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PREFACE

In the course of completing a recent sourcebook on teaching machines
and programmed 1earning1 and in the course of recent research I have
compiled what appears to me to be the major ideas being expressed in
this field, In this paper I should like to set these down, discussing
each point briefly and, where appropriate, give or refer to illustrative
material, My intent is to present a succinct picture of present notions
of programming which will be quite complete in its coverage, The pur-
pose of this paper is such that I have freely used the ideas of others,
and as it seemed desirable I have employed words close to theirs where
I could only say the same thing less well, However, this has become
quite tangled with my own notions and with my organization of the topics
discussed; and so I must accept the responsibility for any misinterpre-
tation or lack of clarity, The articles which were mny major source
documents appear in Parts III and V of the book referred to above, The
authors of these articles are: Abram Amsel, John A, Barlow, John W,
Blyth, W. J. Carr, J. E, Coulson, J. L, Evans, Charles B, Ferster, Edward
B. Fry, Thomas F, Gilbert, Robert Glaser, Wells Hively, James G.' Holland,
Lloyd E, Horme, A, F, Johnson, Evan R. Keislar, A. A, Lumsdaine, D, J.
Mayhew, Susan R, Meyer, Douglais Porter, Sidney L. Pressey, Stanley M,
Sapon, Hi F, Silberman, and B, F, Skinner,

Robert Glaser

University of Pittsburgh
Pittsburgh 13, Pennsylvania
September, 1960

1 | .
Lumsdaine, A, A., & Glaser, Rq, Teach:mg machines and _programmed learning,
Washington: National Education Associatis 1;“. ,
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INTRODUCTION

It is generally recognized now that the success of a teaching
machine depends greatly upon the material used in it. The construction
of this material is the most difficult and the most crucial task in the
development of auto-instructional procedures. The content of this MONOw
graph is, therefore, not concerned primarily with hardware or machines.
It is rather concerned with the principles, rules, and practices for N
the construction of programmed learning sequences. It is the develop-
ment of these techniques which are the heart of the application of learnw
ing theory to programmed teaching. The essential task involved is to
evoke specific forms of behavior from the student and through appropriate
reinforcement bring them under the control of subject matter stimuli,

As a student goes through a learning program, certain of his responses
must be strengthened and shaped from initial unskilled behavior to sube
Ject matter competence. Programming rules are concerned with how one

goes about doing this,

-1-
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d Our present knowledge of the learning process points out that 3
through the process of reinforcement new forms of behavior can be cre-
ated with a great degree of subtlety. The salient feature of this pro- :
cess is making the reinforcement contingent upon the performance of the

learner. (Often the word “reward® is loosely used to refer to one class

of reinforcing events.) By differentially applying reinforcement to rel-
atively minute behavioral changes, it is possible to progress from the
initizl behavior of the learner in small steps through the developnent

iy of more complex behaviors. This progression can taoke place by small

| enough steps so that the students progress and motivation is not jeo-
pardized by frequent failures,

Since a great deal of teaching and learning is needed for acquiring
complex behavioral repertoires, such as a new language or calculus OPEre
ations, the nﬁmber of reinforcements and the subleties of reinforcements
’ required to establish such complicated behavior, overtaxes the skill of

the most efficient teacher, especially within the limits of her time

and classroom organization, To assist in this complex process, the

teacher employs educational materials such as textbooks, workbooks, homee
’ work, etc. In all these latter aids the careful monitoring provided by é
; the teacher®'s skill in shaping behavior is not provided. (Especially
} in the early stages of learning such guidance is essential.,) Perhaps in g
é present-day society we often stray from the real notion of teaching. 4
| The teacher, if we think about the early use of individual tutors and the
é ) early methods of Socratic teaching, was originally meant to be one who

would guide the individual actions of the student. The teaching of champ- ;

£
$
§ ions in sports usually results from the interaction of one man and one 3

-2-
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coach; the teaching of a skillful scientist often results from the
interaction of a graduate student with the individual professor in

his laboratory, In the face of large-scale education and with the use
of mass educational media, the skillful subleties of the master teacher
have been lost or reduced to an average methods It seems, thus, that
successive technological advances in education have generally lead to
decreased face-to-face contact with the teacher,

Programmed learning may be one answer to preserving the advantages
of mass education while at thg“same time reinstating some of the adf.
vantages of individual student-teacher interaction, Educational pro-
gramming is an attempt to do this., 'Tt is concerned with the precise
selection and arrangement of educational content based, upon what we
know about human learning, We know a little and have much to learn,
However, we perhaps know enough tc make a successful start. The term'
programming refers to the process of constructing sequences of instruce
tional material in a way that maximizes the rate of acquisition and
retention, and enhances the motivation of the students It is an ex-
pliecit process, which perhaps an effective teacher does intuitively;
the hope is that an effective programmer might someday be able to do

this for certain subject matber aspects according to definable rules

of programming,

Defining the Field

A first step in programming is defining the field, This means
that the programmer must outline precisely the ‘behavior he wants the
student to perform at the end of the program and must specify the kinds

of stimulus material that the student will have available in the course

-3-
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- of this performance, A primary purpose of instruction is to provide
the student with a behavioral rcpertoire called knowledge of the subject
matter, If that repertoire is elementary physics then the problem is

fé - to take the student there, beginning with whatever initial repertoire

t he possesses which even vaguely approximates the desired terminal be-

‘ havior,

As the field is defined, the programmer collects the necessary
technical terms, facts, laws, or principles, and illustrative examples,
Many illustrative examples are important; Onie of the essentials of
good teaching is to provide the student with a large number of illustra-

tions of an abstraction. It is probably familiarity with a wide range of

~;, examples and the ability to generalize to other specific cases that is
the operational definition of “understanding.® In addition, in starting
3 - out to program, the programmer must consider the devices or the teaching
techniques by which he can get the initial repertoire to closer and
closer approximate the desired terminal reportoirc defined as the end-

product of learning. Finding the best way to stave terminal *chavior

e e I e .

in ordsr to facilitate program preparation is an important problem in

programming instructional material,

Reinforcement

A centra2l process for the acquisition of behavior is‘reinforcemeht.

Behavior is acquired as a result of a contingent relationship between

the response of an organism and the consequent event. In less technical
. terms, behavior is acquired under conditions in which a response is

followed by a subsequent ¥rewarding condition®, In order for these

contingencies of reinforcement to be effective, certain conditions must




be met; Reinforcement must follow the occurrence of the behavior being
taught, If this is not the case, different and, perhaps, unwanted be-
havior will be learned, In addition, a sufficient number of reinforce-
ments must be given so that the desired behavior is strengthened and
its probability of occurrence for a student is high in appropriate
situationss As has been said, in progressing from the initial reper-
toire to the terminal repertoire, the student is reinforced for minute
changes in behavior which brings him closer aﬁd closer to skilled perw
formence, These minute changes are brought about by successive steps
in the program,

In most instructional programs the reinforcing agent for the student
is ®knowledge of results," that is, knowledge about whether cr not the
response he performs is the result consideﬁéd correct, Failure to
provide adequate reinforcement and hence failure to strengthen the
behavior of the student with respect to the subject matter often results
in the student showing a lack of interest, This means that his interest
is shifted to other activities for which sufficient reinforcement is
provided; A significant aspect of the reinforcing process is that being
contingent upon the occurence of a desired responsc means that it often
needs to be immediately contingent, - much more immediate than the usual
occurrence in a lecture and in obtaining knowledge of results on a test.
In the usual lecture the infrequency of reinforcement often leads to
decreased student attention (mptivation); In contrast programming can
evoke student activity and provide a high rate of reinforcement;in order ,

to maintain student participation;
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Gradual Progression to Establish Complex Repertoires .
In getting the student from his initial repertoire to the terminal
repertoire, it has been indicated that an important prineiple is that
of gradual progression.l We do not wait for the studemb to emit complex
behavior in the course of trial and error and then reinforce correct
perfomance;- In fact, he may never emit the skillful behavior we rew
quire.' When developing complex performance we first reinforce any availe
able behavior whic‘h is the slightest approximation to the terminal be-

havior, Later we use this behavior in the next step to reinforce a

small change which is in the direction of the terminal repertoire, (The

analogy to Skinner®s pigeons is an apt one here. If we decide that the
terminal repertoire for a pigeon is to turn a circle, face a disec on a
wall, peck the disc only if it is 1it, and then bend down to pick up
food from a food 'tray - we can not wait for such improbably behavior to
occur. Vhen developing such complex performence we may first reinforce
such simple behavior as approaching the food tray., Later the pigeon may
learn to peck the key only when it is 1lit. Next he may learn that he
must turn around in order to produce the lighted key which he pecks,
which in turn produces the food tray which he approaches. This principle
of gradual progression runs through many programmed learning sequences.)
The program moves in very finely graded steps, working from simple to
higher and higher levels of complexity.

The principle of gradual progression serves to make the student
correct as often as possible and is also the fastest way to develop a
complex repertoire, It is difficult to see how complex behavior can
appear except through the specific reinforcement of members of a graded

series, It seems that this is an important prineiple in the rapid crea-

tion of pew pé:btenas of behavior
@b
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TABLE 1

Table 1, A set of frames designed to teach a third or fourth-
grade pupil to spell the word manufacture.l

1e¥* Manui‘ag',ture means to make or build, Chair factories mamufacture
chairs. Copy the word here:

2. Part of the word is like pai't of the word factory. Both parts come
from an old word meaning make or build,.

manu uwre

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

- o o Tacture

L, The same letter goes in both. spaces:
m_nuf_cture

5 The same letter goes in both spaces:

man_fact_re

6. Chair factories, _ ,_ _ _ _ _ _ _ _ chairs,

* The word to be learned appears in bold face in frome 1, with an cxe
ample and a simple definition. The pupil®s first task is simply to copy
it. Vhen he does so correctly, frame 2 appears, He must now copy selecte
ively: he must identify “fact” as the cormon part of “manufacturce® and
“factory*, This helps him to spell the word and also to acquire a separs
able “atomic” verbal operantes In frame 3 another root must be copied
selectively from “manual%, In frame 4 the pupil must for the first time
insert letters without copying, Since he is asked to insert the same
letter in two places, a wrong response will be doubly conspicuous, and
the chance of failure is thercby minimized., The same principle governs
frame 5, In frame 6 the pupil spells the word to complete the sentence
used as an example in frame 1, Even a poor student is likely to do this
correctly because he has just composed or completed the word five times,
has made two important root-responses, and has learned that two letters
occur in the word twice. Teaching spelling is mainly a process of shapw
ing complex forms of behavior,

1Sk:':.nner, Be F:, “Teaching machines™, Science, 128: 969-77, pe 9723 1958,
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< At the beginning of the gradual progression, instructional stimuli

are used to evoke behavior that is already in the repertoire which the

* e e

(LN )

student brings to the teaching situation; instruction takes place only
when a student proceeds to perform stimulus~response combinztions that
are different than these., The gradual transfer of behavior to new

stimuli is what happens, for example, in teaching the spelling of a

AT TA N % B A ftid e,

! word, by first showing it in its entirety and then having the student
supply missing parts until he writes the whole word; see Table 1., This
; is also what happens in learning poetry, arithmetic formulae and so

?i forth; we learn by reading a given sample and then immediatoly completing
jk the sample when it is presented with parts missing. An important point
% . to make here, that will be emphasized later, is that present notions

; , of programming are such that in proceeding through the gradual Progresw
sion, little appeal is made to rote memorizing. Skinner points out that
. in a program the student is expected to arrive at 9 x 7 = 63 not by meme
i - orizing it, as we usually memorize poetry, but by utilizing certain
principles or interverbal connections that facilitate the acquisition

of behavior, The programmer would put into practice in learning 9 x 7 =
63 an obvious and already learned principle as 9 times a number is the

same as 10 times a number, minus the number; or ancther example, the

digits in a multiple of 9 add to 95 or another example, 9 times a

e fudenet s -

single digit is a number beginning with one less than the digit, i.e.,

R ke DI Tt St

F A o Sl o ™ S

9 x 6 is 50 something,

AL each step the programmer must ask what behavior must a student
i; have before he can take this step, He must ask what principles or interw
1 . verbal relationships will facilitate the sequence of steps that form a

g progression from the initially assumed knowledge to the specified final

N -8-
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repertoire; No steps should be encountered before the student can take

it with a high probability of success.

Steps

A program, then, consists of steps and for present purposes little
more will be said about this, Among prograrmers a step is ealled a
frame: Programs teaching school subjects can run to great lengths;
Skinner estimates that at five or six frames per word, four grades of
spelling may require 25,000 frames. In teaching about one-half of an
elementary statistics course the writer has employed 1,374 frames, A
recently completed high school physics program uses 3,000 frames to
teach six wecks of a course, Specific characteristics of frames such
as size, response modes, and other characteristics, have been under
discussion_ and under study by pr_'ogx)amners.' See Evans, J, L., Glaser, R;,

& Horme, L., (1959); Coulson, Jo E., & Silberman, He F. (19595 1960).

Emitted Bchavior and Prompting-liaking the Desired Bshavior More Probable
A student is assumed to possess some initial related behavior in

a subject matter before he starts a course, The behavior available must

be specified and the programmer can, at the beginning, appeal only to

these available responses. How then do we get the student to emit new

responses? Before behavior is reinforced it must be emitted, and ine

structional material must be designed to elicit the correet and AP

propriate behavior which then can be appropriately reinforced, A

major portion of what we now eall the rules of programming is concerned

with evoking behavior, that is, coneerned with techniques for getting

the student to emit new or low strength responses with a minimum of

errors,
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The occurrcnce of bechavior in a program is made more probable if the
materials are designed so that cach frame makes the correct answer in
the next frame more likely; The probability of success is increased
.(that is, the level of difficulty decreased for an item) by the use
of formal hinting and coaching techniques based upon what we know
about verbal behavior., For example, a series of items can be designed
so that a new word, never before used, is made more likely to occur:

The German word “Fabrik® in response to the word factory is made more
probable by a preceding item mentioning a colored fabric, Of course,

later items would include the word factory where it is not preceded by

the word fabric. Ferster and Sapon‘(as cited in Lumsdaine.& Glascr,

1960) in teaching German have suggested that a set of materials could
probably be constructed in which each item is designed so that the
student will progress from zero knowledge of Germen to a complicated
repertory of the level of a year of college German without ever having
made an error. Such an achievement can be made possible by the use of
gradual progression, prompting and reinforcement-processes by which the
new verbal behavior is created rather than by the traditional processes
of memor§'and recall,

An important factor, then, in working through a program progression,
in controlling error, in evoking behavior, and in bringing this bchavior
under the control of new stimuli, is the use of prompting and cueing
techniques. It is obvious that this may be often the stock in trade of
o master teacher, However, you must remember that one of the objectives
of péogramming is to make these techniques as explicit and non-intuitive
as possible; The notion of prompting is easily scen if we look at a

part of the carly Skinner physics program in Table 2.
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TABLE 2

Table 2, Sample set of frames for automated instruction in high-school
physics, Dotted lines show the prompting cues employed.
(Words underlined in parentheses are to be supplied by the
student)!

----------------------

1, The important parts of a flashlight are the battery and the 'bulb,i;

When we "turn on® a flashlight, we close a switch which comnects the *

battery with the 1(_t_>11_1__1p_)i

2: Vhen we turn .on a flashlight, an electric currcnt flows through the
fine wire in the {bulb) and causes it to grow hot.

saeen e
...............................................

--------------------------

4, The fine wire in the bulb is called a filament. The bulb “lights
up®” vhen the filament is heated by the passage of a(n) (glectric) current.

.5.. Then a weak battery produces little current, the fine wire, or
(£ilament), does not get very hot,

FRTT T FITTTTINY

6, A filament which is |iessinot sends out or gives off {iess light,

L s ¢
* ssosostbhs b sdsitohs | N 1

7. YEmit® means “send out.® . The amount of light sent out, or Yemitted,"
by a filament depends on how (hot) the filament is,

8.‘ The higher the 'bempéra'bure of the filament the (brighter, stronger)
the light emitted by it.

9. If a flashlight battery is weak, the (filament) in the bulb may still
glow, but with only a dull{¥eéd colors, |

--------------------------------

--------------------------- .

10, The light from a very hot filament isicolared! yollow or white.

The light from a filament which is not very hot is |colored (red) e bmmmmmmm :
11, A blacksmith or other metal worker sometimes makes sure that & bar i
of iron is heated to a "cherry red” before hammering it into shape. Ie ;
uses the {( color)g of the light emitted by the bar to tell how hot it is, :
12, Both the color and the amount of light depend on the (itemperature) ,
of the emitting filament or bar.
f

1Skinner', Ba Fo Material Jsed in a symposium, American Psychological i
Association, Washington D, C., August 30, 1958,
11 §

|
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-----------------------------------------------

14, A neon tube emits light but remains cool. It is therefore, not an
incandescent (source) of light.

Sueresbereines

15, A Gihdle flame is hot, It is a(n) (irGafidescent) source of light.
16. The hot wick of a candle gives off small pieces or particles of
carbon which burn in the flame, Before or while burning, the hot particles
send out, or (emit), light.

17; A long candlewick produces a flame in which oxygen does mot reach
all the carbon particles. Without oxygen the particles cannot burn.
Particles which do not burn rise above the {lame as (smoke).

‘o "'; :‘

............ frosseassninny

| 18, We can show that there arelparticles!of{carbon in a candle flame,

even when it is not smoking, by hoiding a picce of metal in the flame, z
| The metal cools some of the particles before they burn, and the unburned

RSN

lcarbon::(particles): collect on the metal as soot.

iy A : &

19.  The particles of carbon in Soot or-smoke no longer emit light.
because they are (cogler, colder) than when they were in the flame, ?

- 20; The reddish part of a candle flame has the same color as the fila.
“ ment in a flashlight with a weak battery. We might guess that the
yellow or white parts of a candle falme are (hotter) than the reddish part.

21, UPutting out® an incandescent electric light means turning off the
current so that the filament grows too (cold, cool) to emit light.

F?
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Let us look at some examples of prompts. First, a class of prompts
tha£ are called thematic prompts. OSome examples are presented in Table
3¢ A second class of prompts are called formal prompts and involve
echdic and textual behavior such as shown in Table 4, Some additional
examples of textual or semantic cueing have been listed by Lumsdaine.
in Table 5. Prompting occurs within frames but also as has been indi-
cated, in the physics program in Table 2, between frames; in the latter
case adjacent steps are similar enough so that one frame sets up a re-
sponse to another, Teaching machines designers point out that the use
of teaching-machine hardware is probably the best.way to insure inde-
pendent exposure of successive frames. An interesting study of prompt-
ing has been made by S. R. Meyer (As cited in Lumsdaine and Glaser,
1960) in working with a high school vocabulary programe A brief example
of her very interesting program can be found in Table 6., The prompts
employed in the program Meyer describes as follows:

Copying in a simple item .

Assuming no knowledge of the prefix or its definition,
a standard format was adopteds The first example of such an
item in Lesson 8 read: "The prefix trans means Yacross! or
‘over' (from one place to another)., A transatlantic flight .
goes the Atlantic Ocean.® In each item of this type
the prefix was underlined, the definition was in quotation
marks, and the student was required to copy one or the other
in relation to a fairly common word, Other simple¥ copying
items specified the prefix to be used, leaving the student to
spell it correcctly. « »

Copying in a complex item .

"Complex" items were of three types: (a) two prefixes
were given, and the student had to choose which answer bee
longed in which blank; (b) an example was given from which
to construct a new examples (c) the answer was available -
in the text but was not iselated by underlining and quota-
tion marks as it was in"the Vsimple" copying items. . o An
illustration of copying-from-example is the following item
from Lesson 14: ©A flame emits or sends light,

—13-
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~ TABLE 3
Table 3; Thematic prompts:1

ae “Loadwins,® Common knowledge or phrases with high association

value for the desired word can sometimes be used, To the frame:

"A doctor taps your knee (patellar tendon) with a rubber harmer to test
your s 170 out of 182 students said “reflexes.® To the following
frame: ¥YIf your reflexes arc normal you to the taf on the knee
Jerk,® 107 out of 182 said *respond” and 72 said “react“-<both responses
being accepted as correct by the programmer, These already known terms
could then be preserved and supplemented as part of a technical repertoire,

b, Indicating categories, sublanguages, or s tax. A technical or lay
term may be specifically asked for. That a response is to be a colore
word is indicated in the sentence "Roses are colored " although
“Roses are ¥ would collect responses like “flowers, beautiful,®
etcs Whether a response is to be a verb, noun, adjective, or adverb _
can sometimes be determined by supplying endings, such as =1y, OF =ed,

c. Useful Catemory. “Opposites® is an oxample, - To the item: "Rew

L

inforcement which consists of presenting stimuli (esgey food or water)
is called positive reinforcement; reinforcement which consists of terw

. minating stimuli (e.g,, loud noises or painful stimuli) is called
reinforcement,” 173 out of 180 students said “negative.® The result <
would be further assured by underlining "presenting,® “terminating, v g
- and "positive” and adding a phrase like “on the other hand," after the
semicolon.,g‘

d. High.association words or common hrases, To the item: %A roward
simply makes it more that an animal will behave in the same way
again,® 32 out of 95 students said “probable,” 43 %“likely,® and 18 “eertain,¥
all of which were acceptable, the lapse in grammar in the last case being
forgiven, .

s 1 WA PR s A i A i

BN

ee FPEliminating undesired alternative ros onsese The item: %Coins |
are conditioned reinforcers” will bring out the desired response g
“generalized” more often than: %Coins arc reinforcors® which will i
get many instances of “conditioned.® Anothor solution is to have the ;
student supply both alternatives, froquently with some indication of 1
category or sublanguage., Thus an item might conclude: eececees™ is ]
called ory in technical terms, of

-

o i A

1Skinnezj, B, F. The use of teaching machines in college instruction.
Féggllggpﬁﬁg.gg the Fund for the Advencoment of Dducation, August 15,
‘ 1958, 39-40.
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TABLE &4
Table 4. Eghoic and textual behavior and formal prompts.1

a, Panels, An effective way of evoking new terms is to use printed
material which remains before the student while he works through a
disk or tapes Early frames guide him through careful textual behavior,
This distinction between this and reading a text for memorization is
that comprehensive reading is not assumed but rather forced by the
frames which carry him through all the points on the panel. The panel
should include nothingwhich is not treated by the frames, because it
should be as short as possible, The labor of searching the panel
should be kept to a minimum, Reference letters or numbers are useful
for this purpose in referring the student to particular parts of the
panel, Subsequent tapes or disks should cover the same concepts and
principles without the panel, These should contain new frames rather
than repetitions of previuus frames.

be Use of new words in a series of frames, Correct responses in a _
short series can be made to depend on careful observation of a new word.,
In the last frame in the series the student must write the word,

ce Definitions and examples. These generate sentences easily completed,
In an experiment described in more detail, 95 out of 95.students answered
"reinforce¥ to the frame: %A technical word for reward is reinforcement,
To reward an organism with food is to it with foods" To the
next frame: "Technically speaking, a thirsty organism can be

with water,” 87 out of 95 answered “reinforced,® 7 answered “rewarded,®

1 Yconditioned®,

de Explicit formal promptss A response of low strength can be made .
more probable by giving its beginning or ending or selected letters,
Indicating the number of letters is not very effective as a prompt,
but permits the student to discard wrong responses,

e Rhyming as a formal prompt. A technique suitable for the young:
“Nine times seven and just one more
Is eight times eight or o

1Skinner, B, Fo The use of teaching machines in college instruetion.

Final report to the Fund for the Advancement of Education, August 15
1958, 56239« = ' '
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TABLE 5

Table 5. Some contextual or semantic cueing technitues: Prompting
techniques used within frames of teaching-machine programs.1

(1Y Partial presentation of a word, with omitted letters to be filled
ine-letters present varying from nearly all present (maximal cueing)
initially, to all or nearly all absent (minimal cueing) terminally,

(2) Similarity 6f ideas, calling for a response that is provided in a
gsimilar contextew=e,g.
. Just as smoke rises, warm air will also .

(3) Similarity of grammatical constructione-esge,
The higher the temperature, the faster the molecules
move; the lower the temperature, the they moves

(4) Constriction of the range of response by grammatical constructione
Ceey

The throttle is advanced just the ignition
is turned on., (Requiring a temporal word such as
before or after,)

(5) Similarity of word roots with simila¥ meaning used in a preceding
iframe® or earlier part of the same framew=e.ge,

A candle flame is hot; it is a(n) source

of light, (Sesired response: “incandescent")

R

"(6) Obvious transpositions {
Gross profit less overhead equals net profit; so
to get net profit you subtract from *

Tunsdaine, A, Avy The development of teaching machines and programmed
self-instruction, New teaching aids for the American clasaroom, Stane
ford University, Calif.; The Institute for Communication Research,
1960, pp. 136-73.
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* TABLE 6
Table 6. Part of a junior higheschool vocabulary p:c-ogram..1
Sentence to be completed Word to be
supplied
1. The prefix circum (think of “eircle") means “around®. o
The circumference of a circle goes the outside, around
2. Circumstances are. events going on you when
something happens, around
3. A person who sails around the world navigates
. the world, circum
4, A cautious person looks around carefully before
doing somethingy he is spect., _ circum
. 5. Which of these airplanes would fly furthest? .
) Least? . a) interstate b) circumglobal _
c) transcontinental b, a

1Meyer, Se Rs "Report on the initial test of a junior high-school
vocabulary programe® In Lumsdaine, M. A., & Glaser, R, Teachi

machines and programmed learning, Washington: National Education
Association, 1960, Pp, 229-46,
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. A person who has left his native country is an migrant,”
The item was in a lesson dealing with spelling similarities
of ex=- and dis=., which were explained on a panel. . «

Copying from a panel.

Eight items in the program required a specific word
from the panel accompanying the lesson, The sentence
containing the blank was followed in each case by “(See
panel, )", The panels generally contained several ¥rules%
or a paragraph of explanatory material,  + Items of this type
were classed as Ycomplex® copying because a search of a
large amount of material was required: « o

Indications of the number of letters or words to be supplied
An example is as follows: %The front part of something

is called the _ ‘rior,s -+ sThe middie part (in
between) is ealled the ___ __ — . dors" The Itenms

constituted a review of super=, inter-, poste, and ex- in
the middle of the lesson on ante~, ,

The root as a formal prompt.

Giving the second half of a word limited the number of
choices for the first half that a reader of English would
. recognize as correct, In order to recognize the correctness,
» of course, ‘the student must have the whole word in his '
vocabulary, If the completed word is not in his vocabulary,
the root cannot act as a prompt. Using the Thorndike word
frequencies as a measure, the roots supplied for completion
were divided into three groups: (a) those which, with the
correct prefix, produced an AA or A word (first- to third-
grade vocabulary); (b) those which produced a word with a
frequency between A and 20 (fourth-grade Vocabulary); and
(c¢) those which were ranked below 6 (high-school vacabulary
and beyond)e ¢ . :

Inter-item prompts,

The prefixes were typically introduced in an item rew
quiring the student to copy either the prefix or the root
(the "simple copying® item discussed above). The item
immediately following it required either the same part
of the word as before or the noncopied part. In both
cases the student had presumably just read both, although
he had copied only one, « o

An additional form of cueing of interest and presently being

studied by Lumsdaine consists of giving the learner a partial or faint

=18

. representation of the response cue which directly but incompletely suggests
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the desired response. Such variations in cue strength could be per=-
formed by variations in visual noise, brightness, and legibili’c.y.'
An example of this is given in Table 7.

An interesting example of prompting is one given by Skinner (as

A e Y el B P e B e S

cited in Galanter, 1959):

e pronGemirs o

In the simplest case two verbal stimuli are presented
together and responses evoked for some reason or other., It
is more effective to connect the stimuli with an explicit
defining autoclitic, such as “X means X%, One verbal stimue
| lus sets off in apposition to another, or after the word or,
- in an implied definition. The result is not the mere learn-
’ ing of a vocabulary, Compare, ec.gs, 2 set of frames designed
to acquaint the student with the Greek prefixes for number.
The set might be used, for example, in teaching the systematic
vocabulary or chemistry. The student is to acquire the correct
use of mono, di, tri, tetra, penta, ctc,, under the coritrol
of numerical aspects of verbal and non-verbal stimulie-e.g. ’
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 Decae
] logue is another name for the _ _ _ _ Commandments,% or
“A monocle is a lens for use in only _ _ _ _ eye.,* The
student can then complete familiar and later unfamiliar
. expressions by substituting the Gresk prefixes (which
may be present on a panel during early stages) 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 voetry having six feet is called
- e - — - fNeter,® From such general material the student
can then be transferred to a specific applicationezs in
being asked to compose the technical names for chemical
compounds indicated with symbols (“CF) is carbon _ _ _ _
— = = = = - flouride®) or to write the symbols for compounds
amed, "Osmium octafluoride is written _ _ _ _ _ _ _ _ _.*
The ultimate goal is to permit the student to move quickly
from a numerical aspect of a nonverbal stimulus or from a
numerical verbal stimilus to a verbal response containing
the Greek prefix,

It is the case, then, that techniques for getting out new or low
strength responses with 2 minimwn of errors, i.e.', a variety of methods
which need to be made explicit, include such things as: (a) the use of

new words in a series of frames before requiring the student to use them

~4g=
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TABLE 7
. Table 7. One form of a method of prgmpt:*‘mg depending on physical

variations of visual cues.

(2) Kelvin is a szake mf sepgpoeoime,
(b) Kelvin is a xcake mf kewprraioomx,

Rositeor ol Shealen T L ansact aas o o

PO S

| » .(c) Kelvin is a scake mf kemprraturz.
(e) Xelvin is a scaim of kempExakurk.

Rt E SRS SIS

1Kla1;.s, Dey & Lumsdaine, A. 4. Sclf-instructional supplements for a
televised physics course. Pittsburgh: American Institute for Research,
1959, pe 27,
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(b) moving from definitions to examples within a single frame,'(c)

¥ eading-in® from an assumed common knowledge,.(d) indicating relevant
categories to which the response term belongs,.(é) using higheassociation
words or common phrases,.(f) eliminating undesired alternative responses
by careful phrasing of the frames, Some programmers, for example{ghave

employed the use of “panels®, i.e;, short passages of printed material,

e

graphs, etc;,.in front of the student while he workson a particular

set of frames:

Fading and Vanishing

Thus far it has been indicated that programming techniques utilize
fl) the principle of reinforcement, (2) the principle of progression,
and-(3) the principle of prompting, The next one we come to is (&) the
principle of fading or vanishing; This principle involves the gradual
removal of prompts so that by the time the student has completed the
lesson, he is responding only to the stimulus material which he will

actually have available when he performs the “real® task, He is on

his own, so to speak, and learning crutches have been eliminated, Fad-
ing then can be defined as the gradual withdrawal of stimulus support.
The systematic progression of programmed learning is well set up to
accomplish this, It is always tc be kept in mind that these principles
are quite in contrast to “rote learning or drill¥., In rote learning, 1

many wrong responses are permitted to occur, and the student eventually

i

learns to develop his own prompts often to a relatively unrelated series
of stimuli, Programmed learning, on the other hand, is designed to take

advantage of the inherent organization of the subject matter and of the
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behavior of the subject in relation to the subject matter in shaping
up the student's learning.' .

To illustrate the technique of fading, let us look at how a student
can learn to recite a poem in a prégremnned learning sequence; (Skinner,
1958,) #The student must read the line *meaningfully' and supply the
missing letters.s The second, third, and fourth frames present succeed-
ing lines in the same way, In the fifth frame the first line reappears
with other letters also missing, Since the student has recently read
the 1line, he can complete it correctly. He does the same for the second,
third, and fourth lines, Subsequent frame‘sware inereasingly incomplete,
and eventually--say, after 20 or 24 framesS-ethe student reproduces all
four lines without external help, and quite possibly without having
made a wrong response, The technique is similar to that used in teach-
ing spelling: Responses are first controlicd by a text, but this is
slowly reduced ( colloguially, *vanished!) until the response can be
emitted without a text, cach member in a seriecs of responses being now
under the 'intrax;erbal' control. of other members,*

‘4s another illustration consider instructing a student to identify
maps, anatomical ditawing, etc. y We can present a non-verbal stimulus,
le€ey a model or picture, along with the text or verbal response, That
is, a name appears on the outline of a country or a part of an anatomical
drawing. This juxtaposition provides a stimulus and response for the
student, For efficient instruction, he must emit some behavior and can
do this by comparing pictures, deseribing details of the pictures, and
so forth, The text is then vanished at a suitable rate so that eventally

the student can verbally name the object in response to the non-verbal




) stimulus, and can talk about relations among cities and countries without

any map ot all. (Holland, J. G. as cited in Lumsdaine and Glaser, 1960)s
Fading and vanishing, then, is another major programming principle,

Tt refers to the gradual withdrawal of information so that the student

must more and more rely on himself to the extent that this is called

E for in criterion behavior specified as the objective of instruction.

An example from an algebra and a spelling program are given in Table

e '(For illustrating the point, the frames in these tables progress

more rapidly than might be the case in an actual program presented to the

student,) Another interesting example of fading has been given by Gilbert f

‘(1959) in Table 9. Here he employs mediating associations which are

eventually faded, A program dealing with the translating into numbers

the color bands on a resistor is also shown in this table, .t the

present time a number of programmed learning investigators are concerned

i with a number of questions about fading-~how gradual or rapid it should

be, how repetitive it should be, and so forth,

i
.
A
i
E
4
H
i
i
i
[
'

Confirmation and Scoring

z As indieated, an important aspect of programmed learning is the

z fact that the program has in it some confirming mechanism by means of

? | which the student receives informetion as to the correctness of his

| response, It is generally assumed that this confirmation can provide
appropriate reinforcement, Without enough such confirmation the students
tend to lose the point of a long development and also often fail to re=-
spond to frames at all; they may omit responses, misplace responses, etcs,
.(Meyer, S, Re. as cited in ILumsdaine and Glaser, 1960). One aspect of

presenting the correct answer in a gradual progression of frames is that its

-23 - i ‘




TABLE 8
Table 8., An example from an algebra program.1

ITEM ANSWER,

LE G N SRAEE . S W)

14, The commtative law for addition states a

15. The commutative law for addition states

that a + b is equal to + . b+ a
16. The commutative law for addition states a+b is equal to
that . b+ a )

Another example for a sixth grade spelling progra.m;

ITEM ANSWER

SnadgR—

. 41, Circle the word that may mean io be
in pain: suffer, swell, improve,
drug, fountain, . suffer

W, Write in the missing letters, They are
both the same: I hope Queenie does not
have to su_ _ cr, suffer

47, Write the missing letters: I hope Queenie
does not have to s_f_ _r. suffer

49. Write the missing letters. I hope
Queenie does not have to s_ _ _ _r. suffer

51, Write the missing letters. I hope '
Queenie does not have to s_ _ . suffer

1Gilbert, T, Fo "An early approximation to principles of programming
continuous discourse, self-instructional materials.t . Psychological ,
) problems and research methods in mathematics training, (Bdited by

R, L, Feierabend and P, H. DuBois,) Cooperative Research Projeet No,
. 642, June 1959, (Mimeo,)




. TABLE 9
Table 9o The color Code for Resistors in which a mediating association
. is presented for each color-number pair,l
:‘ ITEM ANSWER
1. A black band on a resistor stand for
» 0: 04 black, nothingness. The black

band stands for . 0

2. L brown band on a resistor stand for
the number 1¢ 1, brown, penny. A

J! black band stands for . 0

1; 3¢ A number 1 is represented by a (a)

i band, a number 0 is represented by a (a) brovm
(b) band., (b) black

i3

' 1Gi1bert, To Fo %An early approximation to principles of programming
continuous discourse, sclfwinstructionsl materials.® Psychological = | :
problems and research methods in mathematics training. EEdi’oed by Re Le
. Foierabend and P. H, DuBois,) Cooperative Research Project No. 624, ]
) June 1959, (Mimeo, ) ‘
i
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primary function may be to produce the motivation to work carefully

sincé tﬁe student works to come up with the correct answer at each
step. Confirmation of the correct response con oceur in several ways.
For example,'(a) it can be displayed as soon as the student makes a
response, or kh) it can be exposed only if the student's response is
correct; if it is wrong, he is prevented from going on wntil he tries
again, Under discussion among programmed learning investigators are
the characteristics of procedures for confirmation of the correct res
sponse;

The further problem arises of who shall score the student's re-
sponse; In most programs the student makes a response and then upon
receiving the confirmation makes his own judgment of whether he is right
or wrong by comparing his response with the correct response shown in
the program, A study by'Meyer'(as cited in Lumsdaine and Glaser, 1960)
has investigated the accuracy with which students perform this task
and conditions under which they are more or less self critical, It is
also possible for a machine to be so automated so that it senses and
scores the correctness of a response., L. Be Wyckoff has built a proto-
type of a simple machine of this kind: The characteristics of judgmental

versus automatic scoring is a question for study,

Observing Behavior

It has been indicated that immediate confirmation "encourages a
more careful reading of the programmed material than is the case in
studying a text where the consecquences of attention or inattention are
so long deferred that they have little offect on reading skills,®

(Skinner, 1958) Observing or attending bohavior is officiently shaped
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. by the contigeneies of the program. When immediate reinforcement is

. forthecoming it appears that a student will be more likely to learn
how to concentrate on specific features of a presentation: This is to
say that the constant application to the subject matter which a program
demands may not permit the development of competing habits of suse
ceptability to distraction; less controlled methods of teaching, however,

may allow such behavior to occur more frequently.

Practice and Review
In the course of a program progression, the programmer must build
in the amount of review and repetition necessary to maintain previous
learning and to maintain already learned conccpté which necd to be
strengthened and utilized in further learning; Sufficient practice and
- over~learning is necessary so that early material is thoroughly maqtered
before or while new material is introduced. In ccrtain program se-

quences the steps may become larger and larger as the student learns

more and more, Also with fading and with the drop-out of lessons ale
ready mastered, a systematic transition can be made from old to new
concepts with a sufficient amount of review and repctition. Conecepts not
otherwise involved in a particular sequence of items can be reviewed
periodically: Programmers use the word “seeding® and talk about the
seeding of review materials at various points in a program in order

to insure the maintenance of 1earning.' Many problems still remain to be

answered with respect to the characteristics and scheduling of review,

o i ARSI R e
EARROE L s e g - S IR R o

In general, however, abundant practice is the rule and is obviously

better than too fow repctitions .
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One of the characteristies of repetition is its deadly and aversive
redundancy, With this in mind, one of the prineciples of programming is
to continously vary the context of repetition. In doing this the student
receives new information, he learns to make finer discriminations, and
learns to apply what he has learned to a wide variety of situations,

This varying of stimulus context makes repctition less aversive especi-
ally to the bright studcnt: It is further to be pointed out that rep-
etition which involves the development of new diseriminations and the

introduction of new situations so that the student's breedth of 1ea;h-
ing is spread and enriched, is probably what we mean by “understanding®

a subject matter.

Understanding and Discrimination

4 major principle in programmed learning, following from the pre-
vious paragraph, is that after certain matorials have been mastered the
student: should use them in varied contexts. For example, a student can
not be presumed to have a thorough mastery of the conecept “noun® until
he has worked with material that requires him to distinguish between
nouns and verbs, This kind of descrimination is related to concept
formation. Individuals build up concepts and abstractions on the basis
of diserimination training and generalization. They learn to discriminate
between the members of two classes, like animate and inanimate objects,
and learn to generalize the concept animate to all members of one class.
The progression in a programmed learning sequence can provide a welle
organized sequence of examples by which the student is lead to develop
abstractions and rather complicated conccpts. Examples of this are

programs presented by Holland.(as cited in Lumsdaine and Glaser, 1960)

-28-
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and by Blyth (as cited in Lumsdaine and Glaser, 1960)

. | The important goal is to enrich the student'!s understanding by
making him permute and recombine the elements of his behavior. (Skinner,
as cited in.Galanter;1959) At the extreme of stimulus and response
variation, the programmér is really not concerned with the student's
response to any one situation; He is only concerned with this as a
sample of an abstraction, We wish the student to acquire not a uni-
form and explicit verbal repertoire about the concept but rather acquire
a repertbire which is applicable in a variety of situations so that he
can use the concept to solve problems, describe it to others, modify it
for specific purposes, build a model of.it,‘and so forth, VWhen he can
'dp this we say he understands a concept; In the course of prograrmed

) learning the characteristics of this response are learned not because:

the same form of response recurrs again and again, but rather becausc

it grows under programmed variation, -(Skinner, as cited in Galanter,

1959).

Editing and Revision

O R oo [ PR

A most important aspect of a programmed learning scquence is that
it provides constant feedback about its effectiveness.s If a student
does not learn we say that there must be something wrong with the program

and we attempt to modify it. The editing and revision of instructional
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material now becomes a very empirical matter in which we learn from the
behavior of the learner, Each successive revision of a programmed learne
ing sequence helps to insure that the students performance is brought

- closer and closer to the defined terminal behavior, i.e:, the cducational

objectives of the program; Examples of program revision have been
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reported by Holland (as cited in Lumsdaine and Glaser, 1960) and Meyer
(as cited in Lumadaine and Glaser, 1960). The detailed analysis of
the students interaction with the progrmm can teach us much about learne

ing and teaching.

Weaning

An objective to programmed learning, especially when programs
are put into machines is that the student will come to depend on the
machine and will be less able than ever to cope with the existing
real world containing lectures, textbooks, and films. However, "All
good teachers must "wean® their students, and the program and the
machine is no exception. The better the teacher, the more explicit
must the weaning process be" (Skinner, 1958)s The final stages of
the program must be so designed to free the student from his dependence
on its In his very early work Porter (as cited in .Galanter, 1959) points
out that with his spelling program the students do not become dependent
on the machine but that the effect is just the opposite. His evidence
indicates that young children taught spelling by a programmed learning
sequence tend to get rid of poor study habits, such as not reading
instructions, or only partially looking to see whether what they have
written is correct, These gains in study skills may certainly facilie

tate weaning from the apparent automaticity of programmed learning,

SOME FURTHER CONSIDERATIONS

Difficulty Level

The question often arises concerning the difficulty level of the

frame in a program. It is obvious that the material to which the

student responds must allow only infrequent errors while at the same
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time advancing toward new knowledge; This seems to suggest a fine line

between an "easy" and “hard" level of difficulty which a frame must
involve. We need to study more about this and about what difficulty
levels fremes should be “peaked”, to borrow a psychometric or an eleCe
tronic term. Especially we nced to consider the development of teche
niques of frame construction which permit differential responding and
appropriate reinforcement for = wide range of student aptitudej work

of this kind is in progress by programming researcherhs...; As a result

cf this work it should be possible to prepare “doubledrack® programs
which are challenging to both bright and less bright students. Such
programs would permit the student to call forth prompts as he needs them
in order to make an adequate responsc.  (Such a technique is being
studied in the work by J. B. Carroll, A, A, Lumsdaine, and B, F, Skinner
in their present work on programning.)

Related to difficulty level is the fact that it is often thought
that education must be difficult in order to be effective, This, how=
ever, may not be the cases The teacher turned prograrmer may be sure
prised when he finds that he is writing items that give the point away;
It seems, however, that programmed learning with appropriate prompting
can give the point away as a means of effective teaching. .(Skinner,

1958)

Induective, Deductive Programs, and “Ruleg®

A question that arises in programming is related to induction and
deduction: What is involved here are two methods of progression: ﬁ(l)
shall a student be taken through various instances so that he comes to

learn a concept as it is developed, or (2) should the concept be verbally
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stated, then various instances given to elaborate it? Programs have
been built both ways and more experience is needed with various subject
matters, An illustration of a programming procedure which is oriented
about the progression from concepts through examples has been called
the Rule-Example System or the Ruleg System and is deseribed in a

separate report kEvans, Je Lo, Horme, L. E., and Glaser Rey 1960).

Adaptive Programming

Of considerable interest in programmed learning is the notion that
programs can be constructed in linear fashion or so constructed that
they are "adaptive"; At the present time the term ¥adaptive® gencrally
refers to the use of a branching procedure which involves shifting of
the difficulty of the material presented to a lower level when the stue
dent has difficulty responding to a particular sequence or shifting to
a higher level when the student is responding very rapidly and quite
correctly; The characteristics of adaptive procedures, the way in
which certain adaptive procedures facilitate learning, the necessity
for adaptive measures, and the use of complex computing mechanisms for
adaptive programming are all of high interest at the present time,
.(Pask, as cited in Lumsdaine and Glaser, 1960), (Crowder, as cited
in Lumsdaine and Glaser, 1960), and.(Coulson & Silberman, as cited
in Lumsdaine and Glaser, 1960). Adaptive programming involves much come
plication as compared to linear prograrming, and its utility in terms
of efficient teaching practice and effective learning must be carefully
investigated; Research should study the influence of various techniques

and also compare them with minimsl biranching procedures,
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Response Mode

Just how does the student respond to the frames in the programmed
learning sequences. The characteristics of the students® response has
implications for just how the program is physically constructcd and just
how the machine.is designed., A program can require that the student
supply multiple-choice answers, or write-in (completion) answers, or
implicit responses where the student punches an entire paragraph into the
machine, or whether he might use some sort of a key or typewriter arrange-
ment and respond letter by lectter and be informed of his correctness letter
by letter or word by word. It is perhaps for this reason that response
mode has received attention by investigators, (It has also perhaps re-
ceived unduc attention because of the difference between the Pressey
and the Skinner procedures,) These different response modes have Sige
nificant implications for machine design and program construction, The
basic concern, of course, is the determination of the kind of responses
that are required for the learning of particular subject mattors which
result in the most efficient learning and the most effective attainment
of educational goals involving understanding, transfer of training and
so forths Just how specific arc the effects of particular modes of
responding by the learner? Sone studies‘(Evans, 1960) indicate that a
specific kind of responding has effects on immediate tests but on re
tention tests the effects secem to dissipate. It is also possible that
the high-strength verbal behavior used in many programs is so general-
izable thai the student can transfer readily from response mode to rew

sponse mode; and thus, the mode of responding mey not be a significant
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variable in many kinds of learning, Further, it is also likely that the
effectiveness of response modes ehanges with educational level of the
student and from earlier learning in a particular subject matter to a
later learning requiring, complex responding., Such questions as these

need to be raised in future research;

Subject matter characteristics

A consideration in programming is the interaction of the charactere
istics of different subject matters with the characteristics of the
programmed learning sequences required to teach them: Certain subject
matters like mathematics and some of the sciences seem well organized
for the preparation of programmed learning scquences; other subject
matters such as history, social studies, and others have characteristics
of programmed learning which can make their sequences quite different,
The organization of subject matters and the structure of a body of
knowledge as it interacts with teaching of that knowledge is an important
ramification involved here, The notion has been expressed by programmers
that interaction between the structure of the teaching process through
attempts at programmed learning and the structure of knoviledge of a
particular subject matter may well result in revised knowledge structures,
It may be that subject matters which in the course of their development
have been organized by some scheme or other depending upon the investe
igation of a particular man or group of men may now be reorganized on
the basis of how well this organization facilitates teaching and how
well this new structure permits the fostoring of creative activity,

This certainly can have far-reaching consequences,
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Individual Differences

Students in a school system enter with different backgrounds and
with various behavioral historiesﬂ, and the question arises concerning
the influence of these differences upon programmed lcarning procedures .
It is probable that the effectiveness of certain kinds of learning
sequences will interact with the existing behavioral rcpertoire '( achievew
ment level and aptitude patterns) of the student, and it is of intercst
to investigate the differential effectiveness of various types of
programmed sequences with students having different characteristics .

However, with the use of programmed learning the effect of student

heterogeneity on teaching practices should change.' Student differences

which show up at the beginning of a course of instruction can be re-

duced by preparatory programs which bring the students up to the

achievement level required to enter the course, Further, since a student
can work individually on certain subjects, the classroom as a teaching

entity can be appropriately modified,

Measuring Program Effectiveness

Programs need to be evaluated by means of carefully developed ‘j
achievement tests which measure the defined terminal behavior in terms
of stimulus material generally agreed upon as being relevant to this
task and having adequate content validit'y: However, the knowledge :
achieved by the student is only one aspect of the assessment of the z
effectiveness of a programmed learning sequence, Efficiency of teaching }
is another aspect.. A student in a lecture and a student working on a f
teaching machine may learn the same thing but using the machine may teach i

him in half the time, Preliminary study seems to indicate that when
~35m
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traditional teaching methods are compared with programmed learning
procedures, good students learn equally well under both conditions;
however, they learn in less time with a program and consequently can
cover more ground in a subject matter. Poorer students, on the other
hand, do obtain higher test scores after programmed learning as compared
with traditional procedures. This would suggest that some time/quality
measure be employed to evaluate the effectivencss of programmed learning.

Administrative Considerations

A miscellany of things can be included here, For example: What
is the length of the learning session and the amount of material to be
covered in a session. What sort of time limits argmimposed upon self=
instruction in the administrative setting of a high-school or college?
How will programs have to be adapted to existing education and to what
extent will existing education have to change under the influence of
programmed learning notions? Some people venture to predict that the
physical construction of buildings will change with much less space
given to mass meeting rooms and much more space for small group pre=
sentations and places where students can go for individual self instruce
tion. Another problem involved is the actual construction of programs:
Will learning programs be developed by specific school systemsi Will
there be many programs in arithmetic like there are many textbooks in
arithmetic? The development of programs and teaching machines is a much
more sizeable expenditure than the development of textbooks, and it would
seem that production sources might be less wide spread; Administrative
ramifications such as mentioned in this paragraph are further discussed
by Finn (as cited in Lumsdaine and Glaser, 1960), Carpenter.(1960), and
in the Conculding Remarks of Lumsdaine and Glaser (1960).
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Machines
insepara.ble from all that has been said so far, and as has been
indicated, are the specific characteristics and design of teaching

machines_." Just what will be their characteristics, how will they be

designed, what will they need to be designed to accomplish the purposes,

ete.? All this is, of course, highly interdependent with other cha-
racteristics of programmed learning and many questions arise, We must
decide what we want the machine to do and we must ask the engineer what
the machine can do, What should be the display characteristics of the
machine, and how should it present programmed materials? Should the
material automatically advance, or should the student call for the next
material, should he push it through with a pencil, should he press a
button, should the material be paced and come up without the student
calling for the next frame, etc. ﬁow shall the machine receive the |
responses of the student? Should the machine receive handiritten re-
sponses by the student, should the machine receive typed responses by
the student, should the machine make provisions so that the student

can chack off certain multiple~choice answers? These aspects have been
indicated previously, but all are involved in determining the character.
istics of a particular machine,

Further, how should the machine inform the student of the correct-
ness of a response, should it inform him after every response, every
five responses, after part of a response, etc.? The question of sense
modalities comes in here, Most present-day machines use visual dis-
plays and are set up to receive written responses.‘ Language laboratory

people are concerned now with machines that can receive auditory
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* responses and also present auditory displays. Particular techniques
- of prompting are also involved in a machine design.' If prompting is
X verbal or semantic then the printed program is adequate, If prompting
techniques employ physical variations such as the brightness of stimuli,
etc;J. then additional factors are required in machine construction. A
host of questions are involved here which need to be answered before any ‘1

finally designed machines are developed.' At the present time, we can (

develop the best machines we know how, and it seems likely that they ‘;

will be effective in accomplishing their ends; however, continued ;,
1 development certainly is the keynote,  In addition, machines need to be ;
built for research as well as teaching.'_ It is probably well to build

) all machines with a research capability., This means the machine will l

- have some extra instrumentation to keep careful rccordings of how the k

student learns and the characteristics of his particular responses.t ) ‘
- This information can be sent to appropriate research burecaus for care- ‘ﬁ
ful analysis or be utilized for briecfing teachefs on how students have 1
1 learned the subject material under consideration.
“ Educational Psychology ;
: Perhaps the most tremendous impact of the programmed learning movee '
ment. is the faet that the notions invelved permit us to consider very
careful control of the behavior of the learner, Along with this careful
, control comes the need for knowledge of specific techniques for the ;
fg guidance of learning: If instrumentation is developed for this purpose
il then the information obtained from its use can be used for the investi- ]
q gation of the learning proccss and for specification of difforont »«
; * techniques of educational technology. Involved in this is the development
~36-

‘

- S — e e I ?



i
§
§
f
1
?;
¢
‘
I
|

e s

of a theory of the instructional process and of a specifiable teach-
ing technology: It is conceivable that learning programs can be de=
veloped in certain subject matters in which the characteristics of the
particular frames in a sequence can be carefully identified as to their
educative and psychological characteristics, Once we develép extensive
teaching sequences in which we can identify the pedagogical functions
of each of the characteristics of the sequence, we have gone a long

way toward specifying the characteristics of the teaching process..

This process can then be translated into a teaching technology which can
be taught in colleges of education. In combination with this teehnology each
teacher could also bring to bear the particular attractivencss of his

ownn artful and creative behavior.'
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