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Public;relations experts have expressed the opinion
that the shock appeal which propelled the teaching machine into
public view 1is inilarge mcasurce due to the use of the word
"mashine.” The péssibility of a machine replacing a human beilng,
and of all human Beings the venerated teacher, fired the imagina-
tions of scientists and journalists alike. The whirlwind of this
excltement 1is stiil gathering momentum. But in the eye of the:
storm a small group of serious scientilsts has been quietly reach-
ing the conclusion that the machine is one of the less important
aspects of automated instruction, that it 1s at best the contalner,
the casing of the real product. They have come to the realiza-
tion that the revblutionary concebt is not the machine but 1ts
content: the progfam. They are aléo coming to a second realiza-
tion, that the power of the method 1s strongly dependent upon
the quality of‘this program; that the conventional textbook 1s
possibly Just a case of extremely bad programming, and that the
advantages of programmed instruction are mere a matter of degree
than of kind.

Accordingly, the art of programming lies at the heart
of the method. It is at present a primitive art, which no man
in the world has &et cultivated for more than a few years. NO
programming orthodoxy has yet become strongly entrenched, and
new approaches are still emerging almost as rapldly as new pro;
grammers. Bub so@e tentative principles are beginning to be
widely accepted, While these are not immutable, they are worthy

of communication to the newcomers, if only as a starting point for

further advances..




o The programming philosophy advanced in thils paper 1is
presented in that:spirit. It 1s based on some considerations
loosely rooted in behavior theory, and on several years of pro-
gramming experience. It is not a simple fommula, but.nather a
set of principles;applicable to a broad variety of problems.

For this reason it is more a phillosophy than a technigque.

GENERAL PEDAGOGIC PRINCIPLES

1. Introducting New Concepts: In teaching something new, bulld

on the studentt's present knowledge. Relate the new concept to
things he already knows, even if the relationéhips are somewhat
‘far-fetched., Analogies do not have to be perfect to be useful.

In teaching atomic structure, for instance, the electrons
spinning around the nucleus may be likened to an obJect beling
twirled on a string. Similarly, living cells can be compared to
bricks, the propagation of sound to waves in water, the exponen-
tial decay function to the draining of a bathtub or the height of
successive bounces of a ball. The purpose of such metaphors 1is
to give the student an initial repertoire of responses with re-
spect to the new concept. The metaphor gives the instructor a
starting point for the shaping process. One by one; the features
of the metaphor can be replaced by features of the concept belng
taught: The hand ﬁwirling the string 1s the atomic nucleus; the
object 1s twirling so fast that it can not be located; and there
is no string. Once 1% has served its heuristic purpose, the
metaphor can be dfOpped.

One may question whether it 1s good stmategy to establlsh

behavior that will later have to be eradicated. The answer i1s
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that this is an inevitable aspect of learning any skill, whether
intellectual or physical, The learner never sbarts out with the
ultimateiy—acceptable performance. The early apprexlmatilons

| usually'ﬁear little resemblance to the finished product. They
must nevertheless be reinforced if the learner'!s behavior is to
be maintalned atka level where it can be further shaped. This
is true whether the skill being learned is walking, talking,
playing a musical instrument, or deing mathematics.

9. fTeaching New Terminology: Do not introduce a name, word, Or

expression untlil the need for it_has been established. Begin by
developing the concept. Inbroduce several specific insténces of
1t, and then teach the student what fhe specific instances have
in common. Befofe the general class 1s given a name, 1ts proper-
ties or characterizing features must be described, Teaching the
name can be a late stage in the teaching of a concept.

By the time the teru is introduced, the student should almost
be able to define the term. He should then learn several altern-
ative but equivalent definitions. The alternative definitlons
must be explicitly taught, To "really understand’ sbmething
means to be able to explain it in many ways..

i When there are several names for a concept, that 1s, when
éeveral terms have the same definition (e.g., addition, summa-
tion, tbtalizatién) the student must learn them all, He must
~learn that They are all acceptable when one of them is called

for, and that the same process is designated when any one of

them 1s used,
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3. TInsuring Good Retention: When the student beglns to forget

something, he usually begins to confuse it with things that are
simllar., The more similar two concepts are, the more they in-
terfere with each other.

There are two ways of insuring the rentention of related
concepts: One is to focus on the difference between the concepts
and to make sufe that the student understands the difference.
The other is %o tie each one of the concepts to a different class.
For example, in teaching a child about whales and sharks, one
would (a) point out-the differences bétWeen them (whales are
larger than sharks, they spew up water, they eat smaller things,
ete, ) and (b) point out how whales resemble other mammals, and
‘how sharks resemble other fish,

In teaching felated concepts, the best strategy is tb con-
trast and juxtapose them repeatedly. Alternating back and forth
between them is frequently very useful. Finally, the student
must learn to EXPLAIN the differences and similarities between
the two concepts. He should be capable of answering a question
of the form Y“compare whales and sharks". It is also important
that he be able to say it in each of several equlvalent ways.
The student should never commnit a particular sequence of words
to memory as the answer to such a question. He should always
learn several ways of saying 1it.

4 Teaching Lohg,and Complex Sequences: In teachlng any seqguence,

whether it is a word, a phrase, a sentence, a formula, an equation,

or a diagram, begin by letting the student fill 1n missing seg-

ments., Make the-missing segments increasingly larger, until
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the student can pfoduce the whole thing without support. For
instance, say you want to teach the seguence SWIOMHB., The steps
might be: »
1, The first letter of the sequence SWXOMHB 1s ___ .
. F111 1n the missing letter _ WXOMHB, -
. The last letter of SWXOMHB 1s __.

. The middle letter of SWXOMHB is .
. Fill in the missing letters WX MH .

2
3
4, Fill in the missing letters __WXOMH _.
5
6
7

. ‘What word do the first, middle and last letters spell

out .

8. The letter before the O in SWXOMHB is _ .
9. Fill in tﬁe missing letters __ W MH .
10. The letter after X0 in SWXOMHB 1s __ .
11. What are the three middle letters __ ____ °?
12, F1ll in the missing letters W ~H .
13, How many lefters are there 1n the whole seguence?
14. The second letter in SWXOMHB 1s __ .
.15, W comés before ___and after __ .
16, F1ll in the missing letters _ _  _ _ _H .
17. The next to last letter in SWXOMHB is .
18, H comes after ;__and before .

19, Write the entlire seven-letter sequence

HOW TO WRITE A PROGRAM
1. Outlining the Subject:

A. Outline the subject in terms of 5 to £0 maJer headings.

These might correspond roughly to the chapter headings
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of a textbook. Write these headings on red index cards,
and order them according to some rational sequence.

B. Breakbdown each of these headings into several sub-
headings. Write these on yellow index cards and agaln
order them.,

C. Do this agaln with green, and then once again wlth blue
index cards. The words, phrases, and concepts written
on the blue index cards should be the atoms of the sub-
Ject, so‘to speak. They should be so elementary that a
new one can be intrcduced approximately every five to
ten frames of the program.

D. To introduce a new "blue“.concept every ten frames does
not imply that ten consecutive frames are spent on each
concept, or even that a total of ten frames are allocated
to that concept; a single frame méy, and usually does
involve more than one of the "blue" concepts, It merely
means that the average rate at which blue concepts aré

introduced is approximately once every ten frames,

RED The concept of number, manipulations of, postulational,

o

\ \\\\\\\ numbers, arith ete, systems
'YELLOW: / \ \
set, number, number, ete., .

theory systems theory

GREEN: \\\\

sets, isomorph, union, intersection, ordering, ebe.

BLUE: /\\\\ |

collection, '"set", elements, brackets, order,
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SAMPLE OUTLINE FOR SET THEORI (illustrative only)

1-

10.

15.

20.

collection

examples of sets

set

set =collection

members

elements

elements = members

letters stand for elements

separated by commas

brackets

picture of a seb

order within brackets lrrelevant

arrangement within enclosure
irrelevant

empty set

examples of empty sets

null

null = emply

no element is repeated

combining two sets into one

25.

30.

35.

gymbolizing a set

diagram of union

elements in union was in
A or B or both

union = or

unien = sum

common elements

overlap in diagram

Junction

intersection

element in intersection of
A and B

diagram of intersection

examples of inbersection

etec.

examples of combining two sets into one

union
union symbol

union = combination

number of members in union
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The Flow Chart:

A.

When a new blue concept is introduced do not spend too
many consecutive frameé on it., If you do, previously
learned material will begin to slip away. Review items
of previous material must be intersﬁersed. It will
rarely be possible to spend more than three to six
consecutive frames on any single blue‘concept. The
intensity with which a concept is treated should diminish
grédually following its initial introduction, until it

is finally reviewed no more than once every hundred
frames or so,

To make this "thinning out" process systematic, a stencil,
or template has been developed. It consists of a series
of holes punched into an IBM card. The séries thins out
according to an exponential decay function, It is simply
a digitized form of the function dy =KY. For this func-
tion, the ratios of successive orgﬁnates are equal, On
the card, there are six digital exponentlal functions.
For the first function, the ratio of successive ordinates
is .96, TFor the others it is .92, .88, .84, .80, and .76
respectively. When a concept 1is difficult and requires
intensive initial treatment, the programmer might choose
the firSt function. If the concept is very trivial and
eagy, he might choose the last one. In any case, the

programmer must make two decisions: When to introduce

the new concept, and which of the six series to use,
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The actual succession of concepts in the program 18
determined by the original outline.

Every dot in this flow chart represents a "response”
by the student. For any glven dot, the student 1s Tre-
quired to use or write the concept alongside which the
dot appears. Sometimes there may be several dots verti-
cally above each other, This would mean that several
concepts should be integrated in that frame, Frequently,
a convenilent way of accomplishing such integration 1is
to ask "essay" questionsvwhioh tap all of the concepts
involved., ©Note that it is not sufficilent to have the
student merely read the concept called for by the dot

He must actually use it.

3uccesslve Frames

1 5 10 15 20 25 30 35
collection ... . . . .
set oo . . .
set =collection o . . . .
numbers _ ceeae . . »
elements cas e . .
elements = members cee s .
ete.

While programming, always feel free to modify the
blue concept sequence as you see fit, It will have been
impossible to forsee all the problems while making up
the original outline. A concept which may have seemed
pretty elementary at that stage may prove to need some

breaking down, and vice versa.
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The choice of the exponential decay function for the
thinning out sequence, though not quite arbitrary, 1s not
based on any immutable law of behavior, It is merely the
simplest formula avallable to describe a systematle thin-
ning out. There is no need to adhere rigldly te the
sequence dictated by the stencil. Review.items may be
moved around freely (i.e., several frames in elther
direction) in accordance with the requirements of the
program. The purpose of the stencil is not so much to
constrain the programmer to rigid adherence to an im-
mutable sequence, as it is to remind him of what he must
review when and to aid him in scheduling the revliew ltems
systematically. Remember that "forgetting" on the part
of the student should not be thought of as a leak thfough
which knowledge drains away as a function of the mere
passage of time, Rather, 1t 1s a process of "mixing up"
0ld knowledge with new, The more similar the new things
are to the old ones, the more forgetting will ensue.
Accordiﬁgly, review is most necessary when something new
that may generalize wlth the old 1s being taught. The
stencil does not forsee this type of exigency. In such
a case, the stencil may not suggest enough review items,
and additional ones might have to be included.

3. General Principles of Frame construction: The student should

have to read eVery part of the frame to arrive at the answer, The
fact that he answered correctly does not necessarily4mean that he
learned what you intended. A student can go through an entire

program wWlthout erroxr and also without learning anything about
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the subject. After writing a frame, you should always ask your-
self how much of the frame the sbudent would have to read
minimally in order to arrive at thé correct answer, It should be
assumed that the student first looks at the blank, if there 1is
one. Then he reads away from the blank In ever widening circles
until he can answer the question. The possible pitfalls are ‘
best illustrated by examples.

A, Cows are mammals. Cows are . s

Here the student copies the word mammals because of the formal
parallelism between the two sentences, He does not learn "cows"
are mammals," he only learns to copy the word mammals. The same
function would have been served by the sentence "X Y manmals'.
Better ways of writing this frame would have been

a, Cows are mammals, What are cows?

~ b. Cows are mammals. To put it another way, Cows are one

example of ‘ .

B. Cows are often brown. Horses are -also often .
Here the student is cued by the word "often". Since often
is preceded by "also! the second time 1t appears, the student
automatically copies the previous successor of "often" without
necessarily reading the rest of the sentence. Better would be:
a. Cows are often brown. So are horses. How does this
make cows and horses similar?
b. Cows are often brown, Horses teo are often brown. In

other words, both and are often

¢. The planets orbit around the sun. The earth is a planet., The

earth orbits around the _ .
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The student is cued by the words "orblt around the' and
therefore does not have to read anything else imn the frame, Some
remedies might be:

a., The planets orbit around the sun. The earth 1s a planetb.

Therefore the earth .

b. The planets orbit around the sun. The earth 1is a planet.
What can we therefore say about the earth!s movement
in relation to the sun?
D. There are nine planets. The earth is one of the planets; The

largest planet 1s Jupiter., Therefore _ _is

larger than the earth.
The student has no reason to read the first sentence which

should have been omitted here, and reserved for another frame,

At thils point the question may be raised whether there 1is
any harm in including material which the student does not need
in order to answer the question, After all he might read 1t anhy-
way, even 1f he does not learn it very securely at that time.
?here are two answers to this. One 1s that the student may feel
insecure and guilty if he does not master the entire content of
%he frame, For all he knows, you are counting on him to learn it
and all, there may never be another occasion to review 1t. He
was insbructed not to go back over completed frames, You are
therefore inadvertently putting aversive pressures on the student
to learn any extra materlal which the frame might contain. The
student has no way of ascertaining what portion ef a frame'!s
content is relevant to the material being learned. SO he will

learn to "play it safe" and memorize both the relevant as wWell
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as the irvelevant content of every frame, This would waste time
and lower the studentts morale., The student should be able to
assume that if he can respond cdrrectly, he has learned the
relevant material, and will be able to progress securely. Unless
this condition is mebt, programmed instruction will fall far short

of its full potential power,
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THE FORUM OF THE FRAME

The programmer is frequently tempted to put too many blanks
into a single frame. Though this is not bad in itself, it
cén cause trouble. One kind of trouble it can cause 18 to
oreate a hidden ambigulty, that is, a situation where there
are several alternative correct answers. This ambiguity 1s
often not apparent Eo the programmer, who has a certain set,
(since he presumably knows the answér), but which will cause
the student unnecessary conflict. An extreme example of

this error would be a frame of the form, "The

is the ' of the , the s and

the ", glearly there are many possible

ways to complete this sentence, though it may have seemed to
the programmer writing the frame that there existed only one.
In general, it is safest te avold multiple blanks. When they
are used, the frame should be carefully scrutinized forvpos—
sible ambiguilty.

A second trouble which multiple blanks can occasion
is that they may pose a riddle to the studemt. There may
only be a single correct way to complete the statement. Yet
it may take a great deal of thought and effort to figure out
what 1t is. Thought and effort expended in this way does not
advance the studentts knowledge of the subject. It only irrl-
tates him, and wastes his time., Though the programume must
always be careful not to give away the answer by inadvertent

prompts, he should never hesitate to give away the questlon

by any means whatever,
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There is a limit to what a student can be taught by

having him fill in blanks. It 1s a very useful device foxr

the initial learning sbages, and provides a convenient path

alonnghich small steps can be taken toward the final desired

performance. But complete comprehension generally requires

somebhing more. Here are some of the types of questions the

student should learn to answer if he is to be given a thor-

ough understanding of the concept.

L]

»

-~ O U = W
L]

.

10.
11.
12,
13.
14,

Explain the relation between A and B.
Compose a sentence using the expressions, A, B, and C.
Compare A and B naming two similaritles and two differences.
F11ll in the missing parts in the following table.

What 1s an, A?

Define the term A.

In three short sentences, say what you have learned so

far about A.

Till in the missing parts of the diagram.

Someone says to you that A seems to be a case of B.
Explain to him why he 1s mistaken.

Explain how you would go about finding out whether A is B.
Using information A, B, and C prove/derive/demonstrate D.
Iist n conditions under which A could bccur/be true.

Give n examples of A,

Explain what an A 1s.
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None of these is betbter than any other., The form of
a particular frame should be dlctated only by the require-
ments of the subject and the stage in the studentls progress.
A progression leading to ability to explain an abstract
concept, for instance, might begin with a series.of examples
with the student filling in the key words. Then, agaln by
means of fill-ins, the student might learn what the examples
had in common. The student is then ready to fill 1n increas-
ingly larger segments of the generalization untlil he can

answer open-ended questions of the type shown above.
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Concurrent Development of Several Concepts

One of the resources of programmed instruction is
ﬁhe possibility of teaching simultaneously several concepts ;
which are prerequisites for a succeeding concept. Thils can
be accomplished by switching back and forth between two
concurrently-developing sequences. The two sequences may
be entirely unrelated. Alternating between them, will of
course, Interrupt the continuity of each one. This apparent
disadvantage 1is outﬁeighed by a number of consideratlons,
however. The main one is that the skill being taught in
each sequence 1s brought under the control of a broader
range of stimuli. If the student acquires any given skill
only in the context of the topic in question, there always
remains the problem of insuring that the skill will also be
available to him when the context is changed. He may "for-
get" his sklll when the situation is in some way altered.
One way of counteracting this effect 1s to intertwine the
1earning.of several different skills. l

A second argument in favor of developing several
sequences concurrently is the poséibility of utilizing cross-
ties that may develop as the two sequences unfold. An ex-
ample of this is the mutual sfrengthening that arises in
the teaching of chemistry when the topics of atomlc struc-
ture and descriptive chemistry are developed simultaneously.
The teaching of atomic struchbure 1s facilitated if the stu-

dent already knows about hydrogen, oxygen, reactions, and

the chemical similarities between the halogens. Simllarly,
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the teaching of’descriptive chemistry 1s greatly aided if
such concepts as atom, molecule, electron, and valence can
be invoked.

A third argument for concurrent development is the
economy inherent in the simultaneous "maturation" of two
concepts whose synthesls forms the basis of the next con-
cept to be taught. To return to the chemistry example,
both descriptive chemlsbtry and atomic structure are pre-
requisites for understanding the periodig table. If the
development of these two topics 1s concurrent, they both be-
come avallable when they are needed. This strategy is
superior to the less economical alternative of first teach-
ing atomic structure, then descriptive chemistry, and re-
viewlng atomic structure all through the descriptive chem-
istry éequence.

A simple example of the concurrent development princi-
ple is glven below. Frames labeled A represent one sequence,
and frames labeled B, another. The frames labeled AB are
the synthesis of the two., Sequences A and B alternate approx-
imately every two frames. This alternation rate 1is arbitrary,
and could Jjust as well have been every three or every four
frames. Often, an alternation rate of every fifty or one
hundred frames 1s appropriate, In any case, the specific
switching points should correspond to natural discontinul-

ties in the unfolding of the topilc.
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What is a Frame?

The above statement is an examnle of a frame, though a
difficult one at this point in the program. Other examples of
frames are:

Quadrupeds have legs.
(how many)

To be or not to be, that is the .

In a short paragraph, summarize Hamlet'!s speech.
Explain how airfoil-shaped wings keep a plane aloft.
Mozart was born in the year .

Give three proofs of the Pythagorean theorem.

Complete the diagram of the circulatory system shown
below, and fill in the missing labels.

Torrecelli used his mercury column apparatus to
demonstrate .

A plane 1s flying at an altltude of 2 miles. A
parachutist jumps out After li seconds, before his
parachute has opened, he has fallen 256 feet, Over
which planet was the plane flylng? kxplain your answer.

Make a table showing the first four perlods of the
periodic table.

Damace to the heart muscle due to occlusion of a
coronary blood vessel is called .

flame all the fungi that can cause onychomycosis.
If AU B equals A [} B, what can you say about A and B?
Write the decimal number 29 in the binary system.

Why are whales classified as mammals rather than fish?




In general, a frame is a question or an instructlion. It is a
statement which requires a response. There need not be a umnlque
correct response. The important feature of a frame is that it
enlists the student's participation. Consider the following
statement:

Occlusion or blockage of a coronary blood vessel, if
prolonged, causes damage to the heart mmscle, or myocardiwm.
The medical term for myocardial dawma;e procduced by occlusion
of a coronary blood vessel is myocardial infarction,

This is neither a frame nof a program; it is a lecture., The

student could read on without having learned the contents of

that passage. He has no way of knowing whether hé has in fact

learned what the author was counting on him to have learned.

The same statement could be broken down into frames as fo11ows:

1+ Myocardial infarction is the medical term for damage to the
heart muscle, or myocardium, Wwhich part of the word'

"myocardium" means heart? Which part means muscle ?

2. Damage to the myo _ results from occlusion or blockags

of a coronary blood vessel,

3. 0 or blockage of a coronary blood vessel, if

prolonged, causes damage to the .

li. Myocardial destruction due to ‘ of a coronary
blood vessel is called _ _ _al infarction.
5. Myocardial arction is the technical name for damage to

the myocardium,
6. Occlusion of the coronary artery is one of the possible

causes of inf .
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7. . »‘ is the medical term for damage of

the myocardium caused by occlusion of a

8. Define the term wYUCArDIaL INFARCTION,

The programmed version of the statement contains about
three times as many words as the origihal statement. On the
other hand, if the student has answered all eight f:ames, he
has unequivocal evidence that he has mastered the. relevant
information and that he can proceed sécurely,

The experienced student, who knows how to learn from a
textbook, improviées'a program for himself as he reads along,_
He underlines the‘passages or expressions he feels are important,
he makes up little questions which he asks himself as he proceeds,
he goes back and reviews when he fears that previously learned
material is beginning to slip away, and he_peribdically tests
himself to make sﬁré that his graﬁp of what he has learned is
firm. Naturally, very few students succeed in acquiriﬁg this
difficult skill during their academic careers, and those that do,
frequently lack the discipline and self-control which is needed
to exercise it. It is so much easier to just read along.
Finally, the student is not veryrwell qualified to program
material which he is just learning. He cannot always know which
questions to ask himself. He is not yet able to discriminate
the importaht from the unimportant, or to place the emphases
where they belong. The individual best qualified to do the

programming is the textbook's author,




-l -

INADVERTENT CUES AND PROMPTS

A psychologist would say that the function of an
instructional program is to bring the student's behavior under
the control of the proper stimuli. This may sound like a
rather narrow objective; Actually it covers all of learning.
Questions, instructions, and all the examples of frames listed
above, are stimuli. The responses to the questions and
instructions constituté the behavior. If the student gives the
right answers to the right questions, then his behavior has been
brought under the control of the proper stimuli.

One of the greatest problems that confronts the programmer
is to insure that the student!s responses are coming under the
control of the intended stimuli. 4 student may glve the right
answer for the wrong reason. The answer may be cued by cues and
prompts that are extraneous to the subject. Such undesired cues
and prompts can take innumerable forms. Before a programmer 1is
really competent, he must be able to recognize such prompts and
to avoid them 1n his writing. This requires not only experience,
but also great verbal sensitivity, for there exists an almost
endless variety of extraneous prompts.

In the discussion which follows, the expression "extraneous
cues" will refer to cues which are not inherent in the subject
being taught. ZLxtraneous cues can, of course, be useful in
constructing a new behavioral chain. The technique known as
"fading" involves the elicitation of certain desired responses

by the initial use of extraneous cues, and the gradual replacement
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of these cues by néw ones which are more pertinent to the subject.
So extraneous cues ére not necessarily iﬁadvertent; they may be
used deliberately, The examples given below illustrate some of
the most frequent types of extraneous cues. They are not an
exhaustive catalogue. They are more like a collection of
archetypical cases selected to samp® the range of classes which

are of practical importance.

Formal Cues

This is the simplest and most primitive kind of cue which
does not even require knowlédge of the language for its
utilizafion. It is most frequently seen in frames that involve
blanks, and it usually derives from the structure or the |
immediate verbal environment of the blank.

A, Eungi live on the dead cells of the skin, hair, and nails.

Therefore the ' s . , and

are the infected areas in cases of superficial mycoses.
Even without knowing English, a student could rscognize the
formal correspondence between the three-word series implied by
the blanks and the one that appears in the preceding sentence.
B. To pull harder means to pull with a force of greater size

or magnitude. In general, the strength of a force is its

or ‘ .
Again, the only two words in the top line separated by the word
- Or are size and magnitude. Therefore the word or between the

two blanks is the cue which gives away the answer, and the
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prosrammer cannot count on the student to be affected by the

remaindsr of the context.

Sequential Promnts

From a programmer's poiﬁt of view, these are among the
most insidious. They are difficult to detect. because their
effegts exténd across several frames, and because examinatioh
of any single frame does not reveal them.

The most obvious type of sequential prompt 1s a series of
frames requiring the same response. ZThe following sequence i1s
an example:

1. A collection of dishes is called a set of dishes. Six

cups might be called a 4 of cups.

5. Several pieces of clothing mizht be called a

of clothes.

3. A pack of cards can also be called a deck or a
of Cards.
Ly Things do not even have to be of the same kind to be called

a set. Any collection of things may be called a ’ .

The first two frames are good, but in the case of the third and

1 1"

fourth frames, the cue for the answer 'set' is already no longer
the frame itself. The actuai cue is likely to be the answer just
given in the previous frame. The student begins to behave 1n

saccordance with the attitude, "The answer seems to be 'set! every

time", While this may lead the student to the right ansWer, it

teaches him little about the meaning of the word "set"; it does
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not teach him to use the word in the appropriate interverbal
context.

Suppose this particular defect viere eliminated by rewriting
the program as follows:
1. A collection of dishes ié called a set of dishes. Six cups

might be called a of cups.

2. Several pieces of clothing might ve called a
of clothes.

3. A pack of could also be called a deck or a

set of cards.
li, Things do not even have to be of the same kind to be called

a set. Any collection of thingzs may be called a

Here the continuity is broken. In the third freme the answer
is not "set" but somethin_ else, and the student does not learn
to write the word "set" automatically in frame after frauwe.

But now there is still another criticism. There is still
sequential prompting in the four frames. What three words in
all cases precede the word "set" wherever it appears? The words
are "be called a". This bype of prompt is exceedingly difficult
for the programmer to catch. To avoid 1t consistentlyy: a

programuer needs long experience and a sharp eye.
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Syntactic Prompts
In the examples presented below, the prompt is neither of
the formal nor of the sequential varlety. It derives from the

logical equivalence of certain types of statements.

Bxample 1.

Myocardial infarction is caused by occlusion of a coronary
blood vessel. How is myocardial infarction caused? :

The student merely has to reoognize the logical equivalence of

" and "How is X caused?" Both statements

"X is caused by ____
require the same enswer. To arrive at it, the sﬁudent can
regard X as an arbitrary symbol (he can ignore its formal or
semantic oonnotétions), and only.needs to copy the félevant
words, in the present case "occlusion of a coronary blood
vessel. A better way to write the frame would be:

Myocardial infarction 1s caused by occluslon of a coronary
blood vessel. What might be the result of a blood clot blocking
the coronary artery?

Here the student must consider whether a blood clot blocking the

coronary artery is an inatance of occlusion of a coronary blood

vessel.

EBxample 2.
A set 1s a cpllection of elements. What is a set?
This can be formulated as "X is Y. What is X?" The student,
knowing from his experience with the English language that
"X is " and "What is X?" are satisfied by the same answer,

simply coples Y, without enriching his concept of either X or Y.




The only way the student now has of arriving at the answer is
to. count the continents. This not only makes for better
retention of the number 5, but also makes the student more

aware of what kind of thing he 1s enumerating.

Example H.

A line is defined by its slope and y-intercept, Eow is a
line defined?

One possible remedy is:

In order to be able to draw the graph of the 1line
Yy = mx -+ b, you have to know m and b, m is the slope of the
line and b is its y-intercept. ©So a line is defined by

When the frame 1s written in this manner, the student musst
realize that the information that "defines the 1line" is the
same as "what you have to know to be able to draw the graph of
the line"., Therefore, the frame forces him to think about
what the word "defines" means. Then he has to extract the fact
that the slope and the y-intercept, which are represented by

m and b, constitute the defining information.
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MONITORING THE SHAPING PROCESS

In the following excerpts from programs, the answer which the student has
to give changes gradually, Fill in the answer in each case, and observe the

way in which it changes from one frame to the next,

I. 1, Manufacture means to make or build, Chair factories manufacture
chairs, Copy the word here:

2. Part of the word is like part of the word factory, Both parts come
frem an old word meaning "to make or build'l,
manu_ _ __ure
3., Part of the word is like part of the word manunal, Both parts come
from an old word for "hand", Many things used to be made by hand,
e ___facture
L. The same letter goes in both spacess
-m_nuf_cture

5. The same letter goes in both spaces:
man_fact_re

6, Chair factories chairs,

o aee et et amp Gws et o Nms we e

(After B, F, Skinner)

II. 1, The electrocardiogram is analyzed in terms of five deflections from
- the base line, These deflections are labeled with the
: (how many)
letters P, Q, R, S, and T,

2, Label the five deflections of the normal tracing below, using the
letters P, Q, R, S, T in that order, going from left to right,

&
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The S deflection is sometimes totally absent, In one of the tracings
below the S deflection is absent, Show where it would be if it were
present. : :

Y, ___f-'\*\} ,,__/»"\___.. ___f \\_,.\/ ..._/f/ .'-.‘\\.’

renennd

Label this normal tracing, indicating by arrows which deflection is
designated by each letber. Also, show where the S wave would be if
it were present, '

R

The five deflections of the electrocardiogram are called waves.
Label the five waves of this normal tracing.

VN | N

In the tracing shouwn below,

_/\,‘ \L_,/ ™

the R wave is about times as large as the Q wave,
(how many?) '
How large is the S wave?

The Q, R, and S waves are missing in this diagram, Draw them in
as they might appear in the normal electrocardiogram.

I W AN




10.

11,

IIT, 1,

.3

Compare the P and T waves in this diagram,

M T N

Which is longer, the P-Q segment or the S-T segment?

In this diagram, the P and T waves are missing. Draw them in as
they would appear in the normal tracing

.

S ~T 64

What is the relation of the S5-T segment to the base line? .\ N

Draw the complete normal ECG tracing with all parts labeled,
including the S-T segment,

There are certain plant-like organisms that can cause disease. Tha
one we are studying here is called a fungus, So we can say that one
type of plant-like organism which can cause disease is called a

A fungus is a -like organism that can cause disease,

Just as the plural of alummus is alumni, so the plural of fungus is

The exposed parts of the skin, hair, and nalls of the human body aré
made up of dead cells, Most disease-causing fungi live on dead cells,
Therefore, most disease-causing fungi live on
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5. Disease~causing fungl live on dead cells, The reason why fungi are
found on the skin, hair, and nails, is that they contain cells
which are .

6. Disease-causing fungi live on the exposed and ~cells of
the skin, hair, and nails, '

7. The horns of a bull are made of a substance called keratin, Your
fingernail~ and toenails, like the horns of the bull, contain the
substance known as .

8. All of the dead cells of the exposed parts of the body are said to
be keratinized. The dead cells of the hair, for example, contain

the substance called .

9, In addition to the hair and nails, the dead cells of the exposed
skin also contain keratin, and are therefore called k ed
cells, ' : -

10, What are the dead cells containing keratin called?

11, Compose a meaningful sentence which uses the following words:
dead, cells, skin, hair, nails, keratin, keratinized,

The above are all examples of sequences where the student's answer
gradually builds up in length and complexity.

It is not always easy for the programmer to keep track of the shaping
process, which may extend over dozens and sometimes even hundreds of frames,
As he writes the program, he can easily lose track of the stage he has
reached, But even more difficult for the programmer is to keep track of
the rate at which he develops concepts. Unless he monitors himself
carefully, the speed with which he builds up different concepts may fluctuate
widely.

The simplest way for the programmer to monitor the speed and direction
of the shaping process while he is writing, is to keep a record of the

answers for consecutive frames, He can keep this record on a separate sheet
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of paper, writing down each successive answer as soon as he has written the

frame, The resulting record allows him to survey at a glance the evolution

-of the behavior being established. This method of surveying the learnming

process 1is based on the principle that the student is not expected to have
learned anything he has not written, The only thing this record does not
specify is the stimuli under whose control the indicated behavior is being
brought, Though that asrect of the story is also important, its inclusion
would make the record too unwieldy, The best compromise hetween a complete

record and a useful one is the list of successive answers.,
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HOW TO TEACH CONCEPTS

We say that a child has learned what a horse 1s when he
says the word "howee? on the right occasions. These might
tnclude the presence of a horse, the sound of neighing, a
plcture of a horse, etc. But is this a sufficient condltion
for saying that this child knows what a horse 1is? Suppose he
said the word "horse" not only on the occaslons listed above,
but al so when other animals, such as cows, dogs, and birds
appeared on the scene, Clearly, we would then say that this
child does not know what a horse 1is, since he does nﬁt
"diseriminate" between horses and other animals. So we
require not only that the term "horse" be applied to large
four~-legged hoofed animals that have manes and neigh, but
also that i1t not be applied to animals that db not meet these
specifications. |

| Psychology has a great deal to say about how concepts are
taught most efficiently. Suppose a psychologlst wanted to
teach his child the concept of redness. The child can 4l ready
say the Word."red", but does not yet apply 1t appropriately.
The psychologist might point In succession to plctures or objects
around the room, and ask each time, "What color is this?" Every
time the child gives the right answer, the psychologist provides
some sort of confirmation or other sultable reinforcement. He
does not point to the objects saying "This is red, this is

green, etc." He lets the child make the responses himself.,
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The psych.logist might first pick several red objects in
a row; to let his student rack up a little confidence. Then he
would occasionally point to a preen object, accepting '"not red"
as a correct answer when one of these is shown. In choosing the
red objects, he would be careful to include large ones as well
as small ones, distant as well as near ones, dark as well as
light, and coarse as well as shiny ones. This is to prevent
any other attribute than redness from becomlng associated with
the response "red" through inadvertent fortultous sel ectione
The child learns to generalize among objects that have in
common nothing other than redness.

Once the child shows signs of generalizing within the class’
5f red ob jects and discriminating .these from green ones, a new
class, say yellow objecfs,‘may be brought in. These, like the
green objects, would also be called "not red". The psychologist
continues to alternate among the red, green, ahd yellow objects
in a random or unsystematic way. As soon as this new discrimi-
nation is also learned, blue, black, purple, and orange objects
are successively introduced intq the training series. When the
child no longer makes any mistakes--that is, no longer séys
"red" to things that are not red--he has acquired the concept
of redness.

~ In short, we say that an individual has learned a qoncept
when he applies the term (e,g. red, horse, chair, girl, haté,

aldehyde, amnelid, gyroscope, Lagrange integral) selectively to

certain objects or situations, He must apply the term to the
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entities that fall within the category, and not to those that
fall outside the category. A psychologist would say that he

must learn to generélize within a class, and to discriminate

between that class and other classes.

The psychologist teaching his child the concept of redness,
was applying certain principles of concept formation that’have
been worked out by experimental psychologists in the learning
laboratory. For oné thing, he was letting the chilld make the
responses. Whenever a desired response occurred, he rewarded
it in a way he comnsidered effective (confirmation, approval,
praise, etc.). He established the generallzation within thé
class of red objects by finding a wide range of objects from
that class--objects that varied as much as possible in properties
other than coler. This was to make sure that the word "red"
becomes associated with the color, rather.than with any other
property which these objects might share. Then hé established
a discriminatioh between red objects and objects having other

colors by alternating the other objects with the red objects.

He did not first show all the red objects, and then all the
green, yellow, and blue objects. Rather, he allternated back
and forth between all the various colors involved. Research
has shown that the more frequent this alternation, the mofe

rapidly the discrimination is learned,




In general, the student must first be shown a variety of
specific instances oOr examples of the concept being taught.
These should be alternated with the non-instances from which
the concept is to be discriminated. The abstract or general
statement cannot be properly understood without these prelimi-
naries, and should therefore be deferred until the necessary
generalizations and discriminations have been formed.

Tt is interesting that the principle of examples before the
rule is not often applied by teachers. In his "Rules" article,
‘Lloyd Homme poiﬁts out that most people, when explaining something,
first state the general rule and then illustrate it with>examples:

", ..a tutor will typically enunciate a principle and .

follow this with a series of instances of the principle.

The statistics tutor, for example, is likely to say:

‘The mean is simply defined as Ex/N. For example, in

the distribution below...'. The foreign language teacher

might say: 'Such and such takes the objective case.

For example,...'. The psychology professor says: ‘The

discriminative stimulus is a stimulus which sets the
cccasion for a reinforced response. For example, if we

have.a Skinner box...'.
Homme's observation is accurate, of course. It is also a
provocative one in view of the fact that the alternative, which
is to give the examples before the rule, is so much more effective,
at least according to behavior t‘héory° Why do so many people use

the less effective method? Should this lead us to reexamine our

theory?
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Actually, the expianation is fairly straightforward. It is
more useful to remember the general statement that mammals are
warm-blooded animals that bear their youngd alive and nurse them,
than it is to remember that each specific species such as cows,

monkeys, horses, cats., dogs, rhinoceroses, sheep, ete, ad _infinitum,

is a mammal. Similarly, it is more useful to remember that the
square of any number ending in five, such as X5 where X is every-
ﬁhing to the left of the five, is equal to X times Xx+1 followed
by 25, than it is to remember the squares of any specific numbers
ending in five, such as 15 x 15 = 225, 25 x 25 = 625, 35 x 35 = 1225,
etc. In general, one is better off remembering a body of information
'in a condensed and therefore abstract form, than in the‘form of
innumerable specxfic Lnstances. This is also why scientists prefer
to store their knowledge in the form of general summary statements
called theories, rather than in the form of huge masses of specifi~:
individual disconnected observations.

it is therefore easy to see why the general statement is soO
often the first one given by the teacher. It is simply the one
which he remembers best and which 1is therefore the most accessible
to him., The general rule, being the form in which an individual
stores his knowledge, is also the form in which he can most easily
produce it. oOnce he has stated the general rule, and while the

"student" is asking "What do you mean?® or “Please explain", he




has time to conjure up examples. This is socially much more
dignified than the alternative, which is to pause and think of
the examples before saying anything at all, and then to break the
Pregnant silence with some intelleétually prosaic illustrations.
To state the rule before giving examples is simply easier and
more pleasant for the teacher.

The great teachers and writers of the‘past khew the pripciples
of concept formation intuitively. Their writings provide us with
some of the most powerful demonstrations of the effectiveness of
giving the examples before the rule. La Fontaine teaches us a
code of ethics through a series of allegorical fables. Tt is
significant in this connection that Kant and Spinoza, who also
had a great many ideas on the subject of ethics, are less widely

read than La Fontaine. In his LittlekBlack Girl in Search of God,

Shaw conveys his message through a series of episodes. The little
black girl is disillusioned in succession by Moses, Freud, Pavlov,’
and several other "false gods". 1Interestingly, these episodes are
all non~instances of the concept being established. They build up
the reader's concepts of what "God" is not, thereby preparing thé
reader for Shaw's concept of God as the residual category. If

the psychdlogist teaching his child the concépt of red had
employed the same procedure, he would first havé taught the child

that green, blue, yellow, etc. are all "not red", and would have



-7 =

deferred the presentation of a red object until later. This
type of negative &iscrimination training is effective when the
learner's response is already at considerable strength but has
not yet been properly focused.

BAllegories, parables, satires, and metaphors are excegdingly
interesting concept formation devices. La Fontaine's fables
‘involve talking animals--specific animals who even have names.

Had La Fontaine used specific people, all would be well and
straightforward from the reader's point of view. The reader
would never need to ask himself whether the principle applies to
people in general. But since the characters are talking animals,
the reader is induced to generalize; oObviously, these animals
act very much like people. Any particular peréon? Nowhere does
La Fontaine say it. The fact that Lé Fontaine leaves it up to
the reader to pick a particular person, implies that he does not
care which particular person is chosen, and therefore any person
will do. So the parable is a subtle device for conveying the idea
that the principle being exemplified has widespread applicability.

Folk sayings exemplify the samé principle. “A stitch in time
saves nine" is obviously not directed primarily at séamstresseé.
Its very specificity encourages induction. This is one possible
reason why it is somewhat.more telling than the equivalent, but

more generalized saying, "An ounce of'prevention is worth a pound

of cure®. Similarly, "The early bird catches the worm” and "Birds
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of a feather flock together® obviously have applications beyond
ornithology. In a way, this device is used in all great literature.
Cedipus is obviously not a réal king, nor does Hamlet seem like a
real prince. By choosing a slightly artificial, unreal, or
un—natﬁralistic setting for a story,_the author can convey the
universality of his theme. in their theater, the ancient Greeks
applied this principle rather effectively, if crudely: they

used masks.

In Crime and Punishment, Dostoyevsky develops our concept of

Raskolnikov's personality through a series of incidents, many of
which involve interaction with Svidrigailov. Dostoyevsky uses
Svidrigailov in a particularly ingenious manner. In some ways
Svidrigailov resembles Raskolnikov, as a sort of "Doppelganger”,
and in other ways he is his opposite. So he furnishes a second
personified example of the personality concept being established,
and at the same time érovides a contrasting non=-instance from
which it may be discriminated. Faust, in his opening speech,
does not say that he is an erudi%é scholar who suffers from
intellectual frustration,.dissatisfaction, and self-hatred.
Rather, he first enumerates the disciplines he has mastered
(philosophy, medicine, jurisprudence, and theology) and culminates
the list with the statement, "Here I stand, a wretched man, and

am no wiser than before". Also, this is the first of a series of




episodes by which Goethe gives the reader a sense of the futility
of Faust's strivings. These episodes at the same time provide
the contrasting non-instance of ﬁhe next éoncept to be introduced,
namely, Mephistophele's proposition. In'generél, the great
masters of characterization do not describe their characters in
abstract terms. They develop them by means of arseries of well=-
chosen specific incidents Whiéh providé examples‘of the characters'
behavior. The more effective these examples are, the less
necessary is a final abstract summary,. which'is, in fact, freéuently
omitted altogether. |

In poetry toé, the éoet frequently builds a chcept or mood
through a series of images which may be quite concrete. In "The
Second Coming", for instance, Yeats develops a mood of general
disintegration and chacs by means of such images as "The falcon
cannot heér the falconer”, "The center cannot hold”, "The blood-
dimmed tide is loosed upon the earth”, étc. By the time he is
through, the reader is fully persuaded that things are going
rather badly, and is almost gratefui when‘Yeats teils him
¥ eesthe second coming is at hand". Baudelaire's thesis is that
this is, in fact, the basis of all poetry=-~that abstract images
are conveyed by appealing to the experience of the séparate
senses. In his preface to “The Flower of Evil", he says:

", ..poetry is like the arts of painting, cooking, and cosmetics
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in its ability to express sensations of sweetness or biﬁterness,
beatitude or horror, by coupling a certain noun with a certain
adjective, in analogy or contrast..."

The concept formation principle of examples before generali-
zations extends even to music. In the classical sonata form, the
devélopment section may be thought of as a seﬁies of specific
examples of the first and second themes. The movement ends with
é recapitulation which is a kind of sﬁmmary statement of those
+hemes, a summary which the listener can by that time appreciate
“as such by virtue of having heard the various "specific instances™"
it subsumes. Beethoven, the great master'of form, was particularly
adept at this type of summarization. Among the most powerful
examples are the coda of the first movement of the Piano Concerto .
Number 3 in C Minor, where thefe are actually three successive
summaries of increasing terseness, the final one being ohly five
notes in length; the final staccato chord passage toward the end
of the thifd movement of the Appassionata Sonata; the thirds
passage near the end of the Archdﬁke Trio; and the end of the
first movement of fhe Ninth Symphony. In all these examples the
summary theme contains the kernel or essence of all that came
before.

In sum, the concept formation principle, which states that a

general or abstract concept is learned by the establishment of
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generalizations amongkspecific instances of the class and
‘discriminations between instances and non-instances of the?class,
manifests.itself in allegories, parables, folk-sayings, noVels,
plays, poetry and music. Its ramifications extend beyond
teachiﬁg and education into the.most diverse realms of human
communication.

The principle has importantvapplications in programmed
instruction. Whenever a rule or'principle needs to be illustrated
with examples, the examples Should come first. Thisris not to say
that every genera} statement must be preceded by examples. Rather,
if examéles are given at all, they should come before the rule
rather than after it.

In Ehe folloWing illustrations, various topics are programmed
the right way, with the examplés given before the rule, and the
wrong way, with the examples folloWing the rules:

RIGHT

1. B collection of dishes can also be called a set of dishes.
Several crayons can be called a of crayons.

2. Every member of the set of crayons is called an element
of that set. Every member of the set of dishes, similarly,
would be called ___ __ . :

3. 1In general, the members of a set are called its

4. A collection of elements is a .

5. Make a sentence using the words set and element.
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WRONG

1. A set is defined as a collection of elements. A collection
of crayons, for example, would be a of crayons.

2. The members of the set are called the elements of the set.
Each crayon would be an ___ of the set of crayons
of which it is a member.

3. Each dish is an _ of the of dishes.

4. The members of the set are called .
5. A collection of elements is called .

R R T L T NPT L E L R T L D L
RIGHT

1. When wood is burned in the fireplace to heat the room,
this wood is being used as fuel, The wood that burns
during a forest fire would not be called ’
because it is not being burned for heat. ’

2. The fuel which is commonly used to heat homes is oil.
0il is a fuel because it is burned for _ .

3. Gasoline is used as automobile fuel. When it is burned,
it provides the energy to move the car. In airplanes,
gasoline is also used as a source of .

4. Suppose a house is on fire. Why wouldn't the house be
considered fuel?

5. Anything which is burned for heat or energy is called a

6. Explain how you would decide whether something that is
burned should be called a fuel.

WRONG
1. A fuel is something that is burned for heat or energy.

something which is burned to get rid of it, likevgarbage,
would not be a .
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2. Wood is sometimes burned in the fireplace to heat the
room. When wood is burned in this manner, it is being
used as a , .

3. Gasoline is used as automobile fuel. When it is burned,
it provides the energy which moves the car. In airplanes,
gasoline lS also used as a source Of ) .

4. The fuel which is commonly used to heat homes is oil.
0il is a fuel because it is burned for . .

5. Anything which is burned for heat or energy is called a

6. Suppose a house is on fire. wWhy wouldn‘t the house be
considered fuel? '

7. Explain what a fuel is.

*‘******‘k**#****#i&****************;‘:'}c****‘k*‘k**

RIGHT

1. A gluco~corticoid is a corticoid involved in the metabolism
of . Similarly, a minevalo=-corticoid is a
corticoid involved in the metabolism of .

2. The cortxcoxds involved in the metabolism of glucose are
called . ~corticoids, and those concerned with
the metabolism of minerals are called : - » o

3. Complete the following table:
Metabolic function of

corticoid classification corticoids in that class

a.

b.

4. These two classes of corticoids are distinguished in terms
of theixr __ function.
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WRONG

1. Corticoids are classified in terms of their metabolic
function. There are two classes of corticoids. How do
corticoids of one class differ from corticoids of the
other class?

2. TFor example, gluco=-corticoids are involved in the metabolism

of . , and mineralo-corticoids are involved in
the metabolism of .

3. A- , -corticoid is a corticoid which participates’
in the metabolism of glucose. Similarly, a -

corticoid participates in the metabolism of minerals.

4. Complete the following table:
Metabolic function of
corticoid classification corticoids in that class

ds

b,

. asnions

Regdefdehfod R fdefekk TR AERTRRTNTERA T AN ANES

E23 2 %3

i

RIGHT

1. Each step of a program enlists the student's active

participation by requiring him to a question,
an instruction, or : - a blank.
2. His L may be just a syllable or an entire
paragraph.

3. Whether the student answers a question, follows an
instruction, or £ills in a blank, his response always
reguires v participation.

4. 1In reading a boodk, listening to a lecture, or watching a
film, the student can remain passive. In working through
a program, on the other hand, he has to be —

5. In general, an important difference between a program
and other means of instruction is that a program
raqulires _ ‘ _ SR
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WRONG

1. An important difference between a program and other means
of instruction is that a program requires the student to
participate actively. Listening to a lecture or watching
a film, for example, does not require » -

g. At each step of the program the student must make an

active response. He may be required to , y a
question; an instruction, or ’
a blank. ‘ ‘

3. His _ may be just a syllable or an entire
paragraph. ' :

4., In reading a book, listening to a lecture, or watching a
film, the student can remain passive. In working through
a program, on the other hand, he has to be .

5. Whether the student answers a question, follows an
instruction, or £ills in a blank, his response always
requires __ , participation.

‘The principle of examples before the general rule ghould also
bé applied to the sequence of topics in a program, that is, to the
syllabus. Before introducing the concept of evolution in a biology
course, for example, the student must be taught the various specific
vexamples"” of evolution, in other words, the data on which the
theory is based. Before he is taught the concept of hoﬁeostasis,
he must learn about different kinds of physiological equilibria.

The beginning chemistry student is not ready for the concept of
velement” until he has learned about several kinds of elements,
Before a physics student can understand the concept of a field,

he must be given experience with various different kinds of
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fields, and the data and observations thatylead us to speak of a
field. - In mathematics, the student is not‘ready to understand

what a proof is until he has seen a large number of different

kinds of proofs, ranging from syllogisms to long derivations, and
until he has learned to discriminate between the proof of a theorem
and a demonstration of its correctness. He cannot understand what
an operation is until he can add, subtract, multiply, etc. The
mathematics student cannot appreciate the general concept of a
group'until he has had experience with several postulational
systems that conform to the group postulates, as well as with

some that do not. Finally, a person cannot adequately understand

what a science is until he has been exposed to several sciences.
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INTRODUCTION

Public relaticns experts have expressed the opinion that the teaching machine was
propelled into public view in part by the shock appeal of the word "machine”. The possibility
of a machine replacing a human being, and of all human beings the venerated teacher, fired the
imaginations of scientists and journalists alike, The whirlwind of this excitement is still gather-
ing momentum, But in the eye of the storm a small group of serious scientists has quietly been
reaching the conclusion that the machine is one of the less important aspects of automated instruc-
tion, and that Skinner's revolutionary concept is not the machine but its content == the program.
They are also coming to a second realization: that the power of the methed is strongly dependent
upon the quality of this program, that the conventional textbook is possibly just a case of extreme-
ly bad programming, and that the advantages of programmed instruction are more a matter of
degree than of kind.

Accordingly, the art of programming lies at the heart of the method, It is ot present
a primitive art, which no ohe has yet cultivated for more than a few years. Currently, the main
source of ideas for this art is the body of knowledge which behavioral scientists have generated
during the past few decades. This source is gradually being replaced, however, by contemporary
research which is rapidly gaining in importance, and will continue doing so in the foreseceable
future. And yet, the application of behavioral science to programming technology is hardly a
mechanical process. So far, we have witnessed dnly-the bare beginnings of it. The domain of
programmed instruction is as large as the domain of education. In fact, it is the domain of be-
havioral science. From this point of view, there is a wide gap between the current range of ap-
plications of programmed instruction and the eventual range. This gap will have to be bridged

by research, ingenuity, and imagination,
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WHAT IS A PROGRAM SUPPOSED TO ACCOMPLISH ?

A knowledge of plane geometry is the ability to solve certain problems and give the
proofs of certain propositions, A knowledge of biology includes the ability to explain why it
is that leaves look green, how a caterpillar is related to a butterfly, why eating salt makes you
thirsty, how to breed fish, or why man bears such a striking resemblance to other mammals. A
knowledge of French includes the ability to give a suitable reply to the question " Comment vous
appelez-vous?". In all of these cases it is possible to specify what constitutes a knowledge of
the subject, The knowledge can be measured by means of an examination or some other practical
test situation.

Frequently the question is asked, "How can a program teach originality and creativ=
ity?", "How can it teach the rigors of study?", "How can it instill a thirst for knowledge?",
"How can it teach the student to cope with real life?", "How can it teach him values?". The
answer to all of these quesfions is the same: Programmed instruction can be used to teach anything
that is clearly specified. The terminal behavior (the knowledge or ability which the student must
end up with) must always be carefully defined. Originality, creativity, rigors of study, thirst
for knowledge, coping with real life, and having good values, are not easily definable abilities.

The programmer, not knowing what knowledge or behavior he must establish, does not know how

to proceed,

Cnce the terminal behavior is specified, on the other hand, establishing it is com=
paratively mechanical, Almost any terminal behavior can be established through the application
of behavioral technology. The present paper deals with some of the approaches that have been

developed.
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SHAPING THE STUDENT'S KNOWLEDGE

The guiding principle of learning theory is that behavior must occur before it can be-
come established. The student does not learn anything he does not actually do. He does not un~

derstand something if he has not learned to explain it.

Stated in its most general terms, then, the programmer's-task is to get the student to

emit the desired behavior under the appropriate conditions.

Suppose the programmer wants to teach the student to make the correct response to

the following stimulus:
Draw the complete normal electrocardio-
gram tracing. Label all its parts, includ-
ing the S-T segment,

The desired response to this stimdlus is:

R

This behavior could be shaped as follows:

1. The diagram at the right shows a normal

-.! _electrocardiogram tracing. Using the \ ,

letters P, Q, R, S, T in that order, label ‘f»\_ / f\”/

st RS . (.

the five deflections from the baseline, go- v ] R

ing from left to right. N P cequien
2. Lobel the five deflections in this normal

electrocardiogram tracing using consecu- ‘

tive letters of the alphabet beginning :

with P. Use arrows to show which letter ~.’\-\/\ L

designates which deflection.

3. The five deflections of the electrocardio-

gram are called waves. Label the waves
of this normal electrocardiogram tracing. __f\’\/ F"\__
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4, In the tracing shown at the right, the R wave /

is about times as large as the Q wave _ r\_«\;’ SO W
and about times as large as the S wave, '

5. Draw in the Q, R, and S waves in the diagram
below, as they might appear in the normal elec~ N T
trocardiogram,

- 6, What is the relation of the S-T segment to the _
baseline? H
Lt hY ) : w! N\

7. Compare the P and T waves in this electro-
cardiogram tracing., Which is longer, the —~ P
P-Q segment or the S-T segment? \2F

8. In the diagram below, the P and T waves are \
missing. Draw them in as they might appear -y
in the normal electrocardiogram tracing. ' \

?. Draw the complete normal electrocardiogram
tracing. Label all its parts including the
S-T segment.,

Note that the last item of this short program calls for the terminal behavior which the programmer

set out to establish..

Now suppose the programmer wanted to teach the student to answer the question:
"Write a short paragraph explaining from which parts of the human body disease~causing fungi

obtain their nourishment,"

1. Fungi do not belong to the animal kingdom;
they belong to the kingdom.

2, F are plant-like organisms that
can cause disease.

plant
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which are made up
of dead cells

(Flungi 3. Just as the singular of alumni is alumnus,
v so the singular of fungi is .
A
fungus & 4. The exposed parts of the skin, hair, and
. nails of the human bedy are made up of
R dead cells. Most disease causing fungi
live on dead cells. Therefore most dis= ...
ease-causing fungi live on
v //
the exposed parts of )24 5. Disease-causing fungi can live on the ex=
the skin, hair, and posed parts of the ' ,
nails of the human K4 and because these parts of the
body P body contain dead cells,
: yd
skin, hair, and nails & 6. Why can disease~causing fungi live on the
—1>  exposed parts of the skin, hair and nails?
Skin, hair, and nails 7. The horns of a bull are made of a substance
contain dead cells. calied keratin, Your fingernails and toe=
nails are similar in composition to the horns
of a bull. You might guess that they too
contain .
keratin 8. All of the dead cells of the exposed parts of
the body contain keratin, Name the parts of
the body where you think keratin can be found.
fingernails, toenails, 9. What portions of the skin, hair and nails con-
skin, and hair tain keratin?
the exposed portions 10. What is a fungus?

A fungus is a plant=
like organism that
can cause disease.,

11.

Write a short paragraph explaining from what
portions of the human body disease-causing
fungi obtain their nourishment.

When fungi infect the
body, they live on the
dead cells of the ex-
posed parts of the skin,
hair, and nails. They
feed on the keratin of
these dead cells.

e
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Here again, the last two items of the program demand the terminal behavior,

In the next example the behavior being shaped is a mathematical skill, The student
learns to square any number ending in five by a technique which enables him to do it mentally if

the number is not too large (say, below 165).

1. In the number 65, which digit precedes
the 5? In the number 157

6; 2, Which digits precede the 5 in the num=-
1 ber 3057 In the number 1057

30; 3. In the number 95, the digit preceding 5
10 is . As you count from 1 to 10,
9 is followed by .

9; 4. In the number 115, the digits preceding
10 are 11, As you count, the num-
ber 11 precedes the number .
5; 5. In the number 135, the digits 13
. These

(complete the statement)
digits form the number 13, Which number
follows it as you count?

precede the number 5; - 6. The digits 10 precede the number 5 in
14 « The number 10 is
the number 11.

105; 7. In each of the numbers below find the digits
following preceding 5, Then find the numbers which
follow these digits as you count.

15, 35, 65, 685, 3895

1,2; 8. Now do it for 25; for 5.
3,4;
6,7;
68,69;
389, 390
2,3; 9. Inthe number 115, the digits precede
0,1 the 5. 11 is followed by . Multiply
11 by 12,
-b -
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10,

9 follows which precedes the:digit

-

12; 5 in the number . Multiply 9 by the
132 number it follows as you count,

8; 11, Again multiply the digit preceding the 5 in
85; the number 55 by the number which follows
72 it as you count,

30 12. Now do this kind of multiplication for the
number 15; for 35; 45; 95.

2; 13. Square 25 the tong way: 25x 25 = .
12; The 2 in 25 is followed by 3 as you count.
20; Again, do the multiplication 2 x =
90 . The first digit of 625 was also
625; 14, For each of the numbers below multiply the
2x3=6; digits preceding the 5 by the number which
6 follows it:

5 x =
15 X. =
35 X =
65 x =
125 x =
5 0x1=0 15 Now square each of the numbers in the left

15 1x2=2 hand column:

35 3x4=12 5 0x1=0

65 6x7=42 15 1x2=2
125 12x13=156 35 3x 4=

65 6x 7 =42
125 12 x13= 156
25; 16. The squared numbers all end in .
225;
1225;
4225;
15,635
25 17. What relationship do you notice between
the two sets of cn'cled numbers?
5 Ox 1= 025
15 'I x 2= 2 ; 225
35 4= 12 1225
65 6 x 7 42
125  12x13=156 15 625/
-7 = ™~



The second set con=-
sists of each of the

18. Can you guess what the squares of the
missing numbers might be?

numbers in the first 5 0x1=0 025
set followed by 25. 15 1x2=2 295
25
35 Tx4=12 1225
45
55
65 6 x7 =42 4225
85
105
125 12x13 =156 15,625
25 2x3=6." 625 19. Square 95 mentally. Square 75 mentally,
45 4x5=20 2025
55 5x6=30 3025
85 8x9=72 7225
105 10x11=110 11,025
95 9x10=90 9025 | 20. 25x 26 =650. Which number squared is
75 7x 8= 56 5625 equal to 65025?

255

Here, the last two frames call for the terminal behavior. This terminal behavior dif-

fers from the type illustrated in the previous examples in that it is not a specific response or se-

quence of responses, but a skill == the ability to make the right responses in a large, though re- .

stricted range of situations.

It might also be noted that this last example == the mathematical one -- is designed

for o somewhat more elementary level than the previous two examples. The medical examples are

suitable for college graduates; the mathematical example would work for the average fourteen year-

old.




THE IMPORTANCE OF SMALL STEPS AND ACTIVE RESPONSE

Read the following statement:
Occlusion of a coronary blood vessel, if prolonged, causes damage to

the heart muscle, or myocardium. The medical term for myocardial
damage produced by occlusion of a coronary blood vessel is myocardial

infarction.

Now without looking back, try to define the term MYOCARDIAL INFARCTICN, You would
probably find this difficult. Undoubtedly, you read the above statement without réally learning
its contents. This was not unreasonable, since you did not know what aspect of the statement
would be important, In that type of situation, most people tend to scan lightly until they reach
a point where some specific response is demanded of them. They they go back and focus their
attention on the relevant parts. If you had known that you would be called upon to define the
term "myocardial infarction” before you started reading the statement, you would have been able
to proceed much more efficiently.

A program increases the efficiency of learning by focusing the student's attention on
the significant points as he learns. If the student has answered a frame correctly, hevknows that

he has mastered the relevant information and can proceed securely. Here is what the above state=

ment might look like in a programmed form:

k Myocardial infarction is the medical term for damage
to the heart muscle, or myocardium. “Which part of
the word myocardium means heart? Which part means

o

muscle?
cardium: heart " Myocardium" is the medical term for
myo: muscle .
heart muscle Damage to the myo results from occlusion

or blockage of a coronary blood vessel.

myo cardium Oc or blockage of a coronary blood vessel,
if prolonged, causes damage to the .

-9 -




oc clusion; Myocardial destruction due to (which

myocardium or means blockage) of a coronary blood vessel is called
heart muscle - al infarction.

occlusion; Myocardial arction is the technical term for

myocardi al damage to the .

inf arction; Occlusion of the coronary artery is one of the possible

heart muscle causes of inf .

myocardial is the medical term for damage
inf arction to the myocardium caused by of a

Myocardial Define the term MYOCARDIAL INFARCTION,
infarction;

occlusion;

coronary artery

Damage to the myo-

cardium caused by

occlusion of a coro=

nary artery.

The programmed version of the statement contains about four times as many words as
the original statement. On the other hand, if the student has answered all nine frames correctly,
he has unequivocal evidence that he has learned the relevant material, and that he will not have
to go back to patch up the gaps in his knowledge.

The experienced student, who knows how to learn from a textbook, improvises a pro-
gram for himself as he reads along. He underlines the passages or expressions he feels are impor-
tant, he makes up little questions which he asks himself as he proceeds, he goes back and reviews
when he fears that previously learned material is beginning to slip away, and he periodically tests
himself to make sure that his grasp of what he has learned is firm. These practices are sometimes
called "good study habits". Naturally, very few students succead in acquiring this difficult skill

during their academic careers, and those that do frequently lack the discipline and saHf-control
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which is needed to exercise it. It is so mileh easier to just read-along. Fi

not very well qualified to program material which he is just learning. He ca

which questions to ask himself.. He is not yet able to discriminate the important: '
tant, or to-place the emphases where they belong. He spends time on many th

essary or irrelevant. The individual best qua l‘,iiﬁe’dv to do the programming: is the t




THE FRAME

What is a Frame of a Program?

The above statement is an example of a frame, Other examples of frames are:

Quadrupeds have legs.

(how many)
To be or not to be, that is the
In a short paragraph, summarize Hamlet's speech.
Explain how airfoil-shaped wings keep o plane aléft,
Mozart was born in the year .
Give three proofs of the Pythagorean theorem.

Complete the diagram of the circulatory system shown below, and fill
in the missing labels.

Torrecelli used his mercury column apparatus to demonstrate

A plane is flying ot an altitude of 2 miles, A parachutist jumps out.
After 4 seconds, before His parachute has opened, he has fallen 256 feet,
Over which planet was the plane flying. Explain your answer.

Make a table showing the first four periods of the periodic table,

Damage to the heart muscle due to occlusion of a coronary blood vessel
is called .

Name all the fungi that can cause onychomycosis.
If A(1Bequals AU B, what can you say about A and B?
Write the decimal number 29 in the binary system,
Why are whales classified as mammals rather than fish?
In. general, a frame is a question, a statement with a blank in it, or an instruction to do something.

A frame always requires a response from the student, Usually, the student is informed of the

-12-
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correct answer immediately after he has made his response. Naturally, there need not be a unique
correct response, The confirmation may take the form of a paraphrase, or an outline of how the
answer should have been developed. The important feature of a frame is that it enlists the stu~

dent's active participation.

Which Response to Require

At every frame, the programmer must decide which response to require of the student.
It may be a question of which word to leave blank, which question to ask, which instruction to
give, or in general, what the student must do,

If the programmer remembers that the student only learns that which he says, and not
that which he merely reads, his problem becomes comparatively easy. It is then only o matter ‘of
deciding through what steps to shape the desired behavior, that is, of finding the shortest and
most strategic route,

It is very easy for the programmer to forget that the student must actually display the
the performance he is acquiring. One experienced programmer, in teaching the
comparative electrolytic properties of salt and sugar solutions, wrote the following frame:

A salt solution is capable of conducting while a sugar
solution is not,

where he meant to write:
A solution is capable of conducting electricity while a

salt/sugar

solution is not.

salt/sugar
or

Which is capable of conducting electricity ,«assalt or a sugar solution?

The programmer must be careful never to lose sight of the terminal behavior toward which he is

, -13 -
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. .. The Form of the Frame

The overriding objective of a program is always to shape the student's knowledge in
the desired direction. The form of any particular frame is always subordinate to this objective.

) The sample programs in the preceding pages illustrate a few of the possible forms that
frames can take. "Fill in the blank" items are frequently useful in the early stages of the forma=
tion of a concept, and often provide convenient stepping stones foward the final desired knowledge
or performance, But thorough comprehension generally requires something more.

A progression leading to the student's ability to explain an abstract concept, for in-
stance, might begin with his filling in the key words in a series of examples. Then, again by
means of fill~ins, the student might learn what the examples had in common, He is then ready to
fill in increasingly larger segments of the generalization until he can answer open-ended questions
of the type(s) shown below:

1. Explain the relation between A and B,

2. Compose a sentence using the lexpressions A, B, and C.

3. Compare A and B, naming two similarities and two differences,

4, Fill in the missing parts in the following table,

5. What is an A?

6., Define the term A,

7. In three short sentences, say what you have learned so far
about A,

8. Fill in the missing parts of the diagram.

9. Someone says to you that A seems to be a case of B. Explain
to him why he is mistaken,

- 14 -
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10. Explain how you would go about finding out whether A is B.

11. Using information A, B, and C prove/derive/demonstrate D,

12. List n conditions under which A could occur/be true.

13. Give n examples of A,

14, Expldin what an A is,

None of these forms is better than any other, The form of a particular frame should
be dictated only by the requirements of the subject and the stage of the student’s progress.

If the student has never done anything other than fill in blanks, he will be able to
exhibit his knowledge only when confronted with a fill=in item. He will be at a loss if someone
happens to ask him an open-ended question about the subject such as, "What is a cardinal num-
ber?" or "Why is forcen useful concept in physics?" or, for that matter, if he asks himself a
question such as "let's see, what have | learned so far about sets?" or "How do | know that the
sum of the angles of a triangle is 180 degrees?"” When the student is unable to reply to such seff=-
questioning, he feels that he "has not learned anything”. It has been observed that students,
after completing a program consisting exclusively of fill=in items, do, in fact, report that they
did not leorn anything. This observation is rather puzzling when one considers that these students
obviously learned o great deal, since they were able to fill in answers at the end of the program
which they could not fill in before, The observation is less puzzling, however, when one con-
siders the manner in which the student tests himself to find out whether he has in fact learned any=~
thing. He does not give himself a fill-in item to do. He tests himself the way he would test any~

one else -- by asking himself open-ended questions.
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MULTIPLE CHOICE ITEMS

Learning theory tells us that multiple choice items are pedagogically unsound. When
reading a multiple choice item, the student at best constructs what he considers the correct answer,
and then looks for that answel; among the alternatives given. If all goes well he finds it there,
and receives his confirmation. But more often, all does not go well. The student, in looking
through the alternatives reads several false, though plausible=sounding statements. For the item
to have any value, the three or four errors that are suggested to the student must be plausible
statements. To some extent he will learn them, Alternatives that would never have eccurred to
him begin to sound pretty good, Skinner tells the story of the child confronting the question

"What is Pasteurized milk?", This was something the child knew pretty well. But among the in-

correct alternatives was "Milk from cows that have been fed on the pasture®, This plausible ~

sounding answer had never occurred to the child, The child may finally have chosen the correct
answer, But months later; the child would already be considerably less certain as to which of
these two plausible sounding answers, both of which he "read some time ago" was correct. By
reading and studying incorrect alternatives, the student inevitably learns them to some extent,
Unsound as it fs ; the multiple choice item addresses itself to a problem with which
the programmer must be concerned, It is the problem of teaching the student to avoid errors.
How will the student learn to avoid errors if he never gets a chance to make any? Behavior

fEeory tells us: Not by making them. You should not teach a student to avoid errors by setting

traps for him and then punishing him for falling into them. Rather, the student should first be
taught the correct behavior until this behavior is secure. Then the student should learn to iden-
tify and even analyze the various possibilities of error. Ha might be instructed to explain why a

false statement is false, and perhaps how it might be changed to make it true. He might be asked
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to trace the error in a problem which has an error in it, He might even be asked to construct a
certain type of error. The important difference between this type of contact with false statements
and the type of contact involved in doing multiple choice questions is that the student knows from
the beginning that the statement is false, He links it in his behavioral repertoire with the response
"This is a false statement" or something equivalent, In this way, the student can learn to avoid - -
an error without making it. He need never stop answering the questions correctly. In a multiple
choice item, on the other hand, the student will read and study the incorrect alternative as a pos=
sible correct answer before he decides that it is not, Of course, he may actually end up choosing
the incorrect alternative. In that event he is reprimanded. We know from learning theory that
negative reinforcement is not a very effective way of abolishing unwanted behavior, Positive
reinforcement for the correct behavior has much more lasting effects. Finally, the student may
merely read and study the incorrect alternative, and not choose it at all. In that case, it will
have been learned to some small extent, and will never have become tagged as "false” either by
punishment or through pesitive reinforcement. The programmer spends a great deal of time and
effort thinking up good traps. The student, even if he does not fall into any of them, comes away
with his knowledge blurred by latent errors and misconceptions which linger in his repertoire wait-
ing to emerge on future occasions.

There is still another argument against multiple choice items. A multiple choice item

only teaches the student to recognize the right answer. It does not necessarily teach him to give

the right answer, The ability to recognize a correct statement is very different from the ability to
construct it, In ordinary life, it is usually the latter ability that is called for, The individual
may have to formulate the statement to himself in order to cope with a certain situation, or he
may have to explain it to someone. He may have to state a principle in answer to a question, or

as the justification for doing something, It is very difficult to think of practical situations in
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which a person is asked "Which of these statemenis is the tiue one?" Even insofar as multiple

choice items do succeed in teaching, what they teach is rather impractical,
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THE INCLUSION OF EXTRANEOLS SUBJECT MATTER WITHIN THE FRAME

In an earlier discussion the point was made that the student can learn most efficiently
when he knows what knowledge he is expected to glean from the material he is studying. The
passage on myocardial infarction was used to illustrate how @ program focuses the student’s atten-
tion upon that which is important for further progress. In reading a passage of ordinary prose, the
student who has not yet developed a broad perspective over the material is likely to get hung vp
on irrelevant or incidental details. This slows him down, reduces his efficiency, saps his energy,
and often lowers his morale. It is not surprising that very few individuals are able to read through

text books.

e

A good program permits the student to adopt the attitude that if he can respond cor-

rectly he has leamed the relevant material and will no longer have to worrry whether he has
"gotten the point”. In this respect, the program may be thought of as a behavioral tree marker,

which charts the student's trail through the forest of ideas.

Consider the following example:

1. There are nine planéts in the solar system. The earth is a planet,
Jupiter is the largest planet. Therefore is larger
than the earth,

Now the program can proceed in one of two ways:

2a. How many planets are there in 2b. The planets of the solar sys-

the solar system? tem are Mercury, Venus, Earth,
Mars, Saturn, Neptune, Uranus,
Jupiter and Plutc, How many
-planets are there in the solar sys-
tem?

The difference is crucial, First let us consider 2a, the left hand version, The programmer
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expects the student to have leamed the contents of fh;a previous frame. When the student sees
that frame he will say to himself either, "Ah, it's a good thing | read the previous frame care=
fully; there are nine.", or "Ch, oh, | guess | didn't read the last frame carefully encugh.” In
either case the effect is the same: ‘the student will read frames more "carefully” in the future,
so carefully that he will learn not only everything the programmer wants him to learn, but also a
great deal of material which is irrelevant, One or two incidents of this type are sufficient to
make the student feel insecure and guilty if he does not master the entire content == relevant and
irrelevant == of every frame henceforth. For all he knows, the programmer is counting on him to
learn it all and will not give him another chance to review it. By requiring the student to do more
than just answer the question), the programmer inadvertently puts pressure on the student to learn
the entire content == relevant and irrelevant == of every frame. The student, who has no way of
ascertaining what aspect of the frame is important, plays it safe and learns it all. This gives the
program some of the disadvantages of the traditional text.

Consider alternative 2b on the other hand:

The planets of the solar system are Venus, Mercury, Earth, Mars,

Saturn, Neptune, Jupiter, Uranus, and Pluto. How many planets

are there in the solar system?
In this case the student does not experience the contingency of being rewarded for having learned,

or punished for not having learned the irrelevant statement in the previous frame. Granted, he

- gets the answer "nine" by counting the planets. But he does make the response "nine" to a rea-=

sonably nonstrivial stimulus, and when asked "How many planets are there in the solar system" a

few frames later, the chances are he will answer without difficulty,

The above discussion makes one significant point: Do not teach important facts or
concepts by stating them in one frame and then asking the student to make the relevant response in
a subsequent frame. This practice, while it may work, will also damage the student's efficiency
in going through the program.
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It goes without saying that every frame must, of necessity, contain a certain amount
of material which is irrelevant to the required answer. For example, the number of words in the
frame, and the average number of e's per word, are irrelevant attributes which every frame.
possesses, regardless of how masterfully it is designed. The sfudént could Very easily be taught
to focus his attention upon these aspects of the frames. If the programmer asked the student on
two or three occasions, "How many words were there in the previous frame?" the student would
quickly learn to count the number of words in each frame. The example is extreme to the point
of being absurd, but it illustrates the point: If the programmer does not want the student to attend

to irrelevant details, he should never ask the student to attend to anything which is irrelevant to

the question, since the student cannot yet discriminate detail from non~detail. While there is
little harm in including irrelevant material in a frame, there is great harm in requiring the student
to learn it,

In the-above example, it was pointed out that the right hand version of frame #2 is

satisfactory, This frame could have been preceded in one of two ways:

1. There are nine planets in the solar 1. The earth is a planet, Jupiter
system. The earth is a planet, is the largest planet, There~
Jupiter is the largest planet, There- fore is larger than
fore is larger than the the earth.
the earth,

2, The planets of the solar system are
Mercury, Venus, Earth, Mars, Saturn,
Jupiter, Neptune, Uranus, and Pluto,
How many planets are ther in the solar
system?
Here, both alternatives are equally good. The statement "There are nine planets in the solar sys-

tem" as it appears in the left hand version of frame 1, is innocuous, The student may or may not

remember it in the following frame. Whether he does or not is unimportant, since frame #2 is self-
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will enable him to answer frame #2. somewhat faster. Whether this is sufficient reasor

ing the statement in the frame is a matter of the programmer's style.
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INADVERTENT CUES AND PROMPTS

A psychologist would say that the function of an instructional program is to bring the
the student's behavior under the control of the proper stimuli. This may sound like a rather narrow
objective. Actually it covers all of learning. Questions, instructions, and all the examples of
frames listed above are stimuli. The responses to the questions and instructions constitute the
behavior. If the student gives the right answers to the right questions, then his behavior is under
the control of the proper stimuli,

One of the greatest problems that confronts the programmer is to insure that the stu=
dent's responses come under the control of the intended cues. (The terms cue" and !stimulus”
are synonymous.) A student may give the right answer for the wrong reason. The answer may be
cued by cues and prompts that are extraneous to the subject matter, Such undesired cues and
prompts can take innumerable forms. Before a programmer is reatly competent, he must recognize
such prompts and avoid them in his writing. This requires not only experience, but also verbal
sensitivity.

In the discussion which follows, the expression "extraneous cues" will refer to cues
which are not inherent in the subject matter being taught, Extraneous cues can, of course, be
useful in constructing a new behavioral chain, The technique known as "fading", for example,
involves the elicitation of certain desired responses by the initial use of extraneous cues, and
the gradual replacement of these cues by new ones which are more pertinent to the subject. Ex-
traneous cues are not necessarily inadvertent; they may be used deliberately.

It is important for the programmer to take the attitude that the student is working
against him at all times, This attitude is conducive to good programming. It assumes that the

student's only concern is to get the right answer each time. The student should not be expected
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to worry about whether he gave the right answer for the intended reason. In fact, it is desirable
for the student to take the attitude that if he answers correctly, he is on firm ground. In this

way, he will attain the objective with the maximum speed and efficiency. This point is discussed
more fully in the next chapter.

After writing a frame, the programmer should always check it by asking himself how
much of it the student would have to read minimally to arrive at the correct answer. For example,
if there is a blank in the frame, the programmer should assume that the student will first loock at
the blank, and then read away from the blank in ever=widening circles until he can answer the
question. |t should never be assumed that the student will attack a frame by reading it from the
first word to the last. The student will use only the cues he needs. The programmer should never
expect him to respond to any others,

The examples given below illustrate some of the most frequent types of extraneous
cues, They are not an exhaustive catalogue. They are more like a collection of archetypical

cases selected to sample the range of classes which are of practical importance.

Formal Prompts

This is the simplest and most primitive kind of cue which does not even require for its
utilization knowledge of the language. It is most frequently seen in frames that involve blanks,
and it usually derives from the structure of the immediate verbal environment of the blank.

A. -. Fungi live on the dead cells of the skin, hair, and nails. There-

" fore the R , and are the infect-
ed areas in the cases of superficial mycoses.

Even without knowing English, a student could recognize the formal correspondence between the

three-word series implied by the blanks and the one that appears in the preceeding sentence.
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B, To pull harder means to pull with a force of greater size or magnitude
In general, the strength of a force is its or .

Again, the only two words in'the top line separated by the word or are size and magnitude, There-

fore the word or bef;veen the two blanks is the cue which gives away the answer, and the program-
mer cannot count on the student to be affected by the remainder of the context.
C. The planets orbit around the sun, The earth is a planet. Therefore

the earth orbits around the .
The student is cued by the words "orbit around the" and therefore does not need to read anything
else in the frame. Some remedies might be:

The planets orbit around the sun. The earth is a planet. Therefore
the earth .

The planets orbit around the sun. The earth is a planet. What can
we therefore say about the earth’'s movement in relation to the sun?

Sequential Prompts

From a programmer's point of view, these are among the most insidious. They are
difficult to detect because their effects extend across several frames, and because examination

of any single frame does not reveal them.

A, The most obvious type of sequential prompt is a series of frames requiring the same
response, The following sequence is an example:

1. A collection of dishes is called a set of dishes. Six cups might be
called a of cups.

2. Several pieces of clothing might be called a of clothes.
3. A pack of cards can also be called a deck or a of cards,

4. Things do not even have to be of the same kind to be called a set.
Any collection of things may be called a .
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The first two frames are good, but in the case of the third and fourth frames, the cue for the an-
swer "set" is already no longer the frame ifself, The actual cue is likely to be the answer just
given in the previous frame, The student begins to behave in accordance with the attifude, "The

answer seems to be !set* every'time."

While this may lead the student to the right answer, it
teaches him little about the meaning of the word "set"; it does not teach him to use the word in
the appropriate imizrverbal context.

Suppose this particular defect were eliminated by rewriting the program as follows:

1. A collection of dishes is called a set of dishes, A collection of
six cups might be called a of cups.

2. Several pieces of clothing might be called a of
clothes.

3. A pack of could also be called a deck or a set of
cards,

4, Things do not even have to be of the same kind to be called a
set. Any collection of things may be called a .

Here the continuity is broken. In the third frame the answer is not "set" but something else, and

the student does not learn to write the word "set” automatically in frame after frame.

B, But this still does not eliminate all the sequential prompts in these four frames. What
three words precede the word "set" wherever it appears? The words are "be called", This type of
prompt is exceedingly difficult for the programmer to catch. To avoid it consistently,sa program=

mer needs long experience and a sharp eye.

C.. A particularly dramatic example of this type of sequential prompt appeared in a pro-
gram on optics. In the section of the program where the student learned to discriminate between
reflection and refraction, there was a long series of frames in which the answer fo be filled in was

either "reflection” or "refraction". Typical frames were:
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You see yourself in the mirror because light is from its
surface,

When you stand in shallow water, your foot appears foreshortened
because the light rays are in passing through the water-
air boundary,

Taken by themselves, these frames are good. But in the block of frames in which this discrimina=-
tion was taught, every blcnk which required "reflection" as the answer way followed by the word
"frem" or "by", while every blank which required "refraction” as the answer was followed either
immediately or several words later by the word "through". A student could go through that sec-

tion without making any errors, and without learning anything more than putting in the word:"re= -

flection" when the blank is followed by "from" or "by", and the word "refraction” in all other

cases, especially if the word "through" appears in the same sentence. Clearly, this was not the

only discrimination the programmer intended to teach.

D. Vercingetorix, king of the Gauls, was conquered
by Julius Caes .

Cues ar Vercingetorix, king of the Gauls was *
by Julius Caesar.

conquered Vercingetorix, king of the Gauls was
by Julius .

Wi ' conquered; Vercingetorix, king of the was
Caesar by .
Gauls;
conquered;

Julivs Caesar
etc,
The student leamns to recite the sentence mechanically. He will quickly learn it by
heart. But if he should have the misfortune to be asked "What was the outcome of Caesar's cam=-

paign against the Gauls?", he would probably answer that he does not know,
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The student should be taught the historic fact by learning to say it in each of several

ways,

Julivs Caesar

Vercingetorix
Julius Caesar
Vercingetorix,

king of the Gauls
was defeated.

Vercingetorix, king of the Gauls, was conquered
by Julius Caesar, This marked the capitulation of
to the Romans.

{which nation)

What was Vercingetorix in relation to the Gauls?

led the Roman army against

Vercingetorix.

Julius Caesar finally defeated , king of
the Gauls.

The Gauls were conquered by » .

What was the outcome of Caesar's campaign against
the Gauls?

etc.

Syntactic Prompts

In the example presented below, the prompt is neither of the formal nor of the sequen-

tial variety. It derives from the logical equivalence of certain types of statements.

Example 1.

Myocardial infarction is caused by occlusion of a
coronary blood vessel, How is myocardial infarc-
tion caused?

The student has merely to recognize the logical equivalence of " X is caused by " and "How

is X caused?" Both statements require the same answer. To arrive at it, the student can regord

X as an arbitrary symbol (he can ignore its formal or semantic connotaticns), and only needs to
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copy the relevant words, in the present case "occlusion of a coronary blood vessel”, A better

way to write the frame would be:

Myozardial infarction is caused by occlusion of a
corcnary blood vessel, What might be the result
of a blood clot blocking the coronary artery?

Here the student must consider whether a blood clot blocking the coronary artery is an instance of

occlusion of a coronary blcod vessel.

Example 2. A set is a collection of elements, What is a set?
This frame can be formulated as "X is Y. What is X?" The student, knowing from his experience

with the English language that " X is " and "What is X?" are satisfied by the same answer,

simply copies Y, without enriching his concept of either X or Y.
The following ways of writing that frame would be preferable:

a. Aset is a collection of elements. In a set of dishes, an individual
dish would be a(n) of that set of dishes.

b. Aset is a collection of elements, So a collection of dice could
clso be called aln) of dice, and a die would be a(n)
of that collection,

c. Asetisa collection of elements. So all the elements of a collec-
tion, taken together, make up a .

d. Red, green, blue, and yellow crayons make up a set of crayons.
Cups, saucers, and plates make up a set of dishes. A set of tools
might consist of @ hammer, screwdriver, and drill. A brush and
paints could be called a .
These forms are all preferable because they focus the student's attention upon the
relation between the set and its elements, Example (d) is especially good because the specific
examples precede the statement of the general case, and because the relationship between the

set and ifs elements is stated in several ways: "elements make up the set", "set consists of ele-

ments", and “elements could be called the set”,
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Example 3. ' There are five continents, How many continents
are there?

The student knows that "There are X‘is" and "How many X's are theré?" have the same
answer, which can simply be copied without regard to the actual quantity involved. A better

form would be:

The earth's continents are Africa, Asia, America,
Europe, and Australia, How many continents are
there?
The only way the student now has of arriving at the answer is to count the continents.

This not enly makes for better retention of the number 5, but also mckes the student mere aware of

what kind of thing he is enumerating.

Example 4, A line is defined by its slope and y=intercept, How
is a line defined?

One possible remedy is:

In order to be able to draw the graph of the line
y=mx+b, you have toknow mand b. m is
the slope of the line and b is its y~intercept. So
a line is defined by .

When the frame is written: in this manner, the student must realize that the informa-

tion that "defines the line" is the same as "what you have to know to be able to draw the graph

of the line". Therefore, the frame forces him to think about what the word "defines" means.
Then he has to extract the fact that the slope and the y~-intercept, which are represented by m

and b, constitute the defining information.
Example 5. The hydrogen atom-has electron.

(how many)

Most students are rigid-enough grammarians to choose "one" as their answer, It might be tempting
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to eliminate this syntactic prompt by changing the frame to:

The hydrogen atom has electron{s).

(how many)

By putting in the parenthesized 's', the programmer says to the student, in effect,
"I will not tell you whether it is 'one’ or a number greater than one". The student asks himself
"Why did the programmer go through so much trouble to leave 'one’ as a possible alternative? If
the answer were some number greater than one, he would not have bothered, and would simply

1

have left ‘electrons' plural. So the answer is probably 'one' . In such a case, a simple way

out for the programmer is write the frame in the form of a question:

How many electrons does the hydrogen atom have?

‘Example 6. Mushrooms are sometimes poisonous, Berries are

also sometimes .
The word "sometimes" is a formal prompt., On top of that, iit is preceded by the word "also" the
second time it appears. This adds a syntactic prompt to what is already a formal prompt. The
student automatically copies the previous successor of "sometimes" without necessarily reading
the rest of the sentence, Better would be:

Mushrooms are sometimes poisonous, Berries are

also sometimes poisonous. How does this make

mushrooms and berries similar?’

or

Mushrooms are sometimes poisonous. Berries are

also sometimes poisoncus. In other words, both
and are sometimes

Example 7. ' The range of the visible spectrum extends from 4500 yy
to 7500 mu, What is the range of the visible spectrum?

1
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Cnce the student has realized that "the range extends from" means the same thing as "the range
is", his problem is solved, The programmer's intention, on the other hand, was to get the student
to respond to the actual values, and to the fact that they delimit the visible portion of the light

spectrum, A good solution would be:

The range of the visible spectrum extends from 4500 rmu
-42:7500 mu, What is the range of the invisible spectium?

Logically, the question is the same, since the invisible range is the complement of the visible
range. But psychologically, it is quite different. In the second version the student's attention

is focused on the intended stimuli.
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AMBIGUCUS FRAMES

Earlier, it was pointed out that the frame-

The planets orbit arcund the sun, The earth is a
planet. Therefore the earth orbits around the

»

could be corrected by changing it to

The planets orbit around the sun. The earth is a
planet. Therefore the earth .

This method invelves increasing the number of words left blank and thereby eliminating the words
that provided the prompt. Now suppose we tried to apply this method to the other example used

earlier:

Fungi live on the dead cells of the skin, hair and
nails. Therefore the , ,
and are the infected areas in cases of
superficial mycoses.

and changed this to

Fungi live on the dead cells of the skin, hair, and
nails. Therefore the
are the infected areas in cases of superficial mycoses,

Though the formal prompt has been eliminated, a new difficulty has been created in its place.
The frame is now scmewhat ambiguous. Among the possible answers are "dead cells", "dead
body areas", "cuter portions of the body", and even "keratinized cells". Therefore a different
type of solution must be found.

The ambiguity created by multiple blanks is often not apparent to the programmer,
who has a certain "set" (since he presumgbiy knows the answer), but which will cause the student

i

. i . .
unnecessary conflict. Extreme examples of this error would be frames like:
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a. The is the | of the , the ,
and the .
b. The dre if and only if and

, and sometimes if .
Clearly, there are many passible ways of completing these frames, though it may have seemed to
the programmer at the time of writing that there exists only one. In general, it is safest to avoid
multiple blanks. When they are used, the frame should be carefully scrutinized for possible am-
biguity.

A second trouble which multiple blanks can occasion is that they may pbse a riddle to
the student, There may only be a single correct way to complete the statement, Yet it may take -
a great deal of thought and effort to figure out what it is, Thought and effort expended in this
way dor - not advance the student's knowledge of the subject. It only irritates him, and wastes
his time, Though the progrdmmer must always be cos;eful not to give away the answer by inadvert-
ent prompts, he should never hesitate to give away the question by any means whatever,

The conclusion, then, is that prompts cannot always be cured by leaving blank the
words that did the prompting, because of the ambiguities that mey ensue.

Suppose an inexperienced programmer tries to eliminate the prompt in this way and

discovers that his frame is now ambiguous. He started with the frame:

Digested food is absorbed into the bloodstream. The
small intestine is the portion of our digestive system
where most of our food is .

The infent of the frame is to teach the expression "food is absorbed”. The words "food is" consti=
tute a formal prompt, however. So the programmer tries:

Digested food is absorbed into the bloodstream. The
small intestine is the portion of our digestive system
where most of our w
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But now he realizes that "food is digested", "digesiion takes place", "bellyaches
are localized", and "bile is secreted” are all possible answers. So, to eliminate these alterna~
tives, he resorts to the following expedient:

Digested food is absorbed into the bloodstream. The
small intestine is the portion of our digestive system

where most of our f i a .

This device is rarely effective. First of all, there is now a new prompt, ("Which three words
that | just read begin with f, i, and a respectively?") Even if the prompt is not an easy one to
utilize, the student is challenged by a time consuming riddle. A more direct solution to the pro-
grammer's problem would be:

Digested foed is absorbed into the bloodstream. An-

other way of saying "most of our food passes into the

bloodstream through the small intestine" is "most of

our food through the small
intestine”, v
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