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I. THE DEVELOPMENT OF PROGRAMING

Visionary suggestions for improving formal education are now
at last becoming reslities, MNore and better equipped plants are rising.
Teachers® salaries are on the increase. HNore updated text books are
available. Ability grouping is widely practiced. A wider range and
greater depth of course offerings enhances the high school curricula.
Increased alumni contributions and government grants are leading to
expansion of stalf and facilities at the college level, However, none of
these consider how a student learns., Thus none copes directly with the
most basic of needs, that of making the teaching~-learning process itself
more effective and efficient. The approach which at present appears to
offer the best immediate solution to thisz problem is "programed” learning.

Though H. S. English developed and tested an automated device to
establish the single habit of squeezing a rifle trigger as early as 1918,
programed learning for the classroom dates back to the earliest teaching
machine developed by Preassey and first exhibited in 192&. This invention



waz essentially a sclf-scoring, multiplé-choice device designed both to
eliminate the tedious task of scoring for the teacher and to make testing
a learning ecxperience for the student. Peterson contributed two improve-
ments which simplified the operation and also made available a permanont
record of the student's responses - first a punchboard, and later,

chenically treated paper.

Teaching machines did not receive much publicity until Sidnner
first described his work on them in 1954, Even after this, the movement
did not begin to gain momentum until a later article by Skinner appeared
in 1958, Skinner sawv programing's potential not only as a testing device
but also as a method which could be adapted for the entire process of
teaching, study, learning, and testing. He observed that in class the
student passively looked, listened, took notes, and occasionally answered
questions., Fomal study methods appeared to consist of rather aimless
reading, with only a perfunctory effort by the student to select important
points, to repeat them in review, or to organize the material in outlines

or condansations of notes.

Pressey's device could have been used to improve study since
it called attention to important points covered in the reading material,
presented questions to be answered, provided confirmation or correction,
and encouraged the student to correct errors by repeated trials or by re-
reading relevant portions of the study material, But there were three

specific objections to this approach:



1. The total reading material formed the context and repro-
sented the background stimuli. The test stimuli required the student to
recall and select for himself the information from the reading which was
most relevant to the answering of the question. And since questions were
not usually interspersed into the reading material, much depended upon
the student's study efforts for effective use of the tests,

2. Multiple choice answers introduced conflicting stimuli which
perhaps occasionally aided in forming relevant discriminations but which
more often introduced irrelevant ideas which actually interfered with the
learning of desired responses,

3. The long term goal of Psychologist, teacher, or executive
was not sufficiently motivating to keep attention to the page at hand even
though "conditioned reinforcers®™ such as grades or teacher approval

brought the ultimate consequences closer to the study situation,

The first two objections might have been handled simply by
interspersing the questions and confirmaxtions throughout hierarchically
ordered material and by requiring the student to construct his own
responses from his understanding of the material, However, Skimmer, in
appealing to a literal interpretation of Thorndike's lLaw of Effect, chose
to deal with the third objection in terms of conditions under which
classical reinforcement is said Yo be most likely to increase the proba-
bility of the reoccurrence of a correct response which immediately pre-
cedes it. This concept had already given rise to instrumental

conditioning procedures employed in the training of rats in the Skinner



Box, where roward is nade contingent upon some overt behavior, In human
learning, confirmation of a written response was sald to constitute a
reinforcing condition. In order to condition students' behavior most
effectively it was found necessary to breazk the material down into very
small stop-wise sequences called frames. At this level of presentation,
success in responding was almost guaranteed and the teaching machine pro-
vided an immediate reinforcement for the desired behavior. Thus, the
first two objectives were accomplished within this framework required to

meet the necessary conditions of reinforcenent.

Skinner and Gilbert have summarized those principles of learning
which have led a number of workers to consider seriously the development
of automated teaching devices for use in the classroom. We may group pro=-
graming's provisions for these variables as follows:

1. Frogramed instruction requires logical organization of the
instructional materials and careful analysis of the educational objectives
of the lesson. It also provides feedback to the teacher or lesson desizner
which permits him to revise and improve the materials and the presentation.

2. It allows ths student to proceed at his own pace,
encourages active participation, and provides feedback about his progress
in the lesson,

3. It "shapes" a correct response.



Since 1958 over a dogzen Skinner-type machines alone have beon
produced by different manufacturers. The presentation-answerfeedback
cycle which characterizes Skimer?'s method has also appeared in the form
of programed texts and scrambled books (for example, Holland and Skinner,
1961), As outgrowths of this development, hundreds of programs of vary=
ing effectiveness are available commercially for school, industry, and

business; selfl correcting homework materials have appeared, and dozens of

texts on How to Write Prorrams have been published,

It should be pointed out, however, that as the teaching of more
complex verbal skills is attempted, programing if it remains tied to the
strictest interpretation of reinforcement may bo expected to become so
complex that its inefficiency will begin to outweigh its effectiveness.
An {llustration may serve to demonstrate this contention. First, it is
eurrently generally held that in learning involving mechanieal manipula-
tion, distributed practice is preferred over massed practice, Yet Skinner
has pointed out the motivational properties of automated instruction. A
"novelty" effect has been ruled out as a docisive motivating phenomenon
in programing by Porter, as cited by Deese (1958), and Popham (1964),
Foore and Smith (1961) have introduced evidence that massed practice with
machine-prograned materials has no adverse effect on retention due to the
compensating AD LIBITUM feature of programing., It appears, then, that
machine-prograning heightens motivation in spite of itself because it
incorporates an approach not common in most classrooms - self pacing,

This feature is also available in other, simpler approaches, however,



Secondly, most researchers agree that the program should be
carefully calibrated so that the probability of a learner's answering
questions correctly should be very high, resulting in a scheduls approache
ing 100% reinforcement. Further, Skinner and lolland have stated that
even the satisfactory completion of a given pnumber of frames constitutes
a special type of partial reinforcement for college students. FHowever,
Barlow (1960), studying college students, noted rather generally that the
effect of response confirmation as a reinforcer dissipated consgiderably
and rapidly, He felt this was because it was applied too consistently.
Thus Prassey and Skinner appear to be quite correct in their esarly predic-
tions that "natural® reinforcers may prove insufficient and that
"extrinsic” reinforcers nmight also have to be provided., In other words,
prograning is said to be effective when it adds variables,

In some situations it may prove quite unwieldy to add enough
variables to compensate for those lost under the current concept of pro-
graning. For example, programed instruction, within the conventional
limits of the term, does not appear to be ideally suited for the instruce
tion of synthesizing behavior which involves a more complex learning than
simple memorization of algebra rules or spelling words, Synthesizing
behavior requires an overview of the problem to be solved, i.e., requires
the student to understand how each frame relates to the other, and how all
the steps fit together to form an integrated solution. Coulson (1962)
observed that despite the use of preview, surmary, and review frames
students frequently complain that they have no clear picturs of where they



have been or where they are headed in the instructional sequence,
External panels have been used in conjunction with programed materials

in an effort to meot this problem. At various points throughout the pro-
gran frames refor by number to corresponding steps in a paneled outline,
The student can thus concentrate on the analysis of individual frames and
can also view the frame in the perspective of the over-all solution.
Panels of this natura are incorporated into an Encyclopaedia Britanniea

Film programed lesson on high school geometry,

Perhaps the task also requires mediated responses involving
#imulug or response generalization, abstraction of information, or other
rearrangemnent of response elements. Skinner points out the complexity of
teaching these skills by machine and terms them "an extraordinary challenge
to the technology of instrumentation.” Finally, in view of the current
literature output in all academic fields, it is difficult to imasgine pro-
gram production both keeping pace with the times and maintaining high
quality in this area.

As the learning task becomes more involved, necessitating
addition of devices to naintain effectiveness, the method of teaching by
progranm may become inefficient in terms of cost alone due to the concept
of reinforcenment under which it labors. If Skinner feels the need to tem
programing a challenge to the technology of instrumentation, then it
appears appropriate to point out to the educator that the adoption of
programed methods for a county or state system is at least as great a



challenge to the pocket book of the citizen who must pay the cost of
machines, prograns, storage facilities, and maintenance, Even now the
expense of purchasing the better programed materials and apparatus is
sobering.



II. TEES CONGEFT OF REINFORGEXENT

There are essentially two types of studies in the literature
on programed learning. One invelves comparing programing with “ususl®
or “"conventional® types of naterial prosentation. The other investie
gates variables which may contribute to programing's effectiveness,
Results from both are conflicting and inconclusivo,

First, the relative effectiveness of programed teaching pro-
cedures in any particular learning situation has been diffichlt to
asgess with a degree of confidence becauss most studies have laft uncon-
trolled one of saveral potentially clarifys.ng variables, Carr (1962) in
his review mentions failure to control for students' verbal abilities,
pre-experimental knowledge, time allowed for study, and also for
motivational influences extrinsic to the program itself. Another which
appears to be of tremendous import is the sclection, order, and emphasis
of materials in presentation,

Second, it is to be remembered that the concept of reine
forcement employed in Skinner-type programing is derived from rigidly
controlled laboratory experimentation with animals, primarily with rats
and pigeons, Thus any great swing to this form of programing in the
classroon would appear to be based heavily upon two assumptions:



1., ZXnowledge of results, i.e., confirmation of the correct
responsa, in relatively complex human verbal learning may be equated
with the concept of reinforcement classically associated with animal
learning. There is no evidence for this contention though it might be
agreod that confirmation of correct responding may be considered reine
foreing An human learning of complex verbal materials, whether or not
it operates in the same way as does food reward in animals,

2. Positive reinforcement enhances verbal learning just as it
contributes to an increase in mechanical skill in humans, improvement 4in
performance of routine tasks in psychotic patients, and rumning or mani-
pulatory behavior in animals., At least three hypotheses may be derived
for purposes of testing whether the principles of reinforoament derived
from aninal experimentation are applicable to the analysis of a program's
efficiency in teaching verbal material to hunans.

a. Since measures of animal behavier such as frequency of
correct responding and rumming speed are performance measures from which
learning is inforred, let us speculate that performance is a reliabls
neasure of learning in humans,

be A 33 1/3% partial reinforcement schedule yields higher
performance and an inferred higher degree of learning in humans as it
does in rats.

¢. Delay in reward of several minutes is associated with a
learning decrement unless secondary cues effectively mediate the
interval.



Little support for these hypotheses has been gained when
tested by use of programs, In a pilot study for this work, college
students were asked to work through a program which taught eight major
products of a wholesale distributor and two reasons why each of these
products was reliable. It was found that 33 1/3% partial reinforcement
improved performance in terms of time taken to complete the program, as
directly predictable from animal experimentation. However, it was found
that post test scores for the partial group were significantly lower
than those of the total reinforced group. The reason for this decrement
may lie in the somewhat higher error rates per frame for the partial
group or from the anxiety members of the partial group later sald they
had experienced while performing the task., In regard to the former
interpretation Kendler (1959) calls attention to the question of trans-
fer and cites studies on over-learning which tend to show that perform-
ance may not mirror how much has been learned, and he questions whether
the completion of a programed course is the final criterion of learning
even when the rate of correct responding has been high on individual
- frames, VWhatever the underlying causes, it appears that performance was
not in this instance a reliable measure of learning in humans and thus
effects of various reinforcement schedules upon human learning may be
difficult to predict accurately from outcome of animal experimentation,



Deesa (1958) reports a study by Saltzman which shows that a
delay in knowledge of results of but six seconds resulted in a 50%
increase in srrors on a rote verbal task, However when in the same
pilot study predictions from animal experimentation regarding delay of
reinforcezent were tested, no difference was found between the post test
scores of students working under immediate and 20-frame delayed reinforce-
ment. The students were apparently capable of mediating this 20-frame
span quite effectively. One may speculzte upon what secondary
reinforcers wers involved, UNevertheless, there arises some question
about vwhether immediate reinforcement, as provided by revealing the
correct answers to the student following his written response, actually
leads to increased learning. Perhaps certain types of subject matter and
certain types of learning might be able to withstand fairly long delays
without affecting learning rate appreeciably.

It may be seen that these are merely demonstrations of Amsel's
1959 contention that variables which produce sustained higher performance

rates on programed materials may have no effect whatsoever upon learning.

At the heart of the difference between the Skinner and Crowder
methods of programing is this fundamental theoretical controversy.
Basically, Skinner maintains that learning takes place most effectively

when a correct response is made and immediately reinforced. Crowder,
on the other hand, asserts that learning can effectively take place
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while the student is reading the information presented, and that the
multiple-choice testing at the bottom of the page is primarily a con-
firmation of the learning that has already taken place. Two recent
studies provide rather striking evidence in support of Crowder's position.
Goldbeck (1960) compared test scores of grade school students who gave
written responses, thought responses, and no responses, In the latter
group the answers were filled in and underlined. Although raw scores

for the immediately reinforced, written response group wers slightly
higher for easy material, no significant differences in terms of effi-
ciency (post test score/time) were found bstween the groups. Ripple
(1963) compared the effectiveness of a programed text with three other
methods of presentation: standard programed text without reinforced
feedback, conventional text form, and listening to 2 lecture. It was
found that reinforcement did not contribute to increased learning, reten-
tion measured at two and ten days was not improved, and individual
differences were not reduced. Active involvement however did contribute
to increased learning (1963). Cronbach (1964) cites six studies per-
formed since 1960 which show that reading a programed text produces as
ruch learning as does making active responses to the program and that
reading accomplishes the samo result in less tine,

Olaser (1960) in his evaluation of programing, re-emphasizes
Skinner's concern with three other variables thus far not discussadi

selection and ordering of material, definition of the learner population
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and specif{ic learning goals, and feedback to the writer on effectiveness,
Carr (1962) in his review also expresses the opinion that the usefulness
of teaching devices is more a function of characteristics of the program
itself than a function of characteristics of the device., There is
support for this feeling even when considering a very elementary skill.,
For example, three experiments are reported by Moore and Smith (1961) in
which sixth grade classes learied spelling words with the aid of

machine prograns giving knowledge of rasults in various ways or giving
no knowledge of results, Since no significant differences in learning
were noted between the groups it was concluded that providing Ss with
knowledge of the correct response did not facilitate his learning of
spelling, They maintained that the effectivencss of self-instructional
materials in spelling found earlier by Porter may be attributed to the
format of the material rather than to the use of a tschnique for providing
immediate knowledge of results.

Indeed it now zppears altogether conceivable that a number of
the earlier studies showing the relative effectiveness of programing
over conventional teaching of verbal material achieved such results
because they in effect pitted an unskilled programer, i.e., the teacher,
against a programer skilled in developing effective presentations,

Among the studies where this variable has been controlled by using the
identical format 4n all conditions, not one has been located which

defines "usual® or "conventional™ approaches as any other than a passive
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listening, watching, note~taking, or reading process on the part of the
student, Even if outside study were permitted in these investigations,
normal study methods often consist of rather aimless reading, with only
perfunctory effort to select important points, to repeat them in review,
or to organize the material in outlines or notes,

Thus, comments which might be made regarding the collection of
studies which apparently support programing over classical teaching
technigques are not unlike those offered by Holt (1953) concerning
evidence compiled hy Meehl (1954) as support for Actuarial over Clinical
prediction:

1. It would appear that in both instances the deck has bheen
accidentally stacked by pitting a sophisticate arainst the none
sophisticates.

2, In both cases the non-sophisticates may be found lacking
in areas whero they should become compotent if they wish to improve the
batting average.

3. And in both situations, the basie models are upheld, i.2.,
the new approach is not to be heralded as a revolution replacing the
elassical approach but rather as & forceful hint that the older
techniques need a bit of shaping up.
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I1I. EFFECTIVE STUDY

Perhaps programing is meeting the immediats needs in
selected areas, But it appears that reading, listening to lectures,
and studying outside of class are still very much with us on all levels
of education and will continue to be required. Thus if one 1s con-
scientiously seeking a realistic approach to neeting tho long ternm
needs of education on the broadest possible scope, then it rust be
apparent that an approach is needed which fits. the existing educational
structure and is not so rigidly bound to the concept of 100% irmediate
reinforcement of responscs which are guaranteed to be correct because of

presentation in sequences involving the smallest possible steps,

Programing clearly demonstrates the value of defining learning
goals in light of the specific learner population, of selecting and
ordering materials, receiving feedback, and revising. There 48 no reason
vwhy, after participation in a workshop, a lesson desipgner could not apply
these principles, nor any reason why a teacher could not practice these

in her class. The same plan of action suggested by ughes for

Learnine (1964) might be followed for training consultants to schools

merely in the area of offective selection, ordering, and emphasis of
naterial for presentation to students by print or lecture, Hfurther, if

pressure were exerted upon authors and publishers, there would shortly

L S K RSRIpRY 1 I W DU _ R NN W NG PO ORI SR e N TORUR TR S

be available quantities of text books revised with emphasis upon
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logical ordering rather than upon the unstructured cramming of facts

by chapters betwsen the covers. Perhaps adapting a modification of

the RULEG system for the construction of verbal learning sequences would
be helpful in this connection., However, though informed of learning
goals and provided with structured texts and class presentations, the
atudent may still remain at a loss as to how to proceed in some situations,
Though perhaps disguised from a learner, working through a program is one
way of effectively studying material. Farther, since effective study in
any form is essentially a learning process, it would be desirable to
retain the relevant learning variables present in programed instruction
in setting up any study procedure,

Much effort is currently being expended on informing students
how to study. High achools frequently distribute booklets to assist the
student in formulating general study habits and in preparing for specific
courses (for example, How to Study, John X¥arshall High School,

Richmond, Virginia). Many colleges and universities provide special non-
credit courses or clinics designed to improve reading skills and study
habits, Frequently these courses concentrate upon increasing the
student’s perception of ideas from the printed page. The student learns
to generate questions before he reads. He practices reading for a
specific purpose and is taught ways of checking his comprehension upon
completing his reading. He 18 encouraged to note important terms, rules,
and examples, to systematically review them, and to continually
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self-check his learning progress. In the method taught and examples
given, most of Skinner's variables are retained., Unfortunately, few at
present can take advantage of the various techniques including
tachistoscopic training, pacers, timed reading and written exercises,
which are used in the clinics to increase efficiency in perceiving.

And, of coursse, when reading conventional texts, parallel, or journals
one can not benefit from the extensive cuing techniques employed in pro-
gramed materials, However, adding meaningful examples and retaining
ninimal selective cuing in the material itself in addition to having

the student penerate his own cues and benefit from "feedback" should
nake up for these deficits, Extrinsic motivators should exert a con-
tinuing effect as in programing. Moreover, rotention may actually be
enhanced by self study because several opportunities seem available for
deriving meaningfulness which are not as readily utilized when learning
from a program due to the very nature of the difference in the way infor-
mation is arranged on the page:

1. Inspection of the materigl in its entirety before study
should give a general orientation to the subject matter which may be
valusble in organiging and remembering numerous details,

2. Those points upon which one finds himself weak may be
reviewed whenever and as often as desired, The student can self-check
his own learning to determine what areas need further study if appro-
priate guide lines are provided,
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3, Flexibility allows the use of more meaningful examples
and illustrations based upon the backgrounds of the particular students
involved,

iy, The more natural reading situation allows one to change
pace vhenever practical., Easy or familiar material may be skimmed:
difficult or unfamiliar information may be scrutinized with more care,

5« Synthesization, abstraction, and original thinking are
poasible as is the achievement of goals beyond those desired by the
teacher or programer,

6. Comparing and relating information to one's own previous
experience and to other materials is encouraged.

7. With all the new concepts visible at once or easily located,
even subtle discriminations may be formed which may otherwise have pone
unnoticed or remained sources of confusion,

8. Haterial nmay be more easily referenced, indexed, compared,
and skimmed; the necessity of tedlously plowing through many frames to
locate one single item of interest is eliminated,

The indication 4s that with well presented material some form
of structured self-study may be equally as effective and efficient an
approach to learning as programing with certain types of tasks, and
perhaps even more officient in terms of training time and cost, with
tasks requiring skills in addition to rote memorization, To the knowledge
of this writer there has not appeared 4 iterature an adequate test

of this contention.
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The major purpose of this study is to make an initial
attempt at comparing the effectiveness and the efficiency of studying
through use of a program, study guide, and individual procedures.



21

HETHOD

Fo rty-eight male college students, who wers enrolled in the Intro-
ductory Psychology classes at the University of Richmond, served as 3s.
All 3s had passed !?rea}men Mathematics with a grade of C or better,

None had a checking account in a loeal bank, and none had taken a course
in logiec of any type.

Asgignment of S8 to twelve groups was based upon verbal scores
attained on the College Aptitude Test required for azdmission to the Unive
ersity. OGroup means and stand#rd daviatd.oﬁs are reported in Table 1,

F max (3, fz)obss 27.01, performed to test the assumption of no differences
with resimct to homogeneity of variance, was not significant at the .05
level of confidence.

Half of the 38 participated as volunteers, a condition laheled as
Intrinsic Motivation. Participation for the others was made a course
requirement to give conditions of Extrinsic Motivation. Each 3 turned in
to B a list of times when he was free to participats in the project.

From this list, Ss under volunteer conditions were allowed to choose



Table 1, ¥ecans and Standard Deviations of Verbal Ability Scores

for Twelve Experimental Crouvps,

ixe = loglc « Progran 490 114
Ex. « logic « Guide L50 &l
EXe = lople -~ Self 450 a2
EXe « Pank = Procran Loy 172
iXe =~ Bank = Guide 439 a8
iX, - Bonk =~ Self ey} 129
In. ~ Logic - Progran oo £2
In, = leric - Guide L4955 1409
In. =« logic = Self 4en 105
In, - Hank - Program 192 26
In, - Bank « Cuide Lol= 108
In, - Bank « Self 430 1
g = 27,01 _ F

nax obs. 1ax.95(13,3) =4, 60




22

a time most convenient to come to the labbratory. Ss under ths compulsory
conditions were assigned times by the E. Further, classes from which
volunteers ware solicited were given only generzl reminders concerning

| their obligation. If these Ss failed to meet their appointment, they were
allowed to escape the task. On the other hand, each 3 participating

under the required conditions was contacted by phone, letter and by personal
contact in class until he completed his obligation.

Each 8 was presented one of three sets of working raterials:
1. Program., Two booklets of frames were used. Each
requirsed written responses and was accompanied by a
scrambled answer sgheet against which responses to each
frame were comparsd with minimal delay (Appendix A).
2. Study Guide, Information was 1ifted directly from
the program and set in conventional text reading style.
Minimal selective cuing was retained. HNo responses were
required, The material was prefaced by a guide, outlining
a method of study based upon all learning variables
intrinsic to programing with two exceptions : thevmora
general idea of feedback was substituted for the concept
of 100% reinforcement, and a specific statement of purpose
wag added, -(Appendix B)
3. Self Study, The same typewritten information as

in condition 2 above was used, Instructions were given
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to study the material in whatever way was custom-
ary for the individual.{(Appendix C ).

Two different contents were used, One, which described how
several kinds of checking accounts operated, was termed easy. The
second, which introduced basic symbolic logic was considered difficult
by comparison in terms of content and size of steps. The program for
the easy material was obtained from Psgchological Consultants, Inc.,
Richmond, Va, The program for difficult material was available
commercially. Both met the usual criteria fbr’etfectiveness1 and were
thus assunmed to be adequate for the purposes of comparison in this
study.

As the 3s worked individually in isolated rooms, time measures
were taken for reading instructions as well as for actual working time,
When the S had completed reading and studying the material, the first
post-test was administered, Items required response construction,
sentence completion, and True-False choices. Approximately one-half
of the forty point power post-test measured the S's knowledge of the
material. The second half measured how well the S could use the

1. These criteria, summarized by Vanderschmidt (1964) include:
statement of prerequisite knowledge, statement of terminal objectives,
pre-test and post-test with analysis of pre-test data, description of
test population, statement of error rate, suggestion for program admin-
istration, statement of average time required to complete the program, and
a measure of student attitude.
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material in giving practical examples and solving oproblens

(Appendices D and ),

w=fficiency measures vere computed by dividing the post test score
by the total tine taken to complete the task (excluding time taken to

complete the post test).

cxactly one week later the sane post test was presented in slipghtly
different format and with items rearranped. 05 had no exposure to the
material during the week and had been asked to cooperate by not
discussing content with other students, The diffarences between scores
attained on first and second tests were taken as Retention measures,
After a fifteen minute review using original workine materials, 3s were
given the third post test consisting of the same items arain rearranged
and placed in different format, Difference scores between second and

third tests were taken as measures of relearning.

Analysis was accomplished by means of separate Analyses of
Variance (non-repeated measures) for Initial Learning, Lfficiency,
retention, and Relearning. The .05 level of significance was
maintained throuzhout analysis of all main ef{fects and simple effects,
Duncan tables for assessing differences between means were used for

A PG3TERIORI testing.
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Ru3ULTS

An Fmax (.05) performed on the scores supported the hypothesis
of no differecnce with respect to homogeneity of error varlance, thereby
indicating that the basic underlying assumption required to perform an
A0V had been met. Analysis of Variance was performed to assess
éifferences with respsct to initial learning. The findings are summarized
in Table 2, Differences due to main effects were not significant at the
05 confidence level, Thig finding was interpreted as support for the
hyvothesis that an equal degree of learning over both easy and difficult
materials may be achieved through use of Frogram, 3tudy Guide, and

delf Study procedures,

£fficicncy scores were derived by dividing initial learning scores
by total time taken to complete the task (excluding time taken to
complete the post test itself). A prelinminary teat of the hypothesis
of no difference with respect to homopencity of error varisnce was
performed by means of H&rtley's ¥max, The hypothesis was confimed
at the ,05 level of significance, As shown in Table 3, differences in
fifficiency due to rresentition were found to be significant at the

.05 confidence level and to exceed the .01 level, Marginal means for



Table 2, Summary of Analysis of Varlance: Initinl Learning,
Source at 13 E
A 2 183,08 3.17
B 1 0.75 0,01
¢ 1 16,33 0.28
AB 2 35,75 0,62
al 2 21,58 253
3e 1 225,73 .80
ABC 2 6. A 0,62

cell




Table 3. Jummary of Main and Simple Lffects: Efficiency.

Table 1, OSummary of Analysis of Varlances fficiency,

Fresentation A ? 2733,08 5,73%s
Alficully B 1 2992, 52 Ao 16"
Hotivation ¢ 1 13.02 0,00
AB 2 591,08 1.20
AC 2 1196,08 2,45
3¢ 1 1485,19 3.06
A5G 2 1257.75 2¢ 53
Within cell 25 48%,90 r———

b 005 Siﬁo

3,01 sip.

Table 14, Summnary of Duncan Test cn Fairs of Crderod

Marginal Means: Presentation,

Ordored means: L1,55 53,04 67l

Ordered a a a
differences: DTOTe gself guide
a - 17,33* 25,082
prog.
a - - Be50

self
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the frogramed group, tested at the .05 level, wers noted to be
significantly lower than those of both Guide and 501f grouprs. Scores
for Guide and Self groups did not differ at the .05 level., These
findings supror: the hypothesis that lezmmine by program, at least on

the collere level, is less efficient than learning by ruided or self study,

ufficiency scores vere observed to bo sipnificantly hicher at the
.05 level for easy material than for difficult naterial, iince learning
scores did net differ, this finding appears to be merely a reflection of

the relative lengths of the two seis of materials,

It may be noted also from Table 3 that no differecnce at the 05
level was found in efficlency between the main effects of the two

motivational variables.

A non-significant rmax allowed performance of Analysis of Varlance
on differences between scores for first and seesnd vost tests and en
differences batueen scores for second and third testo, The findings are
summarized in Table b, Yo difference approsched siznificance at the
«05 level of confidence, iletention and relearning were evidently not

aflfected by differences in prasentation, difficulty, or motivation,



Table 4, Summary of Main Bffects: Retention and Relearning.

Table iii, Summary of Analgsis of Variance: Retention,

Source ar HS F
Presentation A 2 31.02 (R
Difficulty B 1l 7.52 Opow
Motivation C 1 256 .69 2,90

AB 2 38.02 Oymw

AC 2 1.69 00mm

BC 1 5.68 Oow~

ABC 2 33,94 0yme

within cell 38 86.28 --

Table iv. Summary of Analysis of Variance: rslezrning,

A 2 41,33 1.4
B 1 6.75 23
c 1 6.75 .23
AB 2 49.00 1,70
AC 2 9.00 31

BC 1068.00 375

ABC 3,00 «10

1
2
WITHIN CELL 36 28,76 ~—
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DISCUSSICN

The primary hypothesis tested here was that attentlion to material
preparation is the prinmary factor distinguishing programing from the
fusual® or "conventional® teaching methods., In other words, Af presented
materials selected and organized as well as those of ths nore effective
programs and provided with cuing sufficient to give general orientation
to study, students will achliave significant increases in performance
equivalent to those gained through the entire process of programing,

A general overview of the data reveals three {indinpgs which aprear to

support this hypothesis,

Ingpecticn of the working materials confirmed that Ss under the

Ouide condition attended the statement of purpose and followed faithfully
the instructions to note critical information, underline selectively,
summarige and review, lowever, it was found that this procedure did not
enhance initial learning, efficiency, retention, or relearning over that
of the Self Study procedure, This would scem to indicate that directed-
ness of study, mechanical manipulations, and addition of personal cues

are relatively unimportant factors.



28

Performance was equal or better for Self end Guide groups than it
was for the Programed group on all measures., This would appear to be
further evidence that segmented presentation, overt responding, assured
correct responding, and immediate feedback are factors also relatively

unimportant,

Though an equal degree of learning over both easy and difficult
materials was brought about through use of a Program, Study Guide, or
Self Study procedure, the latter two procedures appeared to be more

efficient in terms of study time,

The fact that the hypothesis appears to find support in this study
tut not in others may be accounted for in one of at least three ways,
Further research is needed to determine which explanation is most

applicable,

In this study, an attempt was made to control three variables
vwhich may have confounded the results of previous studies, Ss were used
who had had previous opportunity to develop good individual study habits.
Groups were matched for verbal ability. Fresentations were matched for
content, order and minimal selective cuing., Wwhen these conditions exist,
it may be that a programing technique is no more effective than guided
or self study procedures and is actually less efficient in terms of

training time and costs.
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Findings cited by Hershberger (19653 and Mager (1964) provide
background for a second possible explanation, In the former study, it
was found that eighth grade students achieved higher learning scores on
“core” material in the presence of very mominal typographical cuing.
However, this age group either could not or was not willing to learn to
focus its attention as selectively as required under conditions of more
extensive cuing. Further, gains were noted under learning conditions
comparable to the guide condition in this study over the self condition,
pessibly because study skills were not sufficiently well developed by
the eighth grade. In the latter review, course objectives were stated in
advance, but adult students controlled the learning experience entirely.
Findings showed a 65% decrease in training time, variations in content
sequencing, an increass in student competence and confidence, and
achievement comparable to that noted under the more highly structured
conditions of programing and lecture methods used previously. Apparently,
allowing relatively more freedom for the student yielded reduced training
time because students used knowledge gained through previous experience
to advantage more efficiently than did the "experts" 4in mapping out
individual study procedure,

One implication from these two studies is that the amount of
structure and control of study procedures required to promote effective
learning decreases with education, or study skill development, and
experience, The college population, from which Ss were drawn for the
present experiment, 4s about at the midpoint of the thres populations

sampled in these studies with respect to education and experience.



Thus, rathsr than alding the learner, it appears that excessive structure
could conceivably have conflicted with collwge students® wall established
study hablts, This would account for the relatively inefficiency of the
prograned nethod,

Finally, the results may be merely an artifact. This would be true
if a major portion of the potential learning curve was left unsempled, ie,,
Af the vdifficult” task wae not sufficliently demanding for collepe students,
It 45 the purpeame of prograning to start the learner at his own level of
nowledge and to present information in such a oy that is 4s easily
understood, lemrned, and retained, Thus the difficulty of a programed
task must bs peasured by size of presentation steps rather than by content,
However, the difficulty of a textbook presentation may be measured in terns
of content since presentation steps are merged, Thus units of Fhysices,

The Caleulus, or COrganic Chemistry are suggested for use in future research
to provide sufficient contrast and g more adsquate sampling of the potential
lexrning curve,

The following discussion concerns the consplcuous aksence of
findings related to three secondary hypotheses, The meanings of thess
non-significanceés need clarification by further research,

Contrary to expectation, an extrinsically motivating condition
fajled, on all measures, to enhance performance on any of the three
presentation conditions, Scores under these conditions, though not
significantly different, tended to be lower than those under intrinsic

conditions,
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Professors of intrinsically motivated classes exerted no pressure
on their students, whereas the professor of the extrinsically motivated
class inforced the requirement without exception., Thus, it seems safe to
assume that Ss were successfully duped into believing that hhe conditions
under which they participated were valid. Postulating the non-existence
of an effective motivating condition would therefore apparently not be

adequate to account for the finding of no difference,

Rather, the presence of both a positive and negative attraction to
the task under the required condition to nullify any effect expected by
an extrinsic motivator. In other words, Ss wepe motivated to complete
the task to mest class requirements but were repulsed by the demand itself
and thus did not give full cooperation. The latter attitude was evidenced
by the necessity of having to contact more than half of this group two or

more times,

Skinner, as cited earlier, hypothesized that incentives such as

grades and meeting teacher approval would serve to keep the student at
his task. The condition of "meeting course requirements" was chosen for
this study as an approximation of Skinner?s suggestions. Apparently,
the existance of the requirement was indeed sufficient incentive under all
presentation conditions to keep disinterested "drafted" students at their
task, However performance under this condition matched, but did not
exceed, performance under the volunteer condition. From these results
it would that equal gains in learning may be evidenced in the classroom

either by capturing the interssts of the students or by forcing them to

neet class requirements., The question of "what extrinsic conditions are
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effective in elevating group performance shove that found under presently
employed methods® renaine unanswored and st be dealt with in future

resezrch,

The student®s abllities to retain information and to relearn
efficiently surely are factors which play as important a part in his
sarning @ pood final exam score as his abilities to understand and learn
initielly., fetention has been a grossly nezlected measure in studies
which purport to deal with the effectiveness of various teaching methods,
Yet the "tale home" value of a course lies not in what was at one time at
hand and understood, but, rather, in what the studont can continue to

use after the course has been completed,

Ho difference was found in this study with respect to retention.
However, the time lapse of one week was hardly a sufficient interval
from which to estimate extinction which may occur over the course of a
quarter or a semester, ixtinction measures have been found to be of
greht value in investigating the learning of animala, There is every
reason to belleve that they will prove useful in future efforts ained
towards gaining @ better understanding of verbal learning.

The cutcome of no difference with respect to relesrning was also
unexpected bzcause 4t was felt that locating mmerous specific points
rapidly from a program would prove to be a difficult task, but that
personalized cuing as provided in the gulde condition would facilitate
this process, A shorter criterion time would not be expected to produce
differences since in the time allotted for review no subject attained a
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perfect score, ie., no celling was placed on achievement, It seems
more likely that the extent of cuing retained in the rewriting of the
prograns in conventional text atyles facilitated self study groups'
finding naterial readily. Further, it is evident that the type of
prozraning used wae not as fair a representation of complex segmentation
of information as would have been a scramble book, machine, or a much

longer and unindexed progran.



SUNHARY

Forty~-oight male sophomore collepe students, with no preknowledge
of checking accounts or logic, were divided into twelve equal groups,
natched for verbal ability, Initial learning, efficiency, retention,
and relearning measures were taken across prograned, study guids, and
self study presentations,with content, order, and minimal cuing constant,
for easy and difficult material, On tests twenty points were assipgned
to rote memory and twenty points to applied knowledge., Ko differences
were found with respect to initial learning, retention, and relearning,
Programing was found to be inferior to the other two methods of
presentation in terms of efficiency, Thres alternative means of

accounting for these results were offered.
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