhen asked what "x" is, the average student will answer

that it is a letter ol the alphabet; but in algebra the student must learn
,k that x stands for an unknown quantity. Since the old response is desirable
in other contexts, the alpgebra teacher cr the algebra program will attach
the additional response, "an unknown quantity," to the letter X rather
than extinguishing the old response. This process is called response

14 { substitution and it appears to have much more practical relevance to

programmed learning than coes extinction as such.

4 {




b e IRGA o et e S s > . AR TN B et T

= 5

i

e —
4 By 4

o

-~

Spontaneous Recovery and Varm-Up

Two phenomena which have been relatively well investigated in

psychology and are only occasionally referred to in programming lliterature,

4 are spontaneous recovery and wams-up. The recurrence of an extinguished

response is called spontancous recovery. Following the extinction c¢f a
response the learner may again be placed in the extinction situation and,
if some time has passed since the first extinction session, a sudden recur-
rence of responding is generally noted. The name of the phenomenon is
somewvhat misleading since spontaneous recovery is often predictable and
often anything but spontanecus. The second phenomenon, warm-up, has been
observed in studies of industrial productivity and human skill-learning.

It refers to the frequent situation in which a person with learned skills

performs in a relatively poor fashion at the beginning of a work session

and improves in periocrmance as the session proceeds.

h While spontaneous recovery and warm-up are not explicitly incorporated
in programming, the reliability with which these phenomena occur should be

i taken into account both in the administration of programs and in the manage-
b ment of the total learning environment. The programmer or instructor may

E easily succeed in substituting a new response to an old and familiar

2 stimulus, but he should be prepared to find a student giving the incorrect
response at some future time., Such an intrusion is similar to the spon-

3 taneous recovery of an old response. In any event, it is best to anticipate

i the possibility of intrusions in recently substituted responses by arranging
i appropriate review and practice sequences. Both extinction and response

| substitution are seldom complete in a single learning session and some !

s amount of time, even il only a few hours, should probably be allowved to

elapse between original learning and subsequent review. The same considera-

{ . tions apply in the classroom where the instructor may successlully extinguish

i behavior only to find it returning again &t the next class meeting.

él R - Both spontaneous recovery and warm-up increase with the amount of time
i i é the learner spends out of the situation. The longer it has been since
{ ?, i extinction or substitution took place, the greater the amount of spontaneous
t ?} i recovery to be expected. Similarly, the longer a skilled operator has been
%w“ | out of his operating situation the longer the time necessary to achieve

ot S
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maximum performance end hence the greater ihe amount of time required Torx
5 warm-up. Basing a prediction on various studies of learning, it seems
likely that the nunber of frames covered per minute by a student in a
i program will increase [Irom the beginning ol a session to a peak somewhere
in the middle of the session, assuming the irames
t also seems likely that the amount of time 1
decrease as the similarity of the mate ls
increases. VWhile traditional educational pract has beern to terminate
r subject matter sub-units at the end of a class meeting, somewhat the opposite
g practice may be indicated by what is known of the warm-up phenomenon. It
| may be that the transitiocn betwee
- should occur in the middle
highest rale of progress is be
The foregoing predictions x
‘ are not the results ol experimen
i
materials. The appropriate research on such questions remains to be done.
| However, these speculations do point out that traditional practices may be

& changed as a result of considering the conditions necessary for learning.
Summary

| Major concepts and operations in the management of behavior were
. identified in this chapter. The principles discussed are relevant to

the instructional setting as a whole as well as to specific instructicnal
5 T

[ techniques such as programming. Some of the important points covered in
this chapter are:

i 1. To the scientist and instructcr, behavior refers to the overt,

observable, and measurable aspecte of an individual's actions. Learning

fl involves the modification of behavior. The instructor's goal is to
h modify student behavior with respect to subject matter stimuli.

2., A stimulus is that aspect of an individual's environment that
is responsible for producing a given behavior. The number of stimuli

that control behavicer increases with age, through learning.




3. A repertoire is @ group of responses which bear scme logical or

functional relationship to one ancther. An individuval's total behavior
consists of many repertoires. While any number of repertoires can be
identified depending on the subject matter, some repertoires of general
importance are: discriminative, serial, self-sustained, ccntinuous,
discrete, verbal and interverval repertoires. A student's entrance
repertoire is comprised of whatever behaviors he brings to the instruc-
tional situation. The terminal repertoire consists of the behavior which
the student should acquire from the instructional process.

L. The consequences of an organism's actions are critical in both
the modification and maintenance of behavior. The occurrence of consequences

of behavior that are effective in producing and maintaining behavior is

called reinforcewent. The term reinforcement refers to the process of
providing such effective behavioral consequences.

5. Reinforcers are the stimuli produced by the learner's response.
These sctimuli may be positive reinforcers, negative reinforcers, or punishers.
Positive reinforcers include reinforcing stimuli which the organism seeks or
obtains by his actions. HNegative reinforcers are those stimuli which the
organism's response serves to eliminate. In contrast, punishers follow the
response and subsequently suppress its occurrence to the particular stimulus.

6. Reinforcers are efTective in modifying behavior because they
themselves elicit a response from the learner. The strength of this res-
ponse is a possible measure of the reinforcer's power to reinforce. A

reinforcer's strength may exist naturally or may be acquired by learning.

T. The effect of a reinforcer depends on its immediacy in following

the behavior it is to reinforce. With delays in reinforcement, learning

may not take place, or undesired responses may be reinforced and learned.

Q

O. Extinction is the process of omitting reinforcement and permitting
a response to be unreinforced. In this way, a given response to a stimulus
is unlearned or decreases in frequency. TFor instructional purposes, however,
response substitulion seems to be a more relevant procedure than extinction

alone. In the process ol response substitution, a new and competing response

is taught to a particular stimulus.
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9. Spontaneous recovery and warm-up are two phenomena which the g

instructor may observe occasicnally. Both the recovery of extinguished

behavior and the warm-up of skilled behavior should be given consideration
3. <] 2
in those instructional situations in which they may occur. o
10. 1In the training situation, the instructor attempts to: a) bring E

new stimuli to control the learner's behavior, b) guide the learner!':

&

response to subject matter stimuli, and c¢) arrange for reinforcing con-

sequences of behavior. In order to maximize positive reinforcement

the student gains mastery, it may be necessary to tolerate approximations
of the desired response and as learning proceeds require increasingly

closer approximations tc the terminal behavior.

11. 1In general, programmed instruction is based on 2 philosophy of p
consistent, positive reinforcement, but the effectiveness of programming “3
or any other teaching method is dependent upon the instructional environ-
ment in which it is used. For the most part, the reinforcers available
to the instructor are learned or secondary. Some learned positive
reinforcers which may be especially useful in instruction are confirmation
of a response, praise, and being allowed to proceed to another response.
: -
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Chapter 3: Stimulus Contrcl of Behavior

The behavior of an expert in a given subject matter is characterized
by its quality, flexibility, and appropriateness, as well as the facility
with which it is called out by particular subject matter contexts. More-
over, the expert's behavior is apparently self-sustaining; the expert may
continue to respond for relatively long periods of time without the stimu-
lus support from rererences or books that is needed by & learner. Put
another way, the expert's behavior is made up of numerous self-sustaining
discriminative repertoires-~he can make a great number of precise responses
to many subject matter stimuli.

Any course of instruction is an arrangement for a student to acquire
the numerous discriminative responses that characterize expertise or "know-
ledge" in that subject matter; the student must come to display appropriate
behaviors to the subject ritter environment. Another way of saying this is
that his responses must come to be controlled by the subject matter. As
Chapter 2 indicated, a given response is caused or elicited by a particular
stimulus. The phrase, stimulus control of behavior, refers to this fact.
The present chapter is concerned with the operations which establish stimu- :
lus control over behavior. By means of these operations, neutral or pre-
viously ineffective stimuli are brought to set the occasion for specifie
behavior. This manipulation or stimulus control of behavior is basic to
instructional efforts.

Discriminative Behavior

That particular stimuli should come to call out particular responses
is an assumption of nearly all training procedures. When a stimulus,
through conditions of learning, comes to set the occasion for a response
it is called a control or controliling stimulus. In the sense that the |
learner must be able to identify such stimuli from the general environ-
mental background in order to respond, it may be said that a control
stimulus is a discriminative stimulus, i.e., one which the learner must

come to discriminate from other stimuli. The process by which subject
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matter or environmental stimuli in general are brought to control behavior
is typically called discrimination training.

The phrase "three-term contingency" can be used to describe the
relationship of factors which combine in discrimination learning. The
three terms or events involved in the establishment of a new discriminative
response are (a) a stiuulus for the response, (b) the response itself, and
(c) the appropriate reinforcement for the response. The use of the word
"contingency" indicates thut each term or event is dependent upon the pre-
ceding term. The capital letter S is usually used as an abbreviation for
the stimulus. When a stimulus is deliberately used in a discrimination
training situation the letters SD are used toc stand for discriminative

puluse’ The SD is the stimulus to which the organism's response becomes
avtachea through appropriate arrangement of te
reinforcement. A discriminative stimulus comes to set the occasion for a
particular response because the response is reinforced only in the presence
of that stimulus. A response is designated by the symbol R. The discri-
minative stimulus and its appropriate response are thus the first two of
the three terms in the three-term contingency. The final term is, of
the reinforcing stimulus symbolized by SH

=

cims are assenbled in their order of

.D - R ; . "
S R S « First, the stimulus for the

occurrence in

ay occur naturally in the environment of the
decliberately contrived. Second, the appropriate

to the S~ and then must be immediately reinforced
>}
(). The following is a simple exampl& of a three-term contingency In

I1C Y
o

- X : S . ; i D :
the cockpit of an airplane the warming light flashes on (S) indicating

LIi

that one fuel tank is nearly empt that a new tank must be called into
b
/

service. The pilot responds by throwing @ switch which cuts the reserve
tank into service. The pilot is reinforced--his behavior in this situation

is maintained--by the termination of the warning light and the continuation

In the following discussion the terus "discriminative stimulus" and
'control stimulus" will be used interchangeably.

t
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of the flight (SR). The three-term contingency is & useful explanatory
model, but its simplicity should not detract from the complexity of human
behavior, just as the statement of a principle of physics in simplified
terms does not make the natural phenomena around us any less compleX.

The precision or accuracy of the resfcnces in the discriminative
repertoire indicates the degree to which behavior is appropriate in a
particular s*imulus context; cor: respo s to arithmetic s;imﬁli, for
example, are obviously the most appropriate ) - he stimuli Dis=~
criminative behavior is increased in precision by means of zéxt{ain opera-
tions that vary the specific conditions leading to reinfcr&emenf. These

operations are simple, but result in a great complexity of behavior.

The following pages describe operations involved in the acquisition
of discriminative behavior. For the programmer it must be re-emphasized
that these are the principles or cperations which appear to underlie the
way in which subject matiter materials and on-the-job stimuli influence and
control trainee performance. The skill with which the programmer is able
to apply such principles will in large measure determine the effectiveness
of his program and the nature of his recommendations for integrating the
program into a total curriculum. To a great extent these principles and
practices are extrapolations from basic research and theory in learning
and require further research and development to establish their reliability.
However, practical work with such extrapolations should facilitate the
development of both instructional practices and research endeavors in the

scientific study of behavior.

Establishnent of Stimulus Control

To establish the stimulus control of a response (i.e., to arrange for
the response to occur in the presence of a particular stimulus), the res-
ponse must be reinforced when the stimulus is present. Reinforcement will

serve to keep the response at high strength whenever these stimulus condi-

- - , e A ; :
tions exist. As previously indicated, S is the occasion upon which the

response is appropriate and should be reinrorced. All other situations
are designated as go (s-delta) situations. s&  ig any other stimulus

situation which should not be the occasion for the given response.
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S~ might be a stimulus which evokes no behavior at all or evokes some 9

different, competing, or substitute response. Since there are few sub-

. : : ; = : : : ) : D
Jject matter stimuli which should occasion no behavior at all, what is S
; 3 ! N s D SRR ¢
in one situvation may very well be S= in another. S, then, is defined 1
3 by the training conditions of the moment; it is that stimulus to which a
. ~ s % = N . . o /) o .

response is being trained. All other stimuli are S~ stimuli unless they -
are explicitly used as 8 's in training.

A S e e ) : BE . ;

In discrimination training, the correct response to S is reinforced
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in the presence of S, but extinguished in the presence of all S~ 's by

s

o~

withholding any kind oi reinforcement. Thus every correct response made

<o)

during periods when the S is present, is reinforced. Responses niade
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when the S is not present S% situation) are not rein- .
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orced. Within the educational setting it is more efficient tc prompt
the desired response toc S than to wait for it to occur. This method

might be used, for example, in aircraft identification training. 1In the

presence of & picture or an B-52, the correct response would be prompted

initially by the written or spoken statement, "This is an B-52." Under

these conditions the coriect response would be almost certain to occur

and could be reinforced. Other types of aircraft should then be presented i
and any responses made to them extiiguished by ignoring them. This is an
obviously artificial training situation since training would involve
identifying all types of aircraft, not just one.

E A variation of discrimination training is of greater practicality in

’ instruction because results in several discriminations being trained .

)
}

1t
{ simultaneously. To illustrate, an experimenter training a rat might

arrange three colcred lights--red, green and blue--in the rat's box.

Pressing a lever could be reinforced in the presence of the red light, a
running response could be reinforced in the presence of the green light, ?
and a string-pulling response reinforced in the presence of the blue -
light. This simultaneous conditioning method of establishing discrimina-

tions is a process of'ten used in instruction. The individual learning to

identify types of aircrait learns all types more or less simultaneously.
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At first the correct response to each picture is prompted, then (in pro-
granmed training) the prompts are gradually withdrawn leaving the responses
attached to the pictures alone.

In summary, gaining stimulus control over behavior involves (a)
training on single discrimination with reinforcement of SD behavior and
extinction of S/-\X behavior, or (b) simultaneous conditioning of different

S LD . ! L s
responses to different S 's. The generalized discrimination training method

can be diagrammed as follows: ;
D R
R B M R
1 N —— slexhincEion ‘

Simultaneous training can be diagrammed as:

D R

g O R v N

2 > 4 >8
(‘D 2 "R
ug»——-—-—» > R2 ———> 0

D R
fye———hiie - L33
~
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where 1, 2, 3 ... n refer to the different stimulus response combinations
being established.

It should be noted that the process of extinction also operates during
training in the multiple-stimulus, multiple-response situation. In learning

o A = : A BUER & b
different types of aircraft, a picture of an B-52 is a S~ for the response

"B-52" but is also an S (non-reinforcement situation) for any other res- o
J

ponse such as "F-102" or "C-130." A picture of an F-102 is an & Tor any f

4

response except '"F-102." Thus, in both training situations any incorrect
responses are extinguished. It should also be cbvious that when no
aircraft pictures are being shown to the student he is in an SA condition

and will not be reinforced for naming aircraft at all. ~8
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In the preceding example, the separate responses to the different

aircraft comprise & discriminative repertoire which is under the control
of the aircraft pictures used in the training situation. Subject matter
stimuli can not come to control behavior unless there is an opportunity
for extinction to occcur to 32 stimuli or unless competing responses are
deliberately established to the multiple stimuli. When a particular
behavior is always reinforced in one situvation, but never in others, the
learner will form discriminations more or less gradually over a series of
practice trials. This process is very different from simply telling the
learner to notice that a certain subject matter stimulus should make him
behave in such and such a way. The active participation of the learner

is a necessary part of the three-term contingency.

Sharpening of Control

The preceding section indicated how a response may be strengthened
in special stimulus situations by means of reinforcement, and weakened on
;1 alternate occasions through extinction or simultaneous conditioning. The
control of a response by a particular stimulus may be further sharpened
by presenting stimuli similar to the one which should evoke the response.

By extinguishing the response to similar but slightly different stimuli

s o

: . B g - ;
and continuing to reinforce responses to the S ; it is possible to train
an indlvidual to make increasingly more precise discriminations.

; . b e D 3 :
The tendency for stimuli similar to the 5 to also call out the res-

. ponse to the SD is a well-known fact of behavior called stimulus generali-
zation. Often the learner's tendency to pceneralize the effects of training
in one stimulus situation to other similar situations is a desirable end-
product of training. On the other hand, if such stimulus generalization
leads to errors, further sharpening of the discrimination is indicated.

o . . .
B/ This might be done by presenting similar but s/ stimuli and either per-

1 mitting the student to learn different respconses to them or extinguishing
incorrect responses to them. The foregoing may sound very much like any

standard training situaticn, but the reader should remember that the

attempt is being made to describe training using a systematic technical

i : vocabulary.
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Extension or Expansion of Control

The discussion thus far has been concerned with the means for bringing

a response under the control of only one stimulus. In human verbal behavior,

however, there are many cases in which two or more stimuli, often stimuli

a very different nature, must come to call out the same response. Vords

for example,

many of the

come to stand for concrete objects and to set the occasion for

same responses produced by the objects themselves. Such "sub-

stitution learning" curs because once a response is reliably evoked in the

presence cf

particular stimulus, a second stimulus may be brought to con-

esponse by presenting the two stimuli together. Thus the ability

of one stimulus *° call out a particular response may be extended to other
dissimilar stimuli if the two stimuli are closely associated in time and
space. he extension of the behavioral properties of' one stimulus to .
another stimulus with which it is associated is a well-known phenomenon.
Situations in which pleasant activities take place themselves become plea-
sant. Similarly, the eiTect of unpleasant activity ic uiten to make the
situation one to be avoided just as the activity itself is avcided.
Most children who have learned to read can look at the wcrd "zebra”
for the first time and read it aloud with approximately the correct pronun-
ciation. A child can do this without knowing anything about the cbject <

to which the word refers. If a picture or photograph of the animal appears

together with the written label, the child may immediately associate the

label with the picture of the animal. Very little training is needed to

establish either the correct reading of the word or the association be-
tireen the word and the objcct. The instructor's task is to arrange 2
learning sequence in which the child will become able to name the animal
without the support of the verpbal label.

In most cases the verbal response can be gradually extended to the
picture or object over a series of trials or, in a program, over & series
of framss. An extremely useful technique in extending stimulus control
is "fading." Fading, ir the example above, is the gradual elimination of
the written label so that the learner is [orced increasingly to depend
upon the picture itself as a cue for the name, "zebra.” Although the

written label permits the student initially to respond correctly to the
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novel stimulus (the picture), the programmer must eliminate dependence
upon the label while also maintaining the correct respcnse. Extension of
control is very often the crux of a progranme nstructional sequence. It
is, in fact, the reason that prompts an be useful A prompt sets
the occasion for correct behavior in the presence ol to-be-learned stimuli;
the extension of control cannot be consigered coriplete until the prompt has
been successfully remcved.

A related situation involves the apparent asscciation of several res-
ponses with one stimulus. Thus the meanings of words in everyday language
may be quite inappropriate in particular technical contexts. In biology,
for example, the term "extinction” refers to the disappearance of a species
of animal. The reader is nili ith the very different use of "extinc-
"

tion" in psychclogy. In changing from the context of one discipline to the

1) - . s
other, the S  which comes tc control the response to the word "extinction'

is the use of the word in a particular subject matter situation. Response
substitution is the process by which new responses are attached to a fami-
liar stimulus under certain stimulus conditions. The substitution of
responses is an essential procedure whenever students come toc a learning
situation with incorrect behavior already attached to elements of the

subject matter.

Consolidation of Control

A particular verbal response can refer to an entire class of stimuli
as, for example, when a group of dissimilar organisms are all classified
as animals. In educaticn, it is frequently desirable to combine inde-
pendently strengthened discriminative responses under the control of a
single stimulus condition. Thus the separate responses 'bear," ”dog,”
"horse," and "chicken" would all be placed under the control or the more
general stimulus, "animal.” This process is often called teaching a rule--
it illustrates the consolidation of discriminative control. Consider the
statement, "All of the plaster models in this case are models of mammals,
point out what is it about each that makes it a mammal." A sinilar state-
ment might be, "Let's speak Spanish now, pronounce the vowels as they are

pronounced in Spanish." The use of the words "mammale" and "Spanish"

assumes that these words control certain discriminate repertoires.
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A large part of what we call understanding of a subject matter appears to
consist of precise discriminative repertoires which have themselves come
under the control of appropriate more general stimuli, such as a concept

or a rule. 3

The consolidation of control is a meens of assuring that competing
repertoires do not interfere with each other and that behavior has the
degree of flexibility necessary in a changing environment. The mere men-
tion of the word "meammals” to a biology student immediately increases the
probability of a large group of responses. The suggestion that the class
is going to discuss a group of animals called mammals raises an appropriate
discriminative repertoire to high strength, while many other responses
which could be appropriate in biology classes are weakened. In other
vords, the students are ready to discuss mammals, not insects or fish.
Since the understanding of a rule is a frequent goal in education and
training, it would seem worthwhile for a programmer or an instructor to
provide training in the appropriate use of different rules. This can be
done by alternating between instructional segments which call for the use
of different rules--as between the way the vowels are said in English and
Spanish--so that the student has an opportunity to discriminate his own
behavior in different circumstances.

All the processes of establishing and modifying stimulus control which
have been presented employ only two fundamental operations: reinforcement
and non-reinforcement. The operations described for manipulating stimdus
control illustrate some general classes of learning situations. From the
strict point of view of learning theory, the notions discussed may be both
incomplete and overlapping. From the programmer's point of view it may be
difficult to keep all of the methods for manipulating stimulus control in
mind while also concentrating on subject matter and its arrangement into
frames. However, the programmer who is familiar with the principles of
discrimination learning will find that his programming technique has a

degree of flexibility and adaptability that is difficult to acquire in

ignorance of basic principles of learning.
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Discrimination and Dirferentiation

Thus far the discussion has centered on external stimuli in the
presence of which a response is emitted. In a similar manner, hcwever, j
responses may in some instances be elicited by feedback from preceding
responses, rather than by stimuli in the external environment. Skilliul

responses, such as working a lathe or

of internally controlled movements in 1

learning such skillful behaviors, an indiviaual's responses becume in-

creasingly more precise as training proceeds. The learning process where-
a

by these behaviors increase in preci called differentiation and
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skillful response itself is called a diiferentiated response. For dif-
ferentiated responses, sensory stimuli from the musclegs, tendons, and
skeletal joints contrcl further muscuiar movements. In general, the
learning of mctor skills; as opposed to perceptual. skills, involves the
process of response diirferentiation.

In differentiation training it is primarily the way in which the

-

differentiated response is executed--the specific form of the response--
that determines whether reinforcement is given or withheld. However,
wben the terminal repertoire is ¢ finely differentiated response that is
highly specific and precise, the probability of incorrect responses being
emitted during training is so great thal all behavior may eventually be
extinguished if careful approximations tc the terminal behavior are not
used. The notion of permissible error tolerances, mentioned in Chapter 2,

E ie of great utility in approximating a skilled response. For early &ap-

k
ﬂ proximations of a motor skill, error tolerances must be quite broad sc

i
ti that reinforcement is rrequent. As perfommance becomes coincident with

one range of error tolerances, tclerances should be contracted slightly
to produce a further improvement ir performance. Thus differentiations,
like discriminations, can be programmed and taught in gradugl stages
.;; through approximations (although much less work has been performed on

programming motor skills than has been carried out for verbal responses).
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Examples of differentiated behaviors include: learning to aim a rifle

to hit the bull's eye, learning to pronounce a letter so that the sound is
similar to that acceptable in the verbal community, and learning to bowl
with accuracy. In contrast, some skills that primarily involve discrimina-
tion are: learning to read printed words, learning to use a slide rule,
and simply learning to teli the difference between a circle and a square.
Many activities include discriminations of external situations and differen-
tiations of precise muscular movements as well, e.g., playing a musical
instrument, dancing, and writing in longhand.

Since the stimuli which facilitate the occurrence and reinforcement
of a differentiated response arise from the response itself, it is very
nearly impossible, with present technigues, to determine the specific nature 4
of these internally produced stimuli. As a result, the instructor has no
direct control of the stimuli that produce a sequence of skilled muscular
movements. However, he can make the desired response more probable by
means of verbal directions and other environmental arrangements that
heighten the likelihood of correct performance. A harness might be used
in teaching good diving forna, for example. Good bowling shoes could be
provided a beginning bowler to prevent slipping. More than simply ar- \:
ranging the environment to maximiza performance, the teacher should take
the notion of approximations seriously. The boy learning to pitch a base-
ball should be expected to throw it only half the standard distance initially,
and the beginning bowler might be started out on a short alley. As pro-
Ticiency increases, the distances (error tolerances, in a sense) should be
gradually increased to standard conditions.

Frequently, the process of differentiating the form of a response can
be speeded up by {irst teaching the student to discriminate the desired
form of the response in others. It is often easier to learn to perform a
specific skilled act il the learner knows what the act should look like or
sound like. It would seem difficult, for example, to learn to play the |
piano well without ever having heard good pianists; certainly it would seem
to require a lenger periocd of training. 1In general, when discrimination

of the correct form of behavior precedes differentiation of that behavior,

training time may be saved.
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Most current efforts in programmed learning involve discrimination
training using verbal or symbolic subject matter stimuli. Such verbal
programming is the primary concern of this book. However, the distinction
between discrimination and differentiation is important because it!calls %
attention to the learmer's response. It has been pointed out that in
verbal programming the programmer may start with very rough discriminations
of different terms, principles and rules. These discriminations becci:e
increasingly finer and of greater number as the program progresses. In
addition to the elaboration of discriminations, however, the program must
lead the student to larger and larger segments of behavior which are rela-
tively free of external prompting. Iven the verbal symbclic program, then,
is usually best designed when it differentiates, or leads to the production
of, increasingly complex and self-sustained behavior. Some programs which
are not designed to produce the highest levels of ability in the student
may never require more than a one or two word response. However, a program
that claims to teach mastery of a subject should generally call for larger
and complete statements {rom the student as training proceeds.

In summary, discrimination training directs attention to the stimuli
in the learning situation. Discriminations may be approximated by gradvally
reducing the differences between the stimuli to be discriminated while the
total number of stimuli and associated responses are increased. Differen-
tiation training, on the other hand, calls attention to the form or features
of the behavior itself. Diiferentiations may be approximated by gradually
requiring more and more precise responses. Approximations of both discrimi-
nations and dilfferentiations involve a slow reduction of the variation in
acceptable behavicr. Optimally, both discrimination and differentiation
training depend upon selective reinforcement, extinction of incorrect per-

formances, successive approximations, and a high Trequency of reinforcement

for correct responses.
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Stimulus Generalization j

When a resronse to a particular stimulus is reinforced the likelihood

is increased that the response will also occur to similar stimuli. The E

tendency of similar, but not identical stimuli to elicit learned behavior
is called stimulus generalization. Students who have learned about a
simple one-cylinder internal combustion engine are very likely to call
any other engine that operates by combustion of compressed vapors an
internal combustion engine regardless of the type of fuel used, the number
of cylinders or the use of the engine. Although this example illustrates
highly complex behavior, it is similar to the simpler phenomena found under
laboratory conditions. Generalization can be obtained by establishing a
response to a specific stimulus through training and subsequently eliciting
the same or a similar response after slight changes have been made in the
control stimulus. The zreater the change in the stimulus, the less likely
it is that the learner will emit the response. Conversely, the more simi-
lar the stimuli among which the learner must discriminate the more likely
it is that he will confuse the stimuli and, therefore, the more precise
and deliberate musl be a discrimination training procedure.

Often the stimuli in the learner's environment are highly complex
and consist of intricate stimulus patterns. The term "abstraction" is
frequently applied to discriminative behavior which has come under the
control of a set of complex stimuli. For example, the term "animals" is
an abstraction made in response to a class of stimuli, in which responses
to the specific elements of the complex stimulus (the characteristics of
organisms) have been generalized over a variety of different species. In
beginning bioclogy the student is taught to see similarities between one-
celled animals and man; e.g., both man and amoeba convert types of energy,
excrete, reproduce, move about, and cannot live without certain substances.
Each of these common characteristics is in itself an abstraction. Even
though the stimuli involved are extremely divergent, such as men and one-
celled animals, the competent student of biology emits certain common

responses to all objects in the stimulus class called animals.
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If the ccmmonality of his behavior to diverse objects is not pointed
out to the student, it may be a long time before he himself makes the
induction. Induction from parfticular instances to general principles is
the method by which scientists form abstractions, but may be too difficult
a process for the student. DMoreover, it is pr ?Ll/ wasteful to force the
student to rediscovar all the ebsiractions of a subjecs matter. Instead,
the commonality oif ~stiblished behovior may be pointed out to him and
pressznted as a digeriminacive stimulus. yFollowing training, the advanced
student must be able tc discrimirate the properties of his own behavior
to newly observed stimuli so that he cen traansfer his abstraction and
extend it in order vo foum induccions and generalizations on his own.

Stimulus generalizavion is not always a desirable product of training.
Often the learner will generalize his responses to incorrect stimuli.
Learners may either cver-generalize or under-scneralize, and if they are
left to their owm dovices there is no assvrance that they will respond
appropriately to a new class of stimuli. Implicit in the preceding sec-
tions on discriminative control is the notion that the trainee should not
be left unguided, at least during the early and middle stages of training.

If the learning environment is not carefully controlled, it is likely
thet incorrect generalizations - i1 be reinforced. Programmed instruction
offers an opportunity +o inspzct and test subject materials prior to
teaching so that the extent and wnount of discrimination and generalization
training may be controlled. A sequance of frames designed to teach gen-
eralization, for exemple, cea L2 tried out on subjects to determine its
effectivennss. Coreful evalusticrs of student perioymance s o result
of the learning pro-iam p2rrit objective conclusions about whetuer a pro-
gran or segquence achieves itn goal of gen~ralization; and if it does not,
the program can be rcritihen appronriately and retescved prior to publication.

If generalizetion or the ebecence of it is a critical goal of training,

a lcarning progream should include appropriate cequences of frames to insure
the precision of the rosulting discrininations or the breadth of subsequent
generalizations Suclt general princinles as the charnening and extension
of control are relzvar’ in this eonnenlion &nd may be translatzd into

svecific progremning procedures sucn ns those outlined in Chapters 5 and 6.
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Response Chaining and the Integration of Behavior

A chain of responses is a sequence of responses emitted by an
organism in which each member of the chain appears to have discriminative
properties (acts as an SD) for the subsequent members. Thus & response
in a chain is both a response to the preceding stimulus and a discriminative
stimulus for the next response. The final result of a chain of behaviors
is the reinforcing event or state at the termination of the chain--it is
the reason why the chain exists at all in the organism's repertoire.
Because of this, a chain of behaviors which culminates in reinforcement
is referred to as a functional unit.

Many of the expert's behaviors illustrate the principle of chaining.
Expert behaviors are performed in a smoothly flowing sequence. The tech-~
nical vocabulary of an expert does not consist of single responses, but of
elements in chains of responses. The expert in neurophysiology may use
such words as hypothalamus, pituitary, anterior, and follicle-stimulating
hormone.- He is considered an expert, however, only when he combines these
and other terms intoc meaningful statements such as, "a rollicle-stimulating
hormone which stimulates the growth of spermatogenic tissue, appears to be
secreted by the anterior nituitary." This statement is an example of a
chain of verbal behaviors.,

In essence then, the terminal behavior desired of a student in a given
subject matter is the ability vo perform a chain or chains of behavior.
Throughout their schooling, students acquire many chains of verbal behavior
from reciting the alphabet or counting to multiplication tables, pcems,
stories, or chemical formvlas. Such chains are usually taught by starting
with the first element or first few elements of the chain and moving gra-
dually towards the end of the chain. For example, children are taught the
alphabet in the order A, B, C, D, E. It is common practice in much experi-
mental work with animals, however, to teach a chain of behaviors by begin-
‘ning at the end of the chain. In the laboratory, training in a chain of
behaviors usually bepins with the last-to~-occur member of the chain and
proceeds in a backwards fashion towards the first-to-occur member of the

chain., That is, the order in which the chain is taught and the order in

which it is performed are opposite. The reason for this procedure is that

N e
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the terminal member of the chain is the response which eventuates in
reinforcement or which is instrumental in producing the reinforcer.

A simple chain of behaviors in the rat such as pulling a loop of
string, followed by pressing a lever and then eating from a food magazine,
has often been used in demonstrations of chaining. In this situation, the
rat is first conditioned to eat from a food magazine which makes a click
or some other sound. The effects of the food generalize to the sound of
the magazine and the sound becomes a secondary reinforcer as well as & cue
for the presence of food in the magazine.

After the rat has learned to approach and eat from the food magazine,
the sound of the magazine is used to reinforce the lever-pressing response.
When the rat presses the lever, the food magazine click is presented im-
mediately, reinforcing lever pressing and signalling the presence of food.
Thus the magazine click is also a discriminative stimulus for a response
of moving away from the lever and towards the food magazine. The general
procedure for chaining with animals requires that each member of a response
chain be placed under discriminative control while it is established, just
as the approach to the magazine was placed under the discriminative control
of the click. The lever-press response is generally placed under the con-
trol of some external stimulus such as a light. Vhen the light comes on,
any lever presses made will be reinforced with the click.

After discriminative control of the lever press has been established

so that the light reliably occasions a response, the third member of the

chain (pulling a loop) may be established. Because the response to the

light ultimately culminates in primary reinforcement, the light, like the
food magazine click, acquires some reinforcing properties. Thus when a
response to the loop occurs, the light is turned on, reinforcing the loop-
pull and also setting the occasion for the lever-press response. The loop-
pulling response may in turn be placed under discriminative control so

that a buzzer, for example, signals the occasion for the loop-pulling res-
ponse. At the sound of the buzzer, the loop-pulling response occurs re-
sulting in the light being turned on, after which the lever press occurs,

and so forth through the remainder of the chain.
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The Process of Response Chaining

Reinforcing stimuli are also discriminative stimuli which lead to a
response. As Chapter 2 indicated, one defining property of a reinforcing
stimulus is the strong and consistent response it evokes from the learner.
Generally, the more basic or "primary" the reinforcer, the more noticeable
is the existing response to it. Thus a hungry dog exhibits strong and
stereotyped behavior (eating) as a response to the reinforcer, food. This
eating response, of course, continues to occur in addition to whatever
response is being taught using the food as a reinforcer. A child's res-
ponse to praise when praise is used to reinforce other behaviors may be
less noticeable and a good deal more variable than the dog's response.
Nevertheless, praise and other sorts of social reinforcement generally
evoke at least a mild response, such as smiling or glancing up at the
person who gives the reinforcement. The foregoing examples illustrate
the discriminative properties of a reinforcing stimulus. This discrimina-
tive aspect of reinforcers permits the establishment and maintenance of

chains of behavior.

In chaining, stimulii are used both to reinforce the preceding response

as it occurs and to set the occasion for the subsequent response. 1In the
chain of behaviors just described, the click of the food magazine rein-
forces lever pressing because the click has been associated with or led
to food in the past. The click also becomes the SD for approaching the
food magazine. Similarly, the light is used to reinforce loop pulling
and to set the occasion for the lever press. Symbolically, the responses

invoived look like this:

o b 1
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Rl is the eating response to food, R2 is the approach to food, R3 is the
lever press, Rh is the loop pull. Actually, many other behaviors at
various levels of specificity are involved. Each chewing movement might,
for example, be treated as a separate response and certainly the reader .
may wonder why the response of approaching the lever is not included.
The diagram is intended only to symbolize the chain, however.
The parenthetical terms in the diagram indicate the external stimuli:
(1) sight or smell of food, (2) magezine click, (3) light, and (4) buzzer.
The buzzer, Sﬁ only sets the occasion for the loop pull and is not used to
reinforce any previous behavior. The stimuli are labeled with the two sets I :
of symbols, SD and SR, to stress their dual function as reinforcers as well 3
as discriminative stimuli. The reinforcing value of all the stimuli in
the rat's situation, with the possible exception of food itself, is
obviously learned during the training process. These learned reinforcers
were originally neutral stimuli which acquired their reinforcing pro- k.
perties through association with the primary reinforcer--food.

Returning to the diagram of the chained sequence, the numbers refer
to the order in which the response and associated discriminative stimuli
were established or taught. The arrows, on the other hand, indicate the
temporal direction or flow of behaviors when the chain is performed. The

order in which behaviors were taught to the animal and the order in which . 3:

the final chain occurs are exactly opposite.
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Having trained an animal in this particular performance sequence,
the trainer may expect that the entire chain will occur as frequently as
the buzzer (the initial ”D) is turned on. The occurrence of the sequence
is thus under the control of the trainer. The light for the lever press
and the click for the food response are also external stimuli that cue the
rat's dependence upon these external events by additional training. If
the light and the click are eliminated abruptly the animal may take an
increased amount of time to ccmplete the chain. This effect may be only
temporary, but in very long performance chains the disruption of behavior
may so delay the final reinforcement that extinction takes place. I the
intensity of the light and the click are diminished gradually over a series
of trials, however, performance may be maintained at a high rate while it
is made independent of environmental cues. At the completion of the final

stage of training the rat's performance could be diagrammed as follows:

|

Ed
> Rl

D
(s,) ——> R, > R > R >
S

= =

P Y

The initiating control (buzzer) and the sight and smell of food (S?, Si)

remain, but the light and the click have been eliminated. The rat's own
behavior has taken over the role of the removed stimuli so that pulling

the loop has become the stimulus for pressing the bar. Similarly, a lever
press has become the stimulus for approaching food. In short, it 1is pos-
sible to make the learner's behavior itself both reinforcing and discrimina-
tive. 1In terms of this particular chain of behavior, the rat has become

a self-sufficient expert. He can now reel off complex behavior in a smooth
sequence and without environmental crutches, thus displaying the character-

istics of expert behavior.

Experimental versus Educational Technigues for Building Response Chains

It is essential to distinguish between the order in which responses
in a chain are best learned and the order in wvhich they occur after
learning. 'These orders may be exactly opposite. Since it is rare for
anyone to recite the alphabet in any way other than from A through Z,

the alphabet is not usually taught in any other order. However, & simple
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analysis of the laboratory rat's terminal behavior in performing the

chain of responses might suggest a training procedure exactly opposite

to that typically used. TFor example, perhaps the best way to teach a
child the alphabet would be to first get him to say the letter Z. This H
requires nothing but an echoic (imitative) response from the child.

Having emitted the response Z, the child may then be encouraged or given
vhatever reinforcers are available and asked to say the letters, ¥, &,
then X, Y, Z, and so forth. (Or if adding only one letter at a time is
too boring for a child, it might be better to add two or three letters

at a time; "Say XYZ," then, "Say UVWXYZ," followed by "Say RSTUVHXYZ"

@1 and so forth.) If the task were to memorize Lincoln's Gettysburg Address,
the instructor could proceed by having the student say, "can long endure."
The next step might be to have him say, "so conceived and so Gedicated can

long endure, "

and so on. The process would end with establishing the first
set of responses in the recitation: "Fourscore and seven years ago." At
({ this timé, however, these examples are still provocative scurces for research
and development. The reader is urged not to take them too literally.

The traditional means of chaining employed in the classroom requires,

paradoxically, that some extinction occur as each new step in the chain

is added. Perhaps the reason that this method of teaching behavioral
e | sequences works at all is that relearning occurs much faster than orig-
: inal learning. In the usual sequential learning situation, as a new
response is added all preceding members of the sequence must be at least
ﬂ ’ partially extinguished since reinforcement is withheld until the new
| functional unit occurs (i.e., until the new unit which will terminate in
reinforcement is formed). The entire process is then quickly relearned
with a new terminal response. When a child is taught to say A, then A,
B, then A, B, C, he is being subjected to a reinforcement contingency that .
} requires a constant change of the functional response unit. After having ;
been reinforced for saying A, the A response alone is extinguished so that *
it can be replaced with the response unit A, B, which is likewise extin-

guished and replacec with A, B, C. On the other hand, if the child begins

to learn the alphabet with Z first, from that time on he will (in the ideal

case) always be reinforced for what he has previously learned. In backward
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chaining of the alphabet, Z is never completely extinguished, but is placed

under the discriminative control of the letter Y. In other words, it is

3 4 possible for the learner to be reinforced when he has emitted some other

‘ T behavior, in this case Y. Y in turn is placed under the discriminative

é stimulus of the letter X. In this way backward chaining may prevent the

‘ disruption of previously learned responses since continuous discrimination

training occurs rather than intermittent extinction.

Backward chaining may also have the advantage of forcing repeated

practice of the final members of a response sequence. In fact, the later

fﬁ a response occurs in the sequence of responses, the more practice it has
had before the entire sequence is learned. In backward chaining the newvest

E elements, those which have been most recently added and are the weakest,
are those which are niost strongly and recently prompted by the teacher.
Thus, the chances o: running off the entire chain at each repetition are
extremely good. If the teacher has reached M in the alphabet, he will
prompt the child by saying, "Now say L, M, N." The new response L is

strongly prompted and quickly added to the chain which now may be run off

by virtue of prior practice and reinforcement.

The notion of backward chaining suggests a radical departure from
stendard educational technigues and requires the use of somewhat artificial
sicuations and responses in order to arrive at the terminal behavior. Per-
o haps in no other instance of the application of learning principles to
training technology does common sense seem more challenged than in the
3 ' method of response chaining. However, demonstrably efficient learning
practices may not necessarily be consistent either with traditional

practice or intuition.

g ; The Nature of Reinforcement in Chained Behavior

i According to one recent theoretical analysis of reinforcing stimuli, |
the particular event that constitutes a reinforcement is not a stimulus

!

{ external to the learner so much as it is the behavior produced by the |

- |

]

stimulus.” For example, it may not be food, but eating that reinforces

forcement. Psychol. Rev., 1959, 66, 219-233. f

i

! “y

! & : . . . . .

! Premack, D. Toward empirical behavior laws: I. positive rein-
i

f

!

n
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a hungry person. Thus reinforcers may be defined either in terms of
behavior or in terms of stimuli. Either definition may serve a parti-

cular purpose and both are useful ways of thinking about the effects of
reinforcement.

Regardless of theoretical considerations, the analysis of reinforce-
3» ment as response rather than as stimulus makes sense with respect to human
3 behavior. It is often not so much the achievement of a goal that seems to
revard individuals, as the behavior produced by obtaining the goal. Perhaps
the reason why programming seems to increase wotivation for worlking
through an instructional sequence, is that through programming it is pos-

sible to make one behavior contingent upon another. Instructional material

AN

which is not programmed may permit & student to proceed regardless of the
. nature of his responses to each step in learning.
In any chain of behaviors, the terminal response (the response to the
reinforcer) is reinforcing and thus by definition a high strength response,
;1 i.e., the probability of its occurrence to the reinforcing stimulus is
] high. The reason that response chaining works, according to the foregoing
analysis of reinforcement, is not that each response produces a rewarding

stimulus, but that each response in the chain permits or sets the occasion

for a subsequent high strength response. Moreover, whenever a high pro-
bability response is dependent upon the occurrence of a lower probability
response, the probability of the weak response will increase and approxi-
mate that of the high strength response which is dependent upon it.

The net result of these considerations is that it is the response to
3 the reinforcing stimulus, not the reinforcing stimulus itself that is
E | effective in increasing the strength of behavior to be learned. This
analysis would indicate that what is reinforcing to a student in a pro-
grammed learning sequence is not being told that he is right, but being
| permitted to engage in enother activity. Thus it would seem that the .
%y programmer should use &s many devices as possible to permit the student
: to "go on" through the program. What practical difference this analysis

of reinforcing events mey make in the future of programmed learning remains

; {, to be explored.
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Motivational Uses of Terminal Behavior

If responding is reinforcing in itself, it follows that the maximally
reinforcing response in a learning situation is the performance of the
entire integrated chain of behaviors which is the goal of instruction, i.e.,
the terminal behavior. The reinforcing properties of terminal behavior may
be useful early in training to reinforce student interest or in other terms,
to enhance motivation. Flying an airplane, for example, consists cf many
sub-chains which must be acquired by the student and which together form
a gross sequence from takeoff to landing. Often flight instructors make
a point of letting the student pilot "fly" the airplane by himself the
first time up. Objectively, this is not a very significant accomplishment
since the plane will fly itself if properly trimmed. For the student, how-
ever, 1t is the terminal behavior he thought to engage in only after long,
hard study. Being able to "fly the plane" only a few minutes after instruc-
tion has begun can be highly motivating and can provide a basis upon which
other 1less dramatic behaviors may be built. After the initial flying
experience, the student's feelings of excitement and accomplishment are
likely to generalize to other components of the instructional prcgram,
such as map reading, weather, fuel economy, and aerodynamics. Other pos-
sibilities for using terminal behavior at the beginning of training are
abundant and the difference such a training procedure may make in the
student's motivation is great.

In many instances, engaging in the terminal behavior of a task at the
early stages of training may be too difficult or too dangerous. In such
cases it may be necessary to select only a part of the terminal behavior
for initial use. For example, no beginning typist can type 60 words per
minute unless it is the same word typed over and over. However, retyping
the same word at the same rate an expert types many words may seem very
accomplished to a beginner, Often it is necessary to provide the learner
with strong external stimulus support, as when a baby learning to walk
pushes a wheeled toy ahead of him for support. Of all those concerned
with the learning process, it will be the learner himself who is most

anxious to be rid of such supports when the training program later shows

him how it is possible to get along without them.
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The reinforcing properties of temminal behavior should not be
promised to the beginner, they should, if possible, be given to hin
immediately and should be used in the technical sense of & reinforeing
event. The foregoing considerations suggest that terminal behavior or
some form of it might be included at the beginning of a program or pro-
gram sub-unit and pre-terminal behavior might be programmed to follow it
and lead to its "real" performance.

The reader is again cautioned that these recommendations regarding
the initial use of terminal behavior are extrapolations from learning
theory which require practical development. In attempting to be explicit
the authors take the risk of being wrong on a number of points. However,
introducing aspects of terminal behavior early in an instructional program
seems logical and is researchable. The motivational properties of early
terminal repertoires produced at least in part through artificial means
must be weighed against the cost and difficulties involved. It is also
true that artificially produced early terminal behavior may give the
learner a false sense of accomplishment, but this should not be a serious
objection if the program follows through with the teaching of real accom-
plishment. At the present time and in the light of available research
evidence, the foregoing recommendations seem generally sound; in some

in others with imagination.

situations they should be applied with caution,
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In the course of learning, previously neutral stimuli come to set
the occasion for, or control, particular behavior. Stimulus control
refers to the fact that a given stimulus, as a result of learning, will
consistently elicit a specific response. Such control requires discrimina-
tive behavior--the individual must be able to discriminate or select the
control stimulus to which he responds, frow other stimuli. A discrimina-
tive (or control) stimulus comes to control a response because the response
is reinforced in the presence of that stimulus and extinguished in the pre-
sence of other stimuli.

Stimulus control of behavior is established or modified by judiciously
reinforcing or withholding reinforcement. A discrimination can be sharpened
by extinguishing responses made to stimuli similar to the contrcl stimulus.
Conversely, control can be extended to & broader range of stimuli by closely
pairing new stimuli with the control stimulus and reinforcing responses to
the new 'stimuli. Various discriminations can be integrated and consolidated
by establishing a new controlling stimulus vhich subsumes them. All these
operations vary, for the most part, only in the conditions which result in
reinforcement, but they lead to a great complexity of behavior and appear
to be basic in designing irstructional procedures.

Just as sone responses are determined by control stimuli in the
external environment, many responses are under the control of internal
stimuli. The texm diiferentiation is used to describe the increasing pre-
cision of responses to internal stimuli. Differentiations, like discrimina-
tions, can be taught gradually through approximations, but in differentiation
training the way in which a response is executed determines whether it is
reinforced.

A major characteristic of an expert is that he is able to periomm
largely on the basis of internal stimuli and, hence, produce self-sustaining
chains of responses. Sinilarly, the goal of a program is to make the stu-
dent capable of perromiing self-sustaining chains of behavior. In such

behavioral chains each sti.ulus serves as the reiniorcer for the preceding

response as well as the coutrol stimulus for the subsequent response.

0
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Traditionally, chains of verbal behavior have been taught in the order

in vhich the chain is periomued. In contrast, behavioral chains in the
|

laboratory are formed in a backwards order from the reinforcing event at

Thus the order in which they are established and

the end of the chain.
This back- ’ d

the order in which they are performed are exactly opposite.

wards chaining procedure has implications for lumproving the teaching of

human verbal behavior.

It has been suggested that it is the periormence of a response that
is reinforcing rather than the reinforcing stimulus. Thus, in a sequence |

of behaviors, the ability to perform a response serves as a reinforcer for

the behaviors that occur prior to it. This notion can be used to enhance

the beginning student's motivation by alleowing him to perform the terminal
g g P

behavior or some segment of it, early in training. The earl erformance
’ J

of some part of the terminal behavior can provide the motivation ior

learning the behavior leading up to it.
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Chapter 4: Analysis of Instructional Objectives and Subject Matter Units

The initial problem that arises in starting to build a programmed
learning sequence is the analysis and specification of the subject matter
behavior to be covered. Before programming can begin, the subject matter
must be analyzed into units that can provide the frames or building blocks
of the instructional program. The construction of a particular program se-
quence is a joint function of both the structure of the subject matter and
the instructional procedures which best facilitate behavioral goals such as
retention or transfer. In any instructional situation, the objectives of
instruction must be defined in terms of terminal student performances to
permit selection of the most effective instructional methods and materials,
the specific subject matter to be taught, and the appropriate instruments
Tor measuring attainment of instructional goals.

Pormal procedures for analyzing subject matter knowledge and skills
and for organizing the results of such analyses in order to facilitate pro-
gram construction are still at a crude stage of development. Generally,
programming groups employ nothing more systematic than a detailed subject

matter outline as a basis l'or generating rames. More rigorous

techniques need to be developed in the course of continued experience in the
field; this chapter describes some current attempts in this direction. 1In
contrast to the later chapters on program construction which a.e largely

ts, this chapter is more general and is keyed

detailed self-contained uni

to particular references for further elaboration.

Defining Ob,jectives {or Programmed laterials

Confronted with the task of constructing & programmed instructional
sequence, the programmer needs to know exactly the performance he wishes
the student to attain. Several beginning systems have been developed to

determine performance objectives and to provide some means for translating

these objectives into actual program construction procedures. These systems

are concerned with both the subject matter to be taught and the learning

principles involved in teaching the subject matter most efficiently.

O P e s
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; il
A General Procedure

The specification of objectives for programmed instruction must be
made in terms of behavioral end-products, that is, in terms of what the
student must be able to do--the operations he must be able to perfomrm, the
words he will be able to spell, the algebraic equations he will be able to
gsolve--when he has completed a program. Stating objectives in terms of
measurable goals is the only means of selecting appropriate evaluation
instruments to measure the attainment of those goals. Carefully constructed
proficiency tests based upon the specifications for instructional objectives
are essential in developing and evaluating programmed instruction.

The actual written specificatious of tne objectives of an instructional

snquence can be defined as "an intent commumnicated by a statement describing
al

a proposed change in a learner."” Such a statement should convey to the
reader the specific aims of the sequence. An objective is meaningful only

to the extent that it succeeds in indicating the goals of instruction exactly
as they were conceived by the instructor or course designer. It should be
clear enough that another teacher or programmer could teach for and attain
the same objective.

A specification of instructional objectives should rule out all possible
alternatives to the goal. That is, it should be stated in unequivocal terms
that are not open to misunderstanding. To say that at the end of instruction
a student must know French, or appreciate music, or understand the mechanics
of a television set, permits multiple interpretations. Is he to speak, read,
or write French? Is he to play the piano, sing the major scale, or recognize
Beethoven's Fifth Symphony? Is he to be able to recognize the parts of a
television set from a schematic diagram, replace @ burned-out picture tube,
or, given a malfunctioning set, be able to locate and correct the trouble?
Verbs such as "to know," "to grasp the ‘significance of,"” or "to enjoy" must

1

be replaced by more definitive statements, such as, "to write," "to solve,"
"to identify," or "to construct," if objectives of instruction are to be

clearly and explicitly defined.

Lo % g ‘ ’ 2 1'% :
Mager, R. F. Preparing objectives for programmed instruction. San
Francisco: Fearon Publishers, 1962

“Meger, R. F., op. cit., p. 3.
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A statement of instructional goals should also indicate the conditions
which will be imposed upon the learner when he has attained the desired
mastery--what he will be provided when he performs the desired behavior,
wvhat information he will be denied, and under what conditions the task
behavior should occur.

The following procedure can be used to delineate instructional
objectives in line with these criteria:

l. As a first step, the programmer must specify the behavior that is

to be accepted as evidence that the learner has achieved the objective., In

order to accomplish this, the statement of objectives should be modified
until it answers the question, "What will the learner be doing when he is
demonstrating that he has achieved the objective?" If the objective is to
solve linear equations, this must be stated clearly and without ambiguity
as to whether the student will be asked to solve or derive linear equations.
If the student should also be able to derive equations, this should be
specified as another goal of instruction. Uhen objectives for an entire
course are written in meaningful terms, it is likely that they will consume
several pages; the more objectives that are included, the more clearly is
the intent ol the instructor indicated to the reader.

2. A second step is to outline the conditions under which the desired

behavior can be expected to occur. To indicate that the student should

"be able to compute a correlation coefficient" may be insufficient. Vhat
kind of correlations will the student be asked to compute? Is the correct
solution all that is important, or will he be asked to follow a specific
procedure? What information and job aids will he be provided: will he

be given a list of formulas, or must he work without reference to any
outside help? Answers to such questions may make a great difference in

the content of instruction and the materials of instruction used. Rather
than specifying only that the student must "solve problems in algebra,” a
more complete statement of objectives might read: "Given a linear algebraic

equation with one unknovm, the learner must be able to solve for the unknown

without the aid of relerences, tables, or calculating devices."

Ak ot bl
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3. The third step in the specification of objectives is the deter-

mination of an acceptable level of performance. It is important to state

how well the student must perform to achieve acceptable behavior. Accept-
able levels of performance can be indicated by specifying a time limit in
which the behavior must be perrormed, or a minimum number of correct res-
ponses, or the percentage or proportion of performance accuracy that will
be acceptable. It is to be expected that some students will surpass this
minimum standard. Examples of the specification of performance levels
might be: "to maintaiin a minimum typing speeda of 50 words per minute for
5 minutes," "to spell 4O words from the following list of 60 words taught
during the course of instruction," or "to correctly perform 90% of the
following two-digit summation operations."

Once the terminal behavior has been delineated, the clarity of the
specified objectives may be tested by the following procedure. Given a
defined objective and a set of test situations or actual items developed
to measure the objective, each test item should be evaluated on the basis
of whether it includes the behavior desired. If certain of the items in-
tended for use can be accepted and certain of them rejected because they
are inappropriate, the objective is probably stated clearly. If, however,
the objective is stated so generally that all test items can be accepted
as valid measures of achievement, the objective needs to be clarified and
made more specifics When goals are not clearly defined, it is impossible
to evaluate a course or a program effectively, and there is no basis for
the selection of instructional materials, methods, or course content. More-
over, unless the goals are those of both instructor and studeant, tests can
be unfair, misleading, and inadequate in evaluating the terminal behavior
attained. Obviously, testing must be appropriate to the specified behavior.
If an instructional sequence is designed to teach a student the parts of
the inner ear as drawn on an enlarged black and white diagram, it does not
necessarily follow that the student will be able to identify parts of the
ear when confronted with a colored three-dimensional plaster model. With
clearly defined objectives, both teacher and student will be able to devote

their efforts to relevant activities, and evaluation instruments can be

devised to clearly reflect the student's proficiency.

ACFENNE Y PN MR 7. ZA;.“ ia
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4 Specilying Steps and Sequences in a Program

In addition to the general procedure for specifying cbjectives just
described, several systems have been developed to analyze both the terminal
objectives and the sequence of steps by which the learner goes through an
instructional program. These systems are far from definitive and compre-
hensive, but are initial attempts at systematically organizing subject

matter content into a sequence of frames.

The Ruleg System.> This system provides a means of analyzing a know-

ledge domain prior to the development of an instructional program. The
Ruleg System is founded on the premise that the verbal subject matter that
appears in a program can be classified into two groups of statements, rules
and examples. The rules are called "ru's" and the examples "eg's" hence
the name "Ruleg."

Definitions of ru's and eg's are relative; sometimes a rule can be
an example and an example can be a rule. In general, a rule is a definition,
a mathematical formula, an empirical law, a principle, an axiom, or an oper-
ating procedure from any area of knowledge. The main feature of a rule is

that it is a statement of some generality for which substitution instances

or examples can be obtained. An example is a description of a physical
event, a deductiorn or theorem, or a statement of a rcletionship between
] physical or conceptual objects. The main feature of all eg's is that they

are statements of some specificity derived from more generalized rules.

S g G o i
il oo b P 3 T, Agh s
RRS— L — 2 _—

The clearest example of rules and their corresponding eg's are in mathematics.

The algebraic statement that a + b = b + a is a rule which summarizes an
infinite number of substitution instances, one example being 7 + 2 =2 + T.
The latter statement is in turn a rule for an example of such a statement
as T stones + 2 stones = 2 stones + 7 stones. It is also possible that the
itial algebraic statement, a + b = b + & can be an example of a rule in
wematical theory such as @ © D = b o a in which neither the objects

the operator are specified. It is not difficult to generate illustra-

's and eg's in different subject matter aresas.

| s, J. L., Glaser, R. and Homme, L. E. The ruleg system for the
: rrammed verbal learning segquences. dJ. educ. Res., 1962,
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The first step in constructing a programmed learning sequence by the
Ruleg System is the specification of the terminal behavior. The programmer :

must outline, as precisely as possible, both the responses he wants from

. : the student at the end of the progrem and the stimuli or clues in the pre-

sence of which the student will be expected to make these responses. At

- il

this point questions such as those previously suggested in this chapter
must be answered. If the student is studying statistics, will he have to
produce a formula on his own, or will he have a book available? Is he
being prepared to write a short essay comparing two statistical -tests or
-; will he be called upon to take a multiple-choice test at the end of the
;i program? With what stimulus supports may the student provide himself while
" his criterion behavior is being assessed--another student, the instructor, .
his notes? The construction and form of the program will differ radically 4
as a function of the criterion behavior chosen.
A second step is to write down all the pertinent subject matter rules.
A subject matter expert should try to do this without the external support
of texts, manuals, notes, or other references in order to free himself
from traditional ways of approaching the subject matter. While the subject

matter expert may be able to think of nearly all the ru's needed for the

program, the programmer writing a ners course as he learns it himself may
{ need to systematically explore pertinent references for additional ru's.
Each ru should be written on a separate index card in order to facilitate .3

re-ordering and arrangenent during later steps.

The third step is to arrange the ru index cards in an approximate

order for program presentation. The ordering scheme will be difierent for

different subject matters. Ordering may be according to a continuum of

; complexity (introduction of simpler ru's first), chronclogy (as in a history

) program), spatiality (as in a geography program), or dependence upon other « | m

8 B

nl ru's. Interdependent relationships among rules should be carefully con- i B
) '

3 i o

sidered, becausc the understanding of one rule may depend upon the mastery -

of some other rules. Tor example, ru's defining resistance in an electronics |

ment of Ohm's law involves the delfinition of resistance.

program should be introduced before ru's about Ohm's law, since the state- l #
|
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Step four calls for the constructicn of a matrix for systematically

comparing and interrelating all of the rules. From an instructional point

material; hence & technique of programming

which systematice res these interrelationships is of great value.

all of the ru's vertically down a sheet

horizontally across the top of the paper,

the matrix represents one possible

and the matrix permits the ru's of a subject to

arities, differences, possi

may also lead to comparisons oxr

- B

previously considered. The upper left

the operators which interrelate the

erator such as

s. A very general e used whereby each

P
3 g - - ] S s 3 o 1 .
wvith every other to determine the nature of their

Another useful operator

to determine how each

and ru's would be

This procedure ma

o

tion training when the ru's have certain similarities which can confuse ~

agonal of the matrix relates each rule to itselfl,

the student. The major di

and this diagonal is reserved for definition cells. A ru is related to

(S

the student

itself by being defined terms of some previous behavior which

has and which can be used tc make the delfiniticn meaningful.

A Rule Matrix

Figure 1.

l (Operator) ; Rul | Ru2 ! Ru 3 ' “ a0 ]
':‘ | |
‘} | 5 s |

Ru 1 '
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b Step five requires the programmer to generate examples (eg's) for each
3 of the ru's and ru relationships in his matrix. It is mainly through eg'

VE
that the student will interact with the subject matter. In addition, eg's
i i are useful in providing practice and review for the ru during the process

of attaining the terminal obj
used if an adequately

examples, complex cases, and
7 A 7

of thumb for the first ez is

example, leaving more complex examples for later stages of the program.
Step six is for the programmer to number each cell in the matrix

51 according to a proposed order of presentation. It has been suggested that

the intersection of each rule with itself (

a

lefinition frames) be used to .

. start a sequence. Then the remaining cells are examined to determine 4

which ru's are to be included in the program and which are to be omitted. 3
The cells to be used are numnbered sequentially and the numbered ru matrix
is used later in assembling the frame sequences in the program. After the './

cells have been ordered, the programnier

can begin to construct frames by
Judicious selection and combination of the eg's and ru's that have been
generated.

Subdivision of Subject Matter Units. Another suggestion for systema-

:
tizing the programmer's task is somewhat simpler than the Ruleg System.)

: |

‘ With this procedure the programmer begins by outlining the material to be

} taught in considerable detail. The outline shculd consist of 5 to 20 major
%j headings that correspond roughly to the chapter headings of a textbuok.

| The number of headings to be used depends on the scope of the program. Each

{ heading is written on a red index card, and the cards are ordered in some

ey

&

rational sequence. Subheadings under each red card heading are then written

i Specific frame writing techniques are discussed in Chapters 5 and 6 4
of this volume, and speciiic rules for the combination of ru's and eg's are B
given in the article describing the Ruleg System.

>

Mechner, F. Programiing for automated instruction. New York: Basic

Systems, Inc., 1961. (iMimeo.) i
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on yellow index cards and subsequently ordered. The process of subdivision
1s continued for two more stages on green and then blue cards. The words,
phrases, and concepts written on the blue cards should be the "atoms" of
the subject matter, and should be sc elementary that a new blue card can
be introduced every 5 to 10 frames in a program. This is, of course, an
average rate, since several blue concepts might be involved in one frame
and some concepts might require more frames than others. To illustrate
the subdivision process using set theory, the author of this system given

the diagram shown in Figure 2.

Figure 2. An Illustrative Sub-Category Breakdown Used
In Subdividing Subject Matter Units

& X F manipulations of postulational
RED The concept of number : -
s numbers, arithmetic etc. systems
‘ Ty, SR e
e e e
iy set nunber nunber T —_
YELLOW ete.
theory systems theory
\\\i\\\ e
e —
.\\\ \\\— 3 \.‘S,,\_” e — a
GREEN sets isomorph union intersection ordering etc.
e —
—

-~

£ e
T
! T —
‘ » T e
BLUE collection elements brackets order

A flow chart is then used to facilitate the introduction and manipula-
tion of the subject matter units. The basic concept of the flow chart
centers around the systematic "thinning out" of decreasing coverage of an
item after its introduction. For example, three to six consecutive frames
deal with the same blue level item when it is introduced. Thereafter,
review of that item is interspersed in decreasing frequency among frames

for other items. The flow chart in Figure 3 shows how the intensity of

treatment is gradually diminished cllowing the introduction of a concept.

T —— S
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Every dot represents a response to be made by the student. Several dots k

in the same vertical column indicate that the concepts represented will be :
integrated in that frame. Illustrative frames for the subject matter des- '
cribed in Figures 2 and 3 are shown in Figure 4.

To systematize the planning of a frame sequence, a special stencil
or template may be used which automatically thins out the review of a
concept according to a predetermined schedule, and varies the rate of
review according to the complexity of the concept involved. On the basis
of the complexity of the concept, the programmer must estimate what ratios
of review frames to teaching frames will be most effective. A difficult
concept will require intensive initial treatment and frequent practice
and review; a trivial concept will require minimal initial treatment and
less frequent review. Prior to using the stencil, thc programmer must
decide upon the point at which each new concept will be introduced and
the appropriate ratio of review to be used for each concept. The program-
mer is advised not to adhere rigidly tc the pattern indicated by the
stencil; the purpose of the device is only to remind the programmer of
what must be reviewed and to aid him in the systematic scheduling of
'%f reviey items. Data obtained from student tryout is then used to adjust

the extent of necessary review.

Discrimination Flow. A third method, which is only at an early stage

. of development calls for the subject matter expert and the programmer to

identify the sequences of discriminations that are required in order to

perform the terminal behavior.6 The specified flow of response units to
' be taught is set out in a flow chart like the mathematics example shown
:;é in Pigure 5. The diamond-shaped boxes contain stimulus questions or :
: frame content to which a discrimination is made, and the squares are the

appropriate discriminative responses. Beginning with the problem in the -

6Evans, J. L. Programers, experts, and the analysis of knowledge. 5
Paper read at American Association for the Advancement of Science, December, ¥

1961.

Homme, L. E. Teaching machine applications. Paper read at XIV v
b International Congress of Applied Psychology, Copenhagen, August, 1961. i
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. Figure 3. A Program Flow Chart
3 Successive Frames ;
4 1 5 10 15 20 25 30 35 ¥
: collection et : X : .
"set" e ¢ % . -
- "set" = collection Sae - c : .
yl Blue level
2 Luens members of a "set" e 3 A .
1 elements e ¥
elements - members el .
¥ ete
5 Figure 4. Illustrative Frames in a Set Theory Program l
A collection of dishes can also be called a set of dishes. - I8
. Several crayons can be called a of crayons. ;
‘ !
e Every member of the set of crayons is called an element of i
® that set. Every member of the set of dishes, similarly, an element ‘
‘! would be called . 3
b | :
4 In general, the members of a set are called its . elements 3
; A collection of elements is a . set ‘
e e L4
Make a sentence using the words set and element. A set is 4

defined as a
collection of
elements.
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Figure 5. A Flow Chart in Mathematics
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upper box (a type of mathematical equation), a discrimination must be made
as to whether the largest exponent is 2. If the largest exponent is not
2, the quadratic method of solution cannot be used. If it is 2, the cor-
rect discriminative response is that the expression is called a quadratic
equetion. The next discrimination involves deciding whether the eguation
can properly be factored. If the answer is "no," the problem is éolved

in one way; if the answer is "yes," a different kind of behavior is appropri-
ate. Such a flow chart is made up in conjunction with the subject matter
expert and serves as a guide which the programmer can follow and which can
be checked by subject matter reviewers. The users of this procedure seem
to find that a great deal of behavior can be handled, without too much

distortion, in terms of the flow of discriminative responses.

Mathetics. Recently an approach to the construction of teaching
exercises similar to programmed sequences has been described under the
title of ”mathetics.”7 Mathetics is defined as the systematic application
of reinforcement theory to the analysis and construction of complex reper-
toires which represent subject matter mastery. The system is rather techni-
cal, and considers behavior in terms similar to those described in Chapters
2 and 3 of this volume. Behavior is generally classified as involving

discrimination, generalization and chaining; and the strategy of an ins-

tructional sequence is varied as necessary to teach for these three behavioral

classes. The unit in a mathetical sequence is called an "exercise" in order
to distinguish it from the usual "frame" in programmed instruction. Little
restriction is put on the size or extent of an exercise. The size of an
exercise is determined not by "“breaking the material into small parts,' but
by determining how big a step a student can reasonably take at the moment.
Detailed analysis is also made of the behavior of the student. -and the S
responses required by the subject matter in order to determine what courses
of instruction might interfere with or facilitate learning. As in the
discrimination flow procedure previously described, analysis is made of the
diseriminations and generalizations required for the attainmeni oflshbjegt
matter mastery. The mathetics technique discusses procedures for analyzing

the terminal behavior to be taught and planning the sequence of instyuction.

7Gilbert, E. T. Mathetics: the technology of education. J. of
Mathetics, 1962, 1, 7-73.
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Task Taxonomies

Attempts have been made to develop taxonomies or classification schemes
for performance objectives and the development of such classifications of
behavior requires further tryout in order to increase their usefulness for
specifying the objectives of a training course. This section presents
several types of approaches that have been made to this problem of classifying
and categorizing instructional goals.

The crucial problem in analyzing terminal behavior is how to describe
instructional objectives in a detailed manner that is meaningful for training.
In industrial training, Jjob analysis schemes have been employed, but they
are not always satisfactory for instructional objectives. For example, one
type of job analysis procedure directly infers underlying abilities from
observing the job. According to this method, jobs are described in terms
of abilities required, such as numerical facility, verbal fluency, color
vision, or ability to recall details. These terms, however, are ambiguous
and are subject to diff'erent interpretations from job to job. For example,
the presence of colored signals may not mean that color vision is necessary.
The relevant criterion is whether the operator must respond to the presence
of a light regardless of its color or whether he must discriminate between
different colored signals. The specification of the kinds of discriminations
an individual has to make among numerical, verbal, or other visual signals
can help pinpoint the skills which must be learned.

Another method of job description comes from time-and-motion study in
which physical descriptions of movement are employed, such as "moves lever
forward," "loads vehicle," and so forth. This kind of description is con-
venient to use and is unambiguous. However, it provides no indication of
the behavior involved in initiating or terminating the movement. Moving a
lever to shift gears in a truck requires different kinds of discriminations
from those involved in moving a lever to change the pitch of the roter

blades in a helicopter.

8Gagne; R. M. Methods of forecasting maintencance job requirements.
In Symposium on Electronics Maintenance. Washington: U. S. Government
Printing Office, August, 1955.




What the training specialist requires for specifying the terminal
behavior of instruction is a set of descriptive categories which tell him
how to proceed, since the conditions of efficient learning are undoubtedly
different for different tasks. In an analysis of Air Force jobs, five task
classes were presented as providing a convenient framework for the descrip-
tion of a great variety of military Jobs.9 These task classes are as
follows:

1. Identifying. This means pointing to or locating objects and
locations, naming them, or identifying what-goes-with-what--either physically
or in words or symbols. This includes much of what is meant by learning

Hfacts i "

2. Knowing principles and relationships. This usually means under-

standing a statement of relationship--as shown by being able to state,
illustrate, and recognize its implications. Often this is a statement

that tells how a cause produces an effect, or how a result can be predicted
from several component factors. It may involve knowing arbitrary rules of
contingent procedure, e.g., if such and such is observed, do thus and so.

3. Following procedures. This means knowing how to perform a set

of orerations that must be carried out in a rather fixed sequence--such
as a pre-flight check, starting a car, or making a well-defined type of
calculation.

4k, Making decisions or choosing courses of action. This usually

involves the application of conceptual rules or principles as a basis for
making the kinds of decisions that are involved in diagnosing or inter-
preting complex situations. However, sometimes it involves perceptual
discriminaticns that are learned or acted on directly without reasoning.

5. Performing skilled perceptual-motor acts. These may be quite

simple (using basic hand tools) or quite difficult (manipulating the controls
of an airplane or performing a sensitive adjustment that requires precise
timing). Often the simpler skills provide necessary steps in more complex

tasks that require the following of lengthy procedures.

9Gagne; R. M. & Bolles, R. C. A review of factors in learning
efficiency. In E. Galanter (Fd.), Automated teaching: the state of the
art. New York: Wiley, 1959. Pp. 13-53.




lebatise i it LA el et AR N o

82

To refine such a task classification scheme, it is necessary to
describe the stimulus and response characteristics of these task classes
as well as the learning factors that might influence them and which are
relevant to instructional procedures. Knowledge of the ways in which
various types of tasks are learned should aid the programmer in pinpointing
the training procedures specifically applicable to a particular type of
task. A recent manual, for exemple, acscribes the kind of training devices
and self-instructional devices particularly suitable for the various task
categories described above.lO

Instructional Seguence of Tasks. OCnce task categories are developed,
the next prcblem is organizing them into units and part-tasks which can
be learned in a specifically designed sequence such as a programmed instruc-
tional course. A suggested classification of task elements and a tentative
(pending mere research and developiient experience) sequence for ordering
them in an instructional sequence is the following:ll

1. System and task requirements data as performance criteria; this

is orientation as to the goals of task performance and what the task is all
about.

2. Orientation; a general runctional flow-chart of the operations
supporﬁed by tack performance anu tie mechanisms on which it is performed.

3. DNomenclature and identification of work objects and work actions;

relating the terms, symbols and work cbjects to each other so that the
student can read ond execute verbal instructions, understand feedback,
and communicate his aclions to othars.

10 . i : e : e
Lumsdaine, A. A. Design of t{raining aids and devices. In Human
factors for system design. Pictsburgh: American Institute for Research
—— O 2

1960. Pp. 217-290.

Lumsdaine, A, Ai{ Use of self-instructional devices. In Human factors
for system design. Pittsburgh: Amnerican Institute for Research, 1960.
Pp. 291-326.

llMiller, R. B. Task description and analysis. In R. Gagne (Ed.),
Psychological prirciples in sy stem development. New York: Holt, Rinehart

Pp. 187-2208.

and Winston, 196z,
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L., Search for job-relevant cues; techniques by which the student pays

attention to his job environment for cues that indicate he should take some
kind of action.

5. Short-term recall; learning to remember task-relevant items of

information peculiar to each task or job cycle, or between the perception

of stimulus units and motor response. 4
6. Procedures; acquiring appropriate associations between stimulus

events and response actions.

T. Decision making and problem solving; patterns of stimulus variables,

%1 response alternatives, goal variables and priorities, and strategy rules for
selecting responses; and improvising new responses presented in the form of .
. concepts, mechanisms, or operations to be used in the course of problem
solving.

8. Motor response; efficiency and reliability in the mechanisms of

% executing stimulus-response patterns.

Short-term recall and motor response do not fit into any special place
in the order of training; their position in the sequence is likely to be

highly dependent on the nature of the task. In general, the order emphasizes

the importance of building upon what the student already knows, i.e., suc-

cessive hierarchies of student competence. {

A General Taxonomy. A taxonomy of educational objectives for a wide

range of goals in education is described in a book by a committee of

il

educational specialists.lg Educational objectives are classified in three

et R e

ways. First, a verbal description or definition is presented for each class
fi and sub-class. Second, each definition is exemplified by a list of objec-
;.1 - tives selected from materials describing curriculum and achievement test
objectives. Third, the behavior described in each class definition is

further exemplified by illustrations of examination questions and problems

Bt o il €

which are considered appropriate to each class. These test questions are

considered to be the most detailed and precise definition of the class

AU ML e

ldBloom, B. 5. (Ed.) Taxonomy of educational objectives. New York:
Longmans, Green and Co., 195k4.
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since they show the tasks the student is expected to perform and the
specific behavior he is to exhibit. The important emphasis of this
approach is the specification of instructional objectives in terms of

items on a detailed test of student proficiency. .
Summary

The terminal behaviors which define the objectives of instruction
must be analyzed and specified in detail. This permits the programmer to
know exactly the performance he wishes the student to attain and the sub-
Jject matter that must be covered. 1In general, specification of objectives
for programmed instructicn must be wade in terms of what the student is able
to do and the operations he is able to perform when he has completed a pro- .
gram. The specification of instructional goals must be stated in uneguivocal
terms that are not open to misunderstanding.

The statement of instructional objectives should indicate the following:
(a) the behavior that is to be accepted as evidence that the learner has
achieved the objectives, (b) the conditions under which the desired behavior
can be expected to occur and (c) the acceptable level of performance. Once
terminal behavior has been delinecated, the adequacy of the specified objec-
tives can he tested by comparing these specifications with behavioral test
situations.

Systematic approaches to organizing subject matter content for the
preparation of programmed instructional sequences are beginning to be
developed. These systems provide ways of breaking down the subject matter
into learning units and organizing them into an' appropriate flow for initial
learning and review. 1In addition, methods are being developed for classi-
fying and describing instructional objectives in terms of taxonomies or

classifications of behavior. Such classifications can pinpoint the training

procedures specifically applicable to certain types of tasks.
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Chapter 5: The Frame Unit and Prompting Techniques

The Frame Unit

One of the primary characteristics of a present-day learning progran
is the arrangement of its subject matter into relatively small steps. Such
steps, commonly called frames, constitute the smallest units of a program.
The. construction of these frames is a matter ol instructional technology
and not merely a matier of subject matter exposition. Moreover, the pur-
pose of a frame sequence is more than just the breaking down of the subject
matter into small units for easy learning. While it must be assumed that
the subject matter cen be analyzed into meaningful units, the mere presenta-
tion of these small units does not guarantee learning. Techniques for
assuring efficient learning sometimes call for presenting material in a
form different from the way in which the material will eventually appear
when it has become a part of the student's learned behavior.

There is a hazard involved in defining a frame as a unit of subject
matter since frames so defined are apt to be more "instructor-oriented"
than "student-oriented." Subject-matter or instructor-oriented frames
often tend to be long because the goal in writing such frames is to fully
and'clearly cover the particular topic. On the other hand, defining a
frame as a unit of student behavior implies that a significant component
of student behavior is to be brought under appropriate subject matter
control so that the behavior occurs in a significant and relevant context.
As the student progresses through successive frames, the unit of behavior
may be expanded and increased in complexity; thus the student's behavior
will gradually approximate the terminal behavior defined by the subject
matter expert. From the point of view of instructional technology, it is
much better to concentrate on the establishment, expansion, and linkage
of response units than on the exposition of subject matter units.

The purpose of the individual frame is to permit the student to emit
a response that is some approximation of the terminal behavior, within a
sequence that facilitaetes learning and retention. In supplying the behavior

himself, the student is reinforced by displaying behavior that was previously

Ahdi o i b
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weak, infrequent, or inappropriate in his repertoire. Reinforcement,

derived either from confirmation or from the behavior itself, increases

the chance that when the student is faced with a similar situation in

the future, he will again emit the desired behavior. The more frequently
this basic learning process takes place, the more rapidly the student may
approach terminal behavior. Regardless ol the complexity of the subject
matter, when frames are short and call out only ocne or two subject matter
responses, the active participation of the student is frequent and delays of
confirmation or reinforcement are more likely to be minimal. Short frames,
but not necessarily simple frames, also help to alleviate the boredom and

lack of attention often associated with textbook reading.

Behavioral Requirements of & Frame

To provide an opportunity for learning to occur a frame must consist
of certain essential parts. First, it should stimulate the student to
engage in behavior relevant to the total behavior to be learned. The most
important part of a frame, then, is the response it evokes. The second
important feature of any frame is the stimulus used to elicit the student's
response. These two aspects of the frame comprise a stimulus-response
relationship which already exists in the student's repertoire before he

encounters the frame. At times, these two basic components alone may be

employed to produce learning. For example, some frames may present two

or more familiar stimuli in such a way that the highly probable responses
they elicit are combined to produce an unfamiliar response to the stimuli.
This new combination of old behaviors may then be reinforced and strength-

ened. The following is an example of this type of frame:

The scheme or plan a poet uses to arrange the
rhymes in a poem is called a scheme.

Response: rhyme
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In this example, the verbal responses, rhyme and scheme, are initially

highly probable responses to the stimuli in the frame. This frame requires

the student to place the two responses together in a novel arrangement,

which would otherwise be a highly improbable response on the part of the

student. Another example of the way in which the two components of [rame

construction~-~the evoked response and the evoking stimulus--can be used to

produce some amount of learning follows:

A nut 8P that is shaped like & wing Q& is
easy to turn with your fingers. The proper name for
this type of nut is aut.

Response: wing(nut) .

Again in this frame, two separate and probable responses are combined to

form one new and previously improbable response.

These examples also illustrate a third important feature of all good

frames: the response is evoked in the presence of a meaningful context

which is usually new to the student. (It is hardly likely that two res-

ponses would be put together without some good contextual reason except

in humor or drill exercises.) The response "rhyme" was evoked in the

presence of a novel stimulus--presumably the student did not previously

know that the poet uses a scheme to arrange the rhymes in & poem. The

frame was designed to attach the response "rhyme" to the idea of a plan

or scheme for ordering the rhymes in a poen. |

Most frames are designed to produce responses in a context which is i

novel to the learner. In the future, this context will tend to evoke the

behavior again. The previously learned stimuli used to evoke the response

- e : i " D
are, of course, discriminative stimuli (S~), but programmers often refer

to them as "prompts." The response under the control of the SD is the

discriminative response, R. The stimulus which a frame attempts to attach
to the response or make effective in producing the response is a potential

discriminative stimulus. A convenient designation for this novel stimulus

: N S 3 . d . "
in a frame is S . These three elements are evident in the fecllowing frame:
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Ice that forms on an airplane's propeller is
called propeller ice. Ice that forms in a carburetor
is called

)

Response: carburetor ice

The first line of the frame sets the occasion for the student to behave

3 : 1 o, - 2 -
in a certain way and is the S~ or prompt. "Ice that forms in a carburetor
"

' : il =D :
ee. 1s the situation, or S, to which the student must make the response
‘1 (R) "carburetor ice." II the programmer found it necessary he could prompt
Fa

- D
the response more strongily by adding more S 's for the response:

Ice that forms on refrigerator coils in called
refrigerator ice. Ice that forms on an airplane's
i propeller is called propeller ice. Ice that forms
4 in a carburetor is called

Response: carburetor ice

k- Frames may also contain auxiliary material which the author introduces
for interest value, clarity, enrichment or continuity between frames. Such

extraneous material should be used sparingly and only with justification,

but it is often a necessity in order to keep the program literate, inter-

E | esting and readable. The inclusion of difficult or dull auxiliary material,
‘; however, may serve only to teach the student to skim over the material or
f% to hunt backwards from the response blank until he finds the information

’_ needed to complete the blank.

.l Frame construction, then, consists of combining the following elements

to produce a learning situation:

1. A stimulus or stimuli (SD) which serve(s) to elicit or cue the

desired response.
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2. A stimulus context (3°) tc which the occurrence of a desired

response is to be learned.
3. A response (R) vhich the student suppiies and which adds or leads

to the terminal behavior of the program.,

. L. Extra material vhich makes the frame more readable, understandable

or interesting.

Reinforcement at the Frame Level

In the foregoing discussion of a frame, no mention was made of the
reinforcement involved. The reinforcer might well be considered an addi-
tional part of the frame, since confirmation is generally used as a rein-
forcer in programming. As Chapter 3 indicated, however, perhaps the most

3 effective reinforcer in a programmed learning seguence is successfully
doing things which could not previously be done. Oi'ten the much sought
after "joy of learning” can be observed when the learning process results
in the learner's ability to engage in behaviors which were previously im-
possible; it can be fun to learn to drive or fly a plane, to act like an
adult, or to solve complex questions. On the other hand, learning techni-
gues often manage to remove much of the fun of learning by placing aversive
(punishing) consequences upon not emitting the desired behavior while
failing to adequately engineecr the situation so that the behavior will
occur., The purpose of a frame is to make a response occur, and a good

. series of frames increases the number of desirable behaviors in which
the student is able to engage. 1In many situations this is a more potent
reinforcer than immediate confirmation, and the frame writer would be well

advised to capitalize on it in a direct fashion.

The Role of Prompts in a Frame

It is not always necessary for every frame to contain all four of the
parts listed. Tor example, a review frame such as the following might not
be designed to estavlish a new discriminative response and would omit an

, S
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In chemistry the letters H and O stand for
and

Response: hydrogen .
oxygen

Presumably this frame would be preceded by others which would establish
appropriate responses to "H" and "0," and would be presented solely to

provide the student with review. At other times, prompting SD's could

s i) St i o R b
'

be omitted if the response were cued by previous frames. Notice that

this is true of the second of the two consecutive frames below: “

il
All mammals bear live young. The human bears
live young and is a v
Response: mammal
Birds are not v S
Response: mammals

The first sentence of the i{'irst frame cues the response, "mammal,"
even though many different responses such as "warm blooded" or "mortal"
would also be correct. Lifted out of context, the second frame would

appear very foolish since obviously birds are not many things. Although

the second frame contains only an §D and an R, the correet response is

strongly prompted by the preceding frame. VUithin a series of frames, it -
is often useful to depend upon the student's momentum or previously estab-

lished response tendency by means of such interirame prompting. This s
procedure should be used cautiously, however. After an extended inter- {

ruption of training, for example, the student's response tendency may be )

lost and he may make incorrect responses.
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{ A program should guide the student through initial learning with

e

frequent reinforcement and introduce problem situations as the student

I is ready to attack them. Like a skillful teacher, a program should ar-

L range things so that the student cannot help acquiring new behavior,

E i . Special techniques are required in good tutoring; the teacher must lead,

; direct, question, and prompt the student to bechave so that he can be ¢
revarded and encoureged. Similarly, the programmer knows what responses

the student must learm and the specific stimulus-response connections to

be established; his task is to prompt the student into terminal behavior.

A prompt is a familiar stimulus (an SD, not an éD) which used in an un-
familiar context encourages learning the new context. Good prompting

is subtle and does not attract attention. .

A General (lassification of Prompts

A program would teach nothing if the student could fill in the blank ; 4

T T S TR T
o S TR T
.

spaces without reading the material contained in the frames. At an indivi-
dual frame level very little is taught if the prompt is so obvious that it
is unnecessary to read the new material. At the present stage of develop-
ment of programmed instruction, however, it is not possible to prescribe
the proper difficulty level of a frame, i.e., there are no rules for deter-

mining the level or strength of prompting needed. Tryout and revision will

continue to be the most useful devices for determining prompting needs
until programmers have gained considerable experience with various subject
- matters. It is possible, however, to describe difrerent types of prompting
¥ and to give some general rules about their use.

Generally, prompts are classified as being oi’ two major types--Tormal

P

e A

T

ga .k ~ ; , o - :
and thematic. A foxmal vprompt gives the student a stimuwlus which he is

to copy, echo, or otherwise mimic in form or structure. In essence, the

A I I T A

l form of the learner's response is identical to the form of the stimulus.

A formal prompt is usually a strong cue and seems to be a reliable way of

g 2 getting the student to come up with the desired behavior. It has, however,

e

o b
.

A A s

certain basic disadvantages which will be mentioned. Formal prompts are

lSkinner, B. I'. Verbal behavior. New York: Appleton Century
Crofts, 1957. Pp. 255-259.
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used in the following i‘rames:2

A technical word for reward is reinforcement. :
To reward an organism with food is to
it with food,

Response: reinforce

Photosynthesis really means putting together
in the presence or sunlight. In order for a green
plant to manufacture food, it must be exposed to

Response: sunlight 2

A thematic prompt, as the name implies, depends on the general pro-
perties of the prompting stimulus rather than on its exact form. It
operates as a cue because of its theme, meaning, associations, and con-
notations. In contrast to the formal prompt, the form of the appropriate
response to any given thematic prcapt differs from that of the prompt it-

self. The following Cramnes make use of thematic prompts.

The decalogue is a name for the

commandments.

Response: ten

2The illustrative {rames used throughout this chapter have been
taken from various locations in several dilierent programs. Without
seeing preceding frames, the reader may not be able to answer the example
frames correctly on the basis of the prompts alone.

lMoreover, since diverse frames have been selected solely to illus-
trate the types of prompts under discussion, & group of frames should not
be considered consecutive unless so indicated by the text.
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When the hot wire in a bulb glows brightly, we !

say that it gives off or sends cut heat and .

5 Response: light

It is sometimes difficult to distinguish between formal and thematic
prompts. In the following frame, for example, the word "rises" provides

both types of cues.

Just as smoke rises, warm air will also .

Response: rise

In general, however, the distinction between formal and thematic prompts
is a useful one.

If all prompts used in programmed learning were of the formal type,
programs would indeed be open to the charge that they teach only by rote
memory. That programs can teach "understanding" is often due to the skill-
ful use of thematic prompting. Because of their strength and reliability,
formal prompts are useful in eliciting responses never before made by the
learner, such as technical terms or complex symbols. However, the strong
formal prompt, if overused, tends to draw attention towards itself and
avay from the subject material. Formal prompts are generally artificial
in the subject matter context and moreover, are nct the kinds of prompts

available in most tests of terminal behavior. As would be expected from

the foregoing, formal prompts are most frequently useful early in a pro-

gram, whereas thematic prompts are generally more effective as the program

. progresses.

RERSHTI JRREELS -
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> The use of only a f'ew types of prompts is a i'requent characteristic

L of dull programs. Numerous prompts are available to the programmer,
hovever, and this section presents a variety of examples and applications.
Tor illustrative purposes, the listing of prompt types has been made some-
3 vhat specific, but within the two main classes of prompts, there is con-
siderable overlap among types and the categorization is arbitrary.- In
studying the examples, the reader should remember that a frame may create
a very different impression when lifted out of context than when it is
within & program sequence. Obviously, the value of any of these prompting
techniques can be judged cnly by its demonstrated efficacy in establishing

'j particular terminal behavior. However, this section can serve as a con-

oy

venient source for illustration and ref'erence.

3
u

Formal Prompts

The Copy Prompt. One way of getting a student to emit a particular

response during initial learning is for the teacher to make the response
and immediately ask the studeni to copy the behavior. This is a common
means of teaching non-verbal skills such as lathe operation, dancing,

i mechanical adjustments, and drawing. Similarly, in verbal programming

the desired response can often be incorporated in the frame material:

A check is a promise by a person to pay the
; amount shown. In place of money, a may be
3 used as payment.

Response: check

The student need only copy the important word or symbol. This device is

one of the strongest means of producing behavior for the first time and

is valuable when the progranmer must introduce a difficult or novel res-
ponse as a unit. Copy prompts, however, are frequently overused by

programmers and in excess tend to make uninteresting programs.
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The Partial Response Prompt. Sometimes only the first word of a

forgotten poem is enough to cue an entire line or stanza; this is an
example of partial response prompting. In verbal guessing games, partial
response prompts are often used in the form of hints which give the guesser
the first letter or letters of the correct answer. In the same way, a
. frame which gives the first letter of a desired word eliminates many
possible answers and at the same time keeps the frame simple. When the
el tryout of a program reveals a frame with a high error rate, the introduc-
4 ; tion of a partial response prompt will often reduce the difficulty level
7% of the frame. Naturally, this prompt should not be used as a substitute
: for the addition of frames where they are needed or for frames in which
the student should respond without the assistance of crutches. As the
student's behavior increases in strength, the strength of the formal
prompting needed decreases. One way of using the partial response prompt
5 is illustrated in the following frame which is an intermediate step in a

sequence designed to teach the spelling of "manufacture."

Part of the word below is like part of the word
manual. Both parts come irom an old word for hand.
Many things used to be made by hand.

foae L e

Response: manu(facture)

ke é - The most frequent use, and overuse, of the partial response prompt

aw b in verbal programming, however, is in giving the first letter of the

F . response word:
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Sociology, anthropclogy, and psychology all
belong to the B S .

Response: Behavioral
Sciences

The Rhyming Prompt. This type of prompt provides the student with an

SD word which rhymes with the response. For example:

Nine times seven and just one more, is eight
times eight or -

Response: 6k

Of course, the student has already been exposed to the multiplication
tables in previous frames.

The rhyming prompt is a formal prompt in the same sense that the
partial response is: 1in order to rhyme with the desired response it must
give away at least part of the formal structure of the response. Like
other formal prompts, the rhyming prompt should be used judiciously. It
should probably be used minimally in programs for adults.

The Literal Prompt. Often a single response may occur in the presence

of several appropriate stimuli. Thus both the figure "3" and the word
"three" evoke the same spoken response, as do both the symbol "“$" anda the
word "dollar." Whenever the student has been taught to respond correctly
to one of several stimuli which call for the same response, his previous
learning may be used to extend the response to the unlearned stimuli.

A child in first grade learns to read Arabic numerals long before he learns

to read the number words. The following examples from a series of frames

make use of this in teaching number words:
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12
twelve

)2
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twelve 12

twelve
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These illustrative Irames do not comprise a continuous series, but :
would be interspersed among other frames for different number-words. In !
)

the course of this sequence, the stimylus to which the student can respond

correctly (12) is removed gradually leaving only the word “twelve.® At .

tie beginning of the sequence, the student is asked to "read" the w

(a behavior which he actually cannot perform), but is permitted to

upon the numerals. As the number prompt is removed over a serie F Ty
the behavior emitted to the number is transferred to the writte

name "literal" for this type of prompt refers to the direct interchange-
ability of stimuli.

The possible uses for this kind of proupt seem quite broad. For
example, in teaching symbols or names of machine parts, most people would
have little trouble reading the word "resistor," which could easily be .
transferred to the symbol for resistor by a literal prompting procedure.

The emphasis in this type of prompting in a program is to get the behavior

to occur in the presence of a new stimulus which will come to
behavior in the future. Literal prompting, like drillwork, tends to be
somewhat barren and uninteresting and is best interspersed with other
material.

One interesting variation of the literal prompt may be useful in s.}
teaching language pronunciation. An English (previously established)
pronunciation is used to cue or prompt the foreign language (to-be-learned)

"

pronunciation. For example, the "a" in German is pronounced like the "a

1

in "father." 1If a foreign language is written in unfamiliar characters,

as in Russian, the pronwiciation of unusual characters may be prompted by

a transliteration of the words into English characters. The prompting in

the following example approximates the pronunciation of Spanish vowels.

The student is first told to read the English words which are written

vertically and then to transfer the sound of the vowels in vparenthesis

to the vowels written between the horizontal lines. Thus, the student d
reads: "father, break, chief, old, blue." He then reads the vowels as

in Spanish: '"ah, eh, ee, oh, o0o," or an approximation thereof.
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After some practice with the transliteral S 's, the student may be asked
to say the vowels in Spanish without prompting. This type of prompting

may have the advantage of reducing the extent to which expensive equip-

ment is reguired for the beginning language student. Its great disadvan-
tage in language instruction is that what is learned is only an approxi-
mation of native pronunciation, since the transliteration between languages
is never precise., A problem also exists in presenting sounds which have

no English equivalents, e.g., the Spanish r.

Structural Prompts. Frequently the physical arrangement of a frame

\ can be used to prompt the learner's response, thus saving time and words
in a program. The location of the response blank, for example, can serve
to prompt the type of response desired and minimize the occurrence of
alternative responses. In the following frames, the student has been
<dinstructed that & response blank on the left calls for a symbol, but a i
blank on the right requires a word. The position of the response blank |

indicates, then, whether a word or a symbol is the appropriate response.
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i Five millimeters would usually be written as: :
3 2 . :
Response: mm ;
; i
i
] 1
3 In the Kelvin scale, zero is approximately |
3 equal to -273.1° C. The abbreviation C stands for: |
2 i
% .
Response: centigrade ] g
- |
: |
3 {
i |
; The foregoing framés assume that the student has had much previous training. |
For the most part, these are frames which would appear late in a program.
This kind of prompt is more like a direction to the student than an
1 actual prompt. However, such directions or physical arrangements do pro-
k. vide the student with cues about the response itself. Another structural <
f prompt is the length of the response line. Many programmers use blanks j
| which match the length of the response word, or indicate the number of j
i letters in the response. ‘1
i 1
{1 3
! Chair factories _ chairs. 3
ﬁ'} Response: manufacture :
gL
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Like the physical arrangement of the response blank, even minor
details of typography and format can play an important role in prompting
the student's response. The following frames illustrate the way in which
the general frame foxmat is effective in cuing the answer. In the first
example, a copy prompt is emphasized by placing the response blank directly
under the SD to be copied. Example prompts (to be discussed) in the second
frame, are strengthened by providing a sequence of numbers in the second
factor of each multiplication: 5, 6, 7, __« lMoreover, arranging the
example multiplications one under the other makes the number sequence more
evident. The drawn arrows in the last example are used to prompt the

correct placement of the symbols.
b

Greece is a peninsula in the Mediterranean Sea.

Florida is a in the Atlantic Ocean.

Response: peninsula

SRSy ——

SRS =25
5x6 =30
>xT=35
S =

Response: 8
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The Mean is thz sum (E) of scores
divided by the Number of scores. -—

Complete the formula for the mean: M

T X

Response: M = -

Underlining is another structural detail that has prompting value.

Any word in the body of a frame that is to serve as a prompt for the res-

ponse may be further emphasized by underlining: the first of the preceding

example frames illustrates this technique. Although underlining is most

frequently used with copy »nrompts, it is also useful with other prompt
can serve to point up important thematic prompts. Underlining
oe vsed discriminately and cautiously, however; too frequent usage
render it valueless as a promot, or encourage students to scan for
underlined words without reading.

prompts, such as the frame structure or providing a partial

cve to keep frames short and to minimize error rate at

learning sequence. In general, formal prompts should

since, in conlrast to thematic prompts, they do little

section are, for the most part, matters
ccnnotation. Used skillfully, the-
text and content of the subject
ic prompt depends upon associations
kinowledge and skills. Through
nterrelate the elements of his behavior
isgociations to new knowledge. Wise

ice & rich and interesting learning




The Pictorial Prompt. This type of prompt is introduced first

because it may be used as either & formal or thematic cue. The interest

value of a program may be heightened and subject matter may often be made

clearer with a picture placed right in the frame. The picture itself may
r

be used to suggest the answer, or a label attached to the picture may
3

-
serve a prompting function. The frame below uses a pictorial prompt as

a thematic cue.

in a wise

direction.

1
]
Friction wheel A is revolving !
|

Response: counterclock(wise)
)¢ /

On occasion the learner may be asked reproduce & picture or diagram,
as in learning tc > the symbols us in circuit diagrams. n such

cases, the picture serves as a formal prompt. Perhaps the best use of

pictures, however, is in thematic cuing.

Context-Setting Prompts. When an instructor asks a class a question

such as, "How is this principle applied in the design of turbine engines?"
he is suggesting or setting a context which will evoke student discourse
relevant to engine design and not flower arrangement or meteorology. By
indicating the topic of conversation, a host of relevant responses assume
high strength while other behaviors which are pertinent to other conversa-
tions are reduced in immediate strength. 1In the same way, a {rame can be
labeled to suggest its context and consequently to limit the range
possible answers. This may be an especially useful procedure when

gram covers several topics which must be interrelated or reviewed.

HEARING

The brain "makes sense" out of the impulses carried
trom the cochlea by the nerve.

Response: auditory




. ipu PP SRR

S -
IBEEESST BSOS =AY

B o

104

Preceding r'rames in a program may also serve to establish the context
of a particular frame. Part of the text of one frame can be used as the
response in the succeeding frame. The two consecutive frames which fol-

low illustrate such interframe prompting.

! The fine wire in the light bulb is called a
filament. The bulb "lights up" when the filament
is heated by the passage of an current.

Response: electric

When a weak battery produces little current,
the fine wire, or , does not get very
hot.

PRI G- [P SRSt

Response: filament

Semantic Prompts. The grammar used in & frame can restrict the
P 23

possible answers to that frame. Thus using a specific article, like
"a" or "an" rather than the nonspecific "a(n)," limits the number of

responses the student can make. The two versions of the frame which

follow illustrate the elfect of the grammar used.

With grammar prompt:

A candle flame is hot. It is an
source of light.

I R

Response: incandescent
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ﬂ ; Without grammar prompt:

2 . i
i . A candle flame is hot. It is a(n) [
E source cof light. i

Response: incandescent

The person, tense, and number of verbs may also function as grammatical

ﬁ cues and punctuation can play a part in cuing the response. An answer
; blank like this, A , would probably evoke a very
- different response from one like this, - .

[ Synonyms and antonyms may be used to limit the response range by
prompting like and opposite responses, respectively. These two kinds of

¢ semantic prompts are shown in the following frames.

Synonym:
| |
| Learning usually occurs when an individual's f
i Tresponse is promptly rewarded or .
1 .
* ’ Response: reinforced |
| l
|
Antonym:

. Reinforcement which consists oif presenting sought-

. after stimuli (e.g., food) is called positive rein-
forcement; reinforcement which consists of terminating !
unpleasant stimuli (e.g., loud noises) is called
i reinforcement.

| Response: negative

¢
E |
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Just as an antonym may be used to cue a single response word, an
s entire phrase, statement or concept is frequently useful in prompting a
response which is opposite in meaning. This kind of prompt can be seen

in the following frame: -

I I

|
Whereas neural damage in the ascending sensory l
tracts of the spinal chord will cause sensory deficit,‘
neural damage in the

will cause paralysis of the muscles.

Response: descending
motor tracts

Ak

The redundancy in grammer in & sentence can be a useful cue in a
language program.J Most meaningful sentences contain redundant parts
which can be omitted or replaced by nonsense words without a loss in the
reader's understanding ¢ the contents. If the "nonsense" words are words
in a language presently uninown to the reader, their consistent use should
equate them to equivalents in the reader's language. In other words the
usual redundancy vhich the student anticipates as a result of knowing
English grammar and sentence structure, serves as a cue for the responses

. to be made to the foreign words. Similarly, the grammatical structure of

a new language may be acquired to some degree by phrasing the English

words according tc the grammatical rules of the new language.

{ o

3Schaefer, H. H. A vocabulary prograu using "language redundancy.'
Pittsburgh: University of Pittsburgh, 1961. A report issued under
Cooperative Research Project 691(9417).

(Glaser, R. Some research problems in automated instruction;
instructional programming and subject-matter structure. In J. E. Coulson,
(Ed.) Programed learning and computer-based instruction. New York: John .
fliley & Sons, Inc., 1962. Pp. 67-85.

%

%
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The following frames illustrate redundancy prompting at three stages
of a program introducing German words. The program consisted of stories
by Edgar Allen Poe in which German words and word order were gradually
introduced. The goal of the program was to equate certain English and
N German words and no responses were required to individual {rames. The
first frame below appeared early in the program and introduces some key 3
words. The second frame is from the middle of thec program and presents
the new grammatical structure. Notice that it is possible to make sense
out of the passages in spite of the German words, and how it seems likely 3
that through continued use of the words in the text, the proper meanings

will become attached to the new words.

Early:

True: - nervous, very, very dreadlully nervous, ich,
had been, and am; but why will you say that ich am :
mad? The disease had sharpened lieine senses - not i
destroyed, not dulled them. Above all was der sense
of hearing acute. Ich heard all the things in dem
heaven and der earth. I heard many things in hell.
How, then, am ich mad? Harken! Und cbserve how
healthily--how calmly ich can tell die whole story. o

Middle:

! Der second und third day went by und yet showed him-
{ v self mein tommentor nicht. Again could ich as free 3
; man breathe. Das monster was apparently in great

I terror run away! Never again would ich es see!

: Meine happiness was complete! Die guilt der black '
‘ deed disturbed mich but little. Some questions were -
asked und readily answered. Eine search was even
undertZEEn, but, of course, could nichts be found. 3
Ich looked einer safe future toward. o

X
9
T — .
.
s
’

| ¥
L

|
|5 :
8
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lLate:

Die slope seiner lande wurde von Moment Zu Moment % .
Emgller, und der bottom der Vortex scemed sich |
gradually zu 1irt. Der sky war klar, die Winde l
hatten sich died, und aer moon went brxghtly im |
l lesten down, als wch mich auf dem surface des l

Ozeaus facing die coast von " Lofoden found, exactly
iiber der ylace,wa der Trichter des Moskoestromes
gewesen war.

The Analogy Prompt. Analogies frequently serve to bring together

aspects of a subject matter as well as providing powerful prompts. The
method of using such prompts is to present one or more complete analogies
in the text of a frame followed by an incomplete analogy to which the
student responds. The three consecutive Irames which follow, illustrate
how an analogy can be used in interframe prompting as well as within a

single frame,

It is easy to learn a&bout the iMetric System when
one thinks of the money system in relation to it. A
dollar has cents (pennies).

Response: 100

A dollar has 100 cents. A meter has
centimeters.

Response: 100

l Thus, a centimeter works somewhat like a cent.
100 centimeters is 1 meter just as 100 cents is
g . !

i
g Response: dollar
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The Eliminator Prompt. An effective method of eliminating undesired

responses and limiting the response range is to tell the student several
of the incorrect answers. An eliminator prompt is a statement which
specifically eliminates several alternatives., It is particularly uselul
in excluding equally appropriate but undesired responses to subject matter
stimuli. Combined with another prompt, the eliminator prompt may also be
helpful in getting the student to emit an unlikely response early in a
frame sequence. The [irst example frame below combines an eliminator

prompt with a copy pronpt.

STRUCTURE-FUNCTION-BEHAVIOR
Anatomy-STRUCTURE, Physiology-FUNCTION, Psychology-

|
| : |
|

Response: BEHAVIOR

A protozoan which moves by means of cytoplasmic
projections and has neither flagella (Flagellata)
nor cilia (Ciliata) is a member of the class

e
: ol o S

Response: Scarcodina

e —— ]

s

The nucleus of a cell is made up of nuclecplasm, |

one or more nucleoli, a auclear membrare, and chro-
! because it cannot be seen without the aid of a special |
3 stain. ;

Response: chromatin

3 } matin. The is not labeled in our diagram
|
|

{ nucleold

|

{

j

- hnuclear membrane %

nucleoplasm




¢ Association Prompts. Old or existing stimulus-response associations

can be combined to produce a new or previously low probabiliiy response.
The example frame below employs the student's existing association between

the type of tube used and the name of a radio. By indicating the functional

P ST IS TR

similarity between the transistor and the vacuum tube, the association bet-

ween tube type and radio name is extended to prompt the correct response.

A vacuum tube radio is one which uses ordinary
electron tubes for reception and amplification.
A is a radio which uses
transistors in place of vacuum tubes.

it el Ry Sl S R R

Response: transistor
radio

Since technical vocabularies often use common words in unusuel combinations,
the association prompt may be especially suitable in programming technical
material. This type of prompt is best used only when it-is readily appli-
cable; combinations of associations which are too contrived may be meaning-
less to the student and hence ineffective in prompting.

It is possible also to use this prompting technique at an idea or

concept level, as well as at the simple word level exemplified in the
preceding frame. 1In this case, independently established thematic elements
are put together in a single frame so that the learner gets the feeling of

"discovery." For example, after the student has been taught separately

the principles of radio operation with vacuum tubes, and what a transistor

TR T AT
.

} is and does, a combining frame may lead him to induce the role of a
transistor in a transistor radio.

. Studies of word association have shown that most people make the same
;.' responses or associations to certain words. The programmer can often employ

these common associations as response cues. The word, "hot,"” for example,

: very frequently evokes the response, "cold." There is always a risk in

using this type of prompt, however, since a sizable percentage of people
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nay make less common responses. Although "mother" will usually elicit
. ~ ! » ] . . . 4
1 the response, “father,” this may not be a suificiently reliable associa- '
2 tion for use in all situations where "father" is the desired response.
-
] In frame writing, the use of existing response chains may be simple-- 3
4 7
3
3
! )
P ]
3 ; In English, the German words Mutter and Vater
J J

mean Mother and :

Response: Father

Or somewhat more elaborate.

] i

A penny saved is a penny |

: o ; Sy / i

Interest on bonds held is part oi i j

! income. '
' Resj earned ‘

The important point about tliese association prompts is that indivi-

ehavioral chains,

™m
)
o

duals within a given society share many ol t

and these can often be used to prompt a response. Almost all Americans
;11 good men to ...

s

(9]

5

ould complete such phrases as, 'Now is the time Tor
or "These are the times that try ..." Although the programmer may depend

upon the previous history of the student to establish associations, he

et el e et

can also set up sequences of behavior within the program itself which can

| 1 3 3 " - < .
| then be used to prompt further student responses. It is usually most
]

-
/ reliable for the programmer to employ only those associations which he

has established himself.
The preceding examples used associations between words rather directly.

.

Associations may also be used indirectly to evoke behavior which in turn

OB POWS - W P

serves as the final prompt. Thus the student himself generates the actual
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prompting for his response. In the phrase, "Her hair is the color of a j
e N o a |
fiery sunset," the reader may conclude that the referent has red hair i
.
3 : . 4 o gy @ " |
B ¥ because of previous associations to the words, "fiery" and "sunset.”
: Similarly, responses may be cued by means of word sounds, patterns of
v . . . . . L1 . v ~ 2 n .. 1
4 emphasis and indirect asscciations. In the rfirst of the following frames, 3

3 the words "bright" and "sun" suggest the response, "light."” The second

Sk

frame makes use of an indirect association and, in part, a copying proupt.

Because of previous material in the program, the phrase, "unit of electro-
motive force" in the third [rame suggests the term "volt" to the student,

which in turn suggests the response, "Volta."

9

n a bright, sunny day most of the !

e from the Sun penetrates the earth's atmosphere. { :
- | €
- Response: light !

; A part of an electrical circuit that is designed
3 l to resist the Tlow of electricity is called a
L

Eep SRR

tor

o
o
(o
w

Response:

e
e |
B
1
{
| 3
‘ The name for the unit of electro-motive force
i suggests to us the name of the Italian physicist
i i Count Alessandro :
i Response: . Volta
i
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The Rule Prompt. Response tendencies may be set up in a frame by

stating a general subject matter rule. Usually, such frames present the
statement of a rule, followed by an incomplete example of the rule which
the student must complete. Rules may also be used to prompt other similar
rules. The intention in using a rule as a prompt is not to teach the rule;
this may have already been done or may be in process. Rather, the rule

is presented only as a cuing device. The following are scme examples

of rule frames:

U e N SR

The greatesi amount of contrast is presented by |
complementary colors. Green would stand out best on
a background. «

i

Response: red

)

E
P
R
How much power, in watts, is being used up by
a 50,000 ohm resistor across which 50 volts are p-
applied. :

Response: .05 (watts)

The rule prompt {rame exemplifies a deductive method of instruction.
Often these frames give the student a feeling of accomplishment because

he can make deductions from the rule or predict the results of using the

rule in particular cases.

1
‘Evans, J. L., Glaser, R. and Homme L. E. The ruleg system for
the construction of programmed verbal learning sequences. J. educ. Res.,

1962, 55, 573-578.
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The Example Prompt. Just a&s a rule may be used to prompt a response,

so an example or particular instance may be used to prompt the completion
cf a similar example or a rule. An example prompt may be called an in-

3 ' ductive frame, i.e., from instance to the general case. In essence, a

E ] rule may be used to prompt either other rules or examples, while an example
may be used to prompt the completicn of other examples or the rule which

it exemplifies. Some simple example prompts follow:

! i
|
A firefly and an electric light are alike in
i that they both send out or light.
. Response: emit
l
4

1}

-50

(-5) (+10)
6) (- 3) = -18

1 (+
The answers to these multiplication problems are
Y negative because (wds)

Response: When a nega-
tive number is multiplied
by a positive number the
answver is always negative.

=T

By leading the student to induce a general rule, example frames can also

generate a feeling of discovery like that produced by successful deductions

on rule frames. The reiniorcement the learner receives in having made such

‘i inductions and deductions is valuable in increasing student motivation.
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Withdrawal of Prompts

In utiltizin rompting devices to evcke appropriate behavior in
€ Pro}

o

the student, the programmer is arranging circumstances so that learning

% can occur. Thus the result of the early {rames in a program is the

establishment of relatively small bits of behavior in response to rather
specific prompting stimuli. As the student's knowledge of the subject
matter grows during the course of the program, the strength of prompting
should be decreased leaving the student more and more on his own; even-
tually prompts may be eliminated altogether. Towards the end of the
3 coverage of a particular segment of the subject matter, the programmer
should call for increasingly larger and independent units of behavior
from the student.

Suppose that the programmer wanted the student to learn the
following concept: "The attraction of two bodies towards each other
is directly proportional to their mass and inversely proportional to the
square of their distance.” Such a sentence is only a very small part of
- a total subject matter, and frames concerned with it would probably be
< scattered among frames dealing with related material. For this single

concept, frames taken from early, middle, and late stages of the program

might look like the following.

Early:

When two bodies in space tend to move toward
- | each other, we say they each other.

Response: attract
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2 Middle: i
a
? The attraction of two bodies is inversely pro-
E portional to the of their distance.
{ Response: square
b Late:
1 ‘
k- P Describe the gravitational relationship between
bodies in space. (wds)
Response: '"The attrac-
tion of two bodies to-
} wards each other is
directly proportional
1 to their mass and
4 inversely proportional
p. to the square of their
3 distance.
k There is no systematic method, however, for specifying the rate at which
prompts -should be withdrawn. At the present time, the best that can be

;‘ done is to allow the results of program tryout to suggest what is good
b | and what must be improved.
The terms "vanishing" and "fading' are often used to refer to prompt
removal, in general, but prompts may be eliminated in several ways. In-
creasingly larger amounts of the stimuli which evoke a response may be o
E- omitted until only the minimum stimulus remains to evoke a sophisticated
i | response. Prompts may be gradually faded away by being physically reduced
: in intensity. Still another method is to gradually distort a prompt so

that it becomes useless and the student is left increasingly on his own;

e.g., prompts may be expanded to a point of non-recognition, shrunk to
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illegibility, hidden so that they can by found only with increasing
effort, made available to the student upcn command, or made contingent

upon other behavior. The point in any of these sequential omission

techniques is to eliminate the student's dependence upon elaborate
teaching supports so that he can behave as an independently functioning

expert.

Summary

The frame is a small segment of subject matter which elicits & unit
of student behavior. A frame maximizes the occurrence of learning by
permitting the student to emit a response that is come approximation of .
the terminal behavior within a sequence that facilitates learning and
retention. A frame creates a learning situation by combining the fol-
lowing elements: a stimulus, & stimulus context, & response, and
auxiliary material. The student’s response to a frame is reinforced
by the successful performance of the response itself, or by confirmation
of its correctness.
Early in learning it is usually necessary to arrange for the elicita- ‘f

tion of the student's response since as a learner he is unable to behave

0

appropriately to subject matter stimuli. Pro are cues which evoke

previously learned behavior in the presence of new stimuli thus permittiig
the new stimulus-response combination to be reinforced and lead to new
learning. Generally a distinction is made between two major types of
prompts. Formal prompts cue behavior by virtue of their structure or
form. Thematic prompts serve to elicit a response because of their theme
or content. Different applications of formal and thematic prompts have

been described.

Prompts are valuable and useful because they permit the emission and
reinforcement of new behavior early in learning and as a result make for
efficiency in learning. Formal prompts are probably most effective in
the initial stages of a program, whereas thematic prompts are increasingly

more useful as the learner begins to gain some competence in the subject

matter. As the program proceeds and the student's knowledge of the
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3 subject matter increases, prompts should be less sirong and reduced in

frequency; the student must be able to respond with increasingly larger
1 J e
and independent segments of the subject matter. In the final frames of
a program, prompts may be eliminated altogether. The withdrawal of
prompts decreases the student's need for behavioral crutches so that he

can gradually attain the independent behavior which characterizes

1 knowledge.
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Chapter 6: TFrame gequences and Progreéd Characteristics

The modification of behavior ghrough instruction is prought about BY

many aifferent "] earning grisls.” I other words, thie repetition of an
gly more precise response in appropriate situations is a major

increasin
a significant amount Of learning

condition for learning. in & progradm

be accomplished by & series of frames in which & response 1s

can only
called for in many aifferent Ways. A prograi consists of sequences of
{ rames which develop subject matter aspects of a topic and also bring about

certain changes in student pehavioT.

In general, learning programs can differ in numerous major and mMinoY

ways ranging from the arrangement of frames within the prograi, the use of

and dependence upon extra-{rame materials, structure apnd formav, response
sumptions about how learning pr“ceeds. Character-

jstics of the program as a whole are probably of more fundamental {mportance

mode used, and basic 8s

in the learning process than specific {rame ;ro;ercies; 1t is the entire
nce which produces behavioral modifications, the characteristics of

seque
end., Frame sequences; program

single frames merely contribute to this
structural details and extrad material snould be @ part ol the program
have been experimentally shown tO add to Learning ©F to

pecause they

facilitate leayning.

Sgecial Frame gequences
pifferent kinds of frame sequences are required in order 1O modify
pehavior in gifferent respects. Considered in this W&y, frame gequences
can D€ classified in texms of the parniculur behavioral functions they
gerve. | Tnis section provides illustrations of syecial frame sequences
that are useful in {rame construction and seem TO 1ead %o specific

hehavioral outcomes.
ngroductorz Frame Seguences

IntroductoTry frames allow the beginning student 0 respond with some
ich he is familiar and thus constitute the first building
f an {ntroductory sequence 18 (a) to

vam 1S written,

pehavior with wh

block in & program. The purpose (o]

acquaint the learner with the manner in which the prog

119
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(b) to give him some proficiency with the format and display characteristics
of the program, and (c) to provide a basis upon which further behavior can
be built.

Introductory frames should be very simple and brief, especially if
the students have never worked with learning programs. Initial frames in
a section of a general science program dealing with sound might resemble

the following:

Vibrating objects make a sound. When something
vibrates it produces .

—ar

i Response: sound

The strings on a violin vibrate and produce sound.
tlhen we speak, our vocal cords to produce
sound.

Response: vibrate

j ! ¥
1 The air that surrounds objects picks up the vibrations
{ and carries it ‘to our ears., If there were no air,; we

| 4 ' could not sounds with our ears.

| [ Response: hear i

Introductory frames begin rather quickly to deal with the subject matter

and to introduce new discriminative stimuli which are to be learned. Some-

times introductory frames may describe the program:
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This is a unit dealing with methods of communication. :
"

The word means "exchange of ideas or information.
Reading this is one method of .

Response: communication

Communications is spelled c-o-m-n-u-n-i-c-a-t-i-o-n-s.
Write the word "communications" carefully.

R

Response: conmunications

_1 L R |
There are many dilferent ways to exchange ideas. i
Speaking, writing, and snioke signals can all be used.

These are soue of the methods of :

e: communication

147]
(

Introductory frames can alsc give the learner the background information

he needs to begin the program. The following sequence from a basic 3
electricity program lays the groundwork for the subject matter to be
covered and in addition places the subject in a particular perspective.
l All matter is made of molecules. Vicod is made of
i molecules., VWater is made of . :
| TR
| f l
| | [ 2
} 5 . Response: molecules | 3
|
. | g . - ya i : g 3
' A water molecule is the smallest bit of water that i
. 1 . - r v 3 ¥ 1 ]
; could still be identified as water. The smallest {
g bit of glass that could still be ider L€ .
: g is . )
¥ i 3
e g Response: molecule :
& ! E
Po.2 ,;
e :
- Yy
|8 5
1

rt
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A-drop of water could be divided in half and then
divided in half again and again. TFinally only
separate of water would be left.
= (]
© Reasno . 1 =
e S°. Response: molecules
©®Cco0ey € oo Don

-~

3 atoms; 2 hydrogen atoms, and 1 oxygen. .

@Q Response: atom

Discrimination Sequences

|

|

|

|

B ; : .

l Molecules are nade of atoms. A water molecule has

As was previously indicated, in behavior theory the symbol SD stands
for a discriminative gtimulus to which, by learning, a response has conie to
be attached or associated. The symbol S , in contrast, stands for any
stimulus situation to which a particular response should not occur (see
Chapter 3). oLmuch of what the student has to learn in acquiring knowledge
of a subject matter consists of discriminations: appropriate responses
must become established to subject matter stimuli. For example, to the
stimulus, "The astronomical name for the North Star is ...," the student

'
i

must learn the response, "Polaris.” The program first gets him to say the
word "Polaris," then he is required to spell it several times, aided in-
itially by a copy prompt and later by less obvious thematic prompts. Fol-
lowing this or along with.it the program must equate the terms "INorth Star"
and "Polaris" for the student. In general, this process involves first
establishing a response and then putting it under the discriminative control
of an appropriate context. Sometimes these operations are best conducted
simultaneously and at other times they are best conducted sequentially.
Except during programmer training and ror experimental purposes, pro-
grammers seldom go to the trouble of speciflying cach and every SD and S~
situation. The process of discrimination training goes on continuously
during the course or a program and whatever number of repeated stimulus-

response pairings the programer feels may be needed are interspersed with
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other material in the course of a programmed unit. On particular occasions
however, the programmer may wish to emphasize or give special treaining i.

certain important and/or difficult discriminations. To accomplish this,

1

a sequence of' frames is constructed to teach the student that a response
cccurs in one stimulus context and not in another. The frames comprising
a discriminative sequence of this kind can occur close together or can b
interspersed throughout the program. Figure 1 for example, is a short,
illustrative discrimination sequence from the middle of a program on sound.
The response "noise" is to be brought under the control of the stimulus

"no definite pattern" and for this reason is repeatedly elicited in the
presence of this stimulus. A series of frames such as that shown in Figure
1 is usually terminated by a frame which combines both control stimuli,
(i.e., noise and music) and calls for a fully discriminated response.
Review frames are subsequently seeded in the program to test and strengthen
the discrimination that has beern established.

As a rule, a program should not contain frames that exhort or admonish
the student in such general terms as, "Be sure to understand ..." (it is up
to the programmer to make sure the student understands), or "Now remember
..." (that again is the programmer's, not the student's, job). Directions

may be valuable, however, in discrimination frames, for example:

Do not confuse kilo and milli. A is
.001 meters.

Response: " millimeter

Do not confuse kilo and milli. A is
1000 meters.

Response: Kkilometer

AT B e 742
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Figure 1

A Short Discriminati

O

A musical sound has

& detinite pattern 1]
All sounds can be classified as either

or noise.

——

Noise has no definite pattern to its sound waves.
Sounds which do have a definite pattern are called

If we produce sounds with a definite pattern, we can
call the sounds .

is sound that has no definite pattern
to its waves.

A high pitched sound with no definite pattern other-
wise is called .

music

music or
musical

~ A
ourias

music

noise

noise

T



A series of frames preceding these frames would have already established
separate discriminations for kilo and milli. In the frames illustrated
above, the directicns to the student provide an opportunity to present

the words kilo and milli side by side and further sharpen the discrimination

IR N R L Y S S

between them.
The value of a discrimination sequence is that a learner remembers

best what stands out most clearly in the subject matter context, i.e.,

what has been adequately discriminated. A student typically forgets those
associations that he confuses and in fact, the term, forgetting, is often

used to describe the confusion of definitions and concepts. An individual 3

may be able to remember all of the material in question, but not be able

to attach what he knows to an appropriate context. The student in such a
case lacks discrimination training, not an ability to recall material. It
is never enough to teach a fact; proficient behavior involves much more and
consists largely of the ability to make precise subject matter discrimina-

tions. A program should be designed to help accomplish this.

Generalization Sequences

The term generalization refers to the fact that an individual trained
to respond in a certain way to certain stimuli, will also tend to respond
similarly to similar stimuli. A child who has been taught the label "truck"
may also call any other vehicles trucks. While a discrimination sequence is
intended to limit the range of stimuli which will evoke or control certain
responses, & generalization sequence attempts to broaden the controlling
stimulus range.

Sometimes the entire range of stimuli which should evoke a given res-
ponse is small enough so that it can be included in the prcgram. For example,
the number of different objects which evoke the term "American coin" is quite
limited and a program could easily be constructed to cover all examples of
American coins. For the most part, however, the programmer does not explore
the full range of special cases where a general rule or principle applies.

To do so would lead to an impossibly long program. The word "valve,” for
example, is an appropriate response to dozens of different objects. De-
pending upon the objectives of the program, the programmer could cover a

narrow or wide range of valve types. Thus he could program a limited class
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such as "aircraft valves" or "valves used in acid liquid flow.” 1In a
broader program, the programmer might teach the characteristics of many
dii'ferent types ol valves and then present the definition and usage of
valves in general.

L; A generalization sequence might perhaps start and finish with a state-
» ment describing the common properties of the stimulus class involved. The %
programmer should do more than describe such common properties, however;
he should arrange the program so that the student will come to emit the
general concept by himself. Like other types of sequences, generalization

frames need not be consecutive and may be placed throughout a series of

frames. Iigure 2 presents a sequence in which the concept of “"matter" is
: generalized to several exemplars. In Figure 3, previous training about

the summation sign (% ) is generalized to facilitate teaching multiplica- %

Stk

tion (7T). .
The generalization of a response to similar stimuli is an important

aspect of learning. A student may be said to understand a rule or concept

b not when he can recite it, but when he can respond appropriately to examples.
Learning to identify and complete instances of a concept often involves

extensive discrimination and generalization training.

Chaining Sequences

| Skilled or expert behaviors are frequently chains of previously learned

responises in which each member of the chain sets up the stimulus context for
the following members of the chain. For the beginner, the stimulus. context
for a given response must be strongly set by the program or instructor. A
chaining sequence is a series of frames designed to establish such a complex
and self-sustained series of responses. A sequence of chaining frames may
start by strengthening individual components of the ultimate chain and end
. by calling for the student to emit the entire chain. If the student should
- finish the program with the ability to engage in a self-sustained or pre-
ordered series of behaviors, such as counting or reciting, the program
should arrange the establishment of such proficiency by means of chaining

}
|
$
{
‘ sequences.
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Figure 2

A Generalization Sequence

Matter is anything which has volume. Water is
because it has volume.

A stone is also matter because it has

Volume means the amount of space any object occupies.
A quart of milk occupies a -definite amount of space
and thus is a type of .

Some forms of matter are invisible. (e cannot see
air but it is matter because it has .

matter

volume

matter

volume
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Figure 3% 1
E
4
A Second Generalization Sequence E
3 -
L x. means to Xis X5 and x3. add or
4=} 5 SR TR R & summate :
1
There is also a symbol that is used to mean multiply. ‘*
3 Instead of adding x, and x_, we may wish to multiply A
f* them. 3 - :
; The symbol for multiply is WWor pi (pronounced "pie"). ]
! z
) X, means to multiply times 5 e & :
i=1 X,
I
v .1T’xl means to x3 and X multiply
E: 1=3
E |
. I is the Greek letter for sigma and means to add or find
e | the v sum
3 ‘ Hr et
!
?.? Tis the Greek letter for pi. Pi means to )
' or find the product. multiply
|
M|
i
10:“
| Sigma means s _ _, and means p _ _ _ _ . sum,
i product
| T
3 s B X . . . ° 2. N
. dat . d 2
4 X
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The process of building smoothly flowing verbal chains is central
to programming. At the beginning of a verbal chaining sequence, the student
engages in a small part of the terminal chain with the aid of many external
supports or prompts., As the trainee becones able tc supply more and more
of the required behavior himself, prompts may be gradually removed. Figure
4 shows a short chaining sequence designed to teach the rule which defines
verse written in jambic pentameter. Usually, the frames in such a verbal
chaining sequence would not be consecutive, but would be interspersed with
related frames to avoid dull repetition.

In the case of chains which lead to clearly defined solutions or end
products, learning theory suggests that it may be good instructional practice
to commence the series with the end product and work in reverse order toward
what will eventually be the first step in the sequence (see Chapter 3).
Figure 5 shows how one might start with the solution of an equation and work
the student back to the original equation from which the solution was derived.
Having worked back to the original problem, the trainee is immediately re-~
quired in subsequent frames (the last 6 frames of Figure 5) to go in a for-
ward direction from the problem to the solution. The reader is urged to read
the discussion of backwards chaining in Chapter 3 and to study Figure 5 before
attempting to include chaining sequences in a program. A good way to become
familiar with the method of backward chaining would be to attempt to orally
instruct a student in this manner using a simple sequence. After a number
of such tutoring experiences the reader should have a much better feeling

for the method and its possible use in programming.

-
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q Figure 4
A Verbal Chaining Sequence for lLearning a kule
You will recall that iambic feet are accented:
_'_' ' The sound you have learned for the iambic
foot is . ta TUM
hj A line that contains five iambic feet is called an
A peritameter line. iambic
ta TUM, ta TUM, ta TUM, ta TUM, ta TUM
This line is an iambic pentameter line because
it contains (i) iambic feet. five, 5
Y A line that contains is called five iambic
A an iambic pentameter line. feet
“ A line that contains [ive feet each of which sounds
like this, ta TUM, is called an iambic
line. pentameter

Show the scansion of one iambic pentameter line:

Define iambic pentameter, (wds) N A line that >3
contains five
iambic feet,
(or similar
words).
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Figure 5

A Backwards Chaining Sequence

Suppose that we had solved an equation for x and found
that x had a value of 5. The solution would be written x=5

as .

It makes no difference if we write, 5 = X, Adding 2
on each side of 5 = x we have: 2

5+ 2 =x+ 2. Now multiply each side by 4.

4(5 4 2) = B(__) e
4(5 + 2) = b(x + 2). Now divide each side by xt 4(5 + 2) =
X
Lix + 2)

x
ti (5 ; 2) = 4(x ; 2). Now multiply each side by 3:
| : RCE R Ney
3 Al LR e
g g ;

" . -

L | 3; ¢ ; 2) ‘- = Dl 4 ; 2)‘ Now remember that we got
:i i o == - what we have simply by adding, dividing
f.; multiplying, and .

| - - -
i 4L(5 + 2) _[4(x + 2)7| Perhaps this equation would adding
5 = D : ; ; T
b S - X _| frighten you when you see it multiplying,
like this, but you know that dividing

we got it from 5 = x, the solu-
, tion. Ve get it simply by
Eds ) " and
e

e e et

PSR REPT SIS ¥ TR N S —
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(Figure 5 continued)

[ The following frames progress in the usual forward direction |
[ from problem to solution.

Here is an equation which might be given to you to solve:

45 + 2)] 4
- ; )J = 5 L_Sf_i_él To get the solution we would
= simply undo everything we did solution

|

. before so that again we could get 5 = x, wnich is the

TR T Ay

3

E
: (5 + 2)7 [4(x + 2)7]
i1 3' "_‘;‘_‘l = 3 = The first step in solving this L(5 + 2) _
: ¥ e = ~ equation for x would be to simplify X
3 and eliminate the brackets by dividing both sides by 3. This bix + 2)
: would leave: . "
: 4(5 + 2)  L4(x + 2) Ve can further simplify by multiplying
4 > it X both sides by x:
i b(5 + 2) =
2 4
3 x [h_ﬁé_i__lw s X [_Li_i_él 1 and cancelling x's on both Lix + 2)
; = - = ~ sides would get:
4(5 + 2) = 4(x + 2). Dividing both sides by 4 we get: (G 2) &
! ; (x + 2)
,j (5 +2) =(x + 2). Subtracting 2 from both sides we get: 5 =X
i .
|
S Writing the solution as solutions normally are “s
” written we write: v R

.v..—
'
»

A T T YT T T AT T

1}
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Drill Sequences '
Retention and breadth of learning can be enhanced with extensive drill |

'S o ) 1

and practice covering variations of basic subject matter rules, operation
and methods. As earlier chapters nave indicated, practice in varied fom 1

ontext is a mark of

o
£
;

The program format affords

the chance to eliminate much of the aversive redundancy of ordinary drill
since drill r'rames may be interspersed among other irames and may contain

interesting examples. Programmed drill builds up to a point of proficiency

Al

at which a majority oi students should be able to complete most frames with

relative ease and assurance. On the other hand, in ordinary drill many 1

students are left behind . es in difficulty level are too great

or because the students cannct keep pace with other members of the group. .

Figure 6 presents a general science

ram. Again note that the irames of & drill sequence need not be con-
secutive if the frames are constructed so as not to depend upon close
interframe prompting. In general, most drill sequences would probably be

found to be additional discrimination, generalization, or chaining sequences.

Review Sequences

Learned material is best retained if practice or review is provided ~
after the original learnin A review sequence is exactly what the name
suggests, a series of frames devoted to repeating essential elements of
previously learned material. A single review sequence may consist of any
number of frames and may review several topics previously covered. Many
programmers, however, prefer to sprinkle or "seed” single review frames -

throughout the program rather than employing special review sequences. This
is often done in decreasing density; that is, review of a particular topic
is heavy soon after coverage of that topic and decreases in frequency as

the student moves through the program. Such seeding of review iz intended

to meet the requirements of spaced practice which has often been shown to

be effective in studies of verbal learning.
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Figure 6

Three Drill Sequences ({rom &

To change centimeters (cm) to meters (m),
] N\

e
nunber of centimeters by 100. (100 ecm =
500 om = m. Centi neans -

600 cm

P q 5l e

General Science Program on Measureme

wve divide the
100/100 = 1 m)

= m. 6

2500 cm = m. 1 meter = cm. fff

e e = FREReR e 14UV
250 cm = m. 2.5
Kilc means 1000. A kilometer consists of meters. 1000
5 kilometers = meters 5,000
5 kilometers = centimeters 500, 000
5 kilometers = millimeters 5,000,000
T kilometers = neters 7,000
& kilometers = centimeters 800, 000
9 kilometers = millimeters 9, 000, 000
Milli is a prefix meaning . .001 or 1/1000
Kilo is a prefix meaning . 1000
A kilogram is much (larger/smeller) than a ‘
milligram. larger




3
#
:

(Figure 6 continued)

Do not confuse kilo and milli. A is
.001 meters. millimeter (mm)
A is 1000 meters. kilometer

The programmer should provide ample reviev material in a program. Even
the best program sequence does not eliminate the fact that people tend to
forget material they do not use. In planning & review, allowance must be
made for the loss of some of the material due to forgetting or interference
from subsequently learned material. Thus review frames may also have to re-
teach to some extent. For this reason, it is good practice to start an
extensive review sequence at a level of diificulty somewhat below that of
the last frames in the series being reviewed.

It is often difTicult to distinguish between relatively unprompted
frames and review frames. In the course of a program, the review frames
may blend in so gradually as to be difficult to identify. This, of course,
is a characteristic of the sequential nature of programming. Sometimes,
however, it is useful to point out review {rames by means of a statement
such as, "The next 10 frames are review frames." The following are con-

secutive frames from a brief review sequence.
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determined by the of vibrations.

] Let's do a little reviewing: pitch of sound is
|
i Response: frequency

Amplitude is determined by the of the
sound wvaves.

Response: height

Things which travel faster than 1100 feet per second
are called . Sounds with a frequency
above 20,000 cycles per second are .

Response: supersonic
ultrasonic

Terminal Behavior Sequences

Towards the end of a unit of subject matter and towards the end of a
program, "expert' or minimally prompted behavior should be required of the
learner. This behavior is the goal of the program. Essentially, terminal
behavior frames test the teaching ability of previous frames in a program
and give the student an opportunity to perform his newly learned behavior.
If the error rate on terminal behavior frames is low, it is fairly clear
that the program teaches. A high error rate on these frames indicates that
earlier frames have not successfully taught and need to be revised. These
frames are the one exception to the general rule that frames should be re-
vised again and again until they accomplish their goal in teaching. If
experts can agree that correct responses to a given set of terminal behavior
frames demonstrate subject matter knowledge, these frames should be the

objective of the program and should not be subject to revision.
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Sequences Using Extra-Frame pdaterials
Panel Sequences. DBecause relatively small space is available on
individual frames [or pictures or diagrams in the kind of programued material

being described in this handbook, it is sometimes necessary to use a panel
when several frames call for the same illustration or figure. A panel is

a separate page or card which the student needs in order to réspond to a
given series of frames. In an anatomy program, for example, a single panel
illystrating a particular muscle group might simplify the programmer's task
considerably. Similarly, panels may be used to present a page of a financial

Journal, an electric circuit, a cell diagram, an organization chart, or a

table of data. Loosely, a panel is any extra-irame material to be used in

. the course of instruction; panels may consist of materials upon which the
student can draw or write, which he can take apart, or which he is to as-
semble. The use of a panel may also add to the interest value of a program
in much the same way that pictures in a textbook increase attention and
interest. Unlike a book illustration, however, a program panel is used
only when it is needed to cue or organize behavior so that program objectives

are accomplished.

When panels are used, it is important that the studeuc's responding

depends in some way on his having examined the panel. A panel should serve

as a reservoir of prompts upon which the programmer may draw. If it is

i { . intended that the student learn the interrelationships emong parts of an
%5 illustration, the frames used in conjunction with the panel should foster
;j the student's active response to such relationships. Any kind of frame
E; may make use of the panel material in teaching. Such frames may bear

;! directions for using the panel or may simply refer to it, e.g., "Ask for
é.) Panel 25 before ansvering the next series of frames," or "See Panel 3."
i

Extraction and Embedding Sequences. There are many occasions in

»

training when a point may be clarified for the learner by artifically

ge

extracting a small part oi the subject matter from its context or back-

asadin

ground. In a sense this is a general feature of programmed learning.

However, when a student is learning to work with objects and systems rather

q,<<
AR

9
: |

than with words alone, it is particularly difficult to limit presentation
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of visual materia® to the size of a frame or even the customary panel.
Training manuals and textbooks have long used the pictorial method of
emphasizing selected sub-systems by the use of shading, colcration, and |
line width. For example, in learning about automotive engines the student f
will freguently be given a series of engine diagrams which draw out in |
turn different sub-systems such as the electrical system, cooling system,
fuel supply or piston action. The student is first taught appropriate
responses to an isolated or extracted sub-systemn through a series of panels

and associated frame sequences. Subsequently, he is given review and further

training in understanding relationships between that sub-system and others
by means of a series of embedding panels and frames in which the background
is faded back in. Such an extraction-embedding procedure is basically a

rather complex discrimination sequence involving the use of pictorial panels. .

Progranmed ”I-Iote-Taking“.l A frequent complaint made by students

learning from a program is that the program leaves them with no notes, such

as ohe might take during a lecture, which can easily be reviewed. To permit

such review, it has been suggested that responses to selected frames be

written on a special printed note page rather than on an answer sheet or

the program itself. The note pages could present a printed summary of the

important principles and relationships learned in the program or, depending ‘ 1
on the subject matter, might comprise an abbreviated operator's manual.

Key words or phrases in the nctes would be left blank and filled in by

the student as he goes through the programmed material. Appropriate direc-

tions would direct the student to place a particular response in a numbered

blank on the note page. In this way, the student could construct a sys-

tematic outline similar to one he might prepare when studying from & book.

A programmed note-taking procedure can serve a useful purpose n showing

the student how the subject matter develops its structure as well as pro- ;

viding a means for review.

lT‘he notion of "programmed note-taking" was communicated to the authors

~

by Mr. Charles J. Stelter of International Business Machines Corporation.
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Types of Prograns
3 Programs, like books or teachers, differ in numerous ways. Some

programs seem to be direct and matter-of-lact, while other approach new

4 : topics with variety and sublety. Such difTerences among programs are dif-
Ticult to describe and amount to matters of style and author preference.
Other differences between programs are more fundamental and arise primarily
from two sources--the nature of the subject matter and different interpre-
tations of how individuals learn most efficiently. This section is concerned
with this latter diflerence and describes some of the distinguishing charac-
teristics of various types of printed programs constructed to date. With

3 further research and development on learning and programming, the relation-

; ships between conditions of learning and instructional procedures should

. become more direct and it should become increasingly more possible to con-

struct programs according to specific procedural rules and logical designs.

Linear Programs

: [ The linear program is by now familiar to readers of this manual. In
such a program every student pursues a straight course through the program,
responding to every frame, with no deviations or reversals. Students' res-

ponses to a frame are inmediately confirmed. Most of the linear programs

constructed thus far are of the kind suggested by Skinner and employ small

st e

steps with relatively rew responses called for in a given frame. Linear

programs have generally been presented to the student in a programmed text-

book or in a teaching machine.

| The point has often been made that a linear program is constructed for

, the average student and as a result may be dull and overly simple for bright
students. Eventually, dilTerent programs covering the same subject matter

| may be available [or groups with varying levels of readiness, i.e., with

different aptitudes and educational histories. For the present, good

results have been reported vhen a wide range of students have taken programs

A congtructed for the average student. Good students finish such programs in

much less time than poorer students and are ready sooner for more advanced

K subject matters. That occurs, of course, if the learning situacion is

flexible enough to permit {ull use of the self-pacing feature of prog.ammed

learning.

YRR




L st i el e b R S e

140

Numerous techniques are available, however, for increzsing the flexi-
bility of a single linear program in the face of wide individual learner
differences. If research continues to show that frames should be short
and require few responses, it would still be possible to introduce the
possible advantages ol branching programs. For example, the student might
be permitted to skip ahead ten or more frames if he comes up with the ans-
wer to a certain key "test" frame, or a high error rate could be used
diagnostically to direct the student to a series of supplemental frames.
Some other devices by which linear programs might be made more adaptable

to individual differences are discussed on the following pages.

Branching Programs

In simple branching programs, a correct response allows the student
to proceed directly to the next stev of a program while errors side-track
or "branch" him to supplementary matzrial designed to correct the particular
type of error niade. Branching may vary in complexity and a simple branching
program may merely present a short series of supplementary frames and then
return the student to the missed frame. With more elaborate forms of
branching, whole sub-programs might be presented to those students who

frequently make mistakes on certain kinds of frames, or each branching cycle

might be prepared at several levels of difficulty to permit further branching
1T necessary.

f { An advantage of the branching arrangement is that it allows the pro-

: grammer to capitalize on the diagnostic value of errors. Obviously, a
student may make several kinds of errors and the type of error he makes

may indicate areas of weakness in past training. With branching, the pro-
gramer can supply the appropriate instruction to remove the deficiency

responsible for the student's error.

Intrinsic Programming. The so-called "intrinsic" programs have made
& g

the greatest use of the branching technique.2 These programs consist of

%Crowder, N. W. Automatic tutoring by means of intrinsic programming.
In A. A. Lumsdaine and R. Glaser (Eds.) Teaching machines and programmed
learning. Washington, D. C.: National Education Association, 1960. Pp.
286-298.
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relatively long, expository frawes it | - "t SHEYS, he
choice question at tne bottom of the :rane. DNach reiit enswer has

. an associated page nunber (when the jpro: 3 i SerdEbl extbock fcoma)
which directs the student to another . rau:, SPRECT, A Sker vanch the
student to appropriate remedial sequences. The corrvect answer directs the

student to a page which confirms his ansver and presents the next step in

the program. Figure 7 illustrates an intrinsic traaching progranm.

Some students and subject matters may acapt well to intrinsic program- .
1ing. Certain students, for example, may find the expository frame and the j
multiple-choice answer far more interesting than simple iinear Pill-in pro- 3 3
grams. Such a well-motivated student can tolerate larpger sieps and less -9

prompting than one who is less interested, but unfortunately, iew students

in a typical classroom may be highly motivated. On the other

the terminal behavior or subject matter c:
of information followed by a decision based on several alternatives, the

Crowder frame-type seems valuable in at least one stage of the program.

Multi-Track Programs. In a multi-track program each frame is

in several versions vhich differ in the amount of prompting used. The sane
response is called for in all versions. For example, when three tracks are
used, the top level or track A coniains the version of each frame with
minimum prompting. Track B versions present the same subject matter with
the response more strongly cued. The greatest amount of prompting is in
the C track. Response confirmation does not occur until the student can
respond tc one of the three tracks. Thus the student begins at level A.

If he is sure of his response, he turns to the confirmation and continues

to the next frame in the program. If he is unsure of the response, he

drops to the version in track B and attempts to respond to it. If he is

still unsure, he descends to the track C frame for even stronger prompting
i’ before making his response. Figure 8 illustrates a page from a multi-

track sequence in a program on matrix algebra.
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Figure 7

Four Pages from an Intrinsic Programj

Page 101:

Now, you recall that we had just defined

e

o SN =
for any b except where b = 0. Ve had reached
this definition by noting that cur division rule,

m

n

o’

(m - n)

o

o}

will give b as a result if we apply it to

the case of dividing a number by itself. Thus,
b3

A3 =3) o
==b =b

og

3
but — , or any nuuber (except 0), divided by

itse?f equals 1, so we defined |

g‘ We used a division process to find a meaning to attach
. to the exponent 0. Very well, let's see what other

b | interesting results we can get with this division

= process. Let's apply our division rule to the case

~ . b=
= 4 (oX —
b

B |
| ANSVER PAGE
F |

. that result do we get?

1%
i
o’

ok

o
N w

Gind.
o

< pl-1) 115

(o
w
P

The rule won't work in this case 119

T | 3Crowder, N. W. Automatic tutoring by means of intrinsic programming.

A 5 In A. A. Lumsdaine and R. Glaser (Eds.) Teaching machines and prograimed

e learning. Washington, D. C.: National Educaticn Association, 1960. Pp.
200-291.
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Page 9OU:

—

(Figure 7 continued)

The student who elects page 94 will find:
P

2
1

YOUR AIISWER: =b

o

O‘io‘

m
el

Come, come, now. The rule is s
5 b

Now, in the case of — , we have m = 2 and n = 3

b 3 J <

. i b
SO we are going to get

no

L pi2 =3

le o’

00y 2= Zuden B, ds dke | Tt's = 1,

Return to Page 101 now, and quit {ighting the problem.

it ST

24
X

=

Page 119:

The student who elects page 119 will find:

YOUR AIISWER: The rule won't work in this case.

‘ 3 it ek T o
Courage: The division rule got us through b , where
m =n, ana it will get us through the case where m
is smaller than n. In this case we have

1%
w3

ad

%

and applying the rule
.m
.k.:—:1‘

B

we get

N

D

L 1

kv
ol
i

(o3

So the exponent of our quotient is’ (2 - 3) which is

Ly Asn't 16T

o0 Just writ ~
& \
b (2 - 3) . (-1)
= D =D
o
as if" you knew what it meant.
Now return ajize 101 and chcose the righi answer,

e ]

it g i oo



(Figure 7 continued)

And the student who chooses the right answer will find:

2
YOUR ANSWER: p(-1)

You are correct. Using our rule for division

P e

in the case of

(-1)

=b

Now, by ordinary arithmetic, we can see that

_ bxb ¥ x P

= = = ?
3 BXbXb Fxhxb

(-1),

Sc how shall we define. b

ANSVER
St

o(-1)




Figure 8

A Frame From a Multi-Track Frogram

S-37 A. The element for the blank space in the following
matrix B would be called .

Track A: b ‘

a8l e A R

Loo_ |

S-37 B. The element for the blank space in the folldwing
matrix B would be called ’

L B ¥ .

L

Track B:

L S - R

S-37 C. The element for the blank space in the following
matrix B would be called %

131 "o My

Track C: By Yo Fosh L B

3rd row — b31 b32 b__
- |

3rd column

Confirmation: R-37 ABC: b33

ak o b
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In a standard linear program, the low level frames (tracks B and C)
might be a regular part of the program for all students. In the multi-
track arrangement, however, they would be used only by those students who
need greater prompting. Top level (track A) frames would have relatively
high error rates with average students, since each frame step would be
large. 1In contrast, the superior student should be able to proceed through
the program solely on track A, thus allowing him to work at a faster and
more challenging pace than in the usual linear program. The less able or
less well prepared student may frequently expecrience difficulty on track
A, but receives additional prompting in tracks B or C so that he does not
make an incorrect response. The procedure minimizes the occurrence of
incorrect responding which may interfere with efficient learning.

Practically, the multi-track program differs only slightly from the
linear program. The important difference is in giving the student an
opportunity to obtain additional prompts before he responds. Variations
of this procedure are readily apparent. Multi-tracking might be used only
for certain critical frames in an otherwise linear program, or it might be
useful in review sequences to which students come with varied amounts of
retention. Multi-tracking seems to be a useful compromise between linear
and more complex branching approaclies to programmed instruction, but at
present, it needs to be evaluated further and its potential should be

examined.

Most of ‘the implications and possibilities of branching in programming
have not yet been explored. The use of a branching technique in no way
implies that frames must be long or short or that responses must be multiple-
choice or fill-in. In fact, most of the {rames in the usual linear program
could easily be incorporated into branching programs. Moreover, there is
no reason why short and long frames, fill-in and multiple-choice answers,
or branching and linear segments can not be mixed in the same program.

The choice between linear, brnaching, and other types of programs should

hinge upon the nature of the terminal behavior requiremenis, the sophistica-

tion of the student, and the conditions necessary for learning.

adirn cabics



Response Mode

Aside from certain subject matter requirements, there are no rigid
specifications for the form of behavior a program evokes from the student.
Psychologists hold differing opinions concerning response mode, and so far
programs have used multiple-choice, true-false, constructed answer, re-
constructed answers based upon scrambled material, and labeling. Responses
have also been verbal and non-verbal, written and spoken, as well as overt
and covert. The majority of the current programs use constructed answer
frames, that is, frames in which the student actually writes out his res-
ponse. Constructed answers have much to recommend them, but the labor of
writing out responses often may attenuate the motivational value of a
program. On the other hand, the effort of writing may serve to keep some
students concentrating on the responses to be made.

Multiple-choice answers are easier to score and permit automation
more readily than constructed responses. However, some psychologists
point out that the incorrect stimuli in multiple-choice answers may con=-
fuse the student or may be incidentally learned and conflict with the
correct response. Multiple-choice responses have been used for some time

in intrinsic programming. Recently they have also been used with the small

step type of programmuing described in this manual. In one such program which

teaches musical symbols a {rame might look like this:

When a sharp is attached to a note, it raises that
note one-half step. Which note is one-half step !
higher than A?

) Both (b) and (c)
) ‘F\l‘/bi

) B
)

a
b
e

Neither (b) or (c¢)

ol

(
(
(
(

Response: (b) A#

iy dabadiin
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Results of several experiments indicate no differences between stu-
dents who construct responses and those who select multiple-choice responses.
In one interesting experiment, children were taught to write numbers even
though throughout the course of the prcgram they never actually wrote a
number, but merely responded to multiple-choice answers. The children
learned to write numbers fairly well, possibly because they had learned
the appropriate discriminations which enabled them to monitor their first
actual writing during the post-test. Although these small step, multiple-
choice programs have not been used to a great extent with adults, they
should be equally effective in adult programs.

Another variation in response mode is the possibility of implicit or
covert responses to constructed answer frames. It would seem to be most
efficient to have the student respond to a frame to himself without actually
writing out his response. Experiments have shown that under certain circum-
stances this can be an effective procedure. However, implicit responding
leaves no record of student responses which can be employed to improve and
revise the program. In certain programs, overt and covert (implicit) res-
ponaing can be combined so that the student is required to respond overtly
only to certain frames. Such "test" frames also help insure that the stu-
dent has paid attention to the previous frames. I "working problems to

oneself" is an important aspect of the subject matter, a combined frame

sequence of this sort might be used to teach the student tc respond

.

implicitly.

A program need not consist exclusively of one type of response node,

of course, but can employ various kinds. Althcugh much research concerning
response modes is needed, it seems reasonable to employ various modes so as
) to increase general interest and adapt to a variety of subject matter topics.
Most important, a program should call for student behavior that is as close

as possible to the expert behavior for any given subject matter. For

hEvans, J. L. BMultiple-choice discrimination programing. Paper read
at Amer. Psychol. Assn., New York, September, 1961.
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example, since draftsmen ¢re required to procduce plans and blueprints, a
program for draftsiien must have the student emit this type of behavior.
IT an expert is required to make decisions between alternate courses of
action, then the program leading to expertise must train students to make
such discriminations and decisions, and would seem, of necessity, to in-

volve this kind of multiple-choice behavior.
summary

Learning programs differ in numerous respects: in the frame sequences
and extra materials used, in structure and format, and in the response mode
employed. All of these characteristics of programs contribute to the modi-
Tication of behavior and distinguish among programs.

Frames in & program are arranged in careiful sequences to provide
several learning trials for the learner and to produce specific behavioral
cutcomes: an introductory sequence elicits the entering repertoire upon
which a program can build; a discrimination sequence limits the range of
stimuli which will evoke or control certain responses; a generalization
sequence extends the range of controlling stimuli; a chaining sequence
establishes a complex, seli-sustained series of responses; and drill and
reveiw sequences enhance retention of learned material.

Various extra-frame materials or panels can be used in a program to
cue or organize behavior. A variety of these materials may be used, such
as pictures, illustrations and diagrams which the student looks at, a page
on which the student draws or writes, and objects which the student takes
apart or assembles. Programs can also be arranged to yield a set of review
notes or an abbreviated manual by calling for responses on certain frames
to be entered on a special note page.

There have been two major types of programs, linear end branching.

In linear programs, all students respond to every frame and move directly
through the program from the first to the last frame. Branching programs
allow the learner to move directly through the program as long as he res-
ponds correctly; errors branch him to supplementary material designed to
correct the particular type of error made., The major use of branching has

been in intrinsic programming which also uses long frames and multiple-choice

kit
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responses. This type ol program makes use of errors to diagnose weak spotis

in training and may be more interesting for well-motivated students than

linear, short frame programs. For average students, however, the long
frames may tend to decrease student participation and create sources of
error. Several modifications have been proposed to increase the flexibility

i of a linear program. For example, a multi-track arrangement, in which three

different amounts of cuing are available for each frame, may be a useful

compromise between linear and branching programming. In general, research
to date has shown no marked advantage for simple branching compared with

: linear sequences.

A Current programs use numerous modes of responding; the most widely
used are constructed response and multiplie-choice. Multiple-choice res-

. ponses are easiest to score, but confront the learner with incorrect stimuli
vhich may be a source of competition in learning the correct response. Al-
though multiple-choice answers have been traditionally used in branching

¥ programs, they have recently been tried out successfully in small step,

linear programs. Constructed responses are most frequently used in linear

programs; their major drawback for the student seems to be the labor of

writing. 1In this regard, there is some evidence that implicit or covert

L KR Lt

constructed responses under certain circumstances may be as effective as “3

overt responding. A program need not employ just one mode of responding; 3

any number of modes may be combined. It seems reasonable, however, to
. require learning behavior, especially towards the end of a program, that

i
‘g is as similar as possible to expert behavior in that subject matter.
|
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Chapter 7: The Programming Enterprise

This chapter is concerned with the mechanics of constructing a

program and the personnel and production steps involved in the process.

The productlion of high guality programs is an enterprise which, if it

is to be most efficient, requires capital, equipment, skilled specialists,
students for tryout, a well-arranged work space, and the full-time devo-
tion of the principal team members. Usually, many special talents will
be employed in constructing a singlie progrem; the knowledge and skills

of several disciplines are essential in building an optimal program.

In such a team approach to program development, there is constant input
and direction from subject matter authorities as well as from authorities
in learning and training.

The description in this chapter is of a somewhat idealized version
of program production. However, successful programs have been prepared
by individuals working almost alone. Programs have also been produced
by teams structured along lines which differ from those drawn here. Al-
though a good program may be constructed under a variety of arrangements,
the following descripticn of the programming enterprise includes most of

the general features and problems of production.

Personnel

Program Director

As in any undertaking where a final product will result from the

concerted effort of a team, it is necessary that there be one person in

charge of the production of a program. This person ought to be familiar
with programming procedures and should have a basic knowledge of the under-

lying principles of learning and behavioral analysis involved although he

need not have previously taken part in the production of programs. If
insistence were placed upon this kind of experience, it would be difficult,
at the present time, to find many suitable persons. Some basic skills
which would better qualify the director can be obtained outside of the
specific context of programming, such as, skill in and understanding of'

the methods used in human and animal research on learning, experience in
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teaching, skill in writing and editing, and knowledge of general educa-
tional methods. Although the program director need not be an expert in
the subject matter to be programmed, in the present developmental state

g of the field much is to be gained by insisting that he be an appropriately
' trained experimental psychoclogist.

Programmers

E Non-Professionals as Programmers. There is some disagreement re-

garding who should write the actual frames of the program. One point of
3 view is that subject matter outlines should be written by subject matter

experts and subsequently translated into frames by relatively less qua-

TR

lified individuals. According to this point of view, once the subject

1 matter has been specified, any intelligent and competent writer can be

; given short sections and expected to convert them into frames with minimal
instruction. Some who hold this view even say that if a good textbook on
the topic exists, programmers guided by rules can convert the parts of

the book into individual frames. The cost of labor with this method is
relatively low since programmers may be students, experienced secretaries,
English majors, school instructors, or professional writers; in short,
anybody who can write well.

Even though this procedure has been used, it is well to consider its

disadvantages. First, considerable burden.is placed on the programming

director and subject matter expert in editing each and every frame pro- =

i

| duced. Second, programmers have to "learn" whatever they are programming |
] either from the subject matter summary or from the textbook they are using.
i This learning process may be time consuming, depending on the programmer.

3 i Moreover, the programmer's limited knowledge of the course material may

| lead to misinterpretations as to what should or should not be emphasized.

Still another limitation is that such programs will be little better than

the textbook or the subject matter outline in that any advantages of an

PR AR s o

1 f interaction between subject matter characteristics and programming techni-

ques may not be realized.
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Subject Matter Experts as Programmers. An alternate method is to

employ subject matter experts, possibly the same ones who write the
syllabus, for the actual programming. Depending upon their eminence
- this can be a costly process. Again, the programming director will have z

to edit frames in the beginning of the programming effort and give the

programmer the constant feedback which eventually will teach him to write

acceptable frames. However, the subject matter specialist will probably

quickly grasp the principles involved in frame construction and apply his

subject matter knowledge in devising effective I'rames.

1 The biggest advantage in using subject matter experts is that the é

empirical testing of the expert's attempts at programming may help him

3 generate new subject matter organizations which facilitate learning. Such .

reorganizations would be based upon the subject matter expert's knowledge

of relationships in his field, but would also incorporate principles of
learning and instructional programming. An additional advantage in using
sophisticated programmers is speed; the programmer who is less well versed

in the subject matter often proceeds at a much slower rate.

Psychologists as Programmers. It has also been suggested that a

psychologist, familiar with behavioral theory, should function as the pro-

grammer. The objections that were raised to the non-professional programmer

apply as well to the progranmer-psychologist. It is true that many existing -
i . programs were actually written by psychologists, but these are largely ex-
perimental programs which are frequently quite short and cover topics with
which the psychologist is familiar.

Regardless of his background, the task of the programmer is to produce

frames which will be in turn revised or edited by the programming director.

Currently, most programmers need to be trained, and the programming director B
will usually conduct & training course to familiarize them with basic pro- e

gramming principles and techniques.

P ireree oo,
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Subject Mattcr Spccialist

When it has been decided to program a certain subject matter, the
programming director should begin by selecting a person who is thoroughly
familiar with it. Preferably, several such persons should be selected -
since there is seldom complete agreement among specialists. Individuals
who can free themselves as niuch as possible from subject matter conven-
tions should be used. The specialists should become acquainted with the
; basic ideas of programming and should be told that their influence upon
student learning will, perhaps for the first time, be carefully analyzed.
It is often difficult to persuade well-known specialists to work cn
}J the development of training materials, but since programming attempts to
package the most effective kind of learning for a subject matter it is
desirable to obtain the services of the most competent subject matter .
[f specialists available. A major attribute of top-notch subject matter
experts which is valuable in programming is that they are often adaptable
B { individuals who are not rigidly bound to conventional subject matter
1 organizations or teaching methods. An alternative, however, is to use
eminent subject matter specialists to outline the material and review

the program in the course of its development rather than ta write frames.

Even in dealing with elementary subjects it is always wise to involve ~

experienced teachers and subject matter experts whenever possible. Many

insights into student behavior and teaching techniques may be provided by

experienced instructors. The subject matter expert, the: may be employed

in outlining terminal behavior, actually writing frames, reviewing frames

|
¢

for technical accuracy, or in helping to evaluate the program's effective-

ness. 5

Training Specilalist

] While the subject matter specialist is primarily concerned with the v 3
4 learner's terminal behavior, the training specialist knows what kinds of
1 behaviors trainees will bring to the program. He is a person who has
previously taught the subject or has prepared the curriculum for the

subject matter. The training specialist is employed in the construction

of the program as a consultant. It is his function to specily what the
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trainees may be expected to know either about the subject matter itself

Aok st S Saabieis. s

or about prerequisite materials. For example, in teaching a particular
é : subject matter to students at a given educational level, the training

: specialist will be able to list the vocahulary which the students may

; be expected to have and the basic concepts with which they should be

- Tamiliar. He will also know what common examples have been used in

previous instruction and can suggest how these examples might be used

in the program.

Editors }

Three persons should be involved in the final editing of a program;

a psychological editor, a linguistic editor, and a subject matter editor. « 3
i’ These editing tasks can, of course, be performed by the same personnel a

employed in earlier steps of program construction. Much can be gained,

however, from the fresh viewpoint of individuals who have not previously 2

worked on the program. A distinction should be made between two levels

of editorship. One level is the appending of comments and directions for
rewriting frames. At another level is the actual rewriting of frames

incorporating those suggestions which the editor has made. Editing and

rewriting are functionally distinct and may or may not be done by the

same person. Typically, the editors and the program director will edit
k1 frames in the first sense, while rewriting is done, for the most part,

by the programmers.

{
j Psychological Editing. This refers to the revision of the frames
! from a psychological point of view, a task performed, to a large extent,

when the frames are reviewed by the programming director. The final

T

{
f'J . editing task can be accomplished usually in one reading of the program
. L from beginning to end. The psychological editor attends to such problems
s : as the placement and spacing of review frames, the avoidance of undue
/” repetition, the suitability of discrimination and generalization sequences,
the use of examples and rules throughout the program, the use and fading

of prompts, and the use of special frame sequences. The psychological

editor also prepares a technical description of the frame characteristics

and general structure of the program.
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Linguistic Editing. It is not a luxury to have a person with

specialized writing ability edit all frames for misuse of the English
language and awkward wording which can be avcided. A lengthy program
takes many hours of the student's time and no effort should be spared

to make this time as pleasant as possible. Quite aside from this point,
the existing patterns of language are the most powerful tools the pro-
grammer commands in communicating ideas. The linguistic editor should,
more than others, be aware of subtle differences in wording which might
make & meaning clear or a sentence niore lively aad more instructive.

The name "linguistic" editor is used in lieu of a better term; the need
is for a professional writer, often a technical writer. However, there
are certain literary notions which, because of the nature of programs,
should not be imposed upon a program. Repetition, continuity of the text
and oﬁher such concerns may be of importance in novels, plays, or poetry,
but a}e irrelevant to programs. A writer's strong views in this direction

may make it difficult for him to develop an appropriate programming style.

Subject Matter Editing. This editor reads each frame carefully to

discover subject matter errors introduced during programming or in the
course of revising. Such editing is frequently best accomplished by a
person who has not been concerned with the original programming effort,
since statements which lead to misinterpretation are seldom caught by the
person who originally wrote them. Of course, the subject matter editor

must be thoroughly familiar with the subject matter.

Make-Up Director

The format and design used in a program can often enhance the pre-

sentation of subject matter and transmit the basic idea in a frame most
efficiently. For this reason it is valuable to employ a make-up director
who has some {raining in basic art and graphic design, some knowledge of
typography, and familiarity with methods of reproduction. The make-up
director functions as & consultant to the programmers and the programming
director during the first stages of programming, and is eventually given
all of the frames in the program to reproduce in the mode selected for
tryout. He should also be responsible for artwork and for the final

appearance of the finished program. Although the programming director

S s shmssid’ iline o ol



decides upon the basic mode of display used for the program, in making

Tunction of the make-up director is guiding the typists or printer in
. arranging frames on & page and words within a frame to produce an effec-

tive and esthetically pleasing result. It is often difficult for the
. programmers to anticipate the problems of format and design that arise

when the program is reproduced.

Subjects

in the instructional prograiming enterprise are the subjects on whom the
progran is tried out while it is in various stages of production. At
the heart of program development are the data obtained on student per-
formance. A program works if students can display the behavior called

for in succeeding steps and can, at the end of the program, perform the

for students to succeed at each step, but fail to attain the terminal
behavior. The steps in such a program do not guide the students to the

desired performance. Other less than adequate programs may lead the

student to the attaimment of the terminal behavior, but by means of overly

redundant and uninteresting frames.

In essence, the student teaches the programmer what to do next. The

student's response to each frame and his final test performance are the
measures which guide the programmer in revising the program. Many pro-
1 grammers point out that it is the number of revisions which & program
} goes through that is important rather than the number of subjects on which
' the program is tried at any given tryout. The judgment of trainees re-

garding the frames to which they are exposed will frequently be useful.

Comments may be heard such as, "I know exactly what you want to get across

"

here, only I think I could do it much better this way ...

charge of the subjects might well make note of these responses.

final decisions he consults with the make-up director. Another important

The Role of Subjects in Tryout. The perscnnel of primary importance

specified terminal behavior. In some inadeguate programs, it is possible

The person in
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B Selecting Tryout Subjezts. Iv cannot be stressed enough that a
svatement of terminal behavior requires knowing who is to perform the

terminal. behavior. This is not to say that a subject matter which is

at a particular educational or aptitude level must
necessarily ke confined to that Jevel. On the contrary, it apvears likely
that topics taught ty conventioral teaching methods in certain grades or
traianirg levels can Ye tought earlier through programming. It is, however,
impoitant lor the programner to be aware oi the response repertoires of
the studenuc that are vo be tavgit. Often programmers try out their pro-
gram; cn availavle vather than representative subjects. While such
informal tryout is useful in discovering glaring errors and carelessness,
it camnnot tell the programmer how well he hac succeeded in reaching the 5
E responsc repertoire of the learner for whom the program is intended.

. The more a programmer knows about his tryout subjects, the more he
will be able to state about the nature of the resulting program. Although
it is frequently indicated that the best policy is to pick subjects of
average intelligence for testing a program, the characteristics of the
subjects chould depend upon the intent of the program and whether it is

i planned for typical students or is adapted to individual differences by

3 some branching or multi-track pricedure. It is important to assess the -
subject's knowledge of the material with which he is supposed to be fami-

Lier (i.e., Liis exisling response repertoire), and the training director

il should propose eappropriate selection methods. In a program on meteorology,

1oy example, it might be wise to ascertain to what degree a student is

l familisr with certain general physical laws, such as the expansion and
i contraction of materials due to temperature changes. It may not be so

much a matter of apvitudes, age, and spzcific standing on the educational

scale, but the kind of subject matter behavior which the student displays

that ie importaat in s:lecbirng subjects.
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Setting Up for Production

Specifying Terminal Behavior

Initially, the prograrming director must reach agreement with the
person who conmissicns the program regarding specific and operational
definitions of the terminal behavior. The specification of terminal
behavior requires a detailed elaboration of what a student should be
able to do after completing the course of instruction and should be fTar
more detailed than a curriculum outline (see Chapter 4). Conventional
manuals and textbooks covering the material are helpful if there are no
standardized criteria of proficiency for the topic to be covered. Ihen
the topic is highly specialized or when no sources of information exist,
the only recourse is to work with a subject matter specialist, acquaint
him with the problem, and ask him to write a course outline which ade-
quately covers the material. Upon completion, the terminal behavior
outline should be compared with the demands of the person commissioning
the program to avoid any misunderstanding as to what the program should
accomplish.

In the process of programming, one or more aspects of the subject
matter outline may need to be changed due to the critical analysis made
of the subject matter while it is being programmed. These changes can
occur in the instructional technique by which a subject matter is to be
presented as well as in the amount of material which the program is to
contain; conventional sequences of subject matter topics may need to be
revised for programming purposes, certain topics may be discovered to con-
tribute little to the desired terminal behavior, explanatory concepts may
prove to be ambiguous when analyzed into component parts, and it may be
possible to include more advanced notions with very little extra program-
ning work. The cormissioner of the program should be aware that such
changes in the contents of the program may become necessary once the
writing is underway. TFailure to reach agreement on the possibility of
change during the writing of the program may well result in incomplete
or abandoned programs. Experimentation should be taken for granted in
the course of program cevelopment, since it may lead to ingenious and

fruitful ways of accomplishing and re-structuring the objective.
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As soon as an agreement between the program commissioner and the
programming director has been reached, the terminal criteria should be
stated more formally in behavioral terms. This is often done best in
the form of a test. Rather than specifying that the student should
have knowledge of arithmetic, the goal would be for the learner to be
able to solve equations such as O = ax + b, or O = ax + by + ¢, or "IT
5 men dig a hole in 10 days, how long will it take 1 man to dig a hole?"
Stating the terminal behavior in these specific performances allows con-
crete interpretations of the requests to program for either "knowledge"
or "understanding." Chapter 4 describes some methods for enumerating

and describing terminal performances.

Setting Up the Enterprise

At this time, the programming director must estimate the length of
the actual program in order to determine the time, resour-cs, and person-
nel required to produce it. He may also present a proposal which specifies
the terminal behavior and the probable characteristics of the program tc
the program commissioner. The preparation of the proposal is a sizable ,
effort which involves subject matter experts, extensive reading of subject i f
naterial, and contacting organizations which presently teach the topic to
be programmed.

The undertaking of a programming effort will of'ten take place in two
steps: (a) the detemination of the terminal behavior on the basis of
vhich required resources can be estimated, and (b) the actual production
of the program itself. It is only after the commissioner of the program
has approved of the proposal submitted on the basis of the first step
that all the final agreements become valid and production can actually
begin. Having completed the necessary agreements and established the
terminal behavior and the training level of the students for whom the 3

program is to be written, the programming director will proceed to

ascemble his staff.
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Programmer Training

Initial Steps in Training. Typically, the programming director will

hold a series of instructional meetings during which he explains basic
programming notions and clarifies the programmer's role. One of the best
ways to train programmers would be by means of a program on programming.

Such introductory programs are beginning to be available.l Having pro-

grammers read specific books about programming, however, is not necessarily

an efficient way to train them. Even the information presented in the
discussion period, if learned, may not be generalized to frame writing
performance. It seems best to have the programmer start writing frames
early in his training; for example, he may be asked to write 25 to 50
sample frames leading to a specified bit of terminal behavior. These
frames should be carefully read and rewritten to illustrate good program-
ming technigues. After discussing his work at length with the director,
the programmer should revise his own frames or write a new sequence

covering the same material.

Editorial Marks. Sometime during the early instruction periods,

the director should acquaint the programmers with the techniques he will
use in editing their {rames. The use of special editorial marks is
especially helpful with beginning frame writers and provides an eflicient
means of interaction between the director and the programmers since the
symbols save lengthy explanations. Some illustrative editorial symbols

for programming are presented on the following pages.

The wrong response is likely to be emitted to this f'rame.
This symbol may be useful in pointing out that in pro-
\ | gramming the efTort is made to elicit a specific response
(]‘ from the trainee. This effort is related to the effective
use of prompts and the strength of control stimuli which
influence the reader's response.

1 ; ; ; > B .
Marikle, Susan M., Eigen, L. D., and Komoski, P. Ke & programed g
primer on programing. New York: Center for Programed Instruction, 1961.
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The stimulus is too general, possibly no response will
be emitted to this frame. This is similar to the
preceding instance, but the frame is too general or
too ambiguous to elicit a specific response. The
differences between ~ and i should be explained.

X

A response previously learned to this stimulus material
may intrude and produce the wrong response; existing
responses are likely to interfere with the desired res-
ponse here. This symbol often finds a use if the pro-
grammer fails to realize that a student brings many
associations to a program with him.

The range of possible correct responses is too wide.
Sometimes the programmer is not aware of other possible
responses the student could give to the {rame.

Add an example or example frame before you try to evoke
this response.

Add a rule or a rule frame, i.e., a statement of the
generalization being taught. At this point it is
well to explain the function of rules and examples
with perhaps a passing statement about methods for
constructing rule and example frames.2

There is no nced to state this frame as a question.
Let the response emerge in the context rather than as
an answer to a question. Beginning programmers have
a tendency to ask questions after they have stated
something in a frame. There is nothing wrong in pro-
ceeding this way except “hat if done excessively it
can become aversive to the student.

Insert inquiry or test for terminal-behavior. This

is equivalent to saying, "Fade all prompts." It is
not necessarily an invitation to state the frame as

a question, although sometimes this may be appropriate.
If the terminal behavior is such that it requires a
lengthy response it should be asked for specificially
by a question rather than by a couplicated completion-
type frame.

=
(a5 i

Chapter 5 and Evans, J. E., Glaser, R., and Homme, L. E. The

Ruleg system for the consiruction of programmed verbal sequences. J.
educ Res., 1962, 55, 513-518.

470!
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Good use of existing response repertoire. This symbol
is a reinforcing editor's meark, general nature and
s / extremely useful. However, the programming directo
4 should explain to the programmers that their reinforce-
3 '3 ment should come i'rom the fact that the subjects learn
: f and not so much from his opinion. For this reason,
3 . they can be told, there are not more rewarding symbols \
2 from the programming editor.
: 73/ Split into separate frames as marked. *

W Too wordy.

F{ Fz Too many responses. Split into several frames, or limit
to one response.
These last three marks 2ll dea the same problem:
the beginning programmer tends tc write frames that 3
are much too long. Sometines a frame too wordy and 3
needs no more than editing from of view of ;
good English. Other frames, howev overloaded
with stimuli and frequently requi
Tor one frame. Ihile there seen
from the psychological point of view in eliciting
several responses in one frame, it often confuses the
learner especially at the beginning of a program se-
quence. It is no more time consuming to have several 3
frames, each of which elicits one response, than to ol
have one frame wvhich elicits many responses.
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This calls for a trivial response; response is already

E at high strength; prompting is too strong. Here the

3 programmer elicits a response which really has nothing

3 ’ ‘? } to do with the subject matter; responses such as "is,"

: "is not," "and," "yet," or "no." There are times and

}, places when responses such as these should be elicited,
: but only if doing so is of relevance to the terminal

:i behavior in question. b

Discrimination training. This symbol is seldom used
by itself. It may be used with the "split-into-
separate-frames-as-marked" symbol already described
to indicate that the programmer should insert a series
t:) of discrimination Trames. This would be suggestecd when
: it appears that the programmer has to use more frames
1 to establish a required subject matter discrimination.
See Chapter 6 for a discussion and examples of the
discrimination sequence.
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Generalization. This symbol also is seldom used without
additional instructions. If it is used with the "split-
into-~-separate~irames- -ag-marked" svnbcl it indicates that

(E;. the programmer should Insure that the student has explored
the full range or total 1mp¢1;a:-vng of some subject
matter principle. See Chapter 6 Tor examples of a gen-
eralization sequernce.

Warm-up or review fram S rammey assumnes
that more is retained from a p ion of a pro-
gram than seems varranted. The warn-up Sjﬂbu indicates

AP to him that he sdwu‘u introduce a iew frames that refer
to previously lcarned material, usually with very little
prompting. - The oymbol is also useful when the programmer
has failed to seed review frames.

b m

Consider use of chaining here. The concept of chaining
has been explained in Chapter 3, and examples of the

(:,' use of chaining in programming may be found in Figures
I and 5 of Chapter 6.

Rewrite frames from m to n. This is the least specific
of the editor's comments. 1t indicates that nothing
can be done with the frames as they exist, they need

En"ﬂl] to be rewritten. Usually such a mark is accompanied
by another one indicating the general nature of the
change that is needed.

i’ Subject matter seems guestionable, have an expert check.
L4

The symbols listed above may be used by themselves or in combination.

{ Editorial symbols of this kind can eliminate the need for handwritten com-
. ments which would otherwise be required, Of course, a little practice with
such symbols is required in order [or programmers to use them easily, but
learning the symbols can be a valuable step in learning the principles and

techniques of programming.
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Trying Out Programming Techniques. After initial training and briefing,

programmers should be rather quickly encouraged to produce frames and have
them available for subject tryout. It is a good idea for these early frames
to sample various parts of the subject matter under contract to be programmed.
Programmers should be assigned small pertions of the program's terminal be-
havior and requested to generate short sequences (50 to 100 frames) leading
to the specified behavior. This will permit programmers to deal with dif-
ferent behaviors and the resultant frame sequences can be saved and incor-
perated in the first draft of the program.

During this time, programmers should also become familiar with the team
procedures to be used throughout the programming effort. Thus frames should
be dictated, typed, given back to the programmer for revision, retyped, given
to the programming editor, given back to the programmers, redictated or re-
typed, and finally, given to the subjects. This sequence should become
automatic for all members of the team.

Generally, novice programmers take a long time to write a frame and
their early frames are longer than they need to be. It has been found
useful to employ a piecework method in which the beginner is told to produce
a certain number of frames per hour. The figure used will depend on pre-
vious experience and may vary from as few as 8 frames per hour for complex
subject matters to as meny as 30 frames per hour for relatively simple
subject matters. It should be pointed out that the conventional notions
about what is simple and what is complicated do not always hold when a
subject is analyzed into frames. Teaching children to tell time, for
example, may be much more complicated from a programming point of view
than teaching matrix algebra or the fundamentals of electronics. Setting
a standard number of frames to be completed per unit time may also encour-
age programmers to write short frames.

Subjects should be regularly available to use the materials the pro-
grammers develop; & period of about two hours a day is highly desirable.
A record should be kept of the materials given to each subject, since even
after working through a poor sequence, subjects can no longer be considered
naive. Between five and ten subjects is a sufficient number for trying

itk




AR I oot i s e . ST o
- S sicstdibg " Sk — T g o

165
out frames at this stage. Vhen a frame sequence has been tried out, the
programmer uses the subjects' responses and comments as a guide in revising
the frames., The task is to analyze the subjects' responses and to try to
understand the conditions which prevented them from learning, and then to
rewrite the frames accordingly.

After the first subject tryout and subsequent rewriting, the revised
frames should be tried out once more on appropriate subjects, and if neces-
sary, rewritten until the subject matter is learned as indicated on a short
test of the terminal behavior. At this point, a sequence may be considered

, to be in a first draft form. Frames should then be filed until an integral
?1 unit of the subject matter has accumulated.

Program Production

So far in this description of the programming enterprise, the adminis-
trative groundwork has been laid, programmers have become familiar with
th frame writing procedures, and have tried out sequences of frames on sub-
jects. They have also accumulated several units of frames which represent
a parf of the programming effort. Once the programmers are proficient,
the remainder of the programming task is usually approached cequentially.

For course-length programs, the terminal behavior can be divided into ~

segments to be programmed by different individuals; the editors can assure

continuity between segments of the program.

First Editing

|
1
d j After tryout and revision, consecutive [{rame sequences are grouped

‘ into units of 100 to 1,000 frames and given to the editors. As was pre-
viously indicated, these units of the program are edited by three different ) {
A editors: a psychological editor, a linguistic editor, and a content or sub-
Ject matter editor.

Before editorial changes are made, they should be reviewed by the

programming director. He should have the final decision as to whether sug-
gested changes are to be incorporated because the suggestions of the techni-

cal expert or the writer specialist must sometimes be reconsidered. It may

be necessary for behavioral reasons to make a statement about the subject

! matter which taken out of context is incomplete. The subject matter
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specialist may forget that this incomplete statement will later be ela- 1
borated upon and should not be judged out of coatext. In a mathematics
program, for example, he is likely to criticize the introduction of a
matrix which does not have the lines or brackets on the sides to indicate
that it is a matrix. Yet this may not be an unreasonable procedure at all E
vhen later frames teach the student that an array of numbers without these
lines should no longer be considered a matrix. To have presented this
information earlier in the program would place too sudden a burden upon
the student. The technical editor should understand this method of pro-
ceeding and function mainly to prevent technically incorrect temminal
behavior from being established. The linguistic editor, too, may find

. that a program violates some of his principles. Extensive repetition,
although alien to good writing procedures, may serve a definite function
in a program, such as connecting one stimulus with a set of related stimuli
in the course of a discrimination or generalization sequence.

Af'ter editing and subsequent review by the programming director, the

make-up director is consulted and the format to be used in the program is

decided upon. Like the editors, the make-up director may make suggestions 3
{ regarding the program. It may become apparent that extra panel material )
j proposed by a programmer should be incorporated into pertinent frames,

! since it is only rarely referred to.  On the other hand, it may be

‘ 5 advantageous to introduce additional reference panels, consequently
changing particular sequences of frames.

The programming director may make certain major changes on the basis
of th= comments made by the editors and the make-up director. For example,
the order in which the subject matter is presented may be changed, or jf
certain frame sequences may be more efficiently programmed. If revisions
are drastic, it is necessary to repeat the production process to this
point. If, however, the program unit is in good enough condition, it is

passed on to the make-up director to be prepared ror subject tryout. A

4§
bk 2o
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First Program Tryout

The sample of subjects who take the program at this stage is carefully ;
selected to conform to the eventual user population. From 15 to 40 or more E
subjects should bs used. In contrast to the previous short sequence try- ’ &
outz, subjects should be tested on a suitable diagnostic performance test
after completing the program unit. The training dirsctor should be asked

to provide or develop appropriate testing instruments. For some subject

R AR TR T TR T

matters where previous student exposure is difficult to specify, it is
desirable o give a test prior to the program. Testing the subjects before
and after taking the program provides a baseline against which student per-
formance can be assessed if necessary.
After the tryout, the frames ¢re again enalyzed and the success with .

whica terminal bebavior hes been attained, as indicated on the test, is

T R SR TR T T

determined. The post-test given to the trainees can be analyzed in terms
of total or part scores and the results sumarized. The analysis of sub-
b § Jjects' responses can te made in various ways, but skould at least yield a
| tally of the frequency irith which each frame was risccd and a list of

common errors made cn poor frames. A Ligh error rate on a particular frame

4 oints to a need for revision, and the types of errcrs made indicate how ~ 4
, e

! the revision should proceed. Moreover, seeing *the rcasons for student

T

! errors can be highly instructive for toth progremmers and editors.
s‘ What will typically existv af' :r th2 respouse analysis is a copy of
each frame with a briel swunary statement of the s jects' responses in

a2 form such as "2/15; 9 electrical energy; 4 electricity; correct response
y ) f - 2

e SR

encrgy.'” This notaiion indicates that 2 out of 15 subjects gave the correct

{; 1

respcnse "energy," O wrote "electrical energy," and 4 responded with "elec-

tricity." In addition, the annotated copy of the program should contain a

o

statement by the person who had contact with the subjects summarizing any
L stuvdent comments. Tiaese materials together with the trst results are re- , 4

viewed by the progremming dir:ctor vho decidas whethe:: thc program satis- {

factorily teaches the teiminal behaovior or vhether further revision is -

required, This decision is primawily decexmnined by th2 extent to which

;‘} the program hes enabled the studonte to perfomm well on the test of

' V? terminal behavior. v
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Second Editing and Processing

Sometimes it is evident that the terminal behavior, as outlined, cannot
be achieved by the method of programming originally proposed, or can be
achieved best by another method. For example, in teaching general science
for a junior high school, it seemed advantagecus to program the subject
matter by topics. Implicit in teaching the topics was the assumption that
certain common notions would be learned in all topics. In the test for the
terminal behavior it was found that students gained satisfactory knowledge
about each topic, but were unable to generalize the concepts which the topics
had in common. Thus the tryout revealed that it would have been better to
break the whole program into sub-units by concepts rather than by topics.
The empirical nature of programming may make it necessary to revise, some-~
t imes extensively, past methods of teaching the subject matter. In such
cases, the programming agreement may need to be changed and additional work
will be necessary to complete the project.

If the programming director and his editors are satisfied that the
terminal behavior has been achieved in the tryout, the business of detailed
editing may proceed to prepare the program in its final form for the user.
This stage of editing requires attention to every word, comma, period, and
semicolon in each frame. Since the student's response is so carefully
guided in programmed learning, the consequences of typographical errors
are much more serious than in a conventional textbook. After this second
editing and proofreading, the programming director will consult closely

with the wmake-up director lor the final preparation of the program.

Preparing the Program Format

Programmed Textbool: Format. This book has been primarily concermned

with programs of the paper-and-pencil, constructed response type. The
possible modes of presentation are discussed here in relation to this kind
of program. Although such programs may be prepared for a machine when this
provides increased learning efficiency, the most simple way to present these
paper-and-pencil programs is, of course, in book form, i.e., &s a programmed
textbook. When this mode of presentation is used, it is necessary to plan

the arrangement of frames within the book. During tryout and early stages
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of production, of course, frames need not be in the [inal {ormat; they
2 may be arranged sequentially on a page like a book, they may be on paper
strips for use witn certain wachines, or they may be on separate cards.

A typical linear programmed textbook format makes use of two types
of pages: the stimulus frame or question page and the response confirma-
tion freme or answer page. These pages may be arranged in one of iwo ways
in a program. The response conlirmation may be placed (a) on the back
side of the page containing the stimulus frame, or (b) on the second page
{E following the stimulus {rame. In the first case, if the stimulus frame

is on page 1, the response to that f{rame would be on page 2 and the next

frame would be on page 3. ith the second arrangement, if the stimulus
} frame is on page 1, the response would be on page 3, and the next stimulus .
frame would be on page 5. In other words, the consecutive stimulus frames

are on alternate odd pages of the book. A possible disadvantage of arrange- f

ment (a) is that the response confirmation for a preceding frame may serve
A as an unwanted prompt for the next frame since they are on opposite pages.
The second arrangement (b) eliminates this problem and for general illus-
trative purposes the remainder of this section will discuss this sort of

ol arrangemnent.

In the programmed textbook format to be discussed, a sequence ol

frames runs from the front to the back of the book and then forward again

! in different "levels" (see Figure 1). The stimulus frame pages and res-

i ponse frame pages are divided into levels in order to save space. Stimulus
{ frame pages are always alternated with response confirmation pages. On top
t of the first page then is stimulus frame (S) nuaber 1, and on top of the
third page is the answer or response (R) to Irame runber 1. Similarly, on
top of the fifth page is Irame numnber 2 and the response to that frame g
appears at the top of the seventh page, and so on to the end of the book. -
ilhen the back of the book is reached at the top level, only the right hand
or odd numbered pages have been used. The succeeding frames run towards : -

the front of the book on the top level of the left hand, even numbered jf

pages. When the front of the bock is reached again, both odd and even ( 8
A pages in the first level have been used. The next frames are placed on

| i
.
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the right hand pages of level 2, continue to the back of the book and then
forward again on level 2 of the even numbered pages. This arrangement--
from front to back to front again--continues through each level of the book.

Figure 1 illustrates such a programmed textbook.

Figure 1. The Plan of a Programmed Textbook

Bound
Edge ~™

Useful Formulas in Making Up A Programmed Textbook. Planning the
layout of the programmed textbook just described is not as easy as it
might appear. With several hundred frames and several levels, it would
be most time consuning to determine the number of pages reguired and loca-
tion of each frame., The position of stimuli and responses in this type of
program can be computed using the formulas presented on the following pages.
In discussing the layout of pages in a programmed textbook it is important
to distinguish betwesn sheets and pages. The number of sheets in a book
ig the total number of pieces of paper; the number of pages in a book is
exactly double that of the number of sheets. The first sheet in a book
contains page 1 on its first side and page 2 on its second side.

A velvunindes
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If the frames to be put into programmed textbook format are on
individual slips of paper, it is possible for the make-up director to
assemble the frames in a layout form for use in final typing or typesetting.
When the make-up director can compute which stimulus frames to place at each
level on page 1, he can then assemble the layout from front to back at all
levels at once. The formulas which follow permit determining which stimulus
frames (S) should go on page 1 and which response frames (R) should go on
page 2 of the first sheet of a programmed textbook. The following symbols
are used in the formulas:

i
T = the total number of frames in -the program E
(for the computations it must be evenly
: divisible by L, see below).
ﬁ* L = the total number of levels on a page.
93 n = the number of the particular level under ,
consideration. ]
Sx = stimulus frame number X.

response frame number x.

The total number of sheets needed to lay out a program or program
sub-unit may be found by dividing the total number of frames by the
number of levels. If a program has 100 frames and is to be put into a
five-level format, the number of sheets needed is ?/L or 100/5 = 20 sheets.
If T/L does not yield a whole number, additional blank frames must be added
to obtain a corrected T which is evehly divisible by L. This corrected T
{ value is the one the make-up director will use in calculating the layout of
pages. The number of pages in a programmed textbook is twice the number of
sheets; in the example above, 2T/L or 200/5 = 40 pages.

To compute the numbers of the stimulus frames for page 1 and response
frames for page 2, use the following formula:

Formula I. For any level, n,

Page 1: S frame number equals B + 1

Page 2: R frame number equals E%

when T/2L is a whole number, the following formula may be used to
determine which response frames should go on the second to the last page
(right-hand) and which stimulus frames should appear on the last page
(left-hand) of the book.
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Formula II. For any level, n,
Second to last page: R frame nuiber equals 5% +n-1 (%)

Last page: S frame umber equels 5% +n-1(=)+1

t=be3

If, on the other hand, T/2L is a fraction, use the following formula:

Formula III. TFor any level, n,

gecond to last page: S frame number equals 5% + (n -~ l)(%) + o5

Last page: R {rame number equals (5%) + (n - l)(%) + .5

Notice that when T/EL is a whole number, the last page of the book will
contain stimulus frames. Vhen 7/2L is a fraction, however, the last page
will contain response frames and both the last page and second to last page
will bear the seme frame numbers. In other words, the stimulus frame and
the response confirmation will be back to back on the last page. The fol-
lowving examples are presented to illustrate the use of the formulas.

15 frames
5 levels

ExamEle Ly
i

it

This program has 15 frames which are to be presented in five
levels or, in other words, five frames to the page.

i

Tfl; 15/5 = 3
21/L; 30/5 = 6

Total sheets of paper needed
Total number of pages needed

it

Formula I is used to determine the numbers of frames to be
placed on the Tirst and second pages:

First Page Second Page
1 = 5 15/5 = R3
(15/5) + 1 = 5, 2(15/5) = Rg
(2+15/5) +1= 8, 3(15/5) = Ry
(3+15/5) + 1= Sy, 4(15/5) = R5
(4+15/5) + L = 83 15 = Rs
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Notice that T/2L = 15/(5 * 2) which is a fraction and not an
integer. Therefore, formula III is used to obtain the numbers of
frames for the last and second to last pages.
Frame numbers calculated for:
Second to Last Page last Page
(15/2-« 3} # .5 = 5, = B,
(15/2 = 5) + (35/5) + 5 = 85 = R;
(15/2 « 5) + 2(15/5) + .5 = 84 = Rg
¥ B s =
(15/2 - 5) + 3(15/5) + .5 = 8, i
(15/2 + 5) + B(15/5) + .5 = 8)), = R,
g The page layout for this 15-frame program will look like this:
| s S e ' s ‘ 5 R, i
R b B 3 2 £ id
[ | v 2 ¢ < o’
s, Ry - R, S . Sg Rg 4
{
[a
510 By Rlo By ik o <
! l E
Byg | Bis ik 515 | 51y ; T
Page 1 Page 2 Page 3 Page U4 Page 5 Page 6
Sheet 1 Sheet 2 Sheet 3
Example B: T = 161 fremes (uncorrected); 165 corrected 23
L= = Griievels E:
Total sheets of paper neededa = T/L; 161/5 = 32 1/5. / E
Four blank fraues must be added to make T evenly ° i
divisible by L. Corrected T = 165, and total Flas
sheets of paper needed are 165/5 = 33. P
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Total number of pages nceded = 2T/L; 330/5 = 66
rs of frames for
ok. The corrected
ndicate that

S, 8-
SR e U
5 Ry

T (165) is used in this formula. Resul
page one will contain stimulus frames S
and S .

230

R66; R99, and R.L32.

Page two will contain respon

Since T/2L, or in this case 165/0, is a fraction, formula III
is used to determine the numbers of the response frames to go on
the last page of the book. The last page will contain response
frames Rl?’ RSO’ R83’ Rll6’ th9’ and the second to last page will

contain the corresponding stimulus frames.
Exauiple C: T.= 100C. frames. <3
L = 5 levels <738

Total sheets of paper needed; 1000/5 = 200
‘Total number of pages needed; 2000/5 = 400

Formula I indicates that page one will contain
stimulus frames Sl’ 8201’ SAOl’ S6Ol’ SBOl'

Formula II is used to determine stimulus frame numbers for
the last page because T/2L or 1000/10, is a whole number. The
s 5 i ] ‘ra m o
last page will contain stimulus frames numbered SlOl’ 8301, SSOl’

8701, and S9Ol'

Other Printed Formats. Besides the programmed textbook, several other

printed formats are available. For example, each frame may be printed or
typed on a separate 3" x 5" card with the answer given on the back and the
cards can be bound together by ring binders. This is obviously not a useful
format with large numbers in frames. Another format is a variation of the
scrambled textbook described in Chapter 6 and is useful when the linear
programs primarily described in this manual are combined with branching.

3

A recently published program is a good example of this format.

3Orear, J. Programmed manual for students of Fundamental Physics.

New York: Wiley, 1962.

s A ——————————————
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In still another display mode, the stimulus frames are presented on
the two-thirds of the page furthest from the binding and the responses to
each frame are placed in the one-third of the page closest to the binding.

A sliding device used with this format covers the third of the page con-
taining the response confirmation. TFrames are arranged sequentially on a
page and as the student progresses from one frame to another, he moves the
device down the page revealing the correct response to each frame as he
completes it. When the studert reaches the last frame on the page, he moves
the shield upward again, and uses it on the next page in the program. Fig-

ure 2 illustrates this format.

Figure 2. The Sliding lMask Format

| Rl : S-1
| Units called calories and B.T.U's are
heat | ;
used to measure energy. ‘
' 1
1
o e b 5-2

|
‘ To find the amount of heat energy
I wve use an instrument called a [
| | '
1
]
!
|

- —

(Sliding mask)

It is evident that the nature of the subject matter and age of the
students will dictate the format in which the program appears, but all
considerations should be subordinated to the idea that the program should
teach well and efficiently. The mode of presentation should never compete

with this purpose. It ic also to be emphasized that no one teaching machine

s e—— s R vl RO AR SR N R e S 2 R 47 . S e —l ‘." b
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or display mode will take care of all the programs that will be developed
in the future. For special skills it is sometimes useful to favor machine
presentation of a program. On the other hand, a display device which is
excellent for certain subject matters and with certain trainees may be
much less effective when used in a different situation. This chapter has
dealt with the most usual kind of programmed textbook. Machine presentation,
while important, has not been discussed because the emphasis of this book
is on the program rather than forms of automation. For a comprehensive dis-
cussion of machine presentation and available teaching machires, the reader

is referred elsewhere.

Final Tryout

When all the units of a program have been assembled and have been re-
produced in the selected mode, the program should be tried out cnce more
on a group of trainees for whom the program is intended. This tryout is
not meant to change any aspects of the program essentially, but to further
validate the existing program and to determine its optimal use in an in-
structional setting. Again, tests should be given to the subjects. Sub-
Jjects might also be assigned to experimental groups each of which use the
program in a different way. This tryout may be used to indicate the best
role for the instructor and the organization of the curriculum in terms of
the sequence of programmed material, laboratory work, group discussion and
lectures.

Only after the completion of all the stages described here, including
this last validation stage, can a program stand as a finished product. ter
the final tryout, the programming director should be able to prepare a manu-
al specifying certain characteristics of the program in detail, describing
the principles on which the program is based, indicating the success of the
program with a given number of subjects of known qualifications, and identi-

fying specific goals that the program achieves.

uKoPstein, F. Fo et al. An overview of automatic tutoring. Vright-
Patterson AFB, Ohio: Training Psychology Branch, WCLOPTR Aero Med. Lab.,
WADC (ARDC) January, 1959.

A survey of the industry, 1962. Washington, U. S. Govt. Printing Office,
1962. OE-3L019.
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The Program Manual

When a program is published for operational field use, ‘it should be

accompanied by a manual which provides the user with adequate information

about the objectives of the program, the procedures involved in its develop- ’

rent, suggestions for its optimal use, and descriptions of what might e

expected from the program based on its previous effectiveness. The manual

should be written to be meaningful to personnel in charge of schools and

training organizations. Users in operational educational and training

situations will have only the information supplied in the manual and will

rely on it in meking decisions concerning the program. The manual should

be updated and revised at appropriate intervals with further use of the «

program. If research and development are to be conducted in connection

with the program, a supplementary manual will be required for research

personnel.

It is recommended that the following items be considered in the pre-

paration of a program manual. The items listed can also serve as a check-

list to help insure that a program has adhered to certain standards of

auality.

Specification cf Objectives:

1 The objectives should be stated in specific behaviors which can

be cbserved in student performance. It is insufficient to say that a stu-

specified which indicate gamples of performance. The program manual should

indicate how the training objectives were derived, and should refer tc ap-

propriate curriculum and subject matter sources.

2. It is further desirable that the manual refer to specific achieve- sl

ment tests which measure the terminal performance taught by the program.

3. If the programming procedure has suggested new ways of presenting o

the subject matter, these innovations should be described, e.g., if the

terminal behavior is best attained by an unorthodox subject matter arraage-

ment, the merits of this arrangement-should be-explained.




1.

begin the program shovld be clearly stated. Iv available, progran Y

The knowl

other courses of instructicn which prepare the student for the progrem

be indicated.

he aptitude levels of the students vhom the program is

N
=

desimned should be stoted. These aptitude levels should be stated in

terms of generally recognized aptitude tesis.

J

Program Validity:

2y + T e ¥ 4
test data shoulc

1l. Achievement be reported to indicate the extert

Qu

to which the program has accomplished 1ts instruc tional objectives. These
data should be reported in quantitative terms indicating the meéan and

standard deviation of group proficiency test scores.

2 The test(s) employed to evaluate the program should be either an

o

appropriate standardized achievement test currently in use or & specially

prepared test which adequately samples the terminal
3. The content of the achievement test should

indicating the lLind of performénce

of performance it does not measure (see Specification of Objectives, Item

Test Conditions and Student Sample:

sns wiaer which the proficiency test was adaminisiered

should be described, e.g., the time interval between [inishing the progran

4

to measure reten-

Wy

and taking the test, vhether more taan onec test was given
biect matter, and whether precautions were taken 1O avoil

at ¢

d
prior exposure to the test. I the subject matter is one in which a student
could have had little prior exposure, wauinistration of the test after the
program is sufficient. II, however, the subject material is one which
many students mig have learned betore taliing the program, alternate forms

nt
of achievement tests should be given before and after program administration.
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% 2. The sample of students on which the data have been collected

should be described in detail, e.g., their prior training, background

and aptitude level. Indications should be given of the extent to which

the student sample departs from the kind of student for which the program :
is recommended.

,ﬁ 3. The characteristics of the school or training situation in which

the data have been collected should also be clearly described.

Program Effectiveness:

1. Indication should be given of the efficiency of the program as
an instructional tool. Frequently this can be given in terms of the time
’j taken to attain the terminal behavior and the amount of supplementary
instruction recommended for use with the program, e.g., amount of instructor
time required and the amount of additional student work required.

2. Steps should be reported which indicate the effects of the program
upon student motivation and work habits. The technique of programmed
instruction promises to encourage more interest in the subject matter and
better habits of concentration. Data on such a hypothesis should be pre-
sented as quantitatively as possible and as the result of controlled study.

3. The extent to which the program enlarges student knowledge should
be indicated, e.g., if the program teaches more than is usual or can -be used

with lower aptitude, age and background levels than is usual.

Administrative Considerations:

1. The manual should describe the way in which the program is to be

used in conjunction with other means of instruction such as lectures, dis-

PEEEES SRS S

cussion groups, or laboratory work. Indications should be given of the
amount of time the student should spend on the program each day in relation
w0 these other activities. e

2. If use of the program necessitates other.than the usual classroom

e VL e

e -

arrangement, such recommendations should be specified. )
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Summary

The production o a program is usually a team effort. This chapter
lescribes one such idealized team. The programming staff described here
is headed by a programming director and consists of: (a) a subject matter
specialist who outlines the terminal behavior, (b) programmers who prepare
the frames, (c) a training specialist who specifies the entering behavior
of the learner, (d) three editors who review frames from a psychological,
linguistic, and subject matter standpoint, respectively, and (e) a make-up -, é
director responsible for the visual aspects of frames and the program's
artwork and appearance. Although these tasks need not be filled by dif-
ferent individuals, the quality of the program is likely to be improved
when several persons have worked on and reviewed the frames.

The development of a learning program may be a complicated and lengthy
process. Before production can get underway, the goals of the program need
to be specified in a detailed listing of terminal behavior and agreed upon
by the subject matter expert, the programming director, and the program
sponsor. Administrative details in setting up the enterprise must also be
attended to, and programmers must be trained. Programmer training may take
some time in itself and can best be accomplished by having the programmers
begin writing frames as soon as possible.

Program production consists of a series of steps which can be summarized
as follows:

1. Initially, programmers prepare [rame sequences leading to the
specified terminal behavior. Typically, these sequences will be reviewed
by the programming director and tried out on subjects. The sequences are
then revised based on the subjects' responses and tried out again with new
subjects. The process of tryout and revision continues until errors on
the frames are minimal. é

2. Units of frame sequences are edited by the linguistic, psychological, i
and subject matter editors. The make-up director also examines the frames
and makes recommendations regarding program format, frame layout and illus-
trations, and extra panel materials. Suggestions of the editors and make-
up director are reviewed by the programming director and implemented upon

liis approval.




3. Program units are tried out on a carefully selected sample of
subjects and a test of terminal behavior is given to assess the program's
effectiveness in teaching. Where indicated by the subjects' responses
and test results, subject matter is reorganized and additional writing,
revision and tryout conducted.

4., When the tryout indicates that the program achieves the terminal
behavior, the program is carefully proofread and edited again. It is then
put together in the format selected for its final form and recproduced.

5. The program in its final form is tried out on a group of cubjects

representing those for whom the program is intended. This tryout serves

to validate the program and to indicate its optimal use in an instructioaal

setting.
6. A manual is prepared to accompany the program and to aid program
users. The manual should specify the program objectives, prerequisites,

validity, effectiveness and procedures for use.
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Chapter 8: Implications for Research, Development, and the
Conduct of Training

The introduction of programmed instructional materials raises a
number of considerations for research and development in training and
for the conduct of instruction. This chapter considers some of the
tasks and problems that appear to result from the impact of programmed
instruction. Implications are considered for research and development,
and certain consequences in the carrying out of training operations are

pointed out.

Problems for Research and Development

The Instructional System

The issues that have arisen in the course of research and development
in programmed instruction can best be described in terus of an over-simpli-
fied conception of an instructional system. The system can be analyzed
into the following components: (a) educational goals and terminal behavior
(the system objectives), (b) entering behavicr (the system input), (c)
instructional procedures (the system operator), (d) performance assessment
(the output monitor), and (e) research and development logistics. The
structure of the system is diagrammed in Figure 1.

The system is initiated with the specification of the goals of in-
struction. These goals constitute the objectives and the purpose for which
the system is to be designed. The main input upon which the system operates
is the entering behavior ol the student. This consists of the repertoires,
aptitudes, and educational background with which the instructional process
begins. The operations of the system include the actual instructional ‘
procedures and experiences which are employed to guide and modify behavior. &
The final phase in an instructional system is quality céntrol, that is,
assessment of the extent to which the terminal behavior has been achieved
by the student with respect to the specified instructional goals. For the
most part, the instructional system proceeds through the phases in sequence,
but it also has many feedback loops and subsidiary inputs, and information

obtained in each phase is used to monitor and correct the output of the

183
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Figure 1. The Components of an Instructional System

Research and Develorment

E Logistics

{
] f
l Enter}ng 1 Instructional l Performance
' Behavior Procedures I Assessment
)
{

Instructional
Goals

| |

preceding phase. TFor e:uunple, measurement of the kind of performance

achieved can provide information for redesigning instructional procedures,

and information on instructional procedurcs can interact with the character-
3 istics of the entering behavior. Feeding into all phases are the results

of research and development. Implementing the results of the fruitful

interplay between research and development and the operating aspects of

W et

the system involves important logistical ccnsiderations.

o 5
e

This very brief overview of an instructional system provides a basis
for considering the impact of programmed instruction upon each of the

component phases. The following discussion is concerned with the implica-

s, ol b, il

tions of presently constituted programmed learning procedures in each

)
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aspect of the instructional system. Programmed instruction is def'ined

Niity here in terms of the characteristics of programmed materials and devices

currently being used.

P
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Terminal Behavior (Instructional Goals)

Although much time has been spent on @nalyses of curricula and training
objectives, less time has been devoted to pinpointing the kinds ol perfor-
mances that students must display to indicate achievement or approximate
attainment of these goals. There are several reasons for this, one of the
most obvicus being that not enough is known about complex behaviors to allow
a- specific analysis. A second reason, however, is that the generality of
instructional procedures has not forced the delineation of attainable per-
formance standards. (It is interesting to rnote here that when psychologists
have turned their attention to training research in the military, the lack
of explicit training objectives has been a primary concern and numerous

1

attempts have been made to develop techniques of "task analysis" for
behaviorally specifying periormance requirements.)

In contrast, the preparation of a programmed instructional sequence
requires the programmer to know where he is going and what kind of per-
formance he wishes the student to achieve at the end of the sequence. This

is not to imply that an instructional procedure need be a rigid technique

which trains all students to do the same thing in the same way. It has

been stressed throughcut this manual that in order to optimize transfer,
instruction must occur in a variety of environments, one of these being,
where applicable, programmed self-instructional procedures. Recognition
that the end res.its of instruction need to be carefully specified in terms
of human performances has forced the psychologist and the educator to
acknowledge that an appropriate terminology for behavioral description,

a taxonomy of behavior, is not available. At present, many training re-

R sy S g i e

searchers assign high priority to the development of a taxcnomical scheme

for specifying the properties of behavior to be learned. In this respect,

the relationship between task properties and the characteristics of the
learning process is an important research problem.

Another aspect of instructional objectives is the question of performance
limits or limits of learning. Presumably, as training techniques become

more effective, more of the abilities of human beings will be tapped, and

new levels of performance will be reached. Programmed instruction with

its emphasis on the shaping of behavior beginning with available respouses
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and proceeding to stated objectives, can more closely approximate per-
formance limits. This can be doue, for example, by teaching presently
taught subject matters at lower aptitude levels and by teaching aspects
of behavior that have themselves been classed as aptitudes, e.g., spatial
relations and speed of perception. ' Indeed, for certain purposes a test

of a good program might be how far down in aptitude level it can be used.

Entering Behavior

The behavior the student brings to the instructional situation is the
raw material with which teaching begins. Programmed instructional pro-
cedures should force an evaluation of these initial behaviors resulting
from prior background and preparation so that they can be used as the
basis from which to guide student performance. A programmer must know
what student behavior he can count on before he can write the initial
steps.

With respect to an entire learning sequence, the notion of entering
or prerequisite behavior relates to the problem of the ordering of subject
matter content. It would seem that many things could be learned if the
necessary prerequisite behavior exists. The establishment of appropriate
hierarchies of subject matter learning can be explored systematically
using programs in vhich sequential patterns can be experimentally manipu-
lated.

Instructional Sequences

Sequences of graded subject material with which the student works
are the heart of the instructional process. Instruction begins with the
student's entering behavior and ends in the terminal behavior with which
he leaves the situation. Between these two points, instructional manipu-
lations and learning experiences take place which guide the student. The
behavior elicited from the student by the teaching situation can be called
auxiliary behavior. The instructional process is concerned with utilizing
auxiliary behavior to approximate desired educational objectives. This
process involves determining, for various stages of learning, the subject
matter with which the student must work and the kind of responses that

he must make.
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Currently, programned instructional sequences are constructed, for
the most part, on the basis of limited knowledge from the science of

learning plus a good deal of ingenuity and intuition. There is a danger

N

73— v

that, under practical pressures and with the lack of trained personnel,

o,

é program construction will settle upon certain rote rules. Knowledge of

- learning principles on the part of programmers, however, shoula foster

* flexible program development and facilitate feedback to basic laboratory
questions. In any event, the empirical nature oi' the enterprise with
its emphasis upon tested sequences which result in particular subject

a matter performance for particular student populations, can contribute

i significantly to training.

As has been indicated in this manual, the basic structure of present
day programmed instructional sequences is a gradual progression of behavioral
steps which take the student to the attainment of ‘a complex subject matter
repertoire. The characteristics of these sequences are the essence of pro-
grammed learning and require intensive study. The optimal characteristics
of these instructional progressions, both with respect to the stimulus

materials displayed to the student and his interaction with them, is thus

PR - S

a primary objective of research and technology. Some of the important

Z

aspects of such instructional sequ=nces that are open to investigation

are considered on the following pages.

Size of Step. There is no special rationale for the short, two or
three sentence frames currently in vogue except, perhaps, that more fre-
quent responding offers the possibility for surer control over the subject's
behavior. The same principles of learning might be incorporated in much

grosser units if these were the most effective way to attain the desired

terminal behavior. It should be noted, however, that the so-called "spoon-
feeding" which the small steps seem to represent is often more apparent
@A' to the subject matter expert reviewing the program than it is to the stu-
| dent taking the program.
The meaning of "step" and "step size" is not precise and research

and development efforts should be directed at defining the nature of step.

@‘ A step may be defined, lor example, in terms of the probability of a correct

ﬁ?; ) response; thus small steps result in a high probability of correct responding
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as one proceeds through a program. Step size may also refer to the amount

of material the student must read before making a response, or to the

number of responses he must make before knowledge of performance is given.

It would be helpful tc have a behaviorally definable optimal “bite" which
would be maximally efficient; such bites would probably be different for
different subject matters and for dii'ferent entering behaviors. It might
also be useful to build a teaching machine which adapts the step size for

an individual. At the present time, uniform steps for all students are

most expedient from the point of view of program construction. The advantage
to be gained by individual adjustment merits further research and development,

however, particularly in relation to other step properties.

Programming Richness of Experience. This manual has indicated that a

rich program should permit the student to work on a subject matter in a
variety of contexts. Keen discriminations and the ability to differentiate
and generalize between subject matter concepts can be esteblished in this
way. Graded programmeu sequences should be able to teach discrimination

and generalization between classes of concepts. To provide rich experience,
a programmed sequence should expose the student tc many specific situations
in order to leave him with-a repertoire he can generalize to a variety of
situations, i.e., so that he has wide experience in using the general con-
cept involved. Investigation is needed concerning the properties of student
response to a graded sequence of instances which lead to effective use of

the generalized and more abstract concept cr rule involved.

Analysis of Knowledge and Task Structure. The analysis of the know-

ledge domain into units which will form the building blocks of the program,
is a problem in constructing a learning sequence. The structure of a
program sequence should be a joint function of both the structures of the
task or subject matter domain and the behavioral characteristics of the
sequence which best facilitate rectention, transfer, and so forth. As the
behavioral scientist discovers more about learning, appropriate learning
structures can be incorporated with the structure of the knowledge domain
to produce a more ideal arrangement for the acquisition of knowledge. Such

a joint analysis may result in the revision of knowledge structures and task

presentation sequences.

T

e I




e il

Y

e

R s 5 S — _ B v R e e e R

189

The Form of Student Response. There has been much controversy with

regard to the manner in which a student should respond to a program and
many studies have sought to contrast the efTectiveness of constructed
responses and multiple-choice responses. No conclusive differences have
so far been found, perhaps because this is something of a pseudo-problem.
The assumptions of programming procedures do not make one kind of res-
ponding more correct than any other. Response mode would seem to be a
function of the desired terminal behavior. In the course of an instruc-
tional program, however, the form and encoding of responses can be an
important matter, since some forms of response are easier to code, evalu-
ate, and automate than others. An important research and development
problem would seem to be the determination of the degree of generalization
between different forms of response to subject matter stimuli.

Generalization in this sense is related to transfer; i.e.; -the adapt-
ability of responses that are learned in one situation to new situations.
Studies with programmed instructional sequences should permit the identi-
fication of the properties of sequences that can produce transferable
behavior. Rather than search for transferable subject matter elements
which may be useful in instruction, such studies might well examine the
production of transfer through practice with graded sets of experiences
containing a variety of subject matter characteristics.. Thus the ability
to generalize to new experiences would be taught by providing practice
in such behaviors, as well as reinforcement for generalizing.

Implicit responding (i.e., responding to one's self) is one form of
response which needs to Le considered further in programmed instruction.
Practically all existing programs require overt responses, primarily because
these permit the constant monitoring of student behavior. However, much
efficient behavior and much of what is called thinking occurs without
apparent responses. Although some experiments have studied explicit re-
sponding to programmed learning sequences, results are insufficient for
any conclusive statement and further studies should be made. One study
in progress permits the student to make implicit responses, but aperiodically
requires him to respond overtly to particular test frames. The constant

possibility of being asked to make an overt response may permit teaching
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rigorous implicit responding in a manner which might be described as

"thinking things out."”

Retention of Basic Skills. The general effectiveness with which

basic skills are taught at the present time can probably be improved by
developing training curricula which apply the concept of programmed
instruction. Many questions will arise in implementing such curricula.
Studies are required to determine how much and what kind of basic know-
ledge students retain as a result of instruction, i.e., how much and what
kind of practice and review results in some standard of retention or
facility to relearn. These studies should consider specific kinds of

;1 tasks, specific kinds of training, and individuals with particular life

; patterns. The effects of practice need to be identified so that practice

can be used knowledgeably and under the most effective conditions.

Rate of Learning. A great deal has been written about the fact that

with programmed instructional techniques the learner can proceed at his
own rate. This is one of the substantial advantages of programmed self-
instruction, especially in view of a de-emphasis of lock-step curricula
. and the increasingly prevalent notion that for different individuals
g equal training accomplishment can take unequal amounts of time.

From another point of view, pr&%rammed instruction can provide an
opportunity for not permitting students to proceed at their own rate;
51 G it can be used to pace them so that they learn at a fast rate, and learn
to work at a fast rate whenever this is desirable. Under the pressure
f of an external or self-imposed deadline, most individuals work quickly
,1 and their final products often differ little from those produced in a

more leisurely manner. Although little basic research has been done on

pacing and response speed during learning, these aspects of programmed
k< instruction should be considered for both technological and scientific

implications.
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Response Feedback and Reinforcement. There seems little doubt that

a significant aspect of educational technology will be the management of
reinforcing operations. A teaching machine or programmed textbook is a

procedure which provides lor a certain kind of management of reinforcement.

S b Aiz. o o
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For applied research and development leading to an instructional technology,
the main question is not what reinforcement is, but how it operates. An-
svering this question necessitates specifying the variables which determine
the effectiveness of certain reinforcing operations in achieving desired
instructional objectives.

Studies with programmed sequences which have varied the amount and
delay of response feedback, have shown few differential effects. Such
findings should prompt further investigation of the role of feedback and
reinforcement in efficient instruction. As has been pointed out in this
manual, it is possible that with humans responding is often reinforcing
in itself, at least when optimal instructional steps are used. When a
program sequence is constructed for use with a large number of subjects,
however, steps may not be optimal for an individual learner and he may
also require confirming feedback. Recent work with programmed instruction
suggests that with high aptitude students the aspect of a program which is
most reinforcing is geing on to the next step. For these individuals, re-
sponse confirmation may be minimally reinforcing because they have a prior
history of being right most of the time. With low aptitude individuals,
on the other hand, the'important reinforcing event seems to be the feed-
back that certain responses are correct on which they have previously had
a history of failure.

Programmed sequences can, perhaps, lead to more self-reinforcing re-
sponses if they are set up so that the individual can select that step which
is maximally based on his past performance. The term "adaptive programming"
has been used to describe this kind of fine adjustment to individual dif-
ferences and branching programs, for example, are an attempt to achieve
such flexibility. Similarly, certain computer-based instructional systems
employ the adaptability and speed of a computer to adjust to individual
instructional requirements. Research and development are needed to investi-

gate procedures which cdn individualize. a particular instructional situation

as much as necessary for erTicient instruction.
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Reinforcing events occur in different freguencies and in different
patterns during the course of learning. For example, studies of- the
effects of the pattern and scheduling of reinforcing contingencies have
indicated that behavior matches the ratio of reinforcement to non-reirn-
forcement of a learning task. Thus the probability of a response will
approach the probability of reinforcement. (To illustrate, if 90% of
the English nouns encountered by a student form their plurals in "s"
and 10% use "n," the student would be expected to form the plural of
newly encountered nouns with "s" about 90% of the time.)l The concept,
operations and relationships involved in reinforcement are central in
programmed instruction and the variables involved demand extensive and

intensive analysis.

)

Performance Assessment

The empirical manner in which programs are constructed has required
that programs be accompanied by carefully prepared assessment tests. These
tests serve two purposes. First, they present a sample of the terminal
behavior which the program was designed to teach. Second, they show what
.he expected achievement might be based on previous program use. Although
the final frames of a program also sample the subject matter situations
which the student must handle at the end of the program sequence, a rele-
vant achievement test can be considered as another sample from the universe
of subject matter content. It is often said that the achievement test
should permit the student to transfer his knowledge. This should be true
only to the extent that transfer is defined as an instructional objective,
or can be expected on the tasis of the student's entering background and
aptitudes.

The specificity of terminal objectives required by programmed instruc-
tion brings to light some current aspects of achievement testing in general.
Underlying the concept of achievement assessment is the assumption of a
continuum of subject matter competence ranging from low proficiency to high
proficiency. A student's performance on a test falls at some point along

this continuum and can be compared to the behaviors which defiine the points

1., $3. 3 ‘ ; . _— ’ ( A
Estes, W. K. Learning. Encyclopedia of Educational Research, (3rd

ed.) Hew York: Macmillan, 1960. Pp. 752=767.
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of the skill continuum. Similarly performance levels can be established
at appropriate points in a course of instruction and the behaviors which
define each level of proficiency can be iaentified and used to describe |
the subject matter skills which a student is capable of performing at a

"content-

particular level. In this sense, performance measures can be
referenced," that is, the performance of an individual can be compared
with specific subject matter skills ng

In contrast, achievement is typically expressed in terms of "norms" -
vhich permit comparing a student's performance with that of other indi- 4

viduals. In current testing practice, an individual's relative standing

is often the primary information obtained, and no reference is made to
subject matter content. "Grading on a curve” is a notorious example of

the extreme of this practice. Norm-referenced measures are certainly use-
ful and indicate that one student is more or less proficient than another,
but do not provide information about how proficient either of them is with
respect to the terminal behavior of instruction. With the increasing ap-
plication of programmed instruction, there should be an increasing use of
content-referenced scores; measurement procedures for these kinds of scores

will be needed and should be d_eveloPed.2

Individual Differences and Aptitude

It has been pointed out that the concept of programmed instruction
focuses attention upon getting the student from here to there rather than
upon the aptitudes that allow him to do so. In programming the problem
of individual differences becomes a matter of defining the entering behavior
of the student with vhich instruction must begin. It may be that the stu-
dent can not perform the behavicrs needed to %egin a particular instructional
sequence, so that it will be necessary to bring him to the level of pro-
ficiency required before proceeding with the sequence. The specification

of entering behavior is the process of determining what the student can do

2For a further discussion of content-referenced scores, see Glaser, R.
& Klaus, D. J., Proiiciency measurement: assessing human performance. 1In
R. Gagné (BEd. ), Psychological principles in system development. New York:
Holt, Rinehart and Winston, 1962. Pp. 419-LT74,
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9 3 initially that can be used to get him to the terminal behavior, and
whether he can get there il he begins with his current repertoire of
behavior. Thus the individual's entering behavior will recommend one
instructional sequence rather than another. Put in this way, the in-
structional situation becomes an engineering and management enterprise '
in which interaction between the raw material and the educational process
can be used to predict the practical possibilities for educational ac- 3
complishment. Essentially, in programmed learning, aptitudes can be
derined as those initial behaviors with which the instructional process

nust start. There is much research needed along these lines, since the

-
halatiacio e imasii it Ok .

.1 relationships between the general aptitude of measured intelligence and ]

siudh

the way in which an individuel learns have not been studied in a way
~ which permits ready conclusions. <
A relevant study concerning the effects of programmed learning has 7
indicated that programmed instruction raises the achievement level of

individuals who would gel low test scores with other instructional means, , =

3 thus reducing the total sﬁread of achievement compared with the variability
‘ under conventional instructicn. In effect, this results in decreasing the
. predictability of such indicators of academic performance as éptitude tests,
since test validity coefficients are & function of the variability of the

measures obtained. Of course, this reduction in variability may disapj 2ar

or perhaps variability will be increasec as higher achieving students are
permitted to learn more.
4 Since a programmed instructional sequence is an experimentel "appa-

ratus,'" it may be very useful in studies of individual difierences. It
should be possible, for example, to teach certain subjects to vright stu-

dents, carefully identifying the behavior iney have before coming to the

program and the achievement with which they leave the program. It should
then be possible to select a group of low aptitude individuals w’io have
similar entering behavior and attempt to take them to the same level of
achievement as the bright students. Such a study would vary the steps
and manipulations required in the program. It may be possible in this

way to identify more rigorously than before the differential characteristics

of the learning process for these groups of' students.
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Other research on programming has attacked the problem of constructing
programs to produce certain behaviors which might generally be classed as
aptitudes, that is, the kind of behavior measured on aptitude tests. For
instance, instructional programs are being investigated that "“teach” pitch
discrimination and spatial visualization (translating between two-dimensional
and three-dimensional figures). Programmed instruction, then, with its
emphasis on production of behaviors in the individual may permit some in-
roads in analyzing behaviors which are not usuvally part of a training cur-

riculum and may lead to & more rigorous definition of "aptitude."

Machines, Automation, and Simulation

It has been repeatedly stressed that the programming of subject material
is the esgential ingredient in programmed instruction, while machine aspects,
hovever desirable, are supplementary. This emphasis has been necessary be-
cause of the rash of hardware that has appeared for which no programmed
materials are available. Libreover, & number of recent experiments have
indicated that for many of the subject matter skills presently being taught,
the programmed text is at least as effective as machine presentation. As
a result, there is a current tendency in many quarters to discount machine
presentation.

Nevertheless, the possibilities for automation should be considered
in the course of research and development. Although some subject matters
or educational levels may not require automation, it has great potential

3 It seems likely

in keeping the programmed learning enterprise inventive.
that instrumentation might be relatively simple in the early stages of
learning, but more complex situaticns requiring extensive simulation and
appropriate autometion may be desirable at later stages of learning where
complicated problems are to be enco*..:.m:ered.l’L Computer simulation of com-
plex problems, for example, might be considered in the construction of

programmed instructional sequences.

2 5\ < 2
“Coulson, J. E. (Ed.), Programmed learning and computer-based in-
struction, New York: Wiley, 1962.

hGagne; R. M. Simwlators. In R. Glaser (Ed.), Training research and
education, Pittsburgh: University of Pittsburgh Press, 196l. Pp. 223-240.
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Prototype Model Instructional Systems

In ccncluding this section on problems for research and development
it is suggested that a significant undertaking would be the developuient
of working instructional models. Such tangible models can be very ei-
fective in changing behavior patterns which are difficult to change by f
other means. As a result of experimental study, model instructional
systems should be developed which sample training problems for a wide \
variety of tasks and aptitude groups. Tangible curricula based upon the
concept of programmed instruction, which can be reproduced by others
and have been rigorously evaluated to detenmine their effects and the
extent to which they attain stated educational objectives, seem o be a
first order of business for research and development in training.

Operational Considerations For An
Instructional System

Throughout the course of this manual, it has been pointed out that
the concept of programmed instruction has significant implications for

training practice. However, for these implications to be realized & prc-

grammed instructional course should not be used in a rigid training system,
but rather in one which pemits the impact of the concept to take effect.

A flexible enviromment is necessary which permits any desirable changes

in the training system to develop, changes such as individual student
pacing, revised classrcom structures, more eifective use of instructor
time and increased specificity of achievement standards. The concept of

programmed instruction should also result in a de-emphasis of the present

orientation around educaticnal media, such as films, television, and

language laboratories, and should place emphasis upon a process ol in-

struction in which the special advantages of various media can be assessed.

One of tne major advantages of using programmed devices in training systems

is that they facilitate reorganizing and restructuring the curricﬁlum and ?

should lead to the appropriate balance of programmed self-instructional

materials with other instructional procedures.

T ISR T




Training Objectives

In practice, a distinction should be made between training goals and
the terminal behavior cl instruction. Training joals are necessarily long
range in scope and inveolve many considerations of ethics, philosophy and
policy inherent in the overall operational training setting. The discus-
sion in this manual, however, has been limited largely to instructional
technology and has emphasized the need for methods by which instructional
objectives can be determined and described in crder to assure their attain-
ment in an instructional system. In contrast to the broad goals of a
training system, terminal behavior refers to the performance that a student
should display at the end of a specific instructional situation. Such
specificity makes it possible tc set minimun levels for attainment, and
maximum levels can be left for individual initietive. When a minimum level
is established, it is the task of the instructional system to get most
individuals to that point. In military and industrial training, these
minimum levels are those required for the optimal functioning of man-
machine field systems, and the instructional situation must be arranged
to permit attainment of these levels of performance.

Programmed instruction emphasizes the importance of terminal behavior
as the end product objective of & particular instructional situation. The
procedures of instructional technology should result in definable changes
in student behavior which approximate this end product. In order to
accomplish this, the linal course requirements for the trainee must be
precisely specified insofar as possible. The techniques for task analysis
and for the development of personnel requirements which originated prima-
rily in the military setting, are an attempt to develop methods for

specifying performance cbjectives and should be useful here.

>

Training Input

-+
The behavior students bring to the insiructional situation is the

rawv material input of the training system. Programmed instructional con-
cepts emphasize the importance of assessing and making explicit the initial
behavior of the trainee so that it can be used as the basis from which to
guide student performance toward terminal behavior. Entering behavior is

usually assessed by means of aptitude and achievement tests which are used
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for student selection anu placement. Such tests are often employed to

weed out individuals who are unlikely to attain the specified terminal

behavior under the particular training conditions, and to predict per-

formance in an established course of training. (

Considering the trainirg system as a whole, it should be possible to

determine the best combination of instructional objectives, input behavior x

requirements, and instructional procedures in order to achieve overall

organizational goals with maximum efficiency. Since these aspects of the

instructional system interact, test selection standards and the time, cost,

and characteristics of instruction can be varied to permit optimal func-

tioning of the system. 1In military planning, for example, the tasks

personnel who contribute to the accomplishment

¥

assigned to the various

of a particular mission may be reorganized so that more or less rigid

training standards are required. Such a reorganization can permit inten-~

sive training of specialists on only particular job aspects while less

technical tasks can be assigned to individuals who have less time available

for training.

In reviewing the behavioral input as a part of an instructional system,

it is possible to treat it as a quantity that can be varied with changes

in the necessary training. Programtied instruction with its emphasis on

entering behavior should serve to increage the feasibility of specifying

pre-training requirements and actual training requirements (costs and time)

in order to accomplish certain objectives.

Instructional Procedures

The instructional process is concerned with the utilization of the

student's behavicr to approximate desired training objectives. One means

of facilitating this process is by programmed insiructional procedures.

This manual has discussed the psychological raticnale behind these pro-

cedures, and while precise specification is limited by the lack of

psychological knowledge in analyzing complex behaviors, it seems possible '

to outline, in part, some of the processes involved in tne guidance of

behavior through instruction. Certain aspects of the learning process

have been known for some time, but until the development of programmcd




instruction, attempts have not been made to apply them so directly to
instructional situations.
The notion of stimulus control is an important feature in the guidance 3

of learning within an instructional situation (Chapter 3). At the beginning

of a learning sequence, subject matter stimuli are used to evoke responses

that are already in the initial repertoire the student brings to the teaching

situation. During instruction there is a gradual transfer of control to new

subject stimuli. A basic instructional task is to get the student to emit

response increments which move in the direction of the terminal behavio:.

Response prompting is a means to this end. In the course of instruction

there should be a withdrawal of supporting prompts so that the student

eventually responds to situations defined in training objectives. 3
The management of reinforcement is of primary importance. Preferably,

immediate and positive reinforcement should be arranged in order for behavior

to be efficiently learned. The effects of discrimination, generalization

and extinction should also be considered in planning an instructional situa-

tion. An awareness of these processes makes it possible to minimize inter-

ference in the course of learning and to understand the possible reasons

for lack of transfer of training. Practice and review are also important

components of instruction, and the conditions for practice described earlier

(Chapter 6) should lead to effective learning and retention. The general

application of these aspects of learning can contribute to the design of

overall training systems as well as to the construction of particular

programmed materials,

Performance Assessment i

It is necessary to assess performance within a training system in order i
to determine the degree to which an individual has attained the criterion
behavior. Individual perrormances should be compared to the behaviors
which define points along the appropriate skill continuum. A particular
Job usually involves several grades or levels of skill. Thus, a machinist,
{for example, can be categorized as an apprentice, a journeyman, or a master

of his trade. The specific behaviors implied by each of these levels of

proficiency can be identii'ied and used to describe the specific tasks a
machinist is capable of performing when he achieves one of these skill

levels.
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The emphasis of programmed instruction on the attaimment of particular
behaviors, encourages prolficiency measurement with respect to such specific
Job standards. Although many assessment procedures in training are refer-
enced in terms of norms or grcup curves that evaluate an individual's per-
formance relative to the performance of other members of a group, an ef- y
fective training system should require periormance assessment measures that

provide explicit inrformation about what the individual can or cannot do. ) :

Technology in Training

As a result of the impact of programmed instruction it is becoming
increasingly more possible to consider instruction in general as a techno-
logical endeavor. Ultimately, specific training practices will be developed
out of the findings of a science of learning and out of appropriate research .
and development concerned with instructional systems. To move towards this
end, research and developiment endeavors are needed concerning all aspects
and functions of a training system. Instructional programs of the kind
described in this manual provide both practical training procedures and
reproducible instructional procedures for experimentation.

A research and development capability should be an essential part of
an effective training system. Research efforts should be directed towards
the further study and application of exploratory research in order to
foster the development of techniques which can be incorporated in instruc- )
tional practices. This work should involve research designed to further '
basic knowledge in the science of learning, as well as research and develop-

ment designed to implement and evaluate new and changing practices in in-

structional technology.
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Conclusicn

When there are probleris to be solved, o new procedure or device may
contribute to their sclution. There is the danger, however, that narrow
concentration on the speciflic features of the initial crude aspects of
the newly developed technique, to the exclusion of the underlying concepts
involved, can focus attention on the tool without concentrating on the solu-
tion of the problems. The present products of the concept of programmed {
instruction are not in this kind of immediate danger, although they will !
be in a few years if research and development on implementing the concept
are not pursued. Yjith this in mind, the major portion of this chapter has
explored some of the research and development problems that have been
indicated by work to date.

In general, the significant implications of programmed instruction
for training and training research and development can be summarized as
follows:

1. The concept of programmed instruction is of primary importance
in contrast to its present crude implementation.

2. Programmed instruction represents a step in the engineering
application of science to educational practice.

3. As a technological application, programmed learning is required
to make a practical difference or be replaced.

4., The attempt to make a practical difference in human learning will
feed back to the behavioral scientist and open up many basic research ques-
tions.

5. Programmed instruction focuses attention more than ever before
on the essential ingredient of training--the instructional procedure
employed to guide student behavior from present skills to task proficiency.

6. Programmed materials can increase the efrectiveness of training

because as tangible, reproducible devices they can be severely tested,

evalyated, improved, and redesigned.

3500 FPS 63-865




