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ABSTRACT

J ” The memorandum presents a sys tematic functional meth-
odology for computer—assisted instruction . Methods and technics
from education , psychology, statistics, and computer program
design are in tegrated into phases and functional steps in order
to produce a general sys tema tic logic for conducting research.
Atten tion is given to the retention as well as the learning pro-
cess in the research area . The me thodology is seen as app licable
to producing computer—based ,. standardized programmed instruction
courses on a more solid scientific basis.

V
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1.0 INTRODUCTION

The purpose of this paper is to define a systematic method-
ology applicable to computer—assisted instruction . The need for such
a methodology results from the poor quality of research that has
followed the rise of programmed instruction technology . The pro—
liferation of devices, gadgets, and programs has been much faster
than the logic of matters will allow. It seems appropriate, not to
criticize and condemn, but to assist in further development of the
nature of programmed instruction and the various techniques that
are used with it.

Everyone knows that Pressey l s* early devices were built
initially to test more than .to teach . The “items” that went into his
machines were questions and possible answers to which a student had
to select the correct one. If the initial selection was not correct,
the student had to continue to try the other alternatives until he
discovered the correct one. As a criterion of success, the student
had to go through the complete set of questions and answer them all
correctly at least once. Since his early “teaching machines” were
tried out on children , Pressey always provided a reward when the
chi ld met the criterion . Food (cand y) was used as the primary,
positive reinforcement for a perfect score.

At once it became apparen t that if a learner had the
opportunity to discover each correct answer, he would eventually, by
repetition , learn all the items. In a sense, then, Pressey’s device
was a rote memory training device which indicated to both the learner
and instructor when the learner achieved a perfect score .

What is not so apparen t , however , is the actual kinds of
techniques involved. First, since the items in the machine

were test items, mental test theory and item construction applied .
Secondly, a reward was given for a perfect score, hence, learning

*Pressey, S. L., A Simple Apparatus Which Gives Tests and Scores—and
Teaches. In School and Society Vol. 23, No. 586, March 20, 19261
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principles were used. Finally, insofar as the items were pre-
sented an item at a time according to increasing difficulty,
some form of “programmed learning” was incipient as early as the
1930 ’s.

At that time, Pressey did not construct and develop a
systematic methodology for teaching and testing. The above
description shows that a methodology was implicit, however, in
terms of mental test theory, learning theory, and programmed
learning techniques.

Twenty years later, Skinner re—introduced the concept
of teaching machines and added the concept of programmed learning .
Skinner ’s primary emphases were on the application of research

performed in his laboratory with animals to human learning and on

the development of machines or other devices to control behavior.

Since Skinner’s research aimed only at developing

predictable correlations between stimuli and responses, he did

not relate his work to current behavioral or physiological theory.

In the same way, when he developed his conceptual framework in

programmed learning, Skinner focused on producing reliable
responses to known stimuli. With his laboratory apparatus,
Skinner controlled and measured behavior by appropriately record-

ing signals to and from the animal. Similarly, his teaching

devices were used to control and measure human behavior .

It was nearly ten years ago that Skinner* wrote his

article entitled , Teaching Machines. This article pointed out

the possibilities of “shaping” behavior in ways desirable to an
experimentalist or teacher. Skinner’s article, however, did not

treat the problem of education and training from a systematic,
functional viewpoint because Skinner had no explicit theory con-

taining causal statements or explanation . Many of his followers

*Skinner, ~~ F., Teaching Machines, Science. Vol. 128, No. 3330,24 Oct. 1958.

2



TRACOR. INC. 3065 ROSECRANS PLACE. SAN DIEGO . CALIFORNIA 92110

began to app ly the new teaching technology in an almost random
fashion and sometimes totally unrelated to previously accepted
methods in psychology and education . Skinner probab ly did not
intend such a movemen t to occur nor has he condoned it.

Other workers, since Skinner, have seen the need for a
systematization of the technique. An example is the logic of
mathetics, which is a technique for the strict application of
stimulus—response relationships to learning, especially appli-
cable to vocabulary building . Mathetics* systematizes Pavlovian,
classical conditioning and functional instrun~ental conditioning
and gives a central emphasis to reinforcement. Thus, the
“chaining” of behavior becomes an important concept. For example:
“cat—gato” might be paired together several times until the stu-
den t saw them “associated” with each other . Then , the student
will be given these two words together and he pronounces them
after the instructor, who will say: “Good ,” or some similar
phrase. This segment of training follows a Pavlovian paradigm .
The next segment in the mathetics technique is to give the student
only the word , “cat,” and to expect him to say “gato.” If the
studen t says “gato , ” then the instructor says “Good” or “Correct.”
This arrangement provides immediate reinforcement for the correct
answer. Now, if the student must learn: “The cat goes,” the
classical paradigm is repeated and is followed by the instru-
mental paradigm . For example, the pairs: “the—el,” “cat—gato,”
and “goes—va” are formed . Next: “the cat—el gato” pair is formed .
Then , “cat goes—gato Va” is followed by the chain “El gato Va. ”

The mathetics paradigm and the Skinnerian methods
util ize the simp ler discrimination and generalization responses
for learning paired associates and forming sequential behavior

• (“ chaining”) by a systemi zati on , as n oted previous ly, of classical

*Gi lber t , T .F . ,  M~ thetics , The Technology of Education, The
Journal of Mathetjç,~~ Vol. 1, Jan . 1962.3
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and instrumen tal conditioning. Crowder~ introduces a different
paradigm which raises questions in education and training not
actually dealt with anywhere in any formal sense by Crowder ,
since he gave considerable energy to the design of electronic
and optical-mechanical devices more sophisticated than Pressey
or Skinner ’s simple machines.

- The terms “extrinsic” and “intrinsic” programming are
often applied to programmed learning. These terms refer to the
determiner of what next will be displayed to the learner. In
Skinner ’s extrinsic programming , the response made by the student
does not determine what he receives next. Since the student’s
behavior is being “shaped” in extrinsic programming, it matte~.s
little if his response is correct or incorrect because he will
receive only the correct response next. The teaching device has
complete control over the learner ’s behavior in the extrinsic
programming technique whether the device be in a book or in a
mechanical form. 

-

In Crowder’s intrinsic programming technique, the teach-
ing device has less control over the learner ’s behavior . Orga-
nized information is presented and this is followed by a question
with a set of alternatives in which only one in the set is cor-
rect. The learner must make a decision based on the information
and the question and then select an alternative . If the teaching
device is mechanical or electronic with an optical display, the
learner presses keys indicated after the alternative . The
depressed key produces the feedback page to the learner . If the
teaching device is in book form, the alternative is keyed to a
nonsequen tial page to which the student turns to determine if he

is correct or incorrect. If correct, he receives new information ,
a new question , and a new set of alternatives . If incorrect, he

*Crowder , N. F., Automatic Tutoring by Intrinsic Programming.
In Lumsdaine & Glaser’s, Teachin.g Machinas & Programmed Learning:
National Education Associati on , Washington , D . C . ,  1960

.4
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is given additional information on the nonsequential page in the
form of hints as to why he is incorrect , but he is not given the
answer yet. He is required to return and re—read the original
information , question , and alternatives . The alternatives are
written so as to determine whether the student has remembered
pi.~ 1.Tious information or perhaps has lacked prerequisites for the
course in the first place . Sometimes a studen t is careless due
to inattention ; at other times only partial learning may have
occurred .

It is at this poin t that one reason for a more system-
atic approach to programmed learning is needed , and later, such
an approach will be described in detail. The technique of merely
slicing information into words or paragraphs, and either asking
the learner to reproduce the information or recognize it again
when asked an appropriate question , certainly can not be the
whole of teaching. Most educational and training institutions
give at least casual thought to prerequisites , content, sequencing,
examinations, and levels of achievement. A lmost no one can
continually pay attention , however, to the real-time behavior of
the student as he learns information by book, teacher, or device.

Moreover , what is prepared as information by teacher,
curriculum specialist, or textbook writer is like a game in which
these educationalists predict that the information that they have
organized is isomorphic with the way a student will learn . A
closer scrutiny of examinations in classroom , lecture, or text-
book reveals that little learning occurs compared with cost and
efficiency . Textbooks and other books are often written for
colleagues after the first chapter . Lectures often entertain or
produce a quite unintended effect. Classroom discussions are
often filled with irrelevancies .

Programmed learning tries to minimize these deficiencies
and extravagancies but in so doing overlooks certain methods and
technics tha t have scien ti fic sanction . The Skinner method

5
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desires tha t the correct answer be cons truc ted by the studen t .
The Crowder method desires the same thing but allows the student

to recognize the correct answer among several alternatives.

The question arises, however , as to whether course
objectives , course prerequisites, con ten t sequences , programmed
ma terial , and examina tions are methodologically consis ten t wi th
each other in either the Skinner or Crowder programming techni-
ques. Another question is: Does that which has been learned by a
s tuden t have any reliability over time ? 

*In several publications , Mager has stressed behavioral
objectives and the condi tions under which the object ives should
be specif ied . Too often courses are programmed or taught wi th-
out an explici t  statemen t as to wha t is to be expec ted of the
studen t at the termination of instruction . Too often course

objectives are stated in language that defies an instructor ’s

ability to program or teach such objectives or an examiner’s

ability to test them .

**Recen tly, Bloom and his associates have made a deter-

mined attempt to classify behavioral objectives in terms of types

of examination questions. These differ from Mager ’s concep ts of
behavioral objectives in that Bloom ’s objec tives are ac tually
examination questions classified according to six general prin-
cip les: Knowledge , Comprehension , App lication , Anal ysis ,

Syn thesis , and Evaluation . Detailed sub—categories are subsumed

under these six ca tegories . For examp le , in the ca tegory ,

“Synthesis ,” the studen t is expec ted to “derive a set of abstract
reac tion s ,” which is a sub—category. Mager does not reject this

approach but he adds : That the conditions under which the

behaviors are to be emi tted should be opera tionally specified;

~~ager , R. F., Pre2aring Objectives for Programmed Instruction.
San Francisco : Fearon Publishers , 1961.
**Bloom , B. S. (Editor), TaxonQmy of Educational_Objectives:
Han~~ook I: Cognitive Domain. New York: David McKay, 1956.

6
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tha t the s tuden t should know what is expected of him at the begin-
ning of the course; and that  thi s information be known to student,
ins t ructor, and examiner . For exthn ple , Mager probabl y states a
course objective this way: “Given a linear algebraic equation
with  one unknown , the learner must be able to solve for the
unknown wi thout the aid of references, tables, or calculating
devices .” B1oom ’ s ’

~ emphasis is on the examination itself and
the kind of objective to be tested . For example:

“2.00 Comprehension

“2.10 Tran s lati on fr om symbolic form to
another form, or vice versa.

“18. Coulomb ’s Law of Electrostatic attraction

states : ‘The force of attraction or repulsion
between two charged bodies is directly propor-
tional to the product of the charges, and
inversely proportional to the square of the
distance between them.’ If F is force, Q and
Q’ are charges, D is the dielectric constant
and d is distance, a mathematical statement
of the law is:

a. F = — ~-1 b. F =~~~—~ c. F = ~~~~~~Dd D d  Dd

2 
~~~~~

,

d. D = . e . d =

Essen tially, Mager and Bloom agree . Mager ’ s sys tem
doe~s not  add the examination question itself ; however , the
specification of the behavior to be achieved is explicit in both
cases . -

*Bloom , op. cit., page 104.

7
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~‘Iager ” has al so been concerned wi th conten t sequencing
as have many curriculum specialists and textbook wri ters . He
dis t inguishes between instructor—cen tered con ten t sequencing and
learner—cen tered sequencing . Ins truc tor—cen tered content
sequencing is characterized by some kind of logical order :
tempora l , spatia l , inductive, deductive, general—specific , etc.

• With learner—cen tered con tent sequencing, the learner combines
on an immediate need basis “wh at he need s to know with  wh at he
alread y kn ow s**.~I But such an arrangemen t mus t be experimen tally,
ra ther than intuitively, determined as will be suggested later .

The terms “initial” and “intermediate” behavioral
objectives have been proposed and analyzed by several writers in
connection with con tent sequencing as well as wi th behavioral
objectives in a terminal sense (examinations). In this connec-
tion the terms “mediating” and “ transitional” behaviors are
often used for “hints” and “prompts .” Some writers have pre-
ferred that all of these terms be defined operationally by such
devices as achievement tests . The distance between steps in
d i f f i cu l ty  of a population of test items would consti tute the
segments in the sequencing of content.  It should be noted , how-
ever , that such tests are generally constructed by teachers or
examiners . Cureton*** has poin ted out tha t “ the ~~ facto aims
of an educational program , and of every part thereof , consists of
those acts on the basis of which the s tuden ts and the program are
in fact evaluated . If any stated aim is not analyzed into specific
actions , and those actions observed and scored and reported , the

statement is no more than empty verbiage.” Thus , Cureton is
pointing out the relationship between objectives, content, and
measurement.

~~ager , R. F., On The SeQuencing of Instructional Content. PaloAlto , Calif., Varian Associates , 1961.
**I4ager, op. cit., page 412.
~‘:**Cureton , E. E., rtvalidity,~

t Chapter 16 in Educational Measura—
men ts , E. F. Lindquist , Editor , Washington , D. C. ,  American
Council on Education, 1951.

8
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Ebel” states , in general agree. ~nt with Cureton, that
it is “ ... easier to define desirable behavior in terms of test
exercises than in terms of curriculum procedures .” Ebel would
“ . . .  regard the hypothetical population of items from which [a]
particular sample is presumed to have been selected , as consti-
tuting a better operational definition of the goals of achieve-
ment” than a single test sample.

Cureton** has defined the criteria for a population of
test items for initial, intermediate, and terminal behaviors as
being characterized as follows:

a. “The acts or operations of which a [function] is
composed .”

b. “The materials acted upon .”
c . “The situations in which these acts or operations

properly take place.”
d. “The results or products of these acts or operations.”
e. “The particular aspects or features of the acts or

of their results or products which are to be consid-
ered as germane to the function .”

Adkins points out in her definition of a test tha t it
is a “ ... means of drawing inferences about persons, based upon
their responses to a sampling of a field of behavior .” If this
definition is used for a test and if initial, intermediate, and
terminal objectives can be stated in terms of test items, then
the studen t’s progress can be determined in a measurable way.
Moreover , such a determination acts as a constraint envelope on
content sequencing because it excludes the sequencing of irrele-
van t content. The original or paren t population of test items

*Ebel , R. L., “Obtaining and Reporting Evidence on Content
Validity.” Educational and Psychological Measurement, XVI, ~~1956 , 269—282.
~~Cureton , op. cit.
***Adki ns , D. C . ,  “Measur emen t in Relation to the Educational
Prpcess .” Educational and Psychological Measurement, XVIII, ~~~,

221—240.
9
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can be sampled progressively to determine the student’s achieve—
men t.

Thus, it is seen that there is a relationship between
content sequencing and the behaviors that must be learned . This
relationship is a constraint on what is sequenced by the criterion
of relevancy. However, Mager ’s finding that content—sequencing
must be based on student needs rather than upon the arbitrary
logic of an instructor must be discussed . What an individual
learner needs to learn in order to achieve specified objectives
depends upon very specific needs at the moment. Seldom is an
instructor capable of fulfilling the range of such needs while
conducting conventional classroom teaching. How, then, can the
student—centered instruction concept be useful? Would a given
programmed course have to be written at several levels of IQ, or
would one segment be devoted to prerequisites and another to
instructing terminal behaviors?

The answer can probably only be determined by experi-
mentation as a course is pre—tested . A representative sample of
students must be selected to pre—test the programmed course. In
addition, a complete recording of their behavior while learning
must be provided . The following is a partial list of information
on such a recording:

a. Frame number
b. Time per frame
c. Number of errors per frame
d. Average time per frame for all s tuden ts
e. Total number of errors per student
f. Total time to learn course to criterion
g. Number of frames used per student
h. Total number of frames
i. Real—time

Another question to which an adequa te answer mus t be deter-
mined is the “prime path” for sequencing content. It has been

10
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observed that students, who take the course, whether programmed
or not , whether programmed linearly or non—linear ly, or whether
extrinsic or intrinsic will have differing needs . It has also
been pointed out further that the path chosen by the instructor,
by a conventional textbook, or by the usual programmed course is
not the path of the individual student.

When conten t is sequenced linearly as in a Skinner type
progr am , there is no “paths” except one——the teacher’s. Linear
programming is best seen as a special case of learning in which
individual words, phrases, symbols, or forms must be acquired by
the learner . Nonlinear programming is best seen as a more gen-
eral case of learning in which problems are solved or concepts
formed based on an organized unit of information, and there is a
choice of alternatives from which the learner makes a decision .
He is being instructed and evaluated almost simultaneously before
he proceeds to the next organized unit.

Dressel* has pointed out the close connection between
instruction and evaluation by stating that: “Evaluation does not
differ from instruction in purposes, in methods, or in materials,
and can be differentiated from instruction only when the primary
purpose is passing judgment on the achievement of a student at
the close of a period of instruction .” He also emphasized that:
“Testing for knowledge should be supplemented and even in part

replaced by broad , pervasive, and continuing evaluation or assess-
ment which becomes a major part of instruction and, therefore,
indistinguishable from it.”

Now the question arises frequently as to whether rec-

ognition or reproduction of the answer produces superior learning

and retention, given that instruction and evaluation should be

almost simultaneous and continuous. In Skinner’s linear pro—

gramming , the student tries to remember the paired words or phrases

*Dressel , P. L., “Evaluation as Instruction,” in Processing. 1953
Invitational Conference on Testing Problems. Educational Testing
Service , Princeton , New Jersey, 1954.

11
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after  they are presented and writes them down . The reten tion
time is of the order of 0.5 seconds . His reproduction time may
be of the order of one or two magnitudes greater than the immedi-
ate memory requirement. The “response time” p lus the “memory
time” results in a very short “buffer storage” and “retrieval”
period . It is an empirical matter whether this produces the long—
term storage both necessary and sufficient for later accurate

• recall.  In the Crowder or nonlinear system of programming, infor-
mation received by the student is organized into paragraph size
more often than short sentence or paired associates size. A
question follows this information rather than a blank space as
in linear programming. Then, a set of alternatives is presented
in nonlinear programming and these alternatives con tain distractors
as well as the correct alternative .

The combination of the question and the alternatives is
called an “item.” This combination is based more on understanding
of the organization or sequences of thought of the material than
on the memory for it. For examp le , the studen t should be able to
recognize a paraphrase , a summary of what was given in the infor-
matory paragraph, or a recall of a sequence of manipulations as
in an algebraic equation . Word meanings are emphasized in non-
linear programming more than word pairs or short sequences as in

linear programming.

There is nothing in linear or nonlinear programming
which prohibits a student from repeating given information unti l
he memorizes it. In nonlinear prograxnming,rote memory is seldom

used since the emphasis is on the meaning of organized material.

This is not to say that linear material is unorganized because
the sentences , even phrases , are organized . Information , however,
is fragmentary. It is often difficult “to get the picture” or
general framework of an idea or concept. In nonlinear programm-
ing, the Gestalt of an idea or sequence is presented in its
entirety as a unit——it is organized for the student.

12 
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The question arises as to the amount and kind of prac—
tice necessary in the two types of programming. Should practice
immediate ly follow initial learning or should “periodic review”
be inserted in the program? How many times should the student
practice the whole programmed course in order to achieve a given
criterion for practice? Does overlearning help maintain longer
recall? Again , as for other problems of human learning, the
distribution and the amount of practice questions must be matters
of research. Different distributions of practice must be tried
along with different amounts of practice.

Nonlinear programming is often called “branching
programming .” In this type of programming, one path, the prime
path , consists •of the set of correct alternatives to all the
frames . Each frame has onl y one correct alternative among the
available alternatives . Now it occurs that if the alternatives
have been designed properl y, at least one wrong alternative
should test whether a s tuden t has the prerequisites or has
learned material previous to the presen t frame . An other wrong
alternative should test whether the student has made tacit assump-
tions which lead to errors or irrelevancies in deduction or
induction, etc. The remaining alternatives should test for under-
standing concepts or following correct sequences, except that one
of these alternatives should be wrong and contain a careless,
highly probable error . These alternatives should provide some
difficulty in discrimination between them and one should be
based on a lucid understanding of the concept or problem.

The first wrong alternative should lead to extensive
“branching .” A student should be directed back to a series of
frames other than the one on which he made his error, but the

“washback” should lead back finally to that frame which caused
him to make the serious error. This washback provision enables

learners, at different levels of IQ or aptitude, to progress at
different rates. It should not be expected in all cases that

the learner, once through a program , will have retained much of

13
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what he has learned even for immediate recall and that he will
have saved himself from practice because he has learned so

rapidly. It is a matter of research to find out how much prac-
tice is necessary within a programmed course as well as how many
times the total course should be repeated to reach the practice
criterion , especial~ly if the criterion should be , say, two per-
fect practice sessions beyond the first perfect time through the

• entire course. The results of such research would provide
excellen t information to the programmer as to where additional
material for practice should be inserted even for the most
talented student. A brilliant studen t may go through the prime
path wi thout error , but upon examination , some forgetting will
have occurred or he may have guessed and obtained the correct
answer during practice and then fail the item on test.

In the case of the lower aptitude and IQ learners,
branching to easier and/or review material enables these learners
to re—learn not only prerequisite material, but more importantly
this provision for having discriminating alternatives for each
i tem in nonlinear programming further enables the programmer to
integra te hi s techniques wi th men tal test techniques .

In the case where branching enables the lower IQ and
lower aptitude learners to depart from the prime path, and at

the same time have the opportunity to return to it, nonlinear
programming allows for con tinuation of learning in the face of
actual difficulty with a frame, yet reduces any undesirable nega-

tive affect and resultant perseveration of error or regression
from the learning situation . Presumably in the linear programming

techniques, “steps” are so small——word pairs, small phrases, hints,
word meanings——tha t error probability is very low.

The question arises as to the utility of error in
learning and performance. Seldom does the real world organize

information in such a way that the learner ’s receptors and brain

needs make little effort to use the information provided for his

• 14
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own bene f i t .  More like ly an alternative is selected from minimal
or overwhelming information , all of which is loosely organized .
Such is the set—up between Man and Nature, between Man and Man,
and wi thin Man himself. Error is used to re—direct the individual,
but in Man ’s relation to Nature, seldom does Nature tell him what
to do next. Similarly, interactions between men many be extensive
or frequent before relevant information is received and the
required behavior occurs.

Error can be used to improve a programmed course during
experimental trials before release to the user.

The significance ‘of error is at what point in time it
is made . It is important, therefore, to have a real—time record
of error ; what alternative was selected first, second, third, etc .
Of course, the count of the number of errors per alternative for
item analysis must be made, but this statistic is not as important
for the learner or the programmer as is the selection of a wrong
alternative the first time. It is important for the learner to
get the information immediately. It is important for the pro-
grammer because he may need to revise the prime path, insert more
branching, increase practice problems, or perhaps to combine a
number of these factors.

The discussion above about error is relevant to non-

linear (branching) programming. In the case of Skinnerian, or

linear programming, error is not supposed to occur because what

is to be learned is isolated and is presen ted , spatially and
temporally contiguous, with already—learned material of very

short length . If the student’s reproduction is wrong or right,
during learning, he is given the correct answer immediately. The

• programmer assumes that his sequencing as well as his programming

is correct in that the student can go from sequence to sequence

and frame to frame without error .

If the s tuden t could be asked to make a prediction as
to the probability tha t the alternative he has decided upon is
correct , then the subiective sizes of the “steps ” can at least be

15
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pa r t i a l l y  evaluated from the s tuden t point of view. This would
give Mager ’s concept of student—cen tered sequencing a more ade-
quate operational test. It also would provide a basis for an
operational comparison between the prediction of the next step by
the programmer and the prediction of the next step by the learner .

Now, since in original programming, the programmer
predicts that the next “step” is in the proper sequence, it follows
that

(1) p ’ = 1.
P

If a student also predicts that he would be correct with
a probability of 1, then

(2) p = 1 ,
S

and

p t 
— p = 0.

P S

The question arises as what to expect if .00 
~ 
P
S 

.~~~ 1.00.

Thi s situation may look like this for a single s tudent
for a single frame (where a student picks alternative “b” and

assigns a “p” of .75 to it indicating he is quite sure he is

correct):

(3) a. p = 0
S

b. p = .75
S

*c. p = 0; however , p ’ = 1
S P

d. p = 0
S

~~
‘
~

‘rrect alternative

16
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But for the same frame , the d i s t r ibu t ion  may in earl y
training look like that shown in Matrix {i] for 30 exnerimental
students : (The matrices which follow are hypothetical illustra-
t i on s ) .

[i] PROB .\BILITY 
_______ ________

i .00 .25 .50 .75 1.00

a. 0 0 1 1 0 2
b. 0 1 1 1 1 4

5 3 2 8 3 21
d. 1 0 1 0 1 3

6 4 5 10 5 3 0 = N

It should be kept in ~iiird that the focus is on experi-
menta l students using them to pre—test  the program prior to forma l
training with it. Most, if not all, programs are usually pre-
tested by post—training examinations and after—the—fact statistics
are used for analysis .

It can be seen by Matrix [ii that 707, of the students
chose the correct answer and only 107, had 1007, confidence in
their choice . Some students had high confidence in wrong choices .

What is the meaning of these other distributions? Experi-
men tal data on matching in which the student tends to “ track”
that which is rewarded most frequently might apply here, in the
case of practice on the whole program . Then an item would be
repeated and Matrix [i] would appear by, say, five repetitions for
all students as follows in Matrix {2J :

*Correct alternative, c ; n 1 
= column sums; n2 = row sums ; N = n1 + n 2 .

**Koch, S. (Editor). Psychology : A Study of a Science, Volume 2,
page 413. McGraw—Hill, 1959 , New York.

17
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~ 2~ 
______ _____ ______ 

PROBABILITY

j .00 .25 .50 .75 1.00

a. 0 0 0 1 0 1
b.  0 0 1 0 0 1
c. 0 0 0 0 27 27
d. 0 1 0 0 0 1

- 

0 
- 

1 1 1 27 30 = N

Now 907~ of the students have learned by practice to get
the correct answer and have - con fidence in it.

Then the question arises as to the implications of
continual distribution of errors and con tinual lower subjective
probabil i ty ,  p5, after  practice , to the programmer.

In the example of Matrix [2], confidence is rather high
in two cases of error . In the remaining case, error persists and
confidence may be low even after, say, five practice sessions. It
seems, logically, that subjective probability may persist, decrease,
or increase whi le a student shifts his response from error to error,
from correct response to error, or from error to correct response.
Thus, a five—trial practice Matrix might look like this:

[3] 
______  ____ 

PROBABILITY 
— 

ALTERNATIVES I
.00 .25 .50 .75 1.00 a b c” d

1. — — a — — 1 0 0  0
2. — c — — — 0 0 1  0
3. — — a — — 1 0 0  0
4. - — - — c 0 0 1 0
5. — — — — c 0 0 1 0

0 1 2 0 2 2 0 3 0

= correct alternative; t — trial number

18
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This Matrix illus trates an error followed by learn ing
to criterion (two successive) of the correct response. However ,

the stud en t appears to hav e mor e confid en ce in his guessing
ab ili ty than in obtaining the correct answer since he perseverates
on the “a” answer on the third trial after getting it correct
once . Theore ticall y, it could be speculated that the “a” alter-

native is a stronger association or “fits—in ” with some previous

organiza tion of learned ma terial in the earl y tr ia ls .

One imp lication of this for the prograrimer is to corre-
la te the above anal ysis with IQ level and to derive actual con tent
sequence and branches from the prime path . This procedure would

reduce the programmer bias and allow for studen t “n eeds to kn ow”
to emerge. For exam p le , a matrix which shows both an increase in

conf id ence or pre dic ted probabili ty of correc t answer wi th prac-
tice trials as well as aa incr ease in probabili ty of learn ing the
correc t answ er wi th pra ctice tr ia ls would mean no branching is
needed——onl y prac tic~ — —if 1007. of the iearners got it correct

after two practice trials in an experimenta l test of the program .

If 907. of t~~~ i arn- s got the correct answer twice in
succession on a frame in t~o ia~ s then no branching is needed

on that item frame .

If 9O~ of the lLaraer~ ,~ ok more than two trials to

obtain criterion (two correct trials in succession) then branching

is indicated based on the alternatives for that frame . Care should

be taken tha t an item analysis of alternatives shows them not to be
non—discriminatory. For examp le , if alternatives or the ~ •~ stions

• are poorl y wri tten , two right answers, no righ t answers , ambigui ty,
etc., may arise.

If 907, of the learners took more than five trials to

reach cri terion then the con ten t sequencing mus t be examin ed from
the point of view of the adjacen t frame statistics. The possi-
bility exists that adjacen t frames have not been sequenced properly
or the “steps” are too large . If the adjacen t frames show no
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excess ive  tr i al s  to c r i te r ion  then the i n t e rna l  cha rac te r i s t i c s  of
the f:am e mu st  be e>n~min~ d to 5 c c  if the presentat ion of the infor-
mat io n , tne fo~.n~ulation of the question , and the statemen t of the
a1terna t~ ves ar e f:ee from f a u l t .

The ques t ion  arises as to what use should be made of the
two types of frames which provided the learner with information
about his selection of alternatives . One generally informs him

that: He has selected a certain alternative , that the alternative
he selec ted was wrong,  and tha t he has arrived at the wrong answer
because of carelessness abou t a de tail , lack of und ers tand ing of
the teaching frame , lack of discriminat ion amon g the a l ternat ives
avai lable to him , fai lure to have learned or remembered in form a-
tion from a previous frame , or failure to have met all prerequisites

for the course. More than one of these reason s may have combined to
caus e his errors . There may be other reason s wh y he might  make
errors , but the concern here is not  wi th  error anal ysis .

The other type of fram e in forms the learner that :  He
has selected a certain a l ternat ive, tha t  the al ternative he has
selectec.i was correc t, and the reasoning by which he should have
arrived at the correct a l ternat ive. On thi s same frame is included
the r.ext step in the program , al though a separa te frame can be used
for ~nis pur k;ose.

The f i r s t  type of fram e is ca lled the “wrong answer frame .”
The secon d type is called the “righc answer frame .” It is conceiv-
able that a r~ird type of frame might be called the “new inform ation
frame,” wherIL.er the right answer and the new information frames

are not combined .

Returning to the quesJon of the utility of the “feed-

back” frames (right answer frame and wrong answer frame), it

appears that  addi t ional  in formation should be provided the learner
in the form of re inforcemen t , beth positive (gain) and negative
(loss). A point system might be a sensible approach to reinforce-
ment. The goal of the learner may be the criterion of 907. correct
responses twice in succession on the total programmed course. If
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there arc 100 “steps” in the prime path , the studen t could fail
any ten of them on his first practice session and meet the crite-
ri on . On his se cond practice session he could still fail any ten
items . It must be noted , however , tha t each wrong al terna tive
sub tracts one point ; henc e, there is more than one possibility to
subtra ct poin ts and only one to ~~~ poin ts where a sys tem of
reinforcem en t is us ed .

In order to achieve a criterion of learning using 90%
correct twice in succession during practice , poin ts sh ou ld be
added or sub trac ted in such a way tha t on e poin t is added f or each
con LOt alternative selected- and one poin t subtracted for each

wrong a l te rna t ive  selected.  When testing the program wi th  a com-
puter , the learner can observe his cummulative “rig hts ” and
“wrongs ” as he responds (as well  as in formation about each fram e
he has selected) . For examp le , if there were 100 correct frames,
the s tudent would be allowed onl y ten wrong selections twice in
succession during practice to achieve a criterion of 90% correct
twice in succession .

The poin t system of rein forcemen t and the criterion
level  set in relat ion to i t  allows for consistency between them
in the nonl inear  programming techni que . In the linear programming

t e chn ique , the system proposed herein does no t app ear to be appli-
cable. If the s tuden t should select a synonym or some other
ap pr oximation as his response , it would be en tirely a subjec tiv e

matter to assign points for correctness in the linear system. For

example, a studen t might write “reflects” for “reflex .”

• An other question arises concerning the reliability, and
hence , the cost of education and training by means of programmed

learning. The subject of cost is not taken up in detail in this

anal ysis. If a studen t has learned a given amount of material and

if he has achieved the minimum criterion of 90% twice in succession

during p rac t i ce,  and if he also achieves the minimum criterion of
907. on a test of the material after a fixed interval of time, then
i t  mig ht be stated that  the t ra in ing was hi ghl y rel iable because

the cri terion was met wi thout  excessive training time . The cost ,
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however , may have been high to achieve the cri terion in terms of
admin i s t r a t ive  expense.

Additional costs are incurred when forgetting occurs.
Some forgetting ~•‘ill occur even for shor t periods and som e remem-
bering will occur even for long periods . The problem of skill and

knowledge maintenance must be dealt with in ord~ r to minimize
losses when skills and knowledge are infrequently used . One
technique used to minimize this fu ture loss is overlearning.  Bu t
overlearning increases costs if carried beyond the poin t where
increasing marginal increments of practice produces decreasing

marginal incremen ts of recall . For examp le: If , after 1007. over —

learning , the score one achieves is onl y one or two points higher
than 50% overlearning, then 507. overlearning is more economical

for most situations. What would this imply for programmed learn-
ing courses? Should practice be massed after each step or should

the whole course be practiced , or should practice in the form of
recurring review within the course be constructed? These are

empirical ma tters and onl y longitudinal studies can answer them .

A final question remains and that is the suitability of

presen t mathematical models to programmed learning . As exp lana tory
models , mathemati cal models have little utility . As predictive

models based on very simp le explar.atory models , ma thematical models
have som e utility for paired associates learning. Whether or not

an adequate explanatory model and/or mathematical model is avail-

abl e to assist in explaining and pred icting problem solving type
learning is not the subject of this paper . When appropriate

sys temiza tion has been made of empirical ma tters , then it is
probable that resulting data may be fi tted by various types of
mathematical models. Adequate explanatory theories will probably

await the empirical solutions and mathematical representations.

The remainder of this paper will present a functional
and systematic approach to matters discussed in this introduction .
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2.0 T i~~ SYST E I  AP 1~Ro;-.Cu TO

CO~~~UTL?.._ASS I STED I:-~STPW CT ION

This  sec tion  w i l l  a scus s in term s of the ideas and
tacani quc s of the p:CviOus sect ion an in te~ rated , s y s tem a t i c ,
tune  t~ onai. methouc logy  for  compute r—ass i s t ed  i n s t ruce i ca . The

a p pr o a ch  to be discussed is noc d i rect ly concerned w i t h  t e rm ina l
devicas  linked to a s i ng le  computer nor w i t h  networks of communi-
ca t ion  hardware dcsignCd to service large educational systam. .

It is not  concerned with types of disp lays , con trols , consoles ,
nor eom:)uter pro grams designed to in te r face  wi th i n p u t — o u t p u t
devices and the learner . Finally, it is not concerned with parti-

cular course con tent or types of educational systems . It is

r ecogniz ed , however , that the produc tion of lear ning ma terials may
require a wide range of selection of hardware and software for

various purposes. Some educad.onal production s may be so elabo-

rate as to require talents , technique s , and hardware of the mo tion
picture industry. Other educational produc tions may require onl y
progra mmed te:~:ts wi th n o more addi tional and elaborate talen t than
a good illustrator , draftsman , or artist. Still others may require

al l of these technics pl us general managerial , engineering , and
pro~~.ction talents of the broadcasting industries.

It is the attempt of this paper to integrate certain
educational and psychological developments that have been accepted
through research and theory in these s c i en t i f i c  f i e lds .  Para l le l
to t :~~se developments has been the increase in engineering tech-
nological  breakthroughs , wh i c h  when in tegrated wi th  sc ien t i f i c
disc ipl ines, provide mutua l bene f i t s  for both . The dema: J for
the t ra in iag  and in s truc t ion  of technicians , scientists , and
humanis t s  in both the under co vcloped and developed nations has
operated to increase the supply of personnel , hardware , and soft—
ware to meet this demand ; however , systematization of these various
disciplines has barel y started .

Z3



TRACOR, INC. 3065 UO~~~ CRANS PLA V I.  SAN DIEGO, CA L I F O R N I A  92 1 1 0

The reader should r e f e r  f requent ly to Fig. 2— 1 ,
Functional Flow_Dineram: Plan for  the Developmen t of a System-
at i c  Methodo}o~ v f~r Comp ut er— A ss i s t ed  Ins t ruc t ion  (CAl) ,  in

order to ob tain a general  overview of the developmenta l plan and
detai led func t ions  to be performed . These are eight phases of
developmen t and 24 funct ions to be performed during the eight
phases. The phases and function s wi l l  be discussed in the
following para graphs:

2.1 Phase I: Preparation of Behavioral Obj ectives

This phase begins when Guidelines (0.O)* are received in
written form from the agency authorized to specify the require-

ments for a course of study and to direct its preparation under
certain constraints . Within the constraint envelope specified by
the establishing authority , general objectives are stated in terms

of a taxonom y of objectives . Next , terminal objectives are con-
s t ructed in terms of the stated general objectives , the taxonomy,
and menta l  test theory. The third step is to speci fy course pre-
requisites in terms of the taxon omy, IQ levels, and reliability
criteria.  Since all courses using CAl (Computer—Assisted Instruc-
t ion) mus t go throug h an experimen ta l test , an experimen ta l design
is prepared during thi s phase to allow sufficient time for planning .

2.1.1 Statemen t of_General Objec tives _( l .O)

General objectives are stated in such a way that all
concerned are aware that the student can perform in certain specifi-

able ways at the termination of training. In order to do this,
Bloom ’ s Taxonom y** should be used . The general categories he
uses are : Knowledge , Comprehension , Application , Anal yses ,
Syn thesis , and Evaluat ion.  These general categories are broken
down into more specific categories . The general objectives are
classified in terms of these categories , using only those relevant

for the behavior desired , in advance , before examinations are

~This nu.~ber , (0.0), refers to one of the boxes in Fig. 2—1.
**Bloom , B., Taxonomy of Educational Objectives. Handbook 1:
~~gnj t ive Domath. New York: David McKay, 1956.
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prep ar c~.i , and communicated to a l l  concerned with  preparing the
course , including the s t~ d~~ j .  In addi tion , the condition s under

which these performances are required must be stated . For example ,
i~ “Knowledge of Specifi c Fac ts” are required , then one mus t state
whether they are to be given in sequence or some other logic. Or
again , if “Application” is required , then one must sta te whether
a module is to be repaired without or with a schematic. Many

examples could be given from verbal and manual skills to be
learned to illus trate the use of the taxonomy in specifying the
general objectives .

2.1.2 Construction of Terminal Behavioral Items (2.0)

From the statemen t of General Objectives , terminal
behavior items are con s tructed . Note that  there is no directive
to plunge immedia tely into con tent sequencing or programming at
th is  time . In one sense , the terminal objectives (test items) are
derived frcm the general objectives stated in Function 1.0 , mainl y
because these latter objectives operate as constra ints  upon the
test items . This step is taken to prevent irrelevant behavior
from being taught or tested . For examp le , here is a test item
selected from Bloom ’ s Taxonom y ’:

“2 .00  Comprehensiog
“2.10 Transi~ tion fr om one leve l of abs t rac t ion  to

another .

1. A group of examiners is engaged in the pro-
duc tion of a taxonomy of educational  objec-
t ives.  In ordinary English , wha t are these
person s doing?

A - Evaluat ing  the progress of education
B — Classif ying teaching goals
C — Preparing a curriculum
D — Cons tructing learning exercises ”

*~ loom , B. S . ,  op. c i t . ,  page 99.
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Each test item would ~e classified in terms of the

Bloom Taxonomy according to bo~ h its general  and specif ic  cate-
gor ies .  Item s can be replicated to test the re l iab i l i ty  of the
learner ’ s performance on the f i r s t  examination as well as to test
maintenance of the skill or knowledge through time by subsequen t
examinations. All the items together will be the population from

which sam p les can be drawn for various purposes such as
initial learning, practice or review , and f inal  examina tions
periodi call y adminis tered .

All items constructed should follow good test construc-

tion prac tices such as those given by Gulliksen~ or Gui Eord’”’ as
well  as others . In general , the construction of tests and the

analysis  and in terpretat ion of their results require , according
to Gulliksen ”

~~
’, the solution to “ . ive maj or types of problems :

1. Writ ing and select ing the test items .
2.  Assigning a score to each person .
3. Determining the accuracy of tes t scores .
L1~ Determining the predictive value of the test

scores .
5.  Comparing the results with those obtained using

other tests or other group s of subjects .”

It is not the purpose of this paper to describe this
well-known area of psychology . It is, however, important that

all behavioral objectives be constructed according to accepted

practices .

2 .1 .3  Sp ecify  Course Pr er ec~uisi tes  C3.O~
I t is generally too early to select prerequisites for a

course until after the psychological skills have been iden tified

~Gu1liksen , H., Theory of Ment~il  Tests. New York : Wiley,  1950 .
*~Gui l ford , .3. P., Fundame~~~ l Statistics in Psycholog y and
Educ ation. New York : McGraw—Hill , 1950.
***Gulliksen , H . ,  op. c i t . ,  page 2.
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in reia~ ion to the behavioral ohiectives for the course. If this
is dane , the IQ 1 vcls , aptitudes , and reliability criteria can

be hased on specific i requirements . For example , a prerec~ui~ ite
statement mig ht r~ ad: Student mus t have an IQ of 100 as measured
by the Otis I n t e l l ige n c e  Test  and be at the 95th  percen ti le on
the Detroi t  Me chanica l  Apt i tude  T e s t .  If addit ional  ski l ls  are
required , then t hey ,  as wel l  as in te l l igence  and apt itude , mus t
be specified in some numerical way in order to assure that these

prerequisites are in alignmen t with initial behaviors recuired at
the beginning of a course and not the terminal objectives. For

examp le , a student may have to operate at the end of a course with

exponents to a degree less than zero , but initially he must know

how to operate with an exponen t of “zero” or hig her . Since some

prerequisites may not be stated in IQ or aptitude form using

percent i les , i t  may be necessary to s ta te  percen tage achieved on
tests using exponents , e .g ., must have a score of 987. on examina-
tion , invo lving in teger exponen ts, taken wi thin one year prior to
s tar t ing the course.

When in itial behaviors ar e sel ected , they may very well
include a ma jor por tion of thc prerequisites , except for IQ and
apti tude type item s which would be irrelevant to training af ter
it  has begun .

2 .1 .4  Determine Exp er imenta l  Design and Soft~,are Requirements

(4.0)

In testing a CAl programmed course , it is necessary to

specif y in detai l the experimental  logic to be fol lowed so t h a t
pra~ct ical  decisions based on the quant i ta t ive  and qua l i ta t ive
pararleterF of the course can be made . Essen tially this step con-

sists of iden tifying all parameters and forming a matrix of their
pessibi l i t ies  in order not  to omi t any parame ters of i n t e r e s t .
I t  is important  to notice tha t the exper imenta l  emp hasis in th i s
p aper  is on the instrumen t being designed : The programmed course ,
not  the comparison , say,  of programmed instruct ion versus some
other form of ins t ruct ion, nor a comparison of linear versus n on-

l inear  programming, etc .
28



TRACO~~, INC. 3065 ROSECRANS PLACE , ~,Ar ’ i 0L00,  CALIFORNIA 02110

The computer ana appropriate input—output devices are
the test  equi pm e n t  u~u~Li to 1:~c~, :~utc the paramete rs  i d e nt i f i e d .
The test vehicle is the or o~ ru~., :~.ed course .  Since the course
i t s e l f  and i t s  pa ramet e rs  of i n t u r L I s t  mus t  be s tar  in a cc m—
puter as we l l  as the ongoing beh avior  ef the s tud ent  while learn-
i ng ,  the re  mus t be a computer  pro :2 ram wr i t t en  to i nt e r f a c e  between
the programmed course , the s tudent , and the  comput er  i t s e l f .

It  is during Phase I , however , tha t  the computer pro—
grammar anal yst  must  be given a l l  info rmat ion  required in order
that  he can determine the inputs , outputs , s torage , and retrieval
data r equired for  the computer operation .

2. 2 P h c - ~a IT:  Pr ep ,~r atj on  of Con ten t  Sequences

During this  p hase , con ten t  sequencing wi l l  be performed
and initial , intermediate , and terminal items will be ordered in
consonance w i th  the con tent sequence established . Re l iab i l i ty
criteria for passing these items during practice wi l l  also be
established. The following paragraphs describe the details of
these func t iona l  steps .

2 . 2 . 1  S~ ouencing of Course Content  (5 .0)

Th~ initial con tent sequencing by the programmer wi l l
be historical , log ical , and/or psychological. It is not known

at tais Sta f , C whether  s tudents ’ various needs would require a
diff~r~ nt order from that  laid down b y the programmer as was
d i scus see  in Section 1.0 of this paper . If the element of time ,
as for  h i s tor ica l  courses , is paramoun t throughout  a course , then
c on c e pt s  and even ts should be ordered temporally to indicate their
simu1tan ~~ity  and sequence .  If exp lanatory  processes are importan t ,
then their  1o~ ic shcu 1.d order the con ten t .  If psychological
princip les are used , then such orecring as simp le—complex ,
specif c—genera l , d i s c r imina t ionm enera l i za t ion , e t c . ,  can be used .
It would be wise to consul t  a Laadbook ~

’ which  states the facts  and

~ h~~.isdell , F. J . ,  Handbook of human _Learning :  ~ppli c.~t ion s to
lucation and Tra in ing .  TRACOa , I n c . ,  Aust in , Texas, 1967.
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princi p les of human learning in convenient fo rm for ready use
while content sequencing . The programmer will find that he will

pr onabl y use all three at differen t tim-es as he orders course
content. It must be remembered t h a t  the programmer ’ s in i t i a l
version of the course content sequence is a pre—experimen tal
version . The final content sequence is empir ically determined .

The proper guide to use in sequencing course content
prio r to experimen tation is to iden tif y each te rminal behavioral
test item according to the princip le chosen . Some item s may
require more than one principle ; however , the programmer and sub-

j e ct  mat te r  expert should determine which pr incip le should be
int roduced f i r s t  in a part icular  sequence. The idea here is to
Nave a continued isomorphic relationshio bet n the sequencj~g

of conten t and the general objectives of a course. This provision

prevents irrelevancies from arising in courses and prevents rele-

van t materials from being omitted where required . Too often what
should have been taught in class is examined on a test or vice

versa. For example , “all A’ s ar e B ’s” may have been taught, but

the s tudent  may be tested on its converse which may never have
been men tion ed in class through neglec t . Or an other examp le, the
validity of “all B’ s are A’ s” may have been taug ht whi le the
meaning of “amp hibolous” may not have been taught but will have
been tested . This last example show s the test in~g of an irrelevancy
but t e a c h i n~ a relevant concept.  Such a procedure might even fail
the brigh tes t studen t .

If the terminal objectives have been written in terms of

the taxon omy,  then the introduction of irrelevancies on a test and

the omission of relevan t materials during instruction will have

been min imiz ed.

The state—of—the-art of concept sequencing does not pro—

mulgate rules for different kinds of subiect matters . The subject

matter expert and pro gr ammer mus t design the course together unl ess
they ha ppen to be the same ind ividual.
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A f i n a l  warning  for conten t sequencing should be
ex or e s so d :  ~ huT m u s t  he t auch t ~ an d  tested shou ~. c1 n o t  bc can  f ined

w ’~ t h  ~~~ som e t h in c  is t~�_he tng~ h~~ and tes ted .  Tha t  is wh y the
h i s tor i c a l , psychologica l , or log ical pr incip les must s h i ft
thr oughout a programmed course. Each of these princi p les may be
used on d i f f e ren t levels of de ta i l  that  may require s h i ft i n g
throughou t programming . For exampl e , dur ing a course in Ancien t

His tory , one may correc tly his toricall y sequence Her odotus ’

His tory before Thucydid es ’ 
~~iopennesian Wars. ~.‘.~itNin the

Thucy dide s ’ sequence , however , one may have to use the psycholog-
ical pr inciple of discrimination to aid the studen t in distin-
guishing between “expedien cy” and “princip les” emphasized by
Thucydides.  In other words , the linking together of conten t in
a learnable sequen ce may require the in terweaving of several
pr inciples at more than one level.

Emp irically, ma tters may be differen t. After the course

has been tes ted , it may have to be re—sequenced based on the data
received . Discussion of such a confrontation will be examined

later in this paper (see Paragraph 2.4.2).

2.2.2 Ordering of Initial and Intermediate Behavioral  Obj ec-
tives (6.01

The con ten t sequenc~~ are ordered isomorp hically with the
general objectives of the course as has been discussed in Para-
graph 2.2.1. In a similar way, initial and intermediate objectives
are ordered isomorphical ly within a particular content sequence.
For examp le , if mechanical  linkag es must be taught before elec-
tronic linkages according to the conten t sequence pr inciple
selected (in this case , logical)  then in i t ia l  and intermediate
behavioral  objectives relevan t to mechanical  concepts mus t be
ordered ~f l I TNI N the niechanical conten t sequence. The ini tial and
in termediate behavioral  object ives relevan t to electronic concepts
therefore , mus t be ordered WITHIN the electronic con ten t sequence .
In another example from the teaching of heredi ty: The in i t ia l  and
intermediate behavioral objectives regarding the concept of non —
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linkage (independence) of assorb~ent of gen etic ma terial , accord-
ing to M a n d e l , mig ht be content  sequenced before the in t i i a l  and
i n t e r m e d i a te  behavioral  ob jec t ives  regarding the concept of link-
age (non—independence ) .

What , in the latter example , would be the “ in i t ia l
behaviora l  objec t ives?”  Certain concepts from logic and descri p-
tive s t a t i s t i c s  for examp le , are importan t in teaching heredi tary
theory. These would be the initial behaviors . The purpose of

d i f f e r e n t i a t i n g  and ordering the in i t ia l  and intermediate  objec-
tives is to prepare for the next  major phase , Phase III, Prepara—

n o n  of the Programmed Course. Hence, wi th the in itial behavioral
objectives selected , the programmer can proceed wi thou t losing
track of what he is doing . The iflitial behavioral objectives

would be relevan t s ta t is t ical  concepts (not the whole of descrip-
tive statistics), and relevan t logical concepts, (not the whole of
elemen tary logic). Ini tial behavioral objec tives link the “easiest”
part of a given subject matter with the prerequisites for a course.

Experimen tation with the course will determine whether the initial

object ives were the easiest for the s tuden ts .

Intermediate behavioral objectives wi thin a con ten t
sequen ce would be the applica tion of the relevan t logic and
s ta t i st ics  to genet ic  problems . It is important to realize that
in i t ia l  and intermediate behavioral objectives are par t of the
population of behavioral objectives which includes the terminal

objectives; however , the samp ling process is not random . It is

purposeful and isomorphic with the con tent sequence being
established . Logically, it may look like this :

Pot ul ation ofTerminal FBenavioral
-

~ Objectives

-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

-_
~~~
—-- - - - ---

~~
- .

~~
-- - - _
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S e qu e nL i a l l y,  the situa tion may look like this :

I
CONT fN T SEQUENCE 1 CONTENT SEQ UENCE X

bEh AVIO RAL OBJECTIVES BEHAVIORA L OBJECTIVES

I n it ia l  In termedia te  I Terminal In i t i a l  Intermediate  Terminal
Items I tems Items - Items I tems Items

~iii~ L~~~~~~~~~~ ~~~~ fl~...

TRAINING PERIOD ~ ~~~~~ ~ TRAINING PERIOD ~~

The f i l led arrows indicate the order of sampling within
a particular conten t sequence. The un f i l led arrow between
sequen ces indicates omitted con ten t sequences. Note that sane of
the terminal items may be given during training and some during
te s t ing.  It  is importan t to note that the terminal behavioral
objectives given during training are identical in kind to the
terminal behavioral objectives given during training . Thus , if a
training terminal objective selected was:

y x + b (0 < x < 10; b = 5)

y =  ?

then a Lestin~ termi~ial objective could be :

y = ~~~ + b  ( O < x < l O O ;  b =  10)

or , if  the training terminal  objective selected was:

all  A’ s are B’ s
a ll B ’ s are C’ s

all A ’s are ?

There a testing terminal objective selected could be:
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Al l  Cats are Felines .
All  Felines are An imals .

All  Cats are ?

This s i tuat ion is not true, however , for initial and
intermediate behaviors.  The essen tial d i f fe rence  between these
two objectives is that the degree of difficulty is higher for the
intermediate behavioral objectives . To continue the samp le fran
logic illustrated above, one might write an initial behavioral
item as:

“All A ’s, are B’s,”

and illustrate it with a Venn or Euler diagram as follows:

B’ s

or “All app les are fruits .”

Fruits

_

~~~

es

The intermediate behavioral objective would be writ ten :

“All A ’s are B’s.” Which diagram illustrates
this?

_ _  

000
~~orrect answer
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or: “Which of the fol lowing statements is correct fr om the dia-
gram “

A ’ s

a. All A ’s are B’s
b . No B’s are A’ s
*c. All B’s are A ’s
d. All A ’s equal B’s.

Clearly this arrangemen t seems intuitively more diffi-
cult than merel y pointing out  to the s tuden t a verbal statemen t
and its illus tration by a di agram . Hence , the verbal statemen t
and its illus trati on would be an example of an in i t ia l  behavioral
objective while  the task of translating an illustra tion in to a
verbal statemen t would be an examp le of an in termedi a te beh avior a l
objective . In the fin al anal ysis ; however , it is necessary to
experiment wi th  the objectives to ascertain whether they are
in itial or in termediate.

2.2.2.1 Ordering Behavioral Objectives : Intuitive and Empirical.

It is necessary to state that the order of difficulty of
behavioral obje ctives in tui tively proposed by the subjec t ma tter
expert and/or programmer may turn out to be differen t from that
encountered by the students in training . The number of students
making the various choices on each alternative to a particular
behavioral objective is an empirical index of item difficulty .
This index can be expressed in probabi l i ty  terms when the to ta l
number of students selecting a particular choice is divided by
the total number of students making all responses to all alterna-
tives for a single item . (“Item” means behavioral objective ,
in i t ia l , in termedi a te , or termina l , plus a question.)

*correct answer
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This measur e is not enough , however , to de te rm ine tac
eva l uat ion  of th e t ot a l  fram e which includes new in format ion as
w e l l  as th e  behavioral  ob jec t ive  to be t aught .  In order to
evaluate a total frame , the subject ive con fidence that  the learner
has in his answer is required. For each item , as i l l u s t r a t e d  in
Section 1.0 of th is  paper , there would be a d ist r ibut ion of sub —
jec tive pr obabili ties for each stud en t for every i tem: the con fi-
dence he has that he has selected the right alternative based on

what he has learned up to and including the particular frame of
in terest. For example:

Fr ame 101. Wha t is the value of y = eX when x = 0?

a. .5
*b 1.0

C.  0

d . e

Now, the empirical probability of error might be distri—
buted as follows: (N 30)

a. 1/15
*b 3/5

c. 1/ 6
d . 1/6.

However , the subject ive probabil i ty  distributions based
on the confidence of their answers by s tudents might  be:

______________ - 
SUBJECTIVE PROBABILITIES

ALTERNATIVES .00 .25_ j  .50 .75 1.00 ~ —

a. 0 1 1 0 0 2
*b 0 6 6 5 1 1 8

c. l~~ 0 1 3 0 5
d.  1 0 3 1 0 5

_______________ 

2~~ 7 11 9 1 30

corrLct a~iswer
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.NoI...I the subjec t ive  probabi l i t ies  d is t r ibut ions  show tha t
some s~udenrs will be surprised that their “guesses” or “lack of
1earnin ~ ” were wrong . Forgetting or ina t t en t ion  are also possi-
bilities as causes of errors.

More importan t, however , this dis tribu tion , along wi th
the error distribution , might suggest to the experimenter—programmer
that either the  frame is not  wri t ten  properl y or that  this frame is
wr i t t en  properl y but that it is too difficult; hence , the con tent
sequence is wrong when adjacen t frame probabilities are examined in
conjunction with it. There even may be a “run ” of “bad frames.”
However , for any one student ’s record , analysis may show “bad
habits” : carelessness, guessing,  etc .

The point of adjustment of a frame depends on which

alternative had the greatest nunber of subjective probability
choices and was also the wrong answer . The reader should be
reminded tha t  the two probabili ty indices (objective and subjective)
would NOT be used or required of a studen t af t er the programmed
course had been t r ial  tested . These indices are used as anal ytic
devices onl y during experimen tation . These indices are suggestive

onl y and a more rigorous mathema tical and logical treatment wi l l
be presented in a for thcoming paper .

A fur ther  reminder is necessary. The subject ive
probabi l i t ies  predicted by the s tuden t about the correctness of
his answer during pre—t es t ing  of the course and any re inforcement
sys tem used during learning or actua l use of the course may be
independen t of each other. The probability of reinforcemen t may be

1/4 , 1/5, 1/2, 1/3, e t c . ,  depending on the number of a l ternat ives
avai lab le  but the number of points  gained or lost depends on the
selection of the correct answer or the wrong answer . For example,
for a four choice item , if “b” is the correct answer , then “b” may
equal +10 points . However , wron g an swers may subtract 2, 3, or
5 p oint~ depending on the seriousn ess of the error . Carel ess
err~ rs may sub tract 2 points . Forgett ing of a previous ly taught
frame ~ay sub tract  3 points while forgetting a prerequisite or
s imi lar  error may subtract 5 points . (This is a sample reinforce-
ment system) .
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The statistical reliability of- i t e n i n and t e s t s  is a

well—known discip l ine and appr opria te tex ts ” should be consul ted
to SeC t~~OL relevant statistics are used to prepare items and

tests in final form .

2.3 Ph a s a  I T T :  P ren ara t ion  of Programmed Course

During this  p hase , the f i r s t  d ra f t  of the programmed
course is written and practice items (behavioral objectives) are
expanded . The programming mus t be aligned wi th  the taxonomy of
general ob jec tives , the con ten t sequence , and with the facts of

learn ing .

2 .3 . 1  Td en t i f i c a t i o n  of Ps ychological Skills (8 .0)

Ea ch behaviora ’. objective must be analyzed in order to
determine the psychological skill or skills involved . For example ,
if discrimination between a fractional and an integer exponen t
must be made , then discrimina tion is the chief psychological skill

to be taught regardless of the content sequence or taxonomy
involved . Certain facts about discrimination” are known ~n

training f or this skill and these should be reviewed prior to
actua l progr amming .  The Taxonomy of Bloom wi l l  provide the pro—
gratnr.ler ~:ith a technique for wri ting the terminal behavioral
objectives , but the psychological skill to be taught focuses on

the information given the student before he is given a practice
i tem.

For example, to give the student information that the

“x” in y = e~ is an exponent and then presen t him the following
practice item:

y = e~ =

.‘:CuLI. urd , J. P., Fundamental Statistics in Psychology and
E d u c : i r L I ~n. New York: McGraw—Hil l , 1950.
~ “i3laisdel1 , F. J., op. ci t ., Section 1.0.

39

_ _ _ _  - _ _ _ _ _



TRACOR , INC. 3065 RO~ .ECRA NS PLACE, SAN DIEGO, CALIFORNIA 92110

As a s tuden t pract ices  the comp lete course he should
ga in a h ig her  score each time until he can complete at least two

successive practice sessions wi th at least 90% or higher score

based on the total  number of po in t s  poss ible .

2 . 2 . 3  Sp ecif i c a t i on  of R e l i a b i l i ty  for Behavioral  Object ives
( 7 . 0 )

From an analytic viewpoin t, as the student practices he
should make fewer errors each practice session so that the proba-

bility of his responding correctly should approach 1.00 on each
frame . If a constrain t is p laced on the programmed course in such
a way that it must be re—written if 9 00/, of the s tudents do not
achieve 9O7~ or hig her on the terminal objectives (on a f i na l
examin at ion )  then it follow s that some index of re l iab i l i ty  for
the - individua l frames mus t be imposed whi le  the studen t practices .

The reason tha t individual  learn er reliab ili ty is impor-
tan t is that 9O’/~ may be achieved on the whole course a f t e r  prac-
tice , but  some frame s may have beers learned at a lower level. It
is also important to remember that this reliability is not the
s t a t i s t i c a l  r e l i ab i l i t y  of i tems , but the re l i ab i l ity  of the

L -n r~~~~~r. Hence , each studen t ’s record should be examined to see
wh et h e r with each practice session more and more individua l
frames are being answered correctly.

To do this a programmed coi~~se could not  be divided
into initial , in termedia te, an d terminal  sections be cause a
terminal  behavioral  object ive may occur early or late in a
course. I t  appears better  to specif y for all  behavioral obj ec-
tives the sane level of r e l i a b i l i t y. An example would be to
s p e c i f y  two successive practice sessions with lO07~ score on all
f:ames. Three or more successive sessions wi th  lQO’/~ scores could
be specified depending on the length of the period betwe ..n end of

prac tice and tes ting or upon the error tolerance allowable on the
lob .
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I t  is un fair if he doesn ’ t know that “x” could be an
int.~~,er , :~~cti~~., a decimal fraction , a mixed decima l , or

m ixed  f r a c t io n . Such dI s c r i m i n a t i o n s  mus t be ca re fu l ly made
known in a consc nu s  way to th~ student.

Each frame should be identified in every way. For

exam p le , Frame 2.3.1: “Discrimination , exponen ts,” in addition
to its taxonomic and conten t sequence identifications. This is

merel y a matter of bookkeeping after decisions about each frame
has been made .

2.3.2 Prog.ramming of Psychological Skills (9.0)

P :ogramming i t se l f  is probabl y the most  d i f f i c u l t  and
t ime-consuming step in programmed instructi on . The aim in this
paper is to sys temat ize  the ins t ruc t iona l  process.  The progr amm-
ing pr ocess is the mos t elusive process to sys tema tize . Prev ious
steps have lent themselves to sys tematization in such a way as to
p lace a con s t rain t  on careless programming . The specif icat ion of
behaviora l  objec t ives  in terms of Bloom ’ s Taxonomy, the seçuencing
of con tent bas ed on iden ti f iab le  princi ples , the ord eri ng of the
behavioral objectives isomorphic with the con tent sequence , the

i den t i f i ca t ion  of psychological  skills , and the specification of
r e l i a b i l i t y  cr i ter ia  tend to preven t the programmer and/or subjec t
matter  exper t from introducing material  out of sequence or irrele-
vant  behavioral obj ect ives .

It w i l l  be very u n l i k e l y  tha t the programmer can
sequen ce and program mater ia l  correctl y prior to experimen ta t ion
with the projrammed course. :eeds of students differ so that the

branching process will f i n a ll y depend upon the kind of errors
s tudents  make most f requent l y.  I t  is necessary to d is t inguish
again the in itial tryou t of a draf t of the programmed course and
the experimen tation or testing of it in a formal experimental
design .
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2.3.2.1 ( b - n t  r~ P~~n ~~~~~~~~~~~~~~ ~~~~

The programmer shou ld  c ross—index  all  frames and a l l
a l t e r n at i v e s  so that he doesn ’ t get los t in a program . Wh en a
program:u~d course  is s tored on the computer this mat te r  of book-
keep ing mus~ be main ta ined .

besides the bookkeep ing aspect , the mos t impor tan t step
is to presen t information to the studen t before in troducing any

test material (behavioral objectives). The key to the information

presen ted is the psychological skill to be taught as was stated in
step 2 .3 .1.  For examp le , if an equi lateral  triangle ,

A
is to be d i f f e ren t i a t ed  from an isosceles tr iangle,

i t  is neces .~ary to present  in de tail ,b.~~~~~~ 
they are d i f f e r en t and

~ they are similar. Discrimination is the psychological skill

to be taught.

I t  is very unwise to presen t a question which imp lies
an ie.p l i cit  assumption or rule  unless the assumption or rule has
had a previm.is explicit presentation . Subtle differences in

~rms or form ulas may requir e very careful  exp lici t presen ta tions
in several ways and be followed by several examp les. In special

ca.~es wac r u  word endings and the i r  associated grammatical rules
are to be memorized, as in fo reign  languages , examp les mus t be
provided  for  a l l  cases and their  combination s ~ t least  once.

41 .,
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If a c~~~- r a t i  ; m c  ca is tne psycho logica l  sk i l l  to be
ta ught , the  p r i n c ip le an d ex amp les of i t  must  be presen ted in
d i f f e r en t  ways so t h a t  it can be identified reliably during
training and rap id l y during cesting. For examp le , i t  is not
enough to presen t the formula ,

0e = 1

and expect a s tuden t to generalize to:

y° = 1, 2
0 

= 1, etc .

If problem solving is a skill to be taught , then fa ctors
which bear on the particular problem at issue mus t be exp lici tly
and thoroughl y illustrated . Such statements as: “The pr oof wi l l
be leL~ as an exerc ise” and “It is easy to prove that... .“ must
be avoided . The proof should be given in detail. If a proof is

easy or difficult , both cases should be presented explicitly wh ere
needed. Each detail rule or “lemma” should be stated and shown
‘Ah ere it applies. If a formula requires similar units to be used
before  i t  can be app li ed , then all possible examples should be
g iven-—un le s s  some examp les wil l  not  be included in the population
of behavioral objectives .

Do no t expec t studen ts to an alyze and remember a long

~~-1-~~ consis t ing of t runcated sy llogisms . Such situation s
of ten occur in the anal ysis of poetry and plays . Backgr ounds of
studen ts vary so much tha t drawin g room language f or some studen ts
wi l l  be p ~r f e ct l y clear whi le  barroom language may be utter non-
sense to chose sam e s tudents . >Ieanings of these words should be
avai lable to the learner to prevent guessing and misinterpretation .

Wherever a number of psycholog ical skills are combined
in a behavioral objective as for Comprehension ”, Anal ys is” ,
Synthesis ”, each skill  involved should be taught explicitly before

*see Bloom , op. c i t .
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i~ is combine d into the obj ec t i ve . “Good Ges ta lt , ” however ,
shou l d  be :nainta inet i . For exam p le , if a poem or musical  p iece is
nr e s en t e u , t~~~e W O o l e  of it  should be given to the s tudent .  How-
eve r , a n a l ysis of the work should be given in such a way that  its
parts  are made exp l ic i t  as well  as its  whole  s tructure .

- If the skills involve m a n — m a c h i n e  i nt e rac tion,  then a
task  ana ly s i s  should be made f i r s t  so that  a l l  psychological
skills ar e known to the programmer and the time requir emen ts,
both simultaneous and sequential , are avai lable.  A task analysis
should relate all  interact ing subsystems , including the personnel
subsys tem , as these subsys tems in teract through time to pr oduce
mission p hases in which personnel mus t perform tasks . Other con-
str aints besides time should be known to the programmer . All

relevan t inputs and outputs to and from the learner must also be

kn own to the programmer . The expected r e l i ab i l it y  for each task
mus t be s ta ted:  e . g . ,  “ X = “ or “No more fa ilures (~) than
two in 100 a t t emp t s  al lowable for Task 12.2. 1 to be performed
twen ty  times per hour .” Such requirements iden ti f y expl ic i t ly
for the programmer the criteria that  mus t be achieved by a s tudent
trained b y ih-.e programmed course.

2.3 .b ~b-~~ansiaa o~ Practice Frames (10.0)

Once a fr<~. .~.e has been wr i t ten  for a part icular  objec-
tive , i t  should be used as a model for subsequent frames which
wi l l  be used as practice proble~iis . These frames wi l l  be brief
and will indicate why and how a par t i cu la r  a l te rna t ive  was correct.
This information will be followed by a similar probl em which

• introduces no new teaching points or psychological skills. The

n etaber of f rames  devoted to pract ice  problems is a funct ion of
the weighted importance of the behavioral objective . For examp le ,
in a course in a foreign language where poetry analysis is the
general  oblect ive , more pract ice  would be given perhaps on
ad i~~ctives and the subjunct ive  mood than on prepositions and the
indicat ive  mood .
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Wo en comput e r—ass i s t ed  ins t ruct ion is in tegra ted  wi th
si ta ’a latars  or trainers , all the steps out l ined  in this  paper would
be requir~ d. d n u ti o ~i should he exercised in directly appl ying the
steps prima rily designed for symbolic behaviors to perceptual—

motor skills . Carefu l check of the H~ n dh ook of ~~man Lea~pi~~~~
or similar documents ” ”  should be made whi le  programming to deter-
mine  w h e th e r  add i t iona l  informat ion should be inserted or whether
certain steps should be altered . For examp le , when a console is
a part of a larger sys tem and when the operator mus t combine dis-
p lay information and control status to alter the con trol positions
to obtain a changed disp lay, the operator can learn the system
operat ions to perform the mission by using a programmed simulator
in tegrated wi th  CAl . Here the learner presses bu ttons and moves
other con trols as well as mthes discriminations and generalizations
from the cisp lays . The timing factor , required by the mission ,

may add a constraint not found , say, when sim ply studying algebra
for a future examination. For example , an opera tor ’s tra cking
vary ing symbols on radar or sonar during a HUK—type mission may
or may not have the threat vector during training as in an actual

situation; however , the level of skill to be achieved and the

proper organizat ion of responses require observance of all the
steps discussed so far .

2 .4  P s e IV: P r e — t e s t  of Program-med Course

The activities carried out during tais phas e involve pre-
tes ting the programmed course and revi sing it based on da ta from a
very small  sample of persons .  I t  is inadvi sable to computerize a
programmed course prior to de-buggin g i t .

2 .4 .1  P re—tes t ing  the In i t i a l  Pro~~ arm’ned Course (11.01

The f i r s t  s tep  in pre—tes t ing  the in i t ia l  d ra f t  of the
prograit .med course is to administer  the selected prerequisite test
to a group of s tudents . The prerequisite test consists of terminal

~ -~ee :l~ llsde1l , i~’ . j . ,  op. cit.
~ ‘.-M~cgaa , C. T., Chapanis , A ., Cook , J. S . ,  and Lund , N.  W . ,
H~ nan E n i ’neering Guide to E~~u~~:’-m~- n t  Dcsiy~n. New York: McGraw—
..lll, l9~53. 44
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behavioral ob ectivcs f re m  a j~~~ ’:~~L~~1s course . The p re requisi te
test does YdT con t a in  i tems to be taug ht  in the programmed course;
howeve r , the i tem s  conr aineu  en th e  t es t  should be those necessary
and r e l ev a n t  to 1earn~ ng the programmed course.  The prerequisite
tes t  con t a in s  a represen ta tive samp le of the terminal  behaviors
from a previous  course of’ s tud y and should have been standardized
by recognized psychometric methods ” .

The prerequis i te  tes t  scores for the pre—t e s-t  group of
students should be reviewed and those s tudents  who do not  score
9O7~ or h ither  should not  be allowed to take the tenta t ive  pro-
grammed course.  -

The sec _step in pre—tes -t ing the programmed course is
to adminis te r  the preliminary d ra f t  of the programmed course to
the s tuden t s  making 9O7~ or higher on the prerequisite test .  I t
is wise to make careful  notes of al l  comments students may make
in regard to being trained by the programmed course. The students
should be encouraged to wri te  on the margin of the frames any
inaccuracies or difficulties they may meet.

Studen ts should be required to indicate in the pro—
grammed text the answer the y chose in the fol lowing order : lSt ,
2~~~, 3rd , . . ., n th . The s tuden t should be informed that  the course
is being pre—tes ted  and tha t this  in formation is important .

Studen ts should be paid for their e f f o r t s . A scale of
remun erat ion should be proposed to enable the fas tes t  s tudent  who
comple tes  the programmed course and makes 1OO7~ correct on the
terri inal obje c t ives  w i l l  receive the most dollars . Ties w i l l  be
similarly rewarded.

The th i rd  s tep in p r e- tes t i ng  the d r a f t  of the programmed
course is to administer a f t e r  t ra in ing an examination consist ing of
a represen tative samp le of terminal  oblec t ives .  This examination

~A dkins~ D. C . ,  et~~al. Construc tion and Anal ysis of AchievementT e s t s .  U. S. Government Prin ting Office, 1947.
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is not to be s ta nd a r d i z e d  in the  u sua l  sense ” , The t erminal
objectives .b’dl t he  behavioral responses des i red ;  hence , s t at i st -
ical  averages  r L p r c s e n t i n ,: a hypotaecicai individua l from whom

all o t h e r s  are scared is not relevant.

2 .4 . 2  ~evision at Pre—rest T— -n:erials (12.O)

Based on the time to train and to test, errors made on
the coarse and test, and commen ts received from the studen ts , the
pr ogrammed course should be r evised frame by fram e and the tes t
item by item .

Since the materials prepared up to this step are preli-

minary  in na ture , the anal ysis of the resul ts should rely less
heavily on statistical or other psychometric techniques and more
heavi ly on comments and error acc~~nulat ions on the examination
items and pr ogrammed frames . The scheme of using subj ective
pro babili ties mi ght be tried as suggested earlier . (A future
paper will treat this approach in a more rigorous fashion.)

2.4.2.1 Preparation of Branched Frames

Eased on errors and comments of s t uden t s , add i t ion a l
branched frames should be prepared or extended especially at

points where errors have accumulated on test or course and i t
is considered inadvisable from other evidence (IQ, aptitudes ,

etc.) to change a particular frame but to use more branching

frames.

2.5 ?Hasc~ V: Preparation of Computer Program and Course

Storage

Dur ing this p hase the compu ter program is des igned in
accoreance with the requirements of the programmed course, the

prerequis i te  test  and the t e rm i n a l  examination . Appropria te
input—output devices must be selected to meet course requirements

*Adkin~~, D. C., op. cit.
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and cam u t e r  s Lor ~~ge limi ~ai tions .  During this p hase the pro-
grammed course and examinations are stored . A brief pre— test of
the seared :eateriall tan-~ run necessary  revision s made in the
com p ut er  pro , :ram prior to aeg i , a n in g  experimen tation proper .

2.5.1 e s i : n  Cc:”out~~r P - a r ,  for  ~ae Course (13.0)

Thc des ign  of the comouter program is a funct ion of the
des ign of the prot r~uma~d course . The course requirements act as
constraints upon the com p u t e r  ~ rogram . A clear dis tinc tion mus t
be mad e b et w een  w a at  mus t h0 taug h t and wha t can be designed ,
hardu-arcwise , to h elp  teach and con trol behavior .

it should be kept in mind tha t  the system methodology
proposed in this paper is aimod at producing a standard instru-

ment w i t h  known parameters  to inves t iga te  h~mian learning and
retention . Tac required disp lay—con trol devices and a computer

are used to assist in the investigation .

Since computer programming design is a well known art

and sin ce this paper is concerned pr imarily with the psychological
aspects of human learning and retention, details of computer

program design can be found in other publications covering such

desi g n .

2 . 5 . 2  - (‘a rpu ter  Pr~,gram Design for Tests (14.01

~~ntal test techniques have been in existence for

several cecades . The design of a computer program which pres en ts
the i tems one at  a time and records the studen t’s responses is
alread y w it h in  the s t a t e — o f — t h e — a r t .  Feedback to the examinee as
to how he is doing on an examination is not  cus tomary. Feedback
data required for the examiner and experimenter is discussed in

Section 2.6.2, Data Recording .

2.5.3 Inp ut—Outp ’it Devices Selection (15.0)

This paper is not concerned with disp lay and con trol
devices as such but onl y with their general specification for a

parci ..ular researcr~ p r o , ram in computer—assisted instruction . In
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general , the  l ear n e r  may receive an opt ical  or a prin ted output
one f rame at  a t ime . He should be able to obtain a previous
frame by an app rop r i a t e  con t ro l .  He should be able to have dis-
p layed to him the r e su l t s  of his decision , his accumulated score ,
the t ime he is consuming per practice session , the total time to

learn to criterion , and the time between onset of a fram e and his
resp onse . Dynamic disp lays and con trols are no t required for the
experiments anticipated at this time . Further information out-

puts pertaining to the experimenter are discussed in Section 2.6.2,
Da ta Recording.

2.5.4 Storage of Course _and Examination s (16.01

This is a step in the computer phase of the methodology.
During this p hase , the experimenter monitors the process and

furnishes information where required.

2.5.5 Testing of Stored Course and Examinations (17.0)

As fcr Step 2 .5 .4 , the testing of the stored course and

examination s is a compu ter phase and does not indicate testing of
learners . Details pertaining to this phase are covered in well—

known sour ces of compu ter techn ology.

2.6 Phase VI: Administration of Pre—test and Course

Duri ng this p hase , selected students will take the

pre—test and then beg in their ins truc tion wi th the compu terized
course. Data concerning inputs to the students and their res-

ponses will be recorded on a realtime basis.

2.6.1 Administration of Materials to Appropriate 10 Levels

(l8~QI

S;udents should be selected for training in such a way

tha t the samp le is repr esen tative of the popula tion tha t is like ly
to be taugh t by such a course. If the programmed course is 5th

grace ar i thmet ic, then a representa t ive  samp le of 5th graders
should be selected . Variables other than IQ may be included in the
sample such as class and “race,” native or foreign bir th , etc .
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The prerequisite tes t  is administered prior to the
pr ogrammed course  and the scores are tabula ted and anal yzed . If

a s t u d e n t  dOe S not  achi eve 907~ on the p re— tes t  then he should be
excluded from the programmed ins t ruct ion .

2 . 6 . 2  Data  Recordiro~ (19 .0)

Figur e 2—1 , Funct ional  Flow Diagram , lists all data that
should be collected from the prerequisite test , the programmed
course , and final examination . For convenience to the reader, the

following is a repeti tion of the l ist:

Studen t responses by al terna tive
Time between responses
Number of errors
Number of correct responses

Cumula tive errors per prac tice ses sion
Errors per frame
Total time to reach practice criterion
Tota l errors before and af ter  reaching criterion
Number of errors per frame for all  s tuden ts
Con fiden ce leve ls dis tribu tion per al terna tive per
student (these are the subjective probability estimates).

It is necessary to record the following da ta by computer
as each studen t takes the prer equisi te tes t:

I tem number
Response alternative

Response correct

Total items correct

Total i tems wrong
Total test time

It is not always necessary to give the prerequisi tes
test by computer; however , for la ter calcula tions it is easier to
record and store this data by computer as well as to administer

the prerequisites test by computer.
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2 .7 ~~-e~~e V (~~~~~
‘ r-~ ‘-~ ~-gr  CTh -~ v ’ ~

During this p hase , the t e rmina l  objectives ~.-I ill be
adm i n i st e r ec  and responses w i l l  be recorded and analyzed.

2 . 7 . 1  1” n L s t r a r i o n  of Termina l  C bj ec t i v e s  (20.0)

The procedure for adminis ter ing the terminal  obj ec-
tives ( f i n a l  examination) by computer is similar to tha t for
admin is te r ing  the prerequisi tes test .  Both tests can be admin-
istered manual l y .  Real—time data should be recorded as for the
prerequisites test when a~.ministered b y computer . The terminal
obj ect ives  should be administered immediately a f te r  or iginal
learning . (see Section 2.8.1).

2 . 7 . 2  Score and Item hnalysis (21.0)

The technology for making the anal yses of scores and
i tem anal ysis can be fo uid in well—known texts on these subjec ts ” .
I t  is easier , however , to have the computer make the recordings ,
as described ‘~n Section 2 . 7 . 1 , as an aid in the anal ysis of
results .

2.8 Phase VIII: Re—administration of Terietnal 0b~ ectives

During this phase , the terminal objectives onl y wi l l  be
adminis tered 30 days and 60 days af te r  the init ia l  adminis trat ion
of these ob jec t ives  and appropriate comparisons made with original
specif icat ions  made during Phase II , Fun c tional Step 7 .0 .

2.8.1 ~n—administration o~ Test A f t e r  30 Day s (22 .01

The same subjects will take an examination composed of

i tems selected from the population of terminal object ives . To
con tro~. for the memorizat ion of test i tems , paralle l tests wil l
be constructed and administered . Data wi ll  be recorded as for the
test  given immediately a f te r  orig inal learn ing .

~‘see A d . in s , D. C . , op. c i t . ,  and Guilford , J. P . ,  op. c i t .
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“ Immedia t e ly  a f t e r  o r ig ina l  learning ” wi l l  be def ined
to m~,~cn no soon er  taco 24 hours a f t e r  o r ig ina l  learning and no
l a t er  than  ~S hour s a f t e r  or ig ina l  l ea rn ing .  The time e laps ing
between ori g in a l  learning and examination wi l l  be recorded.

Con trol  for  in terpolated act iv i ty  is not  contemplated
by the procedures described in this paper , al though modification

• of the methodology to permi t examination of this impor tan t factor
as wel l  as fa t igue, homogeneity o f mater ial , e tc . ,  could be made .
Future papers will develop procedures for such experimen ts using
the pre.sen t me thodology.

2.8.2 Re—administration ’of Test After 60 Days (23.0)

The procedures described in Section 2 .8 .1  wil l  be used
to adminis te r  the third examination a f t e r  original learning .
This examination will be parallel to the others to test in order

to prevent item memorization . Appropriate data will be collected
as for other examina tions.

2 .8 .3  ~cNabilitv Co~pgri~ ons (24.0)

A f t e r  each test a dm i n i s t rat i o n , the required re l iabi l ity
achieved curing training by the studen t wi l l  be compared wi th  the
reliability on each examination . The following might be an

example of the studen ts ’ behav ior:

END (‘F TR~ T N T NC:  l(’I-g C~ rr ec t,  5 Trials Required

1st EX~MiNAT 0N: 95% Correct
2nd XA~1INA TI0N: 92% Correct
3rd E: i\N1 ’-e\TIO N :  90% Correct

In  this case , b o t h  th~ programmed course and exa min a—
tions appear to be weli. preparea . T o t a l  tr ia ls  to learn appear
not to be excessive in meeting the criterion of two successive
practice sessions with a score of 1007, correct.
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i:a\ ~eve r , i f the S t U d L O t S ’ behavior  showed the fo l lowing :

P T~ -\ T N~ NC: - LCorrect~ 25 Trials Reonired

1st EX~~~IN ~ T iCN :  d 1PL Correct
2nd ~~INAT :oN: 70~L Correct
3 rd E ’iIYAT CN: 65% Correct

• Then it appears tha t  considerable revision of the ent i re
course is required . The revision should not always begin during

this 1~C S C .  I t would have been better to have noticed if exces-
sive tr ia ls  were needed to achieve the trainin~ criterion before
g iv ing -  the examinat ion . (The ini t ia l  d ra f t  of the course may not
have revealed the same resul ts as the experiment . )

Specula tions conc erning the outcomes of this me thodology
are not in order in this paper . It was the purpose of the paper

to ou t l ine  an integrated methodology to attack systematically the
functional steps in exploring human learning . Considerable

revi sion and extension of the methodology is qui te likely, espe-
ciall y w i th  regard to providing operational ways of meeting

• student—centered instruction . Early discussion of student—

centered instruct ion has been proposed by Rogers~ and an ear ly
a t tack on the problem has been suggested by Nager ’

~
’ . A suggested

method using subject ive p robab i l i ty  has been proposed in thi s
paper b ut  not  in a rigorous manner; however , a future paper will
presen t a more logical and mathematical trea~ nent of student—cen-

tered conten t sequencing and programm ing.

~ka:~ rs , Carl  fl. . ,  Client n~~- .g_~~’ -~rao~~. Chapter 9 , S tudent—
cen t~ red Teaching,  New York:  i n a g h to n  M i f f l in , 1951.
~~Mccer , R .  F . ,  On the Sequ enc ing  of Ins t ruc t iona l  Con t en t .
P-~”ch~ lo’tca1 p~rt,~~ Sou thern Universi t ies Press , 1961 , Palo
Alto , Calif.
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