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CHAPrER I 

INTRODUCTION 

A Survey of Circumstances Underlying 

the Arrival of Automated Teaching 

"If one of the values of American education 

is to remain the achievement of individual excellence, 

some method has to be found to permit more attention 

to the individual student." 

G. S. Counts 
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specialization and more training, it is our responsi­

bility to examine new methods that could rise to meet 

the demand. 

No defense is necessary for any program that Will 

increase the efficiency of present-day teaching methods 

in the field of education itself. An increasing world 

population demands more and more education, a demand 

which cannot be met simply by building more schools and 

training more teachers. Education must become more ef­

ficient. To this end curricula must be revised and sim-

plified, and textbooks and classroom techniques improved. 

As Skinner has pointed out: 

Rin any other field a demand for increased 
production would have led at once to the in­
vention of labor-saving capital equipment.· 
Education has reached this stage very late, 
possibly through a misconception of its task. 
Thanks to the advent of TV, however, the so­
called audio-visual aids are being reexamined. 
Film projectors are finding their way into the 
American schools and colleges.n (40} 

Critics of the automated teaching approach usually 

picture a totally impersonal form of instruction where 

the teacher is replaced by the machine. This is clearly 

not the intent of the machine. According to Skinner: 

"Audio-visual·aids supplement·and may even 
supplant lectures, demonstrations, and text­
books. In doing so they serve one function of 
the teacher: they present·material to the stu­
dent, and when successful, make it so clear 
and interesting that the student learns. But 
there is another function to which they contri­
bute little or nothing. It is best seen in the 
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productive interchange between teacher and 
student in the small classroom or tutorial 
situation. Much of that interchange has 
already been sacrificed in American education 
in order that we may teach large numbers of 
students. There is a real danger that it 
will be wholly obscured if use of equipment 
designed simply to present material becomes 
widespread. The student is becoming more 
and more a mere passive receiver of instruc­
tion." (40) 

The National Education Association is vitally in­

terested in the question of automated teaching, and de­

fensive when the in-person role of the teacher is threat­

ened. In a booklet entitled Mass Communication and Edu-

cation (1958), experiments are cited which compare in­

person teaching techniques with straight media presenta­

tions. The in-person approach is indicated as superior. 

Such classic experiments as those of Wilke (44), Allport 

and Cantril (1), Lazarsfeld, Berelson, and Gaudet {27), 
' ' ' 

Hovland, Lumsdaine, and Sheffield (21), and Klapper (25) 

all testify to the importance of the physical presence 

of the communicator. From such evidence the NEA con-

eludes: 

"Regardless of the particular technique 
used, one element must be constantly present: 
the teacher. The advantage of face-to-face 
communications, the ability to modify con­
stantly the approach to fit changing circum­
stances, and to adapt it to the individual-­
these are characteristics too valuable to be 
sacrificed in any methodology." (30, p.92) 

Objections to impersonal media and visual aids are 
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numerous. They are perhaps best phrased in the poetry 

of Kenneth E. Boulding, Professor of Economics at the 

University of Michigan: 

npeople above the Second Grade· 
Seldom require the Visual Aid; 
The chart that eye cannot quite reach 
Is not a substitute for speech, 
And folks are seldom made to laugh 
By diagram or flannelgraph, 
And don't accept with gratitude 
The List, served up With platitude. 

But gladly under him they sit 
Whose information's spiced with Wit;· 
Whose face bespeaks a good digestion, 
Whose mind is quick to catch a question, 
Who keeps all crutches at a distance, · 
And speaks his piece without assistance, 
Using the blessed·power of speech 
To learn, himself, as well as teach.n (4) 

But what is the common denominator underlying objec­

tions to visual aids and to other media that supplement 

and sometimes supplant the teacher? Isn't it the imper­

sonality of such teaching methods that is under fire? 

Some researchers, in fact, feel that the superiority of 

in-person communication is so constant that the inferior­

ity of other kinds of presentation can be measured in 

terms of how far they depart from face-to-face tech­

niques. (30, pp. 82,83) These researchers, however, re­

fuse to consider the possibility that there might exist 

great variance in ability to communicate effectively, 

assuming an exclusively personal situation. Secondly, 

sentimental considerations have replaced objective in-



6 

spection of the teaching-learning process. Since most 

researchers are themselves teachers, they have been loath 

to examine the question of how 'personal' the classical 

student-teacher relationship is, and how 'impersonal' 

the teaching aids are. For example, is a good textbook 

less personal than a poor teacher? Advocates of automated 

teaching have held that self-instruction devices meet the 

individual needs of a student far better than most class­

room situations. He can, for example, work at his own 

rate; brighter students are not penalized by the slower 

students in a class. His attention is held, since he can­

not advance to new material until he has mastered pre­

ceding material. And in the classroom, students may be 

thinking of a score of extra-curricular matters while the 

teacher plods on, unaware of almost total inattention. 

Further, Pressey (33) pointed out that the usual examina­

tion or assignment correction may take from several days 

to several weeks. After such a delay, student behavior 

is not appreciably modified. And, according to Thorn­

dike (42), if behavior is not modified, learning has not 

taken place. Thus, the immediate report supplied by a 

self-scoring device can have an important instructional 

effect. 

Norbert Wiener (43) reminds us that man has served 

as the model for the most complex self-governing devices 

and computer systems known. It seems surprising that in 





• 
If the advantages herein outlined apply to educa­

tional instruction, they are doubly valid in the indus­

trial rramework. For here, presumably, employees are 

aware of their purposes and goals, and have an increased 

desire to improve themselves (raises, promotions, etc.). 

In the voluntary employee training program, motivation 

is assumed to be built-in. And in the area of indoctrina-

tion and orientation, new personnel are expected to want 

to know more about their company's plans, programs, pro­

cesses, and personnel. 

Finally, in research in the mass media as they relate 

to advertising and public relations, it is quite possible 

that the teaching m$chine could become an effective tool 

in studying message structure and increasing control and 

predictability of reception. If, for example, the teaching 

machine could make management define the objectives of a 

particular publication*, determine what steps are necessary 

to reach them, and provide a continuous record of the ex­

tent to which the publication fulfills or falls short of 

these objectives (through the feedback required on answer 

tape), then such a device would find a welcome place in 

business and industry. We are here not concerned with 

programming as a means to low-error student feedback, but 

rather the machine's use in presenting and receiving simul-

* e.g., employee handbooks, stockholder reports, policy 
statements, training manuals, etc. 
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taneous- and thus spontaneous- 'communicator feedback'. 

This latter type serves to correct the message source 

rather than its reception. 

This study, then, consists of an examination of the 

expanded application of the principles of self-instruction, 

as well as the necessary exploratory preparation for the 

installation of automated teaching devices in business, 

industry, and education. To this end, we will examine 

the literature available to date, apply the principles 

of learning theory and educational psychology to auto­

mated teaching, visit the Harvard Self-Instruction Cen­

ter, and examine experimental results of the automated 

teaching program used in a segment of the Corporate 

Journalism course {PR 331) at Boston University. Hope­

fully, the results arrived at will be of use to edu­

cators, communicators, and administrators alike. For 

only through such a critical evaluation of the teaching 

process itself and its implementation through more ef­

ficient methods of imparting knowledge will we be able 

to meet the demands of education and industry ••• demands 

which are with us today • 





HISTORICAL BACKGROUND 

From time immemorial teachers have utilized various 

materials as teaching aids. These aids present the phy­

sical stimuli which serve as vehicles for the spoken or 

written message. Often such stimuli indicate to the 

student that a certain response is appropriate. How, 

for example, could we teach music harmony without a 

piano ••• or engineering drawing without a drafting set? 

Even in those disciplines where skills are measured in 

terms of understanding and the resulting patterns of 

reasoning, teaching aids are indispensable (e.g., lab 

demonstrations, graphs, tables, charts, etc. in the 

natural and social sciences). 

Although the aids are physical stimuli that facili­

tate understanding, the student is expected to respond, 

usually by behavioral changes, if learning has taken 

place. (41, 42) It is here that teaching materials pro­

vide the setting in which and with which a student's 

responses may be perfected. 

In 1957 Porter published his exhaustive review of 

the literature on teaching devices. For convenience, 

he classified all mechanical teaching aids in three 

categories: (36, pp.l28,129) 

1. Stimulus Devices - which present information about 
how or when to make a given response, but to not 
provide a setting for the practice of responses. 
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Thus, stimulus devices provide learning content 
without any assurance that a learning process 
Will be carried out· (e.g.t ·models, films, re­
cords, radio and TV, etc.J. 

2. Response Devices - which provide an opportunity to 
practice responses. They may also be used to 
gather, record, and transform coded data about 
the nature o:f the responses being made. But 
they provide no stimulus information about the 
circumstances under which particular behavior 
is appropriate. Thus, responses are related 
solely to the mechanical properties of the 
machine and not to·the subject matter content. 
(e.g., typewriters, calculators, slide rules, 
recorders, automatic test scorers, etc.) 

3. Stimulus-Response Devices - which present cues and 
opportunities :for response. Such devices are 
designed to present a sequence o:f stimuli (con­
tent) and provide the setting in which appro­
priate responses may be made·and rehearsed (pro­
cess). (e.g.; chemical paper, punchboard,·electric 
answer board,·metronoscope, opthalmograph, and 
tachistoscope, and a variety o:f teaching machines) 

Obviously, such a classification will have over­

lapping o:f categories. Thus the phonograph record, a 

stimulus device, becomes a stimulus-response device when 

provision is made :for student response (as in language 

training records). Similarly, the punchboard or elec­

tric answer board could be memorized and mastered by a 

student Without the appropriate stimulus material. Such 

devices would then become mere response devices on the 

basis o:f their use. 

It is apparent that stimulus-response devices more 

nearly reproduce the characteristics o:f teaching which 

are required :for efficient learning than do either 
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an alternative answer. In addition to letting the stu­

dent know when he is right, the answer sheet produces a 

record of the student's performance, including the wrong 

answers which are indicated by a pencil mark, and the 

right answers which are indicated by a hole. (2, 22, 36) 

Both Pressey and the Petersons, H.J. and J.C., have 

made use of chemically treated answer sheets. The answer 

space for a correct choice was chemically treated to 

change color immediately when marked with a special ink. 

This would inform the student that he had made the cor­

rect response. Because the marking ink itself was opa­

que, a record of all the incorrect responses was also 

made. (36) 

This author would propose for the large class of 

the future testing programs that utilized Royal McBee 

sort cards. Each student, equipped with his own McBee 

punch, would enter his answers, coded, on a McBee card. 

During the class period the professor's assistant would 

score these cards, item by item, by means of skewer(s), 

drilling or punching a hole through the center of the 

entire correct pile for each item. A quick hole count 

would give each student's score; this is recorded and 

the card returned to the student at the end of the period. 

In addition to providing reinforcement through immediate 

feedback (while there is still interest in the material 

just learned), the proposed McBee method would minimize 

cheating and require virtually no machinery. 
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response.• (40, p.970) If learning by recall (rather 

than by mere recognition) is to take place, the student 

must compose his response rather than select it from 

alternatives. A further drawback to the multiple-choice 

machine is that an effective program must contain 

plausible wrong answers. These are dangerous because 

they strengthen or at least suggest unwanted forms of 

behavior. 

In an attempt to overcome these problems, Skinner 

developed the composed response teaching machine which 

relies on the mature student to compare his responses 

with those revealed by the machine. This prototype of 

today's commercially available teaching machines* is the 

one in use in Harvard University's self-instruction room, 

discussed in Chapter V. 

The typical program consists of 30 items typed in 

radial (wedge-shaped) frames on a 12• disc. The student 

inserts the disc, much in the manner that a phonograph 

record is placed on a turntable. The machine is then 

* The Skinner machine presents material on a disc, whereas 
the products of present manufacturers (e.g., Foringer, 
Rheem) employ a continuous sheet of paper. Operationally 
the major difference is that the drop-out of correctly 
answered items is extremely difficult on the continuous 
sheet of paper machines and relatively easy with the 
rotating disc 2 or Skinner machine. Conversely, prepara­
tion of mater1al by typing, drawing, etc. is much easier 
on the continuous paper than on the disc. 
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locked. Items appear one by one in a Window, and the 

student writes his response on a paper strip exposed in 

a second window. By lifting a lever on the front of 

the machine, he moves what he has just written under a 

transparent cover and simultaneously uncovers the cor­

rect response. If the two responses correspond, he 

moves the lever horizontally to indicate to the machine 

that he has answered correctly. This punches a hole op­

posite his response on the answer paper and alters the 

machine so that the item will not reappear when the 

student goes over the disc a second time (to master the 

items answered incorrectly). Whether a response is cor­

rect or not, the next item appears when the lever is re­

turned to its starting position. A student proceeds in 

this way until all new items and all items answered in­

correctly have had correct responses. 

Skinner has stressed that the machine itself does 

not teach. The student teaches - himself. The machine 

serves to bring the student into contact with the program­

mer, and in serving an indefinite number of students, it 

is a labor-saving device. (40, p.971) Although the 

machine suggests mass production, Skinner, like other 

authors (3, 8, 14, 17, 33, 36, 40) stresses the similar­

ity of the teaching machine and the private tutor for 

reasons discussed in a later chapter. 
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Programmed Textbooks and "Scrambled Books": Based on 

the realization that the primary advantages or teaching 

machines reside in the effective construction of the 

program itself, Homme and Glaser (in 14, p.l03) have 

developed at the University of Pittsburgh the programmed 

textbook. Although bound in the manner of conventional 

books, the interior is markedly different. Each page 

consists of four or five panels; the sequence o£ panels 

is from page to page, rather than from top to bottom of 

any given page. Each panel demands a response; the cor­

rect response is found in the corresponding panel on the 

next page. After finishing one unit or chapter, the stu­

dent returns to page 1 and begins another sequence of 

panels. 

The main criticism of the programmed textbook is 

that 'cheating' is not checked. (Automated machines are 

equipped with locks that prevent looking ahead or behind) 

Drs. Homme and Glaser defend their text on the grounds 

that: 

1. To assert that locks are essential is to assert 
that other means of controlling a student's behavior cannot 
be found; . 

2. We do not really know how damaging to the learn­
ing process this kind of cheating is; and 

3. In a properly prepared program, cheating is un­
necessary and occurs very infrequently. (14, p.l05) 

Experimentation with several college subject mat­

ter programs appears to support the following conclusions: 
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1. Decreasing the size o£ the stimulus-response 
steps in a program results in better learning and re­
tention, up to a point, and 

2. Material presented in programmed textbook £orm 
results in generally higher and less variable achievement 
scores on subsequent tests than conventional textbook 
presentation. (14, p.lO?} 

Crowder (10} has departed £rom the Skinnerian ap­

proach and devised an automatic tutor {non-mechanical) 

based on his principle o£ intrinsic programming. Stress­

ing the importance o£ £eedback, Crowder's 'scramble book' 

allows appropriate corrective action to be taken when a 

student has learned incorrectly. When an error occurs, 

the problem is not solved merely by revealing the correct 

response to the student (as done on teaching machines). 

Rather, the error must be explained and the learning 

stimulus repeated. 

In the scrambled book, as in the programmed text­

book, students check their responses to items with the 

correct responses occurring on other pages. For example, 

the question on page 1 o£ the scramble book may look 

like this: (14, p.llO) 

"In the multiplication 3 x 4 = 12l 
is called the product and the numbers ; 

Page 15 quotients 
Page 29 factors 
Page 43 powers • 

the number 12 
and 4 are called 

(Let us assume that the student wrongly chooses the 

answer 'powers' and turns to Page 43.) 
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Our discussions to date have been primarily con­

cerned with the variety of self-instruction devices that 

are largely still in the experimental phase of proving 

themselves. A few schools have instituted automated 

courses, and the program at Harvard will be reviewed in 

a later chapter. A final word is in order regarding the 

use of self-instruction devices outside the classroom. 

To date, practically all applications of automated teach­

ing in the non-academic situation have been attempted by 

the u.s. Air Force. 

One of the first attempts to provide a fUll course 

unit in which the information-transmission function of 

the teacher was provided entirely by recorded instruction 

was made by Newman and Highland at Keesler AFB. Accord­

ing to a newspaper account reported by Lumsdaine (in 14, 

p.l50), several classes were taught a five-day course in 

Principles of Radio by highly qualified instructors. Other 

classes were taught the same course by tape recordings and 

either a workbook or slides. Written examinations of the 

students in both groups revealed that grades of those 

taught via tape-recordings ran 'about as high' as those 

earned by instructor-taught students. 

Lumsdaine reports two other instances where the USAF 

attempted to mechanize their lectures: in training B-47 

jet bomber technicians and in teaching English as a foreign 

language to native personnel in MDAP or NATO countries. (14, p.l51) 
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corrective systems were employed. Preliminary research 

with simpler devices revealed a high degree of transfer 

from the training situation to performance on actual 

equipment. However, similar conclusions could not be 

drawn for the complex trainers before further develop­

ment and training takes place. Experimental models 

which could be readily modified in certain aspects would 

be an aid to further research. (6) 

In this chapter we have discussed the variety of 

designs and uses to which teaching machines have been 

put. Let us forestall any further considerations of 

the possible applications of self-instructional devices 

until we have considered the principles of educational 

psychology as they relate to our rapidly evolving 

theory of automated teaching. 



CHlP'l'BR III 

THE PSYCHOLOGY OF AUTOMATED TEACHING 

An Application o£ the Principles 

ot Educational Psychology 

to the Theory of Automated Teaching 

•It is impossible to educate anyone. All that 

can be done is to put him in a position where he can 

find an education. Motivation is the first necessity 

tor this. He must Wish to learn and he must wish to 

develop. He must be curious, he must be eager, and he 

must be serious.• 

Barnaby C. Keeney 

President, Brown University 



THE PSYCHOLOGY OF AUTOMATED TEACHING 

There is nothing startling or new in the observa­

tion that different types of learning situations call 

tor different teaching procedures. This truism is im­

portant, however, to our understanding of the applica­

tion of self-instruction methods, for there are definite 

limits to the types of material that may be programmed 

effectively. It is, then, the first objective of re­

search to determine what types of material can be ef­

fectively automated and with what results. Unfortunately, 

this is the very area in which research has been weakest. 

Studies to date have concentrated largely on proving 

that teaching machines can supplement and at times sup­

plant the teacher. But the question of which teacher 

(or which area of a teacher's curriculum) should be sup­

planted has remained unexplored. 

Two things are required of us before we attempt to 

answer this question. They are: 

1. An understanding of the principles of psychology 
at work in the self-instruction process; and 

2. An understanding of the nature of the subject 
matter belonging to a course of study. 

The present chapter deals With this first prerequi­

site, which, although discussed in part by many researchers, 

has not appeared heretofore as a composite body of knowledge. 

The next chapter will consider the nature of programmed 

material and the principles of effective programming as 
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practiced at the present time. Such considerations are 

based on an understanding of the concepts used in educa­

tional psychology and discussed in this chapter. The most 

important of these are: 

1. Feedback 
2. Reinforcement 
3 • Motivation 
4. Transfer 
5. Association 
6. Attention and Perception 

Feedback 

Although closely related to reinforcement, and hence 

motivation, feedback is here treated separately because 

of its split personality. For there are two types of 

feedback inherent to the process of automated teaching: 

1. Teacher feedback, which grants the teacher 
a continuous record of the students' progress, and 
thus affords the opportunity to clarify presenta­
tion through the rewording, addition, or change in 
sequence of items; and 

2. Student feedback, which requires an active 
role of each student, granting in return immediate 
knowledge of results (reinforcement) and thus per­
mitting instant correction. 

Teacher Feedback: This phenomenon might be compared to 

the instance of two rats conversing in a Skinner box. The 

rat leaning on the bar is saying to the other rat: •Boy, 

do we have this guy conditioned. Every time I press the 

bar down, he drops a pellet in.• In other words, the rat 

controls the experimenter's behavior. Likewise, in the 
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the classic experiment involving teaching o£ the mili­

tary phonetic alphabet reported by Hovland, Lumsdaine, 

and Sheffield, the 'participation' or active-practice 

group learned more quickly than the passive-learning 

group and reached 'near-perfect' criteria as the amount 

of active participation increased. (21) or particular 

interest to the field of automated teaching is the ob­

servation that the advantages of active response were 

least when least needed (i.e., with brighter, highly 

motivated students) and greatest when most needed (with 

slower, less motivated students). The active response 

required by self-instruction devices would seem to exert 

a leveling e££ect on classes. 

Whether we can trans£er these findings from a 'rote­

material' paired-association situation to the more com­

plex learning situation usually found in automated 

teaching is open to question. This author believes af­

firmatively and feels that useful predietions can be 

based on the same assumptions about associative pro­

cesses that seem useful in accounting for the acquisi­

tion of simpler associates. Furthermore, mastery o£ 

these simpler associations must o£ten precede the more 

complex forms of concept formation and association. As 

Lumsdaine has noted: 
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and instant correction. The primary purpose of such 

feedback is reinforcement; it is in this concept that 

automated teaching makes its greatest contribution to 

the learning process. 

Reinforcement 

Immediate reinforcers are teaching devices which 

attempt to increase efficiency in the learning process 

by automatically presenting the student with a reward 

or reinforcement immediately after he has made a correct 

response (and, conversely, by correcting errors imme­

diately- before they become 'learned'). 

Technically, a reinforcement is any environmental 

event which strengthens the behavior it follows. In 

teaching devices, the reinforcement is a direct con­

sequence of the student's behavior, usually in the form 

ot confirmation of the correct answer. (36) 

The effec.ts of reinforcement are complicated; it 

serves not only to confirm the subject's preceding 

behavior, but also to maintain the motivational level. 

(16) Conversely, when we know what a person's motiva­

tion is, we usually can predict how we can effectively 

reinforce his behavior. When motivation is intrinsic 

and depends in some way upon the nature of the task, 

relevant reinforcement is provided by giving the learner 
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knowledge of the results. (14, p.28) Experimental evi­

dence offered by Osgood (31), Hovland (20), and Wood­

worth (45) has indicated that reinforcement should be 

positive, constructive, and immediate. Only in auto­

mated teaching can reinforcement be immediate and per­

sonal. 

In the usual classroom situation, teachers are 

too busy presenting material to concern themselves with 

reinforcement. Reward and punishment are more real­

istic terms for the average teacher; we have, however, 

defined reinforcement more broadly. Even in the nar­

rower sense of equating reinforcement with reward, many 

teachers use rewards that are totally unrelated to the 

learning task. Reward is effective only in terms of 

its association with the behavior being rewarded. Yet 

both Pressey {33) and Foringer (12) have employed dis­

sociated rewards in their teaching machines (candy and 

marbles, respectively). 

Thorndike prefers the terms 'satisfaction and an­

noyance' to reward and punishment. Thus, a high density 

of correct responses is satisfying. Conversely, material 

which generates errors is punishing (18), or annoying. 

Laboratory experiments have shown that punishment lowers 

the rate of the punished behavior. (18) In the Harvard 

studies, Holland has noted that •students stop work when 

the material is so difficult that they make many errors. 
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of a task. (45, p.686) However, as Porter points out, 

"Knowledge of results is a descriptive term 
which.,refers solely to a particular kind of sen­
sory feedback, and not to the reinforcing value 
of the feedback. The conditions under which this 
kind of an event attains and maintains reinforcing 
value are little understood, but it mechanical 
teaching devices are to be used successfully, edu­
cators will have to discover and use the contin­
gencies which are available and most effective 
in making knowledge of results reinforcing.• (36) 

In summary, reinforcement is the result of feedback 

and serves to sustain motivation. Reinforcement should 

be positive rather than negative (satisfaction rather 

than annoyance), related to the learning task, personal 

wherever possible, and immediate rather than delayed, in 

order that {a) the trainee's motivation not lag, and 

(b) errors not become learned. This is accomplished in 

the automated teaching machine by so structuring a pro­

gressive sequence of learning material that the proba­

bility of error is minimized, and by informing the 

trainee immediately of his results so that correct re­

sponses will be rewarding and incorrect ones will be 

corrected. 

Motivation 

Osgood presents conclusive evidence that performance 

improves as motivation increases. (31) Thus the most ef­

fective training program would be one that creates a maxi­

mum of motivation. The question of what elements motivate 









Although it should be an easy matter to determine 

whether or not those program items accompanied by the 

highest error rate were the ones best learned, no attempt 

to apply the gamma hypothesis to automated teaching 

theory has yet appeared in the literature. 

Skinner defends low error probability programming 

against those who feel that a student will never develop 

his thinking skills in creative concept formation with 

the following: 

•What sort o£ thinking does the student 
learn-in struggling through difficult material? 
It is true that those who learn under difficult 
conditions are better students, but are they 
better because they have surmounted difficulties 
or do they surmount difficulties because they 
are better? In the guise of' teaching thinking we 
set difficult and confusing situations and claim 
credit for the students who deal with them suc­
cessfully.• (40, p.975) 

The teacher-turned-programmer usually finds it 

difficult to construct items that 'give the point away'. 

Yet, as Skinner contends, there is nothing more effective 

in the teaching process than giving a point away. 

nMaking sure that a student knows he doesn't 
know is a technique concerned with motivation, not 
With the learning process. Machines solve the 
problem of motivation in other ways. There is no 
evidence that what is easily learned is more 
readily forgotten. And if this should prove to 
be the case, retention may be guaranteed by 
subsequent material constructed for an equally 
painless review. (40, p.975) (Italics mine) 

What are the other ways by which machines solve 

the problem of motivation? If' not by the challenging 



nature of the material, perhaps by one of the other 

factors cited by Brameld as a determinant of motivation. 

Degree of Responsibilitx: As noted in the preceding 

chapter, no teaching machine actually teaches. Rather, 

the machine presents material so structured that the 

student becomes his own teacher. The degree of respon­

sibility of each student is thus raised significantly 

over that found in the usual classroom presentation. 

The treatment of a student as an individual, responsible 

for scheduling his own study time, should also provide 

more motivation than the type of schedule where students 

are herded impersonally from one lecture room to another. 

We must not, however, overlook the effects of group mem­

bership and the motivation that comes from friendship 

ties in the classroom situation. Perhaps the self-instruc­

tional student must be more mature, more the individualist. 

Another consideration of how motivation is affected 

by responsibility: Although the marks (grades) assigned 

to students are traditionally regarded as a means of moti­

vation, in the realm of automated teaching the grade is 

meaningfUl only as an indication of how far a student has 

gone, since machine instruction assures mastery of every 

stage. (40, p.976) The responsible student now has the 

opportunity to cover course material at his own rate, and 

can thus take more courses than the slower or less respon-





very real motivation, especially when the student is ego­

involved, so that pride in success at the task becomes a 

goal. Desire to succeed appears, in fact, to be a highly 

dependable source of motivation for the learning situ­

ation. (16} 

In contrast to this intrinsic form of motivation, 

there are extrinsic factors which may be related totthe 

nature of the learning situation although not a built-in 

part of the programmed material itself. Among these are 

competition and the desire to please one's superiors. (16) 

These are delicate issues, however, in that competition 

often causes anxiety over possible failure, and desire to 

please one's superiors can easily result in fear of ability 

to do as well as fellow trainees. Emotional tension is 

thus aroused and learning is more difficult. 

Skinner suggests another possible extrinsic motivational 

factor: the fondness for gambling. (40) Perhaps we should 

not overlook the similarity between the teaching machine 

and the 'one-armed bandit'! 

In summary, motivation is an elusive concept which, 

nevertheless, can show us a few principles to apply to 

the theory of automated teaching. Motivation depends on 

the degree of challenge and immediate utility afforded by 

the subject matter as well as the amount of responsibility 

which the teaching situation allows the student. (5) 

Maximum motivation may be achieved when: 









In tasks involving simple identi£ication, learning 

can often be judged by performance during sel£-instruc­

tion. These tasks present little or no difficulty to 

the trainee on the job if he has mastered the items on 

the machine. (For example, in trans£erring knowledge of 

descriptive material about stock machine parts to their 

identification in the stockroom; or in identifying enemy 

aircraft £rom their photographic description on a self­

instruction program.) The behaviorists have attempted 

to explain this type of learning in terms of paired-asso­

ciates. However, in discussing the importance of intra-
-

task similarity to transfer, Gagne and Baker suggest that 

the empirical evidence obtained on response similarity 

in paired-associate learning is quite inadequate for sig­

nificant conclusions to be drawn concerning the effects 

of this factor on single associations in learning (15). 

The two remaining types of tasks (i.e., following 

procedure and concept formation) probably require a more 

complex type of transfer; experimental evidence is lacking. 

We would be foolish, however, to assume that learning has 

taken place short of its demonstration in application in 

the job situation. The difficulty here is that most 

academic classroom learning is not for application on 

specific tasks that rarely change, but rather for per­

£ormance on a variety o£ tasks in a variety of situations. 

Isn't the very purpose of most learning the cultivation 
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of a student's ability to transfer? Perhaps that sub­

ject is most valuable which grants the greatest amount 

of transfer to real situations in everyday life. Thus 

the concept of transfer and the problem of effective 

programming are inextricably bound. As Kendler notes: 

•rr we knew a bit more about transfer, we 
could have more confidence that good programming 
would become a scientific technology instead of 
remaining an art." (23) 

Conversely, it is this author's hope that the gradual 

evolution of a working set of principles for effective 

programming resulting from the present learn-by-doing 

approach will contribute to our knowledge of the factors 

at work in the process of transfer; this could be one 

of the greatest contributions of our evolving theory 

of automated teaching. 

Finally, experiments show that students who are 

prompted during learning do better both in practice and 

in the transfer situation. Kimble and Wulff compared 

slide-rule performance by prompted and unprompted groups 

of students and found that those who received 'prompt 

questions' did better both during practice and in trans­

ferring to similar items. (24) 

In summary, the concept of transfer must be regarded 

as the criterion for learning. Learning may be said to 

be efficient if it leads to a high level of performance 

in the transfer situation. (16) Where little or no 



transfer is required (i.e., tasks involving identifi­

cation), performance in the self-instruction learning 

situation may be sufficient measure. (15) Overlearning 

beyond the point of perfect recall may be required to 

overcome the effects of almost immediate forgetting. (ll) 

However, where a greater degree of transfer is required 

(i.e., tasks involving folloWing procedure and concept 

using), learning must be measured in the transfer situ­

ation (on the job). (16) For only here will behavioral 

changes become apparent. (41,42} It is precisely here, 

however, that the behaviorists (18, 33, 40) seem to have 

overlooked both the need for overlearning and the import­

ance of transfer criteria for learning. 

Association 

The obvious explanation for the behaviorist's failure 

to apply the concept of transfer to the assay of learning 

is his conviction that learning is implicit when a response 

to the stimulus item has been conditioned. In other words, 

in the behaviorist's theory of association, conditioning 

and learning are synonymous - if the correct, or appro­

priate response occurs consistently whenever the stimulus 

situation appears, learning has taken place. 

To measure learning, we measure performance (which 

reflects behavioral changes). But not performance in the 

transfer situation. The behaviorist measures it during 

the learning process itself (conditioning) by such overt 
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of the 'cognitive processes•: emphasis is placed on the 

meaning which a situation conveys to the individual in 

determining the nature of his response. Nor is this 

response merely performance in the learning situation, 

for now transference has become fully meaningful: 

"When an individual suddenly 'sees' the 
solution to a problem, it is because he has 
reorganized his perception of the situation 
and found new meaningful relationships in it. 
In other words, fie has created new field 
properties in his perception of the problem." 

(Ruch - 37, p.277) 

A further concept borrowed from the theory of 

association is relevant to the construction of auto-

mated self-instruction programs: fading. Similar to 

the principle of gradual-progression (small-steps be­

tween items, each item slightly harder), the concept of 

fading involves the gradual withdrawal of stimulus sup­

port as the correct response becomes learned (conditioned). 

(18, pp.6,7) Those 'crutches' that help in identifying 

or explaining the stimulus are slowly removed, leaving 

the naked stimulus to elicit its associated (paired) re­

sponse. This concept is illustrated below in several 

items chosen from the program used in teaching graphic 

arts in the Boston University experiments conducted by 

the author. Consider how the explanation of letterpress 

printing is developed: 
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better be explained in terms of Gestalt field theory. It 

is unfortunate that virtually no work has been done in the 

area of automated teaching by the Gestaltists, who have 

contributed so heavily in other areas of education. 

Attention and Perception 

The concepts of attention and perception are dealt 

with jointly, since attention to the teaching material 

presented is prerequisite to its organization and inter­

pretation {perception) in the mind of the learner. 

Gagne and Bolles have found it convenient to regard 

attention as a state of readiness and an intent to learn 

(16). We recognize motivation at work in the latter. 

These categories correspond to the three kinds of atten­

tion listed by Ruch: 

1. a bodily (postural} adjustment; sense organs alert 
2. an awareness of conscious experience 
3. a set toward action (readiness to respond) 

(37, p.237) 

Ruch's first two categories are states of alertness and 

depend largely on the nature of the physical stimuli 

presented (e.g., size, intensity, repetition, movement), 

whereas his third category is largely based on the student's 

intent to learn. Here social conditioning and relevance 

of material to personal needs are necessary to explain 

attention • 

......... ------------------------
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Gagne and Bolles note that none of the items in an 

extensive bibliography on attention deal with the rela­

tionship of alertness to either learning or transfer (14, 

pp.31,32). They conclude that we know little about alert­

ness in learning and would do well not to make predictions 

concerning it. 

On the other hand, intent to learn has been examined 

by Postman and associates in their studies of incidental 

learning. They conclude, contrary to popular belief, that 

intent to learn is not always, or even usually, an im­

portant factor in learning. While some types of material 

are learned slightly better by those with intent to learn, 

the incidental learners sometimes perform equally well. 

Furthermore, associative interference is often reduced un­

der incidental learning conditions, thus actually making 

the retention of incidentally-learned materials superior 

to intentionally-learned ones on some occasions (32). We 

must recognize in these studies, however, the distinction 

between intent to learn, an attention factor, and desire to 

succeed, a motivational factor. This distinction is often 

di.f .fi cult. 

Although the teaching machine will probably never in­

fluence our intent to learn to any degree (beyond the satis­

faction of curiosity aroused by the new method of presenta-
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room situation by requiring alertness and active response. 

Perception is similarly controlled in that the need to 

recall material presented in earlier items necessitates 

the organization of material into personally meaningful 

configurations (through their equation with needs, goals, 

and when necessary, mnemonic devices). There may be some 

damger that the superior student will lose (or not develop) 

his ability to abstract and synthesize when subjected to 

automated teaching. It is in this area of attention and 

perception, as well as association, that Gestalt field 

theory can be profitably applied; this has not yet been 

done. 



CHAPTER IV 

PRINCIPLES OF PROGRAMMING 

Considerations Regarding the Construction of 

Items and Sequences for Self-instruction 

UAmerican educational philosophy, largely grounded 

in the James-Dewey-Kilpatrick tradition, has taught that 

we learn best by mastering problems. Formal education 

should duplicate the nature and the human nature of 

everyday life by offer.ing the learner the opportunity to 

face realistic problems and to solve them. While this 

principle has·made considerable difference in education 

below the college level, with some exceptions its impli­

cations have not been carried out at the college level." 

J. P. Guilford 



PRINCIPLES OF PROGRAMMING 

Without a doubt the most difficult area of automated 

teaching is program construction, or programming. A self­

instruction program is only as good as its author. Since 

the knowledge of effective methods of programming can be 

applied to the teaching efforts of school and industry 

alike {whether in classroom or on self-instruction machines, 

scramble books, or punchboards), some time should be spent 

in collecting and revieWing the accepted procedural steps 

in preparing a program. Many of these principles are 

grounded in the psychology of learning; others result from 

the serendipity of an ingenious programmer. 

One of the first and largest problems that a programmer 

must overcome is the inclination to apply past experience in 

test construction to the design of the automated program. 

Whereas a test question should be discriminating and pro­

duce some incorrect answers, the ideal self-instruction 

item should yield perfect or near-perfect scores. Skinner 

notes that the customary classroom practice has been to 

maintain the necessary anxiety by inducing errors. 

nrn recitation, the student who obviously 
knows the answer is not too often asked; a test 
item which is correctly answered by everyone 
is discarded as nondiscriminating; problems at 
the end of a section in a textbook in mathe­
matics generally include one or two very diffi­
cult items; and so on. The teacher-turned­
programmer may be surprised to find this attitude 
affecting the construction of items. For ex­
ample, he may find it difficult to allow an.item 
to stand which ngives the point away"." {40, p.975) 
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amples taken from the Boston University study, the pro­

cedures outlined here have been followed to some degree by 

all researchers of automated teaching. 

Although this presentation follows the outline advocated 

by Smith, his classification of items (e.g., review items, 

fading items, prompt items, etc.) corresponds to those em-
. . 

ployed by Beck (14, pp.55-62), Holland (18), Schutz (38), 

et al. 

I. Define precisely the desired behavior and the form or 

forms which it must take. This statement of objectives shotdd 

distinguish what type of learning is desired (e.g., facts, 

skills, concept formation, attitudes and values, procedures, 

etc.) and what the boundaries of the area to be learned are. 

For example, the Boston University study defined the objectives 

of the one-week segment under examination as follows: 

To develop the ability of students to recognize 
and describe the three major methods of printing and 
the type{s) of presses used in each; to know how the 
printing surface is prepared for each process; to know 
the advantages and disadvantages of each process and 
thereby know which to select for any given printing 
job. 

II. Determine the steps to be learned which, when summated, 

will comprise the behavior. Again, from the Boston University 

study, each student would be required to: 

Learn to associate each method of printing with 
the type of surface that accomplishes the printing; 
learn to identify the presses by· their operational 
differences; learn which type of composition is used 
on each press (and in each process) through associa­
tion with their operational differences· learn how 
these differences affect their application to a spe­
cific printing job. 
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"if only the machine is used, teaching reflects a narrow 

outlook on the potential of the mind ••• there must be other 

teaching to cover recursive material."(l?) As shown in 

Chapter II, this is the area where studies have shown the 

personal influence to be all-important. And as shown in 

Chapter III, in these areas it is most difficult to deter­

mine whether or not learning has taken place; we often lack 

a transfer situation - a specific on-the-job task. 

However, the bulk of learning, both in schools and 

industry, is stochastic. To the extent to which such 

material can be automated - to this extent we will free the 

teacher for the no less important task of imparting re­

cursive knowledge. It is sometimes convenient to classify 

all learning as emotive, cognitive, or directive. The dia­

gram below, although crude, will serve to link these three 

areas to those already discussed. Further, it should show 

the reader the overlapping of any arbitrary classification 

and give a better idea of what types of activities can be 

programmed. 





THE HARVARD UNIVERSITY PROGRAM 

Deep in the basement of Harvard University's Romanesque 

Sever Hall is a-battery of ten machines that have already 

made their impact in the field of education. For more than 

600 students have learned their General Psychology at the 

hands - or rather handles - of these machines. 

The joint advantages of proximity and program exten-

* siveness and thoroughness render Harvard an ideal source 

of information about the efficacy of a teaching machine 

program. Their findings concerning the principles of pro­

gramming, derived from detailed analyses of the answer 

tapes turned in by students, have already been discussed. 

We are here interested in the effects of presentation of 

a well programmed course, after such principles have been 

applied and pre-tested. 

The following review is the result of interviews and 

participation as another student of psychology carried out 

by the author during the spring of 1960. It is only with 

the cooperation of Dr. B.F. Skinner and his Research Asso­

ciate, Dr. J.G. Holland, that this information was procured; 

the author herewith acknowledges his debt of gratitude. 

* Although several dozen colleges and universities have 
experimented with automated teaching, the program at 
Harvard has been in operation longer and has gone deeper 
into self-analysis than any other program at the present 
time. 



75 

The teaching machine program was prepared and used 

in General Psychology, which is normally elected to ful­

fill a requirement in the natural sciences. The students 

were mainly sophomores, although members of other classes 

were admitted with special permission. 

In the spring of 1958 there were 48 disks, or sets 

of material; each contained 29 frames, or items. In the 

spring of 1959, a revised and extended program was employed; 

this consisted of 60 disks of 29 frames each. Among the 

topics covered were reflexes, Pavlovian conditioning, 

operant conditioning, discrimination, motivation, emotion, 

techniques of personal control, and psychotherapy. In each 

of these topics, appropriate experiments were analyzed by 

the students in their work on the machines. In general, 

the machines taught the basic core of the_ course, while 

lectures and outside readings dealt with broader implications. 

The machine work was done in a special self-instruction 

room, which was open all day. Students reported to the room 

at times of their own choosing, much as they would for a 

reserve reading at the library. The room contained ten 

booths which were completely sufficient to handle the en­

rollment of 187 students in 1958 and 146 students in 1959. 

Present enrollment is slightly more than 300 students; no 

analyses have yet been completed for the year 1960. 

Disks were checked out from an assistant on duty in 
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the self-instruction room. The machines use a dircular 

disk consisting of wedge-shaped segments which appear in 

the window and present one frame, or item of information 

at a time. Like most teaching machines, the Harvard model 

requires a write-in answer on the answer tape appearing in 

a separate window. The student operates a lever which ex­

poses the correct answer and moves his own under a trans­

parent plastic window. If correct, he moves his lever one 

way to record this (the machine punches a hole in the answer 

tape); if incorrect, the student moves his handle another 

way and no score is recorded. 

The machine designed by Harvard differs from most 

commercially available models in that only items answered 

incorrectly reappear after all items on the disk have been 

attempted. They will continue to reappear in normal sequence 

until answered correctly. Although mechanically feasible on 

a turntable-type machine, this feature is extremely diffi­

cult on the friction drive roller machines that require a 

paper band. The Harvard program, however, is not without 

its mechanical snares, and students must occasionally seek 

help from the assistant. 

Perhaps the most significant factor in this self-instruc­

tion program is the stress placed on revision of disks to 

minimize ambiguity, misleading order of presentation, and 

gaps when the program moved too fast. Here, as in no other 

teaching technique, the teacher has the necessary feedback 
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to improve the content and presentation of teaching mate­

rial. A perfectly programmed course will enable all stu­

dents to answer all items correctly on first encounter. 

Recurrent errors, then, do not reflect the student's 

ignorance (we are teaching rather than testing), but 

rather a weakness of the program at a particular point. 

Since the course utilized teaching machines for two 

successive years, an item by item analysis of the students' 

answers in 1958 permitted extensive revision for presenta­

tion in 1959. As a result, approximately half of the 

errors made during the first year were eliminated (from 

20.1% in 1958 to 11.0% in 1959). Of less significance 

but equal interest was the diminution of improperly self­

scored items; i.e., correctly answered items marked in­

correct, and the converse (from 3.6% improperly scored in 

1958 to 1.4% in 1959). 

A sample of the revised program (Disk No. 9) with an 

itemized breakdown of the percentages of correct responses 

is included at the end of this chapter. (See Inclosure A) 

Revision of the program also enabled the students to 

reduce the average time spent on the first time through a 

disk from 15 minutes in 1958 to 12l minutes in 1959. Fig­

ure 1 (next page) shows a frequency distribution of the 

median times in minutes for completion of first cycles 

(first time through a disk); Figure 2 compares this with 

the distribution of median times for completion of an en­

tire disk, including time for the repetition of errors. 



No. of 
Disks 

25 
20-
15: 
10-

6-

Figure 1 ........ 1958 
--1959 

Median Times of First Cycles 

Figure 2 ........ 1958 
--1959 

Median Times of All Cycles 
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The 1958 curve shows a greater spread of errors, es­

pecially when time for correction of errors is included. 

The shift in distribution of the 1959 curve between Figures 

1 and 2 is slight, reflecting the fact that many fewer 

errors were made in 1959. The solid line in Figure 2 

indicates that the easiest disk was completed in about 

eight minutes by the median student. The fastest student 

was able to complete this disk in about three minutes and 

the slowest required 15. A typical disk required about 13i 

minutes for completion, with the range being 5 to 25 minutes. 

The most difficult disk required 21 minutes for the median 

student, with a range of 14 to 37 minutes. 
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A review of the 1958 final examinations provides a 

crude comparison of the effects of machine teaching with 

lecture and textbook teaching. All questions were judged 

to be of approximately comparable difficulty. Neverthe­

less, the questions for which the machine work was most 

relevant provided nearly twice the number of correct ans­

wers than were provided by questions for which the machine 

work was not relevant. Furthermore, much of the testing, 

particularly in 1959, was done with short essay questions. 

Results indicate that machine-taught students have done 

well in writing short compositions requiring integration 

of several different principles. 

Since students were free to complete as many disks as 

they desired in one sitting, it was possible to compare 

distributed and massed practice. A few students completed 

all the disks in several long sessions, while others worked 

in many short sessions doing three to six disks per session. 

The distributed group never had any sessions longer than 

six disks, while the massed group contained students whose 

two shortest sessions totalled more than 27 disks. (One 

of these subjects completed the entire 48 disks in two 

sessions. Test results indicated that the way practice 

was distributed apparently makes little difference. And 

since one month elapsed between the closing of the self­

instruction room and the final examination, the massed 

practice group cannot be explained away in terms of a 

short retention. 
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Each year at the end of the course the students' 

impressions were solicited by means of a questionnaire. 

The results are shown on Inclosure B. In general, the 

impression was somewhat more favorable in 1959 than in 

195$, presumably as a result of the revision of the 

program. The more negative comments were generally 

made by persons who had done poorly in the course. De­

spite the fact that many students felt that they were 

being treated like experimental organisms, only a small 

percentage felt that the machine reflected on their 

dignity as human beings. More significant, however, is 

the fact that about one-third felt that they were missing 

opportunities to reflect on materials and consider their 

implications. This criticism could be corrected in the 

lectures and assigned readings. 

In conclusion, both teachers and students have accepted 

the automated teaching program at Harvard with enthusiasm 

and the conviction that it is a more effective technique 

than the classroom presentation that it replaces. Better 

students are particularly enthusiastic in their praise. 

Comprehension has proved to be considerably greater. By far 

the greatest advantage, however, is the possibility of a 

yearly revision of the program, based on detailed infor­

mation obtained from the students' behavior. According 

to Holland, "Progress is assured with this technique of 

teaching". 





THE BOOTON UNIVERSITY EXPERIMENT 

An experimental study of the relative effects of 

personal (lecture) vs. impersonal (teaching machine or 

assigned reading) presentation of learning material was 

undertaken at Boston University's School of Public Rela­

tions and Communications during the Spring of 1960. The 

experiment involved presentation of a one-week segment 

of the PR 331 course in Corporate Journalism dealing 

with the printing processes. 

The purpose of this study was fourfold: 

1. to determine the relative effects of the 
means of presentation on the learning process; 

2. to determine the 'programmability' of 
the subject matter; 

3. to determine whether the subject matter 
was transferrable to specific problem situations 
rather than simple identification tasks; and 

4. to develop programming skills in the 
investigator. 

Three experimental groups of 12 students each were 

exposed to a presentation of matched subject matter.* 

Each group received instruction by a different means of 

presentation: classroom lecture, Foringer teaching machine, 

or reading assignment (See Inclosure C). Students of one 

group were excluded from admission to either of the other 

groups. Lecture Group students received a classroom pre-

* equivalent content and approximately equal exposure time. 
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sentation; students of the Reading Group and Teaching 

Machine Group received their instruction individually 

at scheduled hours (in the library and the Communica­

tions Research Center office, respectively). Every 

attempt was made to see that conditions of presentation 

were as unbiased as possible, including subsequent 

analysis of the lecture, tape recorded during presenta­

tion. 

As in all learning experiments, the motivation 

variable is most difficult to control. Fortunately, 

in this study individual student preferences for method 

of exposure divided the class into three almost equal 

groups. Subjects were thus assigned to the group of 

their own choice in all but a few instances. A friendly 

spirit of inter-group competition arose, fostered by 

the knowledge that they would be tested subsequently and 

that each group would be trying to outdo the other two 

groups. Although intrinsic motivation was lacking in that 

the students had no immediate use for the learning mate­

rial, students nevertheless expressed a general interest 

in the experiment and a willingness to cooperate. 

Students were informed that they would be tested and 

graded on their comprehension of the material and that 

they could take notes to study later. This procedure was 

followed in order that the lecture group might not be 

favored by the organizing and reinforcing effect o£ taking 





using the reserved book. Books were not permitted out 

overnight or during the weekend. Upon questioning during 

the test, students of this group revealed that they had 

taken notes during the reading (with two exceptions}. 

Teaching Machine Group: Students arranged with the Secre­

tary of the Communications Research Center for an assigned 

time on the teaching machine and reported to her at that 

time. They were briefed on its use (See Inclosure D) and 

given five practice items to acquaint them with the opera­

tion of the machine and the nature of the program. Each 

student was then left alone to complete the program. 

After completion of the 36 items, the student was in­

structed to add up the errors on his personal Record of 

Correct Responses (See Inclosure E); if this number ex­

ceeded six errors, the student was required to repeat the 

program. Pretesting of the 36 item program (See Inclosure 

F) revealed the advisability of permitting this higher 

error rate (16%); students were new to both the machine 

and its contents {unrelated to previous course material). 

Results of the Record of Correct Responses are shown 

in Table 1. It should be noted that no student required a 

third time through the program; three students reached 

criterion (fewer than six errors) on their first exposure. 

In the absence of a mechanism that would drop out correctly 

answered items on subsequent exposures, a perfect (no error) 
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* There is no significant correlation between error 

rate and time spent on the program. We should note, 

however, that this is the very reason for machine pre­

ference: that slower students can spend more time learn­

ing the material than faster ones. Such a correlation 

would only appear if students possessed equal ability 

and background preparation. No such attempt to match 

the three experimental groups was made in this study. 

However, based on the students' past academic records, 

it was observed that no group appeared to be skewed in 

favor of slow or fast students; in short, the distribu­

tion appeared to be normal. 

Testing: Time lapse between exposure and testing varied 

among subjects, an unfortunate result of the impossibi­

lity of scheduling all readings and machine presenta­

tions simultaneously. Span ranged from 1-7 days, the 

mode being 4-5 days. 

Subjects of all three groups were tested during the 

lecture period belonging to Professor A. J. Sullivan, who 

is responsible for the course. In this way students, who 

expected to be tested during section meetings, had no 

chance to prepare other than the exposure presentation. In 

addition to minimizing the variable effect of 'cramming', 

this served to facilitate test administration in one session 

rather than by sections, which would have required matched 

tests. 

• by inspection 
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The test itself consisted of three parts: identifi­

cation, application, and description (see Inclosure G). 

Students who were absent during the exposure week and had 

not seen the presentation material were also required to 

take the test and instructed to do their best; these Ss 

served as a control group. The results are in Table 2. 

A second and final test (see Inclosure H) was adminis­

tered four weeks after exposure to determine the relative 

effects of varied presentation methods on the rate of for­

getting. Again there were three parts. There were 25 points 

possible on the first test (10,5,10) and 20 points on the 

second test (10,5,5). The results are in Table 3. 

As a test of reliability, correlation coefficients 

were determined for ss·scores on the two tests, using the 

equal forms method. Values of rho revealed that the tests 

were reliable. 

Two measures of validity were used: Both tests were 

given to two groups of two students each who were not enrolled 

in the PR 331 course. One group used the automated program 

to answer the 1 open book' tests; the other group used the 

reserve reading. Similarly, the tests were administered to 

an industrial editor and a professional printer, this time 

without presentation of the teaching material. In both 

cases, inspection of the high performance levels revealed 

that the tests were valid. 











e. 

93 

assumed that Ss would by now be familiar with the nature 

of the program and would thus require less reinforcement 

on new items. This assumption is invalid: items must be 

brief, short-stepped, and frequently reinforced no matter 

how solid the foundation of previous sequential learning. 

That the amount of reinforcement required varies between 

fast and slow students is forcefully illustrated by the fact 

that the faster students' error rates remained constant 

throughout the program, while slower students encountered 

most of their difficulty on the last eight items Again, 

this defends the need for a correct-item drop-out device 

on machines that present programs for use by fast and slow 

students alike. In the absence of such a device, the 

ideal solution would require several different programs 

for the same material, differing only in the amount of 

reinforcement present. All students of such a course would 

start on a slow program; their performance on this and sub­

sequent programs would prescribe whether fast or slow pro­

grams should follow. 

Brief Summary and Conclusions: In the teaching of material 

involving such tasks as identification, procedures, and 

simple concept formation, learning seems to take place 

under conditions of self-instruction at least as well as 

under present methods of classroom pre·sentation by the 

teacher. To the extent that the self-instruction material 

is well programmed, learning under such conditions can be 
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with the automated instruction program. 

To date, only with the specificity and immediacy of 

feedback granted to the teacher by the analysis of ans­

wer tapes can the gaps and breakdowns in the teaching 

message be located and corrected. Perhaps a realization 

of the importance of feedback will make way for other 

means of presentation by which the teacher can know at 

any moment where the level of attention, comprehension, 

and learning stands. 



CHAPTER VII 

CONCLUSIONS AND RECOMMENDATIONS 

"A basic fact of life for the applied scientist 

should be kept always in mind: it is not enough that 

in the experimental situation the proposed new methods 

work well. They must do so in the average situation 

where they are to be used and with average people there; 

and they must there be sufficiently better than the 

methods and materials these same people have been using, 

that a change-over is both warranted and feasible." 

s. L. Pressey 



CONCLUSIONS AND RECOMMENmATIONS 

We have attempted to review all relevant evidence 

at our disposal that might indicate possible uses of 

automated teaching principles in schools and industry 

alike. From these considerations, programming for self­

instruction would seem to emerge as holding great pro­

mise for certain kinds of material and certain purposes. 

Automated teaching has been credited with: 

1. saving time and labor of teachers; 

2. providing immediate reinforcement to students, 
thus increasing motivation and learning; 

3. dealing effectively with the range of indi­
vidual differences present in the classroom; 

4. teaching the complex relationships involved 
in verbal thinking (without apparent loss in the 
transfer situation); 

5. enabling the teacher to improve and standardize 
the level of attention, comprehension, and learning 
through program revision; 

6. permitting rigid quality and quantity control 
of the subject matter; and 

7. granting continuous testing of the student's 
progress instead of widely spaced examinations. 

The experiments conducted at Boston University (Chap­

ter VI) verify these findings, with two reservations. On 

the 3rd item above, individual differences will be met 

only when the machined program can adapt itself to the 

student using it (for example, by means of the correct 

answer drop-out device discussed earlier). And on the 7th 



item, it was apparent from our studies that mastery of 

the automated program does not preclude testing; indeed, 

as the nature of the material approaches rote learning, 

perfection of the program may have little to do with 

recall or transfer on subsequent testing. 

It is evident that the teaching machine will never, 

nor was it intended to, replace the teacher. Indeed, 

such devices require - and cultivate - a superior teacher 

in the role of programmer. Perhaps it is here that the 

machine will have its greatest effect. As Pressey has 

noted: 

•one little mentioned advantage of a good self­
instructional device is that it facilitates re­
search. With enough materials and several sec­
tions of a large class available, it may be-pos­
sible to gather useful data even in one day, pro­
cess it the next, and so very rapidly get some 
helpful information on a variety of questions; e.g. 
desirable difficulty of questions, comparative 
value of different forms and arrangements of 
materials, and so on. Sometimes the results may 
be very disillusioning. The writer found that 
one of his most promising layouts for self-instruc­
tion actually brought a bit less learning than the 
same total amount of time spent by the students 
simply in ordinary study!" ( · 

6
) 

14, p.l9 

Whether or not it becomes the means of presentation 

of training material in schools or industry, the teaching 

machine's possible use in determining the most effective 

presentation methods cannot be denied. It requires at the 

outset a definition of objectives of the training and the 

establishment of boundaries of relevant knowledge to ac-
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complish these objectives. Much of present day training 

does not get beyond this first step and could certainly 

benefit from such an exercise. 

The above mentioned use of the teaching machine as 

a research instrument is by no means restricted to 

schools and industry. It is conceivable that as knowledge 

of ef£ective programming procedure becomes widely prac­

ticed, specialists in communications will be able to pre­

test a message on a limited sample public by programming 

it. We have learned from the schools that over-con­

scientious teachers often waste time and lose interest 

in teaching students what they already know and trying 

to prevent errors that are unlikely in the first place. 

In so doing they sometimes cause student errors that 

would not otherwise have been made. In such fields as 

advertising and public relations, where time and space 

for public attention is at a premium and where each word 

printed or spoken is measured in dollars as well as in 

sense, it is well within reason for us to turn to what­

ever research methods may be applied to the formation 

of a more effective message and the increased control and 

predictability of its reception. (See examples in Inclosure H). 

In Chapter III we discussed such concepts as attention, 

perception, motivation, reinforcement, and transfer as 

they relate to the learning process. These same concepts 

are discussed at length in books dealing with psychology 
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in advertising and psychology in industry. If these con­

cepts can be systematically controlled by programming for 

machine or other well-designed presentation, the possi­

bilities of increasing the predictability of results 

appear to be very real. If we ever hope to approach the 

goal of ultimate control over the communications process, 

it is even more important to undertake research which 

will determine how far each of these psychological vari­

ables, or combinations of them, can be pushed - and with 

what effects. This area of research remains relatively 

unexplored; the teaching machine appears to be an effective 

tool in controlling such variables. 

The problem of what type of material can be program­

med remains largely unsolved. We have seen that simple 

motor skills, facts, procedures, associative learning, 

simple concept formation, and in general, the majority of 

those disciplines that Ginther (17) has defined as 'stoch­

astic' can be programmed for effective self-instruction. 

Beyond this we know little. The limitation lies not with 

the machine, but rather with the inability of educators to 

define the nature of the process of instilling values, 

attitudes, and the complexity of interrelationships that 

characterize such 'recursive' disciplines as philosophy 

and religion, for example. A second limitation results 

from their sacred regard for such areas of study and their 

conviction that automated teaching can no more convey ulti-
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mate values than can the physiology o£ man, their proto-

type model. 

Such arguments £all down in their £ailure to recog­

nize the impossibility o£ divorcing 'stochastic' and 're­

cursive' material. How can we instill values and attitudes 

without presenting the £acts which help to £orm them, or 

at least the preceding values and attitudes out o£ which 

new ones grow? Conversely, we are o£ten at a loss in 

teaching the 'simplest' £orms o£ de£inition and identi£i­

cation learning when divorced £rom the larger concepts o£ 

which these are a part. How, £or example, can we teach 

the de£inition o£ a word like £eudalism (presumably a 

stochastic exercise) without considering the social im­

plications contingent upon its practice (a recursive exer­

cise}? 

It is here that the behavioristic approach to automated 

teaching is inadequate. The atomistic and organismic ex­

planation of the learning process has begged to avoid such 

issues as whether or not values and attitudes can be taught 

by machine. They have done this by defining the machine as 

a teaching aid, which thus relieves and enables the teacher 

to deal with such elusive material. But the all-important 

question remains: how is such material taught? E. L. 

Thorndike has noted: 

nThe word education re£ers especially to those 
elements of science and art which are concerned 
with changes in man himself. Wisdom and economy 


























































