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In continuing research into the technology of

training, a study was undertaken to devise guidelines for applying
programed instructiorn to training courses that involve the learning
of principles and rules for use in problem solving. As a research
vehicle, a portion of the material in the Army's Programing
Specialist Course was programed to explore several different factors
in using automated instruction to teach computer programing.
Experimental versions of tbe course were administered to over 900
subjects in various experimental groups. Criterion and retention
tests based on actual job problems were used to measure subject's

performance,

along with in-training measures. Results in a series of

prompting/confirmation variations indicated that giving subjects
extensive stimulus support during training helps pmotivate them and
improves scores during training, but bampers them in using what they
have learned. Requiring subjects %o fully write out rules during
training hindered them in developing problem-solving skills applying

these rules;

however, using mnemonics during training aided subjects

in retaining yhat the¥ had learned. (Author)
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FOREWORD

The research described in this report was performed by the [fuman
Resources Research Oflice under Work Unit METHOD, Resenrch {or Programed
Instructien in Military Training. The objectives of Sub-Unit 11 of that Work Unit
were te develep guidelines lor applying programed instruction fo military tasks
requiring tire learning of principles and rules, especially these applying to
computer programming.

: The vehicle for the research was the development of an automated instrue-
tional package for teaching busic computer programming instructions in the
FILLDATA symbelic coding language. The final version ol the course is
entitled, i3ugic Computer Programming: A Self-Instructional Course (with
Answer Boeklet), June 1967,

The research was conductedat HumRRO Division Neo. 1 {System Operations).
The present Dircctor of Research of the Division is Dr. J. Daniel Lyons;
Dr. Arthur J. llochn was Director of Research when METHOD Il was jnitiated:
Dr. Rebert J. Seidel was Work Unit Leader.

HumRRO stafl members who contributed to the rescarch include Dr. Iris
C. Rotberg, in the earty stages; Dr. BEugene I, MacCaslin, task analysis;
Dr. Denald Reynelds, Dr. Hareld Wagner, and Dr. Richard D. Behringer, data
cellection; Dr. Harold G. Hunter, course preparation and repert preparation; and
SP 4 Wayne 5. Carpenier, course preparation.

The superintendents of the school systems in the metropelitan Washingten,
D.C., area who provided facilities and students for the administration of the
experimental programed instructicnal ccurse were: Dr. J.C. Albohm, Alexandria,
Virginia; Dr. . Wilson, Associate Superintendent for Instruction, Arlington
County, Virginia; Dr. C.F. Hansen, Washington, D.C.; Mr. E.C. Funderhurk,
Irairfax County, Virginia; Dr. H. Elsercad, Montgomery County, Maryland;
and Mr. W.5. Schmidt, Prince Georges County, Maryland.

HumRRO research for the Department of the Army jis conducted under
Coniract DA 44-188-AR0-2 and Army Preoject 2J024701A712 01, Training,
Motivation, Leadership Research.

Meredith F. Crawford
Director
Human Resources Research Office



SUMMARY AND CONCLUSIONS

Military Problem

The military problem to which this study was addressed is primarily that of the need for
research in the technolegy of training, with development of a potentially useful course serving
both as the research vehicle and as a secondary objective.

In recognition of the need for more efficient troining of military personnel to meet the
increasing demands for more cemplex knowledge and skills, research and development on auto-
mated instruction is continuing on o widespread scale. While solution of training problems for a
particular course represents an important activity, contributions that have broader application
can be made by establishing general quidelines for developing automated instruction for a class
of instructicnal content. Toward this end, the principal objective of METHOD II research has
been to develop general gquidelines for the application of programed instruction to tasks requiring
the use of principles and rules in problem solving.

Increasing complexities in military systems have created a need for faster and more effi-
cient methods of information processing apd a consequent increase in the importance of training
for computer programmers, whose work involves the application of principles and rules. The
activity chosen for the research, therefore, was the development of an automated instructional
package for a portion of the Automgtic Data Processing Specialist {ADPS) programming course
(MOS 745.1). The instructional content was concerned with the basic computer programming
instructions and FIELDATA symbolic coding language. pertinent to the MOBIDIC computer.
Emergence of a usable military course of instruction would be a desirable by-product of
the research.

Research Problem

Although programed instruction is beginning to find application in full-length operational
courses, much of the research on the technique has been restricled to short-course laboratory
studies, using mcterial requiring simple memorization. Most operational training. on the other
hund. requires learning complex material-"connecting” a set of stimuli (concepts) and symbolic
"mediating” responses, in contrast to “connecting” a single stimulus and a sirgle overtresponse.
Further, for training, a distinction must be made between leaming per se (i.e., developing a base
knowledge of and ability to use what was learned to solve problems. '

To help bridge the gap between luboratory research and training, the METHOD [l research
was planned as ¢ large-scale experimental study to explore a variely of factors in using automated
instruction to teach fundamentals of computer programming. The study provided “real” training
content, an environment more like a school than a laboratory. and complex material to be leamed.

Variables studied experimentally in presenting programed instruction were {a) degrees of
prompting—providing correct answers to the student before he responds. (b) degrees of confir-
mation—providing cortect answers for the student after he responds, {c} effects of verbalization—
requiring students to write or name rules, and (d} effects of variety of practice.

Since prompting and confirmation affect the smallest upit of u progrom. the individual
instruction frame, study of these variables deals with the fundamental aspects of preparing
programed instruction. Verbalization which has been used in other research to indicate whether
the student understands the materigl, was used in this study to explore the relationship between
the student’s ability to verbalize rules and principles and his ability to actually use them in
problem-solving performunce on realistic materials.

ERIC S .,
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Approach

The research invelved four mojor types of activities:

{1) Literature review. The literature on programed instruction and leatning principles
was reviewed to select concepts and techniques for experimental study.

(2) Program development. After attending military and industrial Computer program-
mer classes. researchers anelyzed the programmer's wotk, with the aid of operational mititary
personnel. Portions of the ADPS programming course were selected for experimentation. and
training content for an experimental course was developed jointly by military instructors and
tesearch personnel.

(3) Experimentation. Materials for the experimental course were divided into five
parts of increasing difficulty. Training content was translated into programed instruction format
and then prepared to reflect varying degtees of the experimental variables. Truining experiments,
factorial in design, were then conducted: o relatively small experiment using the first two parts
of the course, and a larger-scale effort using all five parts of the course.

{4) Courge revision. The principal research findings were applied in developing a
revised version of the course in programed instruction format.

The experimentation phase of the research may be summarized @s follows:

Experiment 1A— The prompting/confirmetion and the verbalization variables were
studied during a three-day period of iraining and testing, using 60 high school studenis. The
first two pottions of the five-part course wete the subject matter. As the prompting/confirmation
training condition. one-half the subjects wrote answets agfter being given the needed information,
and the other half wrote answers hefore receiving the informaiion. Alternative versions of ver-
balization were used; duting training, one group of subjects was required to write the entirerule
applicable to the computer programming problems they were solving, o second group wrote the
appropriate mnemonics {name) for the rule, and a third group neither wrote nor named the rule
during their instructional work.

Experiment 1B— This experiment was the first portion of the large-scale study. It
initially involved 805 volunteer subjects from local high schoels, about half of whom remained
in the program at the close of the 1B portion of the training. It covered Parts 1 and I of the
course and the materials used were identical to those in Experiment 1A. The same prompting/
confirmation conditions also applied; study of the use of mnemonics was continued with groups
that named the rule or did not name the rule in training, but the treatment requiring writing of the
entire rule was omitted. This experiment and Experiment 2, together, covered 10 weeks, with
instruction given once a week.

Experiment 2—This expetiment was the second portion of the large-scale study, fol-
lowing Experiment 1B in time and covering the more complex content of the course (Parts Iil, IV,
and V). The students who had completed Experiment 1B continued into Experiment 2; a total of
345 completed the whole five-part program. The treatments included expanded variations of the
prompting/confirmation conditions. They also included a variety-of-practice variable; during
learning one group of subjects practiced solving problems in « single context while a second

‘group was given three different variations of problems.

For all of the experimentation, the performance tests used as final criterion measures
{and also as retention tests given at pericds of one day to four weeks after training) represented
the kinds of computer programming problems typically encountered on the job by programmers

wi



with a comparable amount and kind of training. Work on similar practice problems within the
course provided error rate data on learning during training.

Following the experimental administrations, the course was revised to incorporate findings
from the research and apply experience gained. This revision included simplifying the content
and improving the format, The course was then administered to seven college freshmen and six
high school seniors, all of whom completed it.

Results

Experimental Effects

(1) The results of Experiment 1A showed that:

(a) Writing out rules of computer programming during training hindered students on
the performance tests, despite the fact that they learned to write the rules better than the
other students.

(b) Prompting was associated with significantly better learning than was confirmation,
as meagsured by error rgtes during troining. However, a reverse tendency appeared on the
application of learning to problem solving in the criterion performance test.

(¢) Practice in naming the rules of computer programming {rather than writing them out)
appeared to gid critetion performance.

(2) Experiment 1B added to the reliability and generalizability of Experiment 1A results by
duplicating them under different administrative procedures.
(3) The results of Experiment 2 showed that:

{(a) The more information (either prompting or confirmation) the students received during
training, the more likely they were to complete the course.

{b) For those who completed the course, more prompting or confirmation reduced error
during learning, but increased error on the criterion tests.

(c) Students who dropped out had performed much more pootly than they had lh@ght
they would. Students who finished the course had expected to perform only slightly better than
they did.

(d} Variety in practice problems led to better criterion scores than did no-variety.

{e) Results on the final retention test four weeks later yielded the same pattern as the
criterion tests.

Course Eifectiveness

(1) Takinginto consideration the differences in administration conditions between the Army
school situation and an expetimental setting aimed primarily toward comparing techniques rather
than maximizing scores, the course seemed to be effective in certain of the experimental condi-
tions. Specifically, the average scores on criterion tests in the first iwo parts of the course
were approximately 80-85% cotrect, Undet the optimal experimental conditions in the most com-
plex portion of the course, the scores dropped to approximately 50% correct. Average time for
completion of the full five-part course {Experiments 1A and 2) was about 27 hours.

{2) In the pilot administration of the final revision of the course, four of the seven college
freshmen given the course had scores of 90% or better on the final criterion test and the lowest
score was in the high 70s; median completion time was 26 hours. The high school students’
scores averaged slightly lower, in the 80s, with a median completion time of 31 hours. The two

vil
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high school students who obtained the highest scores were in the bottom third of their
senior class.

Conclusions

(1) Results suggestthe following quideiines for preparing programed instruction for learning
rules and principles:

{(a) A large gmount of prompting and coniirmation is important as o motivational device
to keep students interested in continuing training. However, a smailer amount of prompting and
confirmation, while producing more emors during learning and lowering motivation. appears to
foster better ability to use the results of training. The advantage of less prompting/confirmation
for ability to use learning seems consistent and long-lasting. -

{b} Requiring students to write out tules during their training hinders the development
of problem-solving skills using these rules.

{(c) Variety in practice problems facilitates the learning of problem-solving skills.

(d) Early ttaining using mnemonics {naming the rules) gids later learning and retention,
particularly as material becomes more complex.

{2) Because of the nature of the course content, it would appear to be useful for either
officer ot enlisted personnel who need some introduction to computer programming. whether for
administrative or supervisory activities, or for some allied operational activity.

viii



Chapter

=

Ratiomale . . . . . .. . .. ... ..
Military Problem. .. .. ... o oo s o
Scientific Background for the Researeh .. ... ... .. ...

Programed Instruction: Value as Theory

and Technique

ffects of Evrors on Learning .. ... ... ... .....
Range ol Instructional Content . . . . . ... .. ... ...

Knowing and Using:

Research Objectives . .
Background for the

Levels of Learning. . . ... ....

Experimental Hypotheses . ... ..

Experimental Treatments . . ... ... .. .... .. ...

Research Procedure . ...
Approach ... ......

........................

........................

Overall Description of the Programed Course. . . .. .. ..

Experiment 1A, .. . ..
Design. .... ...
Subjects . ... ...
Training Materials
Procedures. .. ..

Experiments 1B and 2.
Design . .. .....
Subjects . . . . ...
Training Matevials
Procedures. . . ..

Results . ............
Experiment 1A. . .. ..
Experiment 1B. ... ..
Experiment 2. .. ....

........................

........................

........................

........................

........................

........................

........................

........................

........................

........................

........................

........................

........................

........................

Relationships Between Experiments 1Band 2 . ... .. ...
Factors Relatedto Dropout . . . . . . . .. o0 v oo i ool
Correlations Between Experiments 13 and 2. . ... ... ..

Discussion . . ... ... ...

........................

Comparison of Experiments 1A and 1B, .. .. .........
Fvidence for Learning. . . . . ... .. .. ... ..

Treatment Effects

........................

........................

........................

........................

........................

Mnemonics Training. . .. . .. . 00 v v v o i o oo
Transfer Effects of General vs, Task-

Specific Factors

........................

o @@ =2 O e

18
18
21
23
25
30
3

33
33
33
33
34
34
34
36
36

38



Chapler Page

Praetical Potential ol the Programed Course . . .. .. ... . a8
Relationship of Content to the Parent Army Course . ., 38
Administration, Motivation, and
Population Faetors . ... .. .. . ... 0., 38
Instruetional Gifeetiveness. . o .. . o o oo o oL, 39
Final Revision of the Course . . . . .. .. .. ... ... ..... {0
Deseription. « . . . . o i e e e e e e e e e e e e 40
Evaluation . . . .. i v i i it e e e e e e e e e e e e 41
Suggested Utilization. . . .. . . .. ... v i e 41
Literatute Ciled . . .« « o o o i i i e e e e e e e e e e e 15
Appendices
A Samples of Course Content and Probloms From Experiment 2 47
3 Level-of-Agpiration Scale . . . . . .. . o0 o 0o i e 56
C Samples of Revised Course Format. . . .. .. .. ... ... 57
Fiqures
1 Approach Used in the Method II Experiments. . . .. .. ... ... . 11
2 Design for Experiment 1A , . . . . .. . . . 0 i v vt v o 13
3 Design for Experiment 2 . .. . . ..o 0 i 15
4 Relations Between Learning Error and Criterion Test
Error Under Prompting and Confirmation
Conditions: Part IIL. . . ... . .. ... 0 it v v i 23
5 Effects of Promipting and Confirmation on Criterion
Test Performance: Part I . ... .. ... .. ..o .. 24
G Relation Between Learning Errov and Criterion Test Error
Under Variety-of-Practice Conditions: Part IIT . . . . . .. ... 25
7 Effects of Degrees of Confirmation on Criterion Test
Performance: Experiment2..,....... e e e e e 28
8 Effeets of Degrees of Promptmg on Critarion Tcst
Performance: Experiment2......... e e e e e e e 26
9 Effects of Similarity of Stimulus Support I"rom Experiment
13 (0 or 100} to Experiment 2 (0 or 100 on Criterion
Test Performance: Experiment 2 .. .. ... .... e s 29
10 Relation Between Stimulus Support and Proportion of
Dropouts: Part III. . . ... C e et a4 e e e e e e e 31
Tables
1 Mean Criterion and Retention Test Scores by Treatments:
Experiment 1A . . ... .......... e e e e e e e e e 19
2 Mean Learning Times for Verbalization Variable:
Experiment 1A . . . L L. o . o e e e e e e e e e e e 19
3 Mean Time-Weighted Criterion and Retention Test Scores

for Prompting/Confirmation Variable: Txperiment 1A ... .. 20




Tables
4

[ ]

10

11

13

14

15

16

17

18

Mean Time-Wreighted Criterion and Retention l'est Scores

for Verbalization Variable: Experiment 1A, ... ... ... ..

Mean Criterion and Retention Test Scores of

Naming/No—Naming Groups: Experiment 18. .. ........

Mean Criterion and Retention Test Scores of
Prompting/Confirmation Gronps: Experiment 113

Adjusted Mean Scores of Naming/No-Naming and
Prompting/Confirmation Groups on Criterion Test:

Experiment 1B . . . . .. .. ... . . .. e

Group Means and Medians on Iinal Retention Test:

Analysis of Variance of the Iiffects of Confirmation
(FExperiment 2) by Naming/No- Naming (Experintent 113)

on Criterion Tests for Parts III, IV, and V. . . . . ... .. ..

Duncan Range Groupings of the Effects of Confirmation
{Iixperiment 2} - Naming/No-Naming (Experiment 1B)

Combinations on Criterion Tests for Parts IIl, IV, and V . . .

Analysis of Variance of the Effects of Prompting
(Experiment 2) by Naming/No-Naming (Experiment 113)

on Criterion Tests for Parts IIL IV, and V., . . .. ... .. ..

Duncan Range Groupings of the Effects of Prompting
(Experiment 2) - Naming/No-Naming (Experiment 1B)

Combinations on Criterion Tests for Parts IIL, IV, and V . | .

Analysis of Variance of the Effects of Prompting

{Experiment 2) by Prompting/Confirmation (Experiment 1B}
on Criterion Tests for Parts IIL, IV, and V. . . . ... .. ...

Analysis of Variance of the Effects of Variety/No-Variety
(Experiment 2) by Naming/No-Naming (Experiment 1B)

on Criterion Tests for Parts IILL IV, and V. . . .. .. .. ...
Duncan Range Groupings of the Effects of Variely/No-Variety

(Experiment 2) - Naming/No-Naming (IXxperiment 1B)

Combinations on Criterion Tests for Parts III, IV, and V . . .

Correlations by Intelligence Level Between Learning and
Criterion Scores of Finishers and Nonfinishers:

Experiment 1B . . . . . . .. .. . e e

Correlations Between Expected Success, Intelligence, and
Criterion Performance of Finishers, as a Function

of Course Complexity: Experiment 2. .......... ... ..
Retention Ratios for Prompting Treatments: BExperiment 2. . .

26

27

28

28

29

30

30

32

32
36



The Application of Theoretical Factors
in Teaching Problem Solving
by Programed Instruction




Chapterl

RATIONALE

MILITARY PROBLIEM

As present and Tuturc defense systems continue to increase in size and
complexity, greater demands lor information and skills arc being placed on
military personnel. Uesides the requirements of learning new weapons systems,
changes in current equipment and tactics impose broad, continuing requirements
for adaptution ol skills already learned. Taken togelher, these conditions demand
the continuing development of methods for constructing shorter, more effective
training programs.

Much necessary training researchhasbeen directed toward solving problems
in specific courses of instruction. Less researchhasbeen aimedat establishing
a body of knowledge, sects of principles, and effective guidelines for training
development in general, or for specific categories of training content. Besides
the neced for more effective individual training programs, then, there is a need
to develop a body of training technology. Specilic findings need to be brought
together in a systematic way, so that they may be more readily applied to future
Army training programs.

A category of training content that has both great importance and broad
application is the learning of principles and rules for use in problem solving.

It was therefore decided that the METHOD Il research would deal with guide-
lines for applying programed instruction (PI) to Army training courses that
involve the learning of principles and rules.

The use of principles and rules is typified in the task of programming for
automatic data processing systems. The programmer's job is problem solution,
that is, he analyzes information given and prepares a solution to the problem in
a ferm acceptableto a computer. For the Army, training computer programmers
is a matter of considerable urgency because the increasing complexity of weapons
and operations systems requires highly effective information processing possible
only with computers. Therefore, the vehicle chosenfor METIHOD IT research was
an automated instructional package for selected portions of the Automatic Data
Processing Specialist (ADPS) (FIELDATA) programming course.

From work with such materials, it was hoped that the experimental findings
of METHOD 1I would provide a beginning toward the establishment of guidelines
for programing training content that consists of rules and principles. A secondary
research goal would be development, as a research by-product, of course material
that could he used for military instruction.

SCIENTIFIC BACKGROUND IM'OR THE RESEARCH

Several facets of theory and exploration which led to the current gset of
experiments are summarized in this section:

(1) The area of programed instruction is examined from theoretical
aspects, as well as for its pradtical value as a controlled environmental setting
in which to do triaining rescuarch,

{2) The role of crrors in training and training research is discussed.



(3} The range, difficulty, and variety of instructional content are
considered in terins of coneept formation processes, as contrasted with simple
learning such as roie memorization.

{(4) The distinction betweenlearning concepts and using them in solving
problems is given emphasis.

Thege factors are considered against a backdrop of the various kinds of
content that have been used in the laboratory setting. Traditional psychologieal
research (generally using isolated bits of verbal material) is contrasted with
the kinds of material that must be dealt with in the everyday teaching and train-
ing situation, that is, conneeted discourse, hierarchieally ordered and related
conceptual material. Research pertinent to the specifie studies undertaken in
Work Unit METHOD is discussed in order to bring into focus the particular
experimental hypotheses to be investigated.

Programed Instruction: Value &s Theory and Technique

Because of its potential for applying Skinnerian experimental techniques to
the arca of education, programed instruction has been viewed as a panacea forv
problems of teaching; it is not that. On the other hand, programed instruction
has also been termed merely another teaching aid; it is not that either. Itis a
medium of instruction that can readily preovide for the application of psycholog-
ical principles to teaching. It can also provide a testing ground for uncovering
laws of learning, using as a laboratory the highly controlled educational environ-
ment that PI makes possible.

Ironically, the advances in programed instruction to date have come not
from applications of theoretical develepments but rather from a technique
incicental to programed instruction per se—that of task analysis, which has
existed in the field ef military and industrial psychology for many years. With
this tool a curriculum developer who is planning instruction is directed to a
focus on the behavioral end-products of training {or education). There is no
doubt that this analytic tool has been helpful in improving curricula through the
development of programed instruction; however, it provides marked improve-
ment in conventional teaching as well. Curriculum improvement deriving from
this technique is best considered an engineering improvement, to distinguish it
from advances that might be due to the development of learning theory.

The advent of programed instruction has also resuilted in a focus upon the
individual student. This represents an administrative breakthrough rather than
a development from the psychology of individual differences. For years teachers
have been aware of the importance of a student’s individual characteristics in
instruction, but crowded classrooms and the need to serve the "average" student
have interfered with teachers' attempts to take advantage of individual capacities.
The teaching machine and the programed booklet have provided a distinct step
forward in this regard.

Educational research literature is rife with siudies showing no differences
between the so-called "conventional" and the programed instructional technique
{cf., Schramm, 1). Usually, the data indicate that one can teachthe same amount
in less time using programed instruction than using conventional instruction, or
else the development of proper behavioral objectives for a course results in
improvement for both programed instruction and conventional teaching.

Existing courses in programed instructional format represent constellations
of learning factors such as frequency of reinforcement, amount of information
per presentation unit, and activity of the student. Ne PI product truly represents
a particular learning theory. The intent in the present research has been to try




to examine some of the training facters {e.g., amount of information given prior
to requiring a rcspensce} without attempting to label the program according to
whether it is related to one or ancther or some combination ¢f PI viewpoints,

Te date, simple devices (the programed beeklet and small teaching machines)
have been the prin'ﬁu‘y vehicles for 1’I. Such devices, in turn, have been quite
adaptable to the techniques of eperant conditioning—learning a response by being
rewarded as a "consequence” of the response. These techniques (developed
mostly with rats and pigeons) for increasing the likelihcod of a response have
become more or less the modus operandi of the curriculum developer in the
fieldof programed instruction. They inelude the training procedure of successive
appreximatien {with minimal, if any, errers}, particular reinfercement schedules,
immediate feedback, and active participation by the student.

Cook and associates (e.g., 2) and Angell and Lumsdaine (3), and others as
well, have found that prompting (giving the student specific infermation before
asking himto respond) is significantly more effective than confi rmation (giving
him correct inlformation after he responds) fer serial learning. Gagné and
Brown (4), in a study dealing with conceptual material, compared several com-
binations of proinpting and cenfirmation (although they did net use those terms}
in the learning of principles for generating number series. Their guided dis-
covery {confirmatien) greup, medium difficulty condition, appeared to be mest
effective, while the rule and example {(prompting) condition, low difficulty level,
was least elfective.

Thus, the results obtained by Angell and Lumsdaine suggest that the subjects
should be given substantial infermation before being required te respond, while
the findings of Gagné and Brown suggest that subjects should be required to dis-
cover the answers themselves. The precise factorthat causedthese experimental
differences cannot be determined because of the differences in the research
paradigms used and because of many cther factors that were not comparable
across the experiments or between conditions within an experiment.

Effects of Errors on Learning

The use ¢f operant conditioning techniques, together with an insistence on
a iow error rate-during learning have combined to produce PI materials char-
acterized by low difficully. Low error rate requires easy-to-understand
material, and the cperant maxim of high student participation encourages the
breaking of the material inte small (hence, low errcr rate) segments, with a
student response alter each segment.

Whether a low rate of error is desirable during learning nay be questicened
on the basis of data developed in studies dealing with level of aspiration. Tt has
been found, for instance, that an individual performs te his maximum when the
learning task is neither toc easy (low error rate) nor too hard (high error rate).
If the task is too easy the student refusestc set a level of aspiration, or personal
geal, and will not perferm the task, threugh lack of interest (inattentiveness) or
Iack of motivation. On the cother hand, if the task is toe difficult the gtudent will
refuse to try, because of frustratien (Lewin, 5).

The emphasis on low error rates is based, lor the most part, on studies of
lower erganisms (rats and pigeens) and, thereby, of simple tvpes of learning.
[Muwman learning, particularly in education, tends to be muech more cemplex—
primarily in terms of concept formation and problem solving.

The focus of the present study with respect to error rate during learning
has heen to manipulate certain stimulus conditions that might produce greater
er smaller ¢rror rate in a conceptual, hicrarchically ordered setting. It was



ovpected that, unlike the effects obtained in rather simple diserimination learn-
ing, those conditions leading to greater dilficulty during training {c.g., few hints)
might well result in better overall eriterion perfermance and retention.

Range of Instructional Content

In simple opecrant lecarning, the organism is taught to discriminate, or
respond dilferently to different stimuli—for example, to perform in one way in
the presence of A and a dilferent way in the presence of B. In most types of
human learning, however, the student not only must diseriminate A from BB, but
must alse learn that A and B cach are to be treated as belonging to classes ef
As and B3, tor example, a child learns that the ferk in his hand is but an
example ol forks in general, all of which have common preperties; human
beings tend to make such inductive leaps even if not told to.

IZven in supposed rote learning, subjects structure the stimuli into groups,
us shown by results of 2 number of studies in paired-associate learning
(Battig, 6). Battig has proposed an interference-lacilitation theory of learning—
that high intra-task interference promotes inter-task facilitation. This view is
censistent wilh the meotivational ideas expressed above. That is, the dual
assumption that error rate should be minimal during the teaching-learning
precess andthat humanlearning is analegous te a simple discriinination preoblem
is opentoquestion, on the grounds of lowered motivation andof oversimplification.'

Ingeneral terms, most humanlearning requires that the student develop trans-
fermational behavier with respect tegivenstimuli. These transformations can be
called mediating respenses or hypotheses, which exist, as it were, in the student's
"head" and allow him to apply his learning from cne situation to another.

The wholesale adoption of operant conditicning principles can be viewed in
ancther way. Skinner (9) has criticized the use in textbocks of materials he
termed irrelevant—materials such as analogies and examples, which might
confuse the student. Such materials are often included to challenge the student's
thinking or to make the topic more interesting; similarly, an instructor, in
translating a book and cther course materials inte analeogies and examples, tries
to make the student "understand” rather than memorize concepts. What is being
accomplished inthe teaching-learning process ig the establishment of connections
between a delimited set of stimulus elements and a delimited set of response
elements. Instead of covering only narrowly defined "relevant" material, the
instructor or textbook writer who makes use of materials suchas analogies may
teach a much more complex set of relations. .

Three classes of stimulus elements can be considered: irrelevant, correct,
and omitted. The same three classes exist for the response, but there is also
an additional class, the incorrect response. The outcome of training experience
may be viewed as a se¢t of incorrect stimulus-response (S-R) tendencies com-
peting with correct ones.

One prevalent approach to programed instruction limits comtent to only those
stimuli that are rclevant, and tries te limit responses, as much as is feasible
only to those that are correct. Although this means that no competing response
tendencies are established, the range of 3-R coverage is considerably narrowed.
In other words, a limited sample of appropriate elements becomes connected

" but the coverage js incomplete in terms of the total stimulus and response
pepulaticns. The problem of defining what is "relevant” in instruction, to develep
the appropriate concepts and to allow the person to diseriminate "correct” from

'In fact, sescacch with connected discouese his already peoduced data which raise a question as o the
universal applicability of minimal error rate {Basic Systems loc., 77 Seidel and Rotberg, 8).
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"inceorrect, " is a crucial theoreticul and practical problem lfor programed inairue-
tion, especially for that dealing with probleni-selving behavior,

Once 1¢ considers a broad range of instructional content, and depuarts (rom
operant conditioning concepls, new resenrch questions unlold, One such question
derives from llarlew's crror luctor theory {(10). In leavning scl resciaeh,
Harlow {11} inferred that the incrcused conceptual proficicney shown hy subjeets
stemmed frowm climinating crronecus hypotheses during teaining. 1lis conclusion,
and the csscnce of his theory, suggests that encouraging certain kinds ol errors
(i.c., incorrect S-Rs) during learning could result in more cilective elimination
of crroncous hypothescs,

Thus while concepts arc being formed (as is the casce in most education),
varicty of content probably facilitates the elimination el ervoncous hypolheses
during training. It also allows the individual student to ubstraet the appropriate
mediating skills and responses more effectively than he could in o homogencous
context. The individual can then use these mediating skills and responses to
generalize to other stimulus contexts after training,

Knowing and Using: Levels of Learning

The distinction between rote and problem-solving learning is made as
follows. Rote learning involves connecting specific stimuli to specific responses
during training, and the test of success in training is simply whether the connee-
tions have been made. Problem-solving learning, on the other hand, involves
training the student to abstract a common (identity) response to a class of
stimuli; while a test of success in such training consists of knowing (being able
te name, state, or describe a concept), the main test rests in being ahle to use
the concept effectively in solving problems {cf,, Kendler, 12, and Gagné, 13).

A moredetailed analysis of problem-solvinglearning hcightens the dilfference
between it and rote learning, For problem-solving learning, distinction is uselully
made between (a) responding during training, (b) abstracting concepts from
responses, (¢} knowing a concept, (d) being able to use the concept,

Making this distinction is not new. For years, Gestalt psycholegists have
delivered polemics (and included some demonstrations of principle learning) on
the distinction between rote and ceonceptual learning, The thrust of Katona's
work on learning number series is another example. However, only recently
has a study by Smith, Jones, and Thomas (14} clcarly separated the bwo types
of responding. Their experiment directly compared rote and conceptunl learn-
ing where number of stimuli per respense was varied from one fo four. {RRote

learning invelved random grouping of stimuli, whercas conceptunt oo misalion
included a meaningful link among stimuli within each grouping.y  Inecoe o the
number of stimuli per response improved concept leaprning but '« - o cede
learning, thus showing tweo distinct learning processes,

Added to the identity response in most human learning oy the
solving responses; that is, the identity response is used in developin 0 dvaies
to put concepts together in order to perform some task. Will the optivs D ech-

niques for teaching concept formation per se {identity vespouding) be the mame
as those for teaching problem solving? Gagné {13, p. 312) suggests ihat they may
indeed bhe different forms {(or at least levels) of learning. Concept fearning
consizts of "establishment of mediating response to stimuli which ! er from
each otherphysically ('classifying'}.” Problemn solving, he lecls, i the ' esudilish-
ment of a process which 'combines’twe or more previously lenrned rules ina
‘higher-order rule'.* A study by Gagnd and Smith (15} suggests that the verbal-
ization of principles takes on importance as the problem bevomes mare comples.



The distinction between concepts and problem solving can be illustrated in
electronics troubleshooting, The student must understand the concept of a
schematic diagram which represents the wires, connectors, and other parts,
e must know the color coding system for resistors and thé system of naming
pins on electronic vacuum tubes, as well as how one reads a multimeter, Super-
imposed on all of these is another requirement: the student must determine the
likelihood that following a given path of potential defects will be successful in
troubleshooting the overall system. The effects of each factor may be taught,
So might the mechanical responses or a total task in isolation. Given the learn-
ing and isolated practice, the student may be asked to actually troubleshoot a
malfunctioning piece of equipment; this activity comprises applying the ccnmplet
of concepts to solve a problem.

Viewing the troubleshooting illustration from a theoretical point of view
provides & more technical analysis. The student might learn (from making
certain kinds of controlled errors during training) to recognize the effects of
various kinds of errors in the system, and to abstract from his training
experience an understanding {conceptual set of responses) for the task. Having
learncd the proper identity responses (concepis), the student must put these
together into a strategy to perform the task of troubleshooting successfully
(the problem-solving aspect of the process). Here, it seems, is a meaningful
distinction between understanding (concepts) of a class of stimuli and their
use (problem solving) in a series of acts required to turn out a ugeful solution,'

RESEARCH OBJECTIVES

Background {or the Experimental Hypotheses

Unfortunately, much of the researchthat has beendone concerningthe effects
of learning factors in programed instruction has been econducted with paired
associates or serial learning. Little has been done where experimental treat-
ments have been manipulated for hierarchically organized conceptualdiscourse.®
Yet this type of discourse—meaningful course content—is precisely the medium
for most, if not all, programed instructional applications. Paired-associate
experiments generally require the subject to make a series of rote responses,
and his learning is measured by his ability to give back these rote responses.
Conceptual learning, however, requires the subject to abstract mediating
responses, and learning is measured by his ability to apply these mediating
skills to a variety of different situations.

As indicated earlier, the present study was undertaken to examine some
of the psychological factors in programed instruction. The review of previous
research led to selection of the following factors for exploration:

First, the value of a rule-giving or naming type of verbalization
response was investigated. This factor deals with the distinction between rote
learning and concept formation, and was intended to explore the efficacy of
repeating or naming concepts in training, for the purpose of applying learning
to problem-solving situations. Many current programed instruction programs
are parallel to paired-associate learning situations in that they seem to empha-
size reproducing material presented. Yet the program developers seem to be
interested in teaching concepts {mediating skills). Does verbalizing a rule aid
or hinder learning to use the rule in problem solving?

"This view of such a teaching problem has recently been implicitly expressed by Ceonbach (16} in an
excellent review of discovery experiments.

“A recent study by Hichey and Newtan (17) is a welcomed attempt. Also, for an execllent discussion
of problems i doing P rosearch vo coneeptual material, see Veaub (18).




Sccond, the principle of minimal error rate as applied to learning
complex, meaningiul materiuls was questioned. L.evel of aspiration studies have
shown that a cerlain amound of difficully (e.g., error) during learning will lead
to maximum motivation (and implicitly, high sceres on a criterion test).

Third, the importance of varietices of examples in such human learning
was cxamined to sce whether this principle generalized [rom simpler concept
(learning sct) studies, in which variety of examples has been [(ound to foster
concept formation. It would be expected to aid subjects to generalize from
training content to operational application.

Fourth, attention was given to another pair of factors of interest in pro-
gramed instruction research—"prompting" (providing the student specilic infor-
mation prior to asking him to respond) and "confirmation" (giving him correct
information alter he responds). For a meaningful comparison of prompting and
conflirmation, the sole element manipulated should be the amount of information
given to the subject prior to requiring him to respond; whatever is not given to
him then should he given after he responds to make the total information each
subject receives comparable for the confirmation and prompting conditions.

Experimentz]l Treatments

In summary, the background for the METHOD II research rested on the
need to study, using meaningful course content, those factors that seem most
relevant to learning how to use rules and principles. The first experiment
(1A) examined the influence of prompting vs. confirmation, and of alternate ways
of verbalizing rules. The rosults of this experiment were taken into considera-
tion in further exploration of the same variables in the second experiment (1B).
In the third experiment (2) other aspects of these variables were explored, and,
through work with a variety of practice problems, the development of connec-
tions between conceptual stimuli and mediating responses was considered.

With the training content (writing a computer program) put in the form of
programed instruction, experiments were conducted with the following factors:

- (1) Amount of information to be given to trainees prior to requiring
responses (degrees of prompting vs. degrees of confirmation) (Experiments
1A, I, and 2). This factor was judged especially valuable to study since its
influence is felt in the smallest unit of a program; namely, the frame itself.

(2) Value of written verbalization of rules during training (Experiments
1A and 1B). Verbalization of rules has beengenerallyusedin construction of pro-
grams to indicate understanding by the student of the materialinthe program. In
this study, interestlay in the relationship betweenthe student's ahility to verbal-
ize rules and principles and his use of them in problem-solving performance.

(3) Value of variety of context for practice problems during the train-
ingon problem solving (Experiment 2). The complexity in mostlearning demanded
consideration of broad connections between conceptual stimuli and mediating
responses. Variety of verbal contexts for the practical problems given during
training provides the setting for establishing broad connections. Minimal varia-
tion of problem context should encourage only simple cormections.

(4) Thc effects on a problem-solving criterion of different amounts of
error during training, examined th,oughout the series of experiments,

As the final step in the research effort, an attempt was made to incorporate
major findings from the experimental work into a revised self-instructional
course in hasic computer programming. The desired by-product was a usable
military course of instruction.




Chapter 2

RESEARCH PROCEDURE

APPROACH

The major research activities—a literature review, program development,
experimentation, and course revision—may be summarized as follows:

(1) The scientific literature on learning principles and programed
instructiion was reviewed as described in the preceding chapter, io provide a
basis for selecting concepts and techniques for experimental study. Selection
was based on importance for learning in a military training context, feasibility
of manipulation for study, and potentialiorthe advancement of fraining technology.

(2} As the first step in developing the instructional program, the
researchers attended computer programmer classes at the U.S. Army Signal
School, Fort Monmouth, New Jersey and at IBM. They then interviewed super-~
visory and computer instructor persomnnel, systems analysts, and computer
programmers at Fort Huachuca, New Mexico. The nature of the tasks performed
by the programmer was analyzed with the assistance of operational programmers.
Portions of the Automatic Data Processing Specialist {MOS 745.1)' programming
course were selected for experimentation. Final content was developed joinily
by instructors from the Signal School and research personnel,

(3) The materials selected were divided into five parts of increasing
complexity. Training content was translated into programed instruction format
and then prepared to refiect varying degrees of the experimental variables.
Three experiments were conducted; their major characteristics are summarized
below and in Figure 1. In all three experiments, the final criterion and retention
measures were performance tests representing the types of problems typically
encountered on the job by computer programmers with a comparable amount
and kind of training. The exXperimenis were:

Experiment 1A—The prompting/confirmation and verbalization
variables were first studied during a three-day training and test period in 1982,
using 60 students from a localhighschool as subjects. Parts I and II of the five-
part course were used as subject matter.

Experiment 1B—This experiment was the first part of a larger study
conducted betweenSeptember 1964 and January 1965, and initially involved 805 stu-
dent volunteers from local high schools. The variables were the same prompting/
confirmation conditions and part of the verbalization condition used in Experiment
1A, and the materials were also the same. Instruction was given once a week

during the first part of a 10-week time frame which included Experiment 2.

Experiment 2—This portion of the larger study followed Experiment
1B in time and was applied in weekly instruction to the more complex course
content of Parts III, IV, and V. Students who had completed the instruction in
Experiment 1B were the subjects. The prompting/confirmation variable was
expanded and a variety-of-practice variable was iniroduced.

*Uinder the current MOS structure. the ADPS Programing Specialist is MOS 741,




Approach Used in the Method Il Experiments

Experimen H Iﬁ;::fi';r:"l Fastors Stedied Criterio Se-anian;::a
1A 60 Part | Verbalization of rules and Part I-Criterion 1 Daily
Pare 11 principles petformance test at end Sessions
a. Writing the Rule of instruction

{Rules Group) Criterion tests on writing

b. Numilj'g the Rule ond naming rules af end
(Naming Group) of instruction

c. Neither (CP-Only Group) L 3 days
Retention performance

Prompting‘Confirmat ipn test the next day

a. Answer before response
{Prompting Group}

b. Answer gfter response
{Confirmotion Group)

Error rates during
training

Part Hl-5ome as Part |

18 BOS Part § Verbalization Same as in experiment Y weekly

Part 1t a. Naming the Rule 1A except that the reten: Sessions
{Neming Group) tion test for eoch Part
k. Not Naming the Rule was given opne week
{No-Naming Group) ofter instruction

Prompting/Confirmation
a. Answer before response
b. Answer after respanse

2 Part NI Prompting/Confirmation In addition, criterion 10 weeks
Part |V Exploration of varicus performonce test at end
Part ¥ degrees of prompting of instruction for eoch
and confirmation port.
Y Variety of Practice A final retention test
345 a. Similar proctice was given four weeks
{at end {No-Variety Group) after the close of
of b. Varied practice instruction
course) {Variety Group)
Figure 1

(4} A final version of the course in programed instruction format was
developed by applying the principal research findings, and a pilot test was con-
ducted, using 13 students as subjects.

OVERALL DESCRIPTION OF THE PROGRAMED COURSE

The experimental programed course was directed toward the leve] of high
school seniors and first-year college students. This level was chosen because
the content material was originally drawn from portions of the Arimy training
course for the ADPS Programing Specialist, at the U.S. Army Signal School, in
which the hackground of the Army trainees correspondsto a highschool education.

The aim of the experimental course was to provide understanding of funda-
mental computer programming concepts and, more important, to produce pro-
ficiency in writing elementary computer programs. From the very beginning
ol the course, its entire context was oriented toward the writing of computer
programs. That is, a concept was introduced, then a problem incorporating
the concept was presented, and the student programmed the problem. The
practice problems and the problems used in the criterion and retention tests
wecre chosen 'rem actual ADP job situations.



The repecrtoire of primary programming comnands and the symbolic
language in which the computer programs werc written werc chosen [rom
material which had been uged by the Army to teach trainees to program the
MOBIDIC computer. The language is the FIELDATA Symbolic Language which,
although representing a sct of symbols intcrpretable by the MOBIDIC, {s
sulficiently general in form that it largely applies to almost any other computer
and to the English language (the addresses).

As nearly as possible, the goals of all subjects were made comparable by
orienting them with an overview of the concepts of computer programming in an
Introduction to the course. Specific attention was paid to the concepts of com-
mand, address, the accumulator, memory locations, input, and output. Also
included were a brief description of how a computer functions, and some sample
mnemonics as they are used in computer commands. The coverage of these
topics was interspersed with periodic review and with questions which students
answered to themselves. The student was instructed to continue reviewing the
material preceding each of the sets of questions until he could answer the
material to his own satisfaction. As the last item in the introductory material,
the student worked through a short sample program.

The five parts of the experimental course proceeded from the simple to the
complex. Parts I and Il dealt with primary programming; the student was intro-
duced to storage locations, the concept of a central work area, the movement of
numbers from place to place, and simple arithmetic operations, along with an
introduction to elements of a symbolic data language. Part 1Il covered basic
looping concepts, including general transfer commands, counting the loops,
leaving the loops, and program preparation. Paris IV and V dealt with data
processing, covering address modification and address arithmetic {effective
addressing), sorting and counting data into various categories, and multiple
address modification,

The programed instruction materials were allpreparedin the form of linear
programs so that a student moved step-by-step straight through the course, 1t
would not be correct to characterize the steps as frames, however, hecause the
steps —rather than single sentences or two sentences at a time—constituted con-
ceptual or functienal units. Thus, there could have been as many as two or three
paragraphs given to the student prior to questioning him on the content.

Details on the course materials and the variations for the experimental
treatments are presented in the descriptions of the individual experiments.
Content and presentation of the course are jllustrated in samples in
Appendix A.

The criterion tests at the end of each part of the course consisted of actual
computer programming problems submitted by a programmer group from Fort
Huachuca and by programming instructors from the Signal School. Where neces-
sary, problems were simplified by removing aspects that would require tech-
niques heyond the scope of the course.

EXPERIMENT 1A
Design

A 2x3 factorial design was used in Experiment 1A (illustrated schematically
in Figure 2). Six independent groups of subjects in a PI environment learned to
write increasingly complex computer programs {CPs). One-third of the subjects
periodically wrote out the content of the rules used to guide the writing of com-~
puter programs {(Rules Group), one-third periodically wrote down the names of




O

ERIC

Aruitoxt provided by Eic:

Design for Experiment 1A

Training Writes Computer Program Writes Computer Program Writes Only
Variotion and Rules and Names of Rules Computer Program
Computer Prageam Coampuier Progeom
—— e oo = m e R S “'-_"""—| compu"nl’ Progrdl!l
Rules Names al Rulos
Prompting N Y

Answer given
before
student response

Answer given
befare
student resPonse

Answer givon
before
studen) cesponse

Confirmotion

Computer Progrom

Computer Progran,

Rules

Hames of Rules

Answer given
after
student r3spense

Compuyter Progrom

Answer given
ofter
stedent response

Answer given
after
student response

Figure 2

1]

the rules (Naming Group), and one-third wrote CPs without any verbalization
of the rules (CP-Only Group). Alsc during learning, ona-half of the subjects
were required to write their answers after being given explicit information
needed in the respense (prompting), and one-half were reauired to write their
answers prior to receiving the information {cenfirmaticn). During learning,
error rates were cbtained on CP-writing for all groups and on ruies and naming
for the appropriate groups,

Treatments compesed of varicus combinations of the training cenditions
were administered during the PI training, and their effects were evaluated on
critericn and retention tests given at the end of each of the two parts of
the instruction.

Subjects -

The subjects were 60 volunteer high school students (juniors and seniors), who
had been informed that ithey were to be paid between $1.50 and-$2.00 per hour,
depending upen the proficiency they exhibited in learning. They were assigned
at random tec one of the gix training conditions. A combination of scores from
the verbal and clerical tests of the Army Classification Battery {ACB) was used
to mcasure intelligence level for the detailed evaluation of results.’

Training Materials

The training materials used in this experiment were Parts I and II, covering
an introduction to symbolic language for computer programming and primary
programming commands of a business-type digital computer. The learning task
was writing computer programs of increasing complexity, with the additional
requirements imposed by the experimental treatments. The treatments were
applied as each new concept was introduced aleng with the attendant requirement
of writing a computer pregram,

A different programed instructional booklet was used by each of the gix
groups of subjects (Figurc 2), in accordance with the training conditions assigned
to that group. The hooklets used by the Rules and Naming (or mnemonics) Groups

“I'he intelligence measure was the same us that applied by the Army for entrance into the ADPS pro-
Eramming course.



consisted ol 90 pages, including the eriterion tests; booklets used by the CP-
Only Groups had hall that mimber of pages. The diflerence in treatment between
the prompting and confirmation conditions did nol affecl the size of the booklets.
ifor all groups, the firsk step was the presentation of a concept. The next
step varied according to the experimental treatment. The lollowing sample
rule can be used to {llustrate the various treatments:
The CLA S0CS1C instriction clears any material
already in the accumulator and copies the pumber
[rom location SOCSEC into it.
After the concept had been presented, the portion underlined ahove was given to
the subjects in the Rules Groups, who were to fill in the rest; the portion not
underlined wus given to the subjects in the Naming Groups and they [illed in the
part underlined. Both groups were then given a problem illustrating the concept
and they wrote a computer program on the problem. The CP-Only Group went
dircetly from the presentation of the concept to the statement of the problem,
The prompting/confirmation variable was added to the above treatments by
having subjects work on only one page at a time. The Prompting Groups saw the
entire soentence first; the subjects in those groups turned the page and completed
the blank before working on the computer programming problem. The subjects
in the Confirmation Groups completed the blank, then turned the page and viewed
tne entire sentence after working on the problem.
The booklets included criterion tests at the end of cach part of the course.
As a secondary part of the criterion tests, the ability of all subjects to writc
t. @ rules and the names of the rules used in writing the CPs was measured.

Procedures

On the first day students were given Part I, the section concerned with pri-
mary programming commands, and a criterion test for that material. On the
second day they were (irst given a retention test (for Part I) consisting of four
problems to be programmed, which all subjec¢ts finished within 30 minutes. Imme-
diately following the retention test, they were given Part II of the course, on
more complex computer programs, and the criterion test for that part. On the
third day, they were given Retention Test II, consisting ol four programming prob-
lems covering all the course material, followed by the ACB intelligence measure.

The students were allowed a maximum of four hours on each of the two days
of training, but only one or two students recquired that much time on vither day.
Each student's booklets were checked at the end of his working day to ensure
that he was actually working with the material. All students appeared highly
motivated o0 perform; many stayedafter hours to ask further questions about the
course work. (No gsubstantive questions were answered in order not to contam-
inate the experimental treatments.)

EXPERIMENTS 113 AND 2
Design

Taken logether, Experiments 113 and 2 covered 2ll five parts into which the
course was divided. The first two parts {(used in Experiment 1B) were identical
in content to that of Bxperiment 1A; they provided subjects with the background
ncecessary {or the {inal three parts (Experiment 2), which dealt with looping
principler. Fach ol the five parts had its own criterion test.
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All vaviables in the two cxperiments were administered factorinlly during
training. Bxperimont 113 involved the sume conditions as Experiment 1A, exeept
that the Rules (iroup was omitted, That is, in Lxperiment 113 comparisons were
made between {a) prompting and confirmation; and (b) writing the names of rules
and writing computer programs, and simply weiling the computer programs.’

After completing Part II of IXxperiment 153, students were reassigned
ramnlomly to treatment groups for Bxperiment 2, which includedthree variables:

(1) 0, 59, or 100% confirmation.

{2) 0, 33, 67, 100%, or progressive (67, 33, 0) prompting.

(3} No-variety vs. variety conditions on practice problems.
The No-Variety Group worked on practice problems having a verbal context of
warchouse inventory for electronic vacuum tubes. The Variety Group, however,
had three types of verbal contexts, the one on vacuum tubes just noted, and on
military pay, and uniform selection,

The design of Experiment 2 is an
incomplete three-faetor study, com-
posed of 29 cells {sec Figure 3).2
The practice problems were given in

Design for Experiment 2

sets of three instead of singly. The § /
confirmation variable was admin- E 100
istered on a more molar levelthan < yd
that of the prompting variable, being O 50
appliedacross sets of problems:; that "f
is, either the entire set of three H o
problems received confirmation or it s o e .
did not, depending upon the confir- e ) e
. i Q 33 Progressive 67 100

mation applied. Both the prompting Percent of Prompting
conditions and the variety vs. no- Added Verbolizorion treatments in the Same.Variety condition:
variety treatments were applied within tl aming {300’6 Prompting and 0 Confirmation

—_—— D Prampting and 100% Confirmaticn

the sets of three problems. Further-
more, the progressive prompting
condition was administered as a
diminishing prompt within each set
of three problems; thus, the first problem received two-thirds prompting, the
second one-third, and the third no prompting. A sample application of treat-
ments is shown in Appendix A.

In addition, an attempt was made to obtain data on the relationship between
the stage of training at which mnemonics are introduced and the improvement
in criterion performance. This was done by continuing the vce of mnemonies
through the course for three additional groups of students.’

Ma.Maming — [00% Proampting and 0 Conlirmation

Figure 3

“Ihe schedule of experiments did not pravide troe ceplicates between any of the parts or experiments,
What is lost by aot havieg replicates, hoswever, is mare than comgiensaled for by the gain in generalizability
of whatever findings ure stable actoss watevinls differing in complexity.

“The four cells which would have vombined 100% or 30% Coofirmation with 100% Prampting (either
Variety ar No-Variety) weee considered somewhat redondant and were to be omitted from the design.

*I'hree vetls were added to the design te extend the camparisons of Naming No-Naming. and Coufir-
wation Prompting 1o more complex materials. The vells weres  100% Confiraution plas Maming, 1004
rampting plus Naming. and (00% Prompring with the Numing conlent provided withowt any response requices
ment. A clerical orear during prepueation of the booklets resulted in 0% Confirnation - 100 Prompting
(Variety and No-Variety) cella nitied instead of 1005 Confiemation - 1004 Promping cells. Thus, Naming
vomparisons in Eaperimem 2 were quiie Yimited.
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Groups of 29 subjects or multiples thereof worked in 2 single experimental
room with ench student of a set of 29 in a different experiniental treatment from
those of his classmates. This design elfectively eliminated experimenter dil-
foerences and sociocconomic variability between school systems, and provided
generally equivalent levels across cells. As & check on ability levels, the CL
portion of the Army Classification Batiery was administered to the students.’

Sublects

The original plan was to use Army subjects at the U.S. Army Signal School
for Experiments 1B and 2. Because of difficulties in obtaining an adequate
sample oi Army subjects there, however, it vas necessary to use a civilian
- population for the cxperimentation. Subjects were male volunteers recruited,
without compensation, from the junior and senior grades of high schools in
the metropolitan Washington, D.C., area. The schools participating rcpresented
all local area school systems, thus insuring a sizable range in socioeconomic
status of the pupils attending. No systematic attempt was made, however, to
take stratified samples either within or across schools on the basis of socio-
economic status. The school systems, and the number of participating schools
per system, were: Alexandria, 1; Arlington, 1; District of Columbia, 3; Fairfax
County, 2; Falls Church, 1; Montgomery County, 4; and Prince Georges County, 2,

The number of volunteer subjects beginning the course was 805; the drop-
out rate was high (§7%), with the number of subjects who completed the entire
course being 345. Approximately 75% ol the attrition occurred prior to criterion
testing for Part 111, 21% prior to testing for Part IV, and 4% during Part V. The
analyses of the experimental effects, reported in the next chapter, were made on
the basis of the subjects who completed the entire course.

Training Materials

Parts I and IT were contained in one booklet, the content of which was
identical to that used in Experiment 1A. Parts Iil, IV, and V were also contained
in a single booklet (186 pages). Part IIl introduced the technique of looping,
Part IV dealt with address modification, and Part V had to do with address
arithmetic {2 more advanced techuique of addressing).

The performance criterion tests were administered after the students com-
pleted each part of the program. A similar test was administered four weeks
after the course was completed, as a measure of retention. Upon completion of
each criterion test, the students were given a Level-of-Aspiration (LOA) Scale,
divided into intervals of 5% {see Appendix B). They were asked to make two
judgments: (a) how well they thought they had perfurmed on the criterion test
they had just taken, gnd (b) how well they thought they would perform on the
next ¢riterion test. These scales were used in computing discrepancy scores,
obtained by subtracting the student’s actual performance on the next test from
tis LOA or expected score. Such scores are traditionally used to obtain an
indication of the degree of realism with which a student progresses through a
course; for example, a small positive discrepancy score {(expectation slightly
above performance) exemplifies the realistic, positively adjusted student.

Procedures

Students were trained in a classroom at their own or a nearby high school
after school hours {afternoon or evening sessions) or on Saturday. They attended

No ALH test data were available for roughly onc-fifth of Lhe subjects.
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one three-hour session a week. It should be noted that so long a time between
sessions wag not intended when the experimentalcourse was constructed because
the delay allows morce time for forgetting, Daily sessions would be the most
desirable schedule l'or lhe self-instructional course.

Hallway through the three-hour session the students were given a 10 to 15
minute break. Scats were gpaced as far apart as room size would allow. The
ratio of proctors to the students was approximately 1:15. The proctors insured
that the students worked independently and tried to prevent review of rnaterials.

Proctors were instructed to assist the students only with procedural or
"structural" questions. (A "structural” gquestion would be one about a suspecled
misprint or, in rare cases, a request to define an unfamiliar Army term su.h
as KP.) Proctors did not answer substantjve questions, those pertaining to
understanding the content being taught. In response to those questions, the proc-
tors simply teld the students to de the best they nould.

Before the course began, the students were given a briel outline along with
a cautionary statement regarding the need for independent work and regular
attendance. Students were informed that they would be given a final test, cover-
ing the complete experimental course, approximately four weeks after they
completed the course, and that they would receive certifications of completion
after the final test.



Chapter 3

RESULTS

Taken together, the three experiments generated a staggering amount of
data. To provide a framework for viewing the results, without presenting an
overwhelming amount of detail, it may be well to review the basicquestions that
were being asked. These questions took the form, "What ig the effectof X on Y?"
'or example, "What js the effect of naming rules during training on ability to
solve criterion problems? The "Xs" and "Ys" are listed below, with an indica-
tion in parentheses of the experiment in which they were used:

Effects of . .. As Measured by . ..
Level of prompting (all) Errors during training (all)
Level of confirmation (all) Errors on criterion tests:
Verbalization in training: Problem solving (all)

Writing rules (1A) Writing rules (14)

Naming rules (1A and 1B) Naming rules (1A and 1B)
Variety of practice (2) Errors on retention tests (all)
Intelligence (all) Time to complete (1A)
Combinations of the ahove Level of aspiration (1B and 2)

Combinations of the above

Results are presented separately for each experiment. After the evidence
of learning has been presented, findings relative to the various treatments (left-
hand column, above) and the effects of each treatment on the various measures
(right-hand column, above} are discussed.’

EXPERIMENT 1A

Treatments studied were pr‘ompting/confir‘mation andverbalization. Instruc-
tion was divided into two parts (I and I1). After instruction, proficiency measures
were taken in the form of criterion tests (I and 1I) and retention tests (I and Ii).
During instruction, measures were taken in each phase in the form of errors
during training and time to complete.

Evidence for Learning. On the criterion test after Part I, nearly two-
thirds of the students scored 80% or more correct, and more than a third
scored 90% or higher. Results on Criterion Test II were comparable. Mean
criterion and retention test scores are given in Table 1.

Time to Complete. For both Parts I and II, there were no significant dif-
ferences between the prompting and confirmation treatments as to the length of
time subjects took to complete the course. The three Verbalization Groups did
differ significantly, however, on both parts. In Part I, the Rules Group was
slower than the other two verbalization groups. In Part II, the Naming Group

'WUnless stherwise indicated. the statistical res; used was the Analysis of Variance.
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Table 1

Mean Criterion and Retention Test Scores by Treatments: Experiment 1A

(N 60}
Mean hIE sefatlion
Meannre lll:lt‘_-:“r_-ﬁuln-illg .p- H“\l;"j“:r'\l :T{'rl‘:‘{ll .__“-II;- T {?I’-—_
Cep P Only ot et e Ouly
Group Group Gronp Group Group (ireup
Criterion Tust P
Prompting Group 39 AR [ 1 8% 15 9 7
Confirmation Geoup 13 19 £t N iy 1 1 8
Sumnuy Mean L 1 L&
Y Correct Y 88 88
Criterion Test 1N
Prampting Geoup 6 66 5 oY T 29 to i1
Cunfirmation Group 68 70 n ] gl 19 8 12
Sumbwy Mean 68 3 06
C Lorrect 76 82 85
etention Test |15} e N g1 82
Retention Tese 11 (¢} 70 80 68 W

*For Criverion Test ), the groups diffrred significantly. p - 01 (Bandett’ s est XER) - 15,52, For
Criterion Test (1, the groups ditleeod significantly. p 01 (Bastlen’s 1est, X250 10.36). For Hetention Trs
and Retention Test I, raw seores of the gronps did aor differ signiliciouly,

Maximum possihle seore: 52,

asitmam possible seore; B9,

was faster than the other two groups.

The mean learning times for the Table 2
Yerbahzatmn conditions are shown Mean Learning Times for Verbalization
in Table 2. Variable: Experiment |A
As can be noted in Tables 1

and 2, achievement was positively Means {minvies)
related to speed of learning. To pro- Pari Hules Namin

. [ il g "
vide an jndication of the efficiency of + (P L CP CP-Only
each treatment, a time-weighted score [ 195 16 15
for each individual was computed by | o '
dividing the student’s criterion {or i 107 A 102
retention) test score by his time to BE(2.59) = 5.4, p <.0L,
complete the course. These scores, bE - .8, p <05,

which reflected the amount learned
per unit of time, were used in the subsequent analyses of data for the vari-
ous treatments.

Prompting and Confirmation Effects. During learning. as measured by
error rates in computer programming, the Prompting Group scored significantly
higher than the Confirmation Group. However, the groups did not differ signifi-
cantly on the criterion tests (including the tests on writing and naming rules) or
the retention tests. If anything, the Confirmation Group was superior, as shown
in Table 3,

Verbalization Effects. Students required to write out the rules of computer
programming during training did notdo as well on the criteriontests as students
in the other verbalization groups. The Rules Group also had the highest spread
of scores on the criterion tests, as shown in Table 1. (Later supplementary
analyses jndicated that this effect was particularly evident in students of
lower inielligence.)

19



Table 3

mean Time. Weighted Criterion and Retentian Test Scores
for Prompting/Confirmation Variable: Experiment 1A™

Cliterian Tesu | Cotenamn Last |l Hetentm Tost ) Heteation Test 11
Measnre | e o L -

. Conlir- Loont HE . SN HE s { .

Prampiing |n.::i-l:rn i Hrompat iz "MT:II':" | Pramine nml:i::n Proampsling ":::{:}rb
CP-Rriting RIE 384 T19 Tah 17 112 123 168
Naming the Rules b B 19 16 - - - -
Writing the Nules 17 21 2] [ - - - -

Achivvement

9Seore - = -
Iime (Min.)

w OG0,

The mean score of the Rules Group on tests of computer programming
(Criterion and Retention Tests I and II) was consistently lower than the mean
of the Naming Group or the CP-Only Group (Table 4). Two-group comparisons
(19} indicated that this difference was statistically significant in all four cases.

Table 4

Mean Time.Weighted Criterion and Retention Test Scores
for Verbalization Variable: Experiment 1A

Criterion Test 1 Criterion Test [t Retention Test 1 Retention Test I

Measare Rules | Naming [ CP- |Rules [Naming| CP- |Rules| Naming| GP- | Rules| Naming | CP-

UC£L+CP Only | +CP | +CP __Only__i-CP tCP | Only | 1 CP| «CP | Only

CP-Rriting 3 397 426 62t 793 TH3 356 463 486 385 521 M2
Naming the Rules 29 10 10 39 55 5 - - - - - -
Writing the Rules 21 20 20 a7 19 5 - - - - - -

. Achlevement R N s "
ASeore - Time (lint % 1.000. AN three-group comparisons except Writing the Rules. Criterion Tesc I,

were significam (pe 05)  For Naming the Rules. Crilecion Test [1, p<.01.

On the criterion and retention tests following Part I, the CP-Only Group
made the highest scores, while on the tests after Part II the Naming Group
seemed to be superior. However, this tendency was not statistically significant.

The inferior scores made by the subjects in the Rules Group in solving
criterion problems did not seem to he due to poorer learning per se, since they
scored higher on those criterion items specifically related to their training,
namely, the writing out of rules. In Part I this difference in performance was
not significant, but in Part II it was (p <.05). On the other hand, the Naming
Group answered the naming questions on the Part Il criterion test significantly
better than the other two groups (p <.05}, and also performed well on tests of
computer programming. Thus, it appeared that both groups learned the addi-
tional materials presented during training, hut that the subjects in the Rules
Group were unable to apply their learning to problem solving.’

Intelligence. Intelligence, as measured by scores on parts of the Army
Classification Battery, was significantly and positively related to criterion

" Writerion neasures of problem solving wore highly relinble by Hoyt’s Test {20). Coaffivients ranged from
79 to g9 {p~ 01).
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scores in all cases. No inteructions appeared between intelligence seoee: aul
criterion scores related to the experimental variubles,

EXPERIMENT 113

The second experiment was bhasically a vepeat of the first. s primary
functions were to conlirm the earlier findings and provide the introductory
instructionnecessary for the more complex materials presentedin lixperiment 2.

Variables studied in Experiment 113 were the same as those lor 1A except
thatthe Rules Group was deleted fromthe verbalization variable. It was "ntended
that the same measures would als0 be taken, with the addition of a Level-ofl-
Aspiration measure. However, difficulties attending the administration ol a
large study over several months, using volunteers from many different school
systems, resulted in the loss of the time scores, and a portion (20%) of the
intclligence scores. The high dropout rate (57% for Experiments 183 and 2) also
alfected measurements.

Evidence for Learning. Mean performance on the Part I criterion dealing
with problem solving averaged about 87% for students who completed wll instruc-
tion (including Iixperiment 2) and 81% for all who took the test. On the IPart 1I
problem-sgolving criterion, the average was about 8% for [inishers and 72% for all
studentis, Thus, theprogram taught about as effectivelyas it had in Experiment 14,

Sinece the mean performance scores suggested that the finishcers were more
honiogeneous, the analyses of all experimental findings reported helow are con-
[ined to them, in order to provide uniformity in the data hase throucihoat the
study. Mean criterion and retention test scores are shown in Tubl: - b,

Prompting and Confirmation Effects. The Prompting Group sco: sanili-
cantly higher than the Confirmation Group (p <.001) during training on hoth
Part 1 (96.5% vs, 88.5%) and Part II (91% vs. 87%). Thc groups did nor ditfler

Table 5

Mean Criterion and Retention Test Scores
of Naming/No-Naming Groups: Experiment 1B

Vean Stancacd Devianion
A= pe i o P .‘illllll‘n«lr‘\' 1fu‘r--{-{1l T - -
Naning o=Naming Mi-iin {nrreel Naming | Ne-Naming
Group Cronp i (tronp Group
Criterian Test § (v 1T Y 1Th
('.P-Wriling " f6.8 LA A 83.8 84 147 208
Naming the Rulesb 1.2 .6 RITH 0.} 87 1.3 2
Rriting the Huless T 6.7 - .001 T4 3 2.8 2T
Criterion Test 1] (R I VN A b b
(ll’-l‘riling'j 145.2 135.9 NS 110.6 83 291 37.0
Noming the Rules® 107 9.1 . .00 9.4 83 1.8 2.
Writing the feles® 6.0 TR N 5.0 31 *3 2.6
Retention Test [© (v 1630 (VO L5D
1176 110.9 <0l 1113 s 309 0.1
Retention Test Y (3 1TH V159
035 85,7 - J.H 844 il Ao 5.6

Mlaximum: 04
Pllasimnm: 12
FUasimnm: 1)
Naviamm: 169
“Maximum; 172
Naximum: 1H
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Table &

Mean Criterion and Retention Test Scores of
Prompting/Confirmation Groups: Experiment 1B

e an Stamdond Deviation
Mydnure . RUTERINTEY Pureval =
¢ Prompring | Conlirmalion f Slasain {Curneet Prampring  [Cueficmarinn
Graup Giooup Growp Grog
Criterion Test | (v lod x 18m
CE-Reiting” 5.4 B5.49 NS 5.8 a8 0.2 0.5
Criterion Test 11 IASEN %Y’ (N Iy
Gl Writing® [ERIR! 130.8 AN LH)LS 82 32,0 15,2
Reteation Test [© ty 13y i ol
6.6 e AR H | ILLO 66 RER RIEA
Heteotiom Test (11 (Y 130 (Y 176)
Uil 881 NS gu.T [ BRI 3L
“axymam:  OH
Mavimam: 149
Sascioon: 172
Mayimam: 11

significantly on the two criterion tests; however, when scores were adjusted
for learning error the Confirmation Group was superior (p<.005 for Criterion
Test I; p<.10 for Test II). This adjustment was made by means of an analysis
of covariance,” which provided an estimate of scores that would have been
observed if performance during learning had been the same across conditions.
The adjusted means for the Confirmation and Prompting Groups on both sets
of eriterion tests are shown in Table 7.

Table 7

Adiusted Mean Scores' of Naming/No.Naming and
Prompting /Confirmation Grouns on Criterion Tests; Experiment 1B

Part Prompting |(Z|>nlirnlulion| I | Numing LNU-N(IIHin{l [ P
! 81.6 90.0 005 884 87.3 NS
1 81.1 81.9 R 819 81.3 <. 10

Huljsted for learning errar by means of 4n analvsis ol envarionee.

Verhalization Effects. Since the Rules Groupwas dropped from Experiments
1B and 2, the re. wining groups were called the Naming (used mnemonics) and
No-Naming Groups, depending upon whether they named rules and worked on
practice problems, or simply worked problems during training.

The two groups did not differ on the Part I criterion items dealing with
problem solving. However, on criterion items requiring students to name and
writc out rules, the Naming Group scored significantly higher. {(The Naming
Group had been given practice in naming trules but not in writing them out.)
An analysis that took learning errors into account (analysis of covariance)
showed that the superiority could be attributed in part to better performance
during training (see Table 6). Reteniion tests reflected the same findings.

Level of agpiration and intclligence data are presented in the final section
of this chapter.
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EXPERIMENT 2

Iixperiments 113 and 2 were conducted in succession, Experiment 2 dealing
with the new and more diificult materials of Parts III, IV, and V. The number
ol treatment combinations wias quite high—29. Since attrition was also quite
high—about half the students dropped out helore the end of Purt 1lI—many of
the groups in Experiment 2 were rather sparsely populated. Although this situa-
tion dampened the hopes of detecting statistically significant effects, those
results which did prove reliable can be considered all the more powerful.

Fvidence for Learning. Overall mean perfermance on the criterion test
for Part III was about 70% correct; the median was about 78%. Thus, there was
evidence of learning at a point three to five weeks after training had bhegun under
lixperiment 13. Overall proficiency dropped to a median of 64% on Part IV and
35% on Part V. This drop was not unexpected since the purpose of the experi-
ment was to obtain comparative data on teaching combinations; many of the less
cllfective combinations were quite ineffectual at the more complex Ievels. One
condition—=zero conlirmation—however, was effective and yielded medians of
81%, 73%, and 48% on Parts III, IV, and V.

A threec-way factorial analysis was performedon PartIIl criterion data
by randomly eliminating subjects to equate cell sizes. No interactions were
revealed., Consequently, all subsequent comparisons considered the variables
as independent and utilized all the data. The first set of analyses below treats
Parts III, IV, and V separately. A second series was performed treating the
three parts as replications.

Prompting and Confirmation Effects. Prompting and confirmation are
similar in that they both present information pertaining to the correct answer.
The amount of information presented will be called the degree of stimulus
support, whether it comes from prompting or from confirmation. It had been
hoped that errors during training could be manipulated hy varying the percent-
age of stimulus support. An analysis of data from Part IIl indicated that this
was accomplished. As shown in Figure 4, errors ranged from 10% for zero

Relations Between Leorning Error and Criterion Test Error Under Prompting
and Confirmation Conditions: Part lll
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Figure 4
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stimulus support to 2% for complete

Effects of Prompting ond Confirmation on support {total prompting). Perform-
Criterion Test Performance: Port 1l ance during training was directly
80 — relatedto degree of stimulus support;

the greaterthe supportthe fewer the

errors. lowever, test performance

was inversely related to stimulus

- support {p <.01) when scores were

— adjusted for learning errors. Test
\“ scores lor the adjusted data are

* shown in Figure §. -

. The data showed marked

variability in Part IV. The overall

median dropped to 64% correct; the

Mean Percent Correct
o -~
(] o
[ I
/
|
H
I
r
i

50 [~ . o Prompting " mean fell to 55%. In Part V the test
% Teem w0 scores were even lower, 38% correct
{ as the mean and 35% as the median.
o Ll—. | I 4 I | Therefore, modified nonparametric
0P 33P ProgP 67P 100P runs tests were employed using
Prompting deciles instead of indivic.lua} sc:or"es.
Percent of: | ™" "% Results supported the findings in
Figure 5 Part IIl. Where confirmation and

prompting reflected comparable
stimulus support—allof the Zero Prompting Groups vs. all of the Zero Confirmation
Groups, and all of the 100% Prompting Groups vs. all of the 100% Confirmation
Groups—~theconfirmation treatment proved more effective for criterionperform-
ance. A decile analysis of the criterion data relevant to these comparisons
from Parts III and IV yielded significant differences (p<.01). In Part V the
Zero Confirmation-Prompting comparison gave the same result, but the 100%
groups did not differ.

On the final retention test, given four weeks after completion of all
instiruetion, the direction of the effects was the same. The lower the stimulus
support during training the better the scores. However, significant differences
were obtained only among the confirmation levels (p <.001). A decile comparison

among the prompting conditions
Table 8 revealed that both the Zero and 33%
Prompting Groups scored signifi-
cantly higher than the 100% Prompting
Group (both with p<.01). The other

Group Means and Medians on
Final Retention Test: Experiment 2

Cron Afean Aledian intermediate promptling groups did

foup Pireenmt Cortecr | Pereent Cormeet not differ from the Zero PrOmptjng
Variety 56 56 Qroup, but did score significantly
No-Variety a7 62 higher than the 100% group. In short,
Zero Confinoation " 3 ?he‘long_term retention test further
50% Confirmation 50 56 indicated tha_.t the greater the error
100 Confirmation a2 i during learning the better the perform-
Zero Prompting 61 19 ance on criterion problem solving.
337 Prompting 51 5 The retention test means and medians
Progressive Prompling 39 69 are presented in Table 8. These data
67% Pronpting 56 55 are not adjusted for learning errors.
100% Prompting 1 36 Variety-ol-Practice Effects.

There was little difference in learning




between the Variety and No- Relation Between Leorning Error and Criterion
Variety Groups during training. Test Error Under Variety.ol.Practice
However, students who had Conditions: Part 1l -
practiced under the Varicty 50 — . e Crirorion Ereor
condition scored significantly |_ Xm——x Loarning Error
higher on the criterion test for
Part III (p<.01; Figure 6).
Analyses of criterion test data
from Parts IV and V did not -
reveal any significant differ-
ences. However, the Variety
students scored higher on the
Part IV test on a deciles com-
parison (p <.01). On the Part V
criterion test and on the final
retention test the effect disap-
peared completely, although
even in retention the direction 0 —
of the difference still held {Vari- *
ety mean, 44%; No-Variety, 38%).
Since the Variety stu- ! L

40 (— -

30 = .

Mean Percent of Error

dents practiced with three None . Some
different verbal contexts Variety

during training (vacuum tubes, Figure &

salaries, and irventories of uniforms) and there were four different contexts
used in the five criterion problems, it could he argued that their superiority
derived from a greater similarity hetween training and testing than was the

case with the Ne-Variety Group, which practiced on vacuum tube problems only.

This possibility was tested by dichotomizing the criterion problems
into those that were stated in a novel context for both groups {4 problems) and
those using a setting new only to the No-Variety Group (2 problems). The

Variety Group was superior on both types of problems. Thus, it can be inferred
that variety of context resulted in better learning of the general mediating skills
necessary to write computer programs, and not simply better learning of the

overt associations practiced during training.
Verbalization Effects. Due to clerical error in assembling grouping of

course materials, and to attenuation of some groups because of high dropout,

no meaningful data were generated from the treatments addedto get supplemen-
tary information on the effects of verbalization.

RELATIONSHIPS BETWEEN EXPERIMENTS 1B AND 2

Since Experiments 1B and 2 were conducted in succession, using the same
students and teaching a continuity of subject matter, it became important to
determine the relationships between the two studies. Results presented below
deal with the question of how various learning conditions in Experiment 1B
combined with learning conditions in Experiment 2 to affect the criterion test
performance in Parts III, IV, and V. The twe variables of Experiment 1B and
the three of Experiment 2 yielded six combinations of interest:

Lxperiment 1B Experiment 2
Prompting/confirmation with Level of confirmation
Naming/no—naming with Level of confirmation

5



Prompting/conflirmation with Level of prompting

Naming/no-naming with Level of prompting
Prompting/confirmation with Variety/no-variety
Naming/no-naming with Variety/no-variety

Since there were no significant interactions among the variables of
Experiment 2, they were treated as independent for purposes of analysis. Data
from Experiments 1B and 2 were cast into three-way analysis of variance tables
to note possible interactions. Parts HI, IV, and V were treated as replications.
Graphs of the main effects of confirmation levels and prompting levels are
shown in Figures 7 and 8 respectively (see also Tables 9 and 11, Analyses
of Variance). .

Effects of Degrees of Confirmotion Efiects of Degrees of Prompting

on Criterion Test Performance: - on Criterion Test Performance:

Experiment 2 Experiment 2
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Naming/No-Naming (Exp. 1B} With Confirmation Levels (Exp. 2). The
analysis of the naming and no-naming conditions of Experiment 1B combined
with the three confirmation levels of Experiment 2 is summarized in Table 9.
Significant interactions were indicated. The means for the various treatment
combinations are shown in Table 10 grouped according to a Duncan Range anal-
ysis, which enables a comparison of individual treatment means to be made.

Table 9

Analysis of Vorionce of the Effects of Confirmotion {Experiment 2
by Naming/No-Naming {Experiment 1B} on Criterion Tests
for Parts )i, IV, and V

Swceotvaiemee || | F ] 7
Naming No-Naming. ¥xp. 1B (A) 1 541800 24.6 .08
Confirmation. Fxp. 2 (i) 2 780503 9.8 <.005
Replicatinns (() 2 1571461 37.6 <.001
AB 2 518986 23.5 - 025
AC 2 22060 <1 NS
BC 1 70406 3.4 NS
ARG 1 23383 <1 NS

Within Cells 870 121642




Table 10

Duncan Range Groupings of the Effects of Confirmation {Experiment 2j .
Naming/No.Naming {Experiment 18] Combinations on Criterion Tests
tor Parts IIl, IV, and V"

(N 296}
Mart 1N Par IV Par v
e — A S ..

Puoreent | Cuatlinma. L Perrent Confirme . Prreent Cunlinma. e
Cutreel livu Naming Carrect | tian | Noing (larrert tion Numins
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Table 10 reaffirms the stimulus support effect noted previously, that
the lower the stimulus support during training (here, the lower the confirmation),
the better the criterion scores. This effect appeared to be heightened when
combined with prior use of mnemonics (naming the rules); practice in naming
rules inExperiment 1B plus low confirmation inExperiment 2 seemed to promote
the best criterion performance. The effect is clearest in PartIll where learning
beganto deteriorate with increaseddifficulty in the instructional materials. Here
the No-Naming/Zero Confirmation Group came in first, the Naming/Zero Con-
firmation Group second, and so on, with the No-Naming/100% Confirmation
combination representing the worst learning conditions,

Prompting/Confirmation (Exp. 1B) With Confirmation Levels (Exp. 2). The
analysis of the prompting/confirmation conditions of ExXperiment 1B in combina-
tion with the various confirmation levels of Experimant 2 revealed no significant
interactions. Examination of the individual groups did, however, suggest a type
of interaction effect related to similarity of stimulus support. It appeared that
the more similar the stimulus support conditions the better the performance
(see Figure 8). Specifically, zero confirmation (the Prompting Group of Experi-
ment 1B) followed by zero confirmation (in Experiment 2) resulted in better
scores on criterion tests for PartsIII, IV, and V than total confirmation followed
by zero confirmation. This relationship also held for the zero-to-total vs.
total-to-total confirmation sequences except for Part IV, where there was
a reversal.

Naming/No- Naming {Exp. 1B) With Prompting Levels {Exp. 2). Analyses
of the data (Table 11) reaffirmed the importance of low stimulus support (here,
low prompting levels) and early practice with mnemonics {naming the rules) to
criterion performance on Parts I, IV, and V. Mean scores resulting from the
various sequences of treatments, Experiment 1B to Experiment 2, are shown in
Table 12, grouped according to the results of a Duncan Range analysis. In gen-
eral, naming followed by low prompting promoted the hest performance; no-naming
followed by high prompting was the worst combination.
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Table 11

Analysis of Variance of the Effects of Prompting (Experiment 2)
by Naming/No.Naming (Experiment 1B}
on Criterion Tests for Parts i, 1V, gnd V
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Table 12

Duncan Range Groupings of the Effects of Prompting |[Experiment 2) .
Naming/MNo.Naming {Experiment 1B} Combinotions an Criterion Tests?
for Parts NI, 1V, and V
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Prompting/Coniirmation (Exp, 1B) With Prompting Levels (Exp. 2). The
interaclion of early prompting/confirmation treatments (Experiment 1B) with
later prompting levels {(Experiment 2) was highly pronounced (Table 13). The
dominant fuctor appeared to be similarity of stimulus support, as it was in the
previous discussionof prompting/confirmation followed by confirmation. Thus,
as seen in Figure 9, students given total prompting in hoth studies performed
better on Parts III, IV, and V than students given zero prompting lollowed by
total prompting. Similarly, zero prompting in both experiments promoted better -«
performance on all three criterion tests than total prompting followed by
zere prompting.
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Toble 13

Analysis of Variance of the Effects of Prompting [Experiment 2}
by Prompting/Conlirmation (Experiment 18)
on Criterion Tests for Parts i, IV, and V
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Effects of Similarity of Stimulus Support From Experiment 1B {0 or 100] to
Experiment 2 [0 or 100} on Criterion Tesl Performance: Experiment 2
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Naming/No-Naming (Exp. 1B)With Variety Level (Exp. 2). Analyses showed
that criterion performance in Parts IIl, IV, and V was clearly affected by the
various combinations of early naming/no-naming with later variety/no-variety
(Table 14). Although the data were not entirely consistent, it appcarcd that
performance improved as the comhination approached the mix of early naming
with later variety. Further, the importance of naming seemcd to increase as
materials became more complex (and, concomitantly, as performance dropped
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Table 14

Analysis of Variance of the Effects of Variety /No.Variety
{Experiment 2] by Naming/Noe_Naming (Experiment 1B}
on Criterion Tests for Parts I, IV, and V
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off), while the importance of variety seemed to decrease., Means of the various
combinations are shown in Table 15, arranged according to the resuits of a
Duncan Range analysis,

Prompting/Confirmation Exp. 1B) With Variety Level (Exp. 2). No signifi-
cant interactions were found.

Table 15

Duncan Range Groupings of the Effects of Variety/No-Variety [Experiment 2] .

Naming/No.Naming (Experiment I8} Combinations on Criterion Tests®
for Parts NI IV, and V
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FACTORS RELATED TO DROPOUT

As noted carlicr, about 57% of the students did not complete instruc-
tion. A series of analyses were conducted io determine the relationships
between dropout and stimulus support, level of aspiration (LOA), intelligence,
and performance.

Stimulus Support. Themore stimulus support intraining—thatis, the greater
the degree of prompting or conrirmation—the greater was the likelihood a student
would finish the course {x* trend test of proportions, p<.056). Figure 10, based
on Part 1II data, shows that the prompting and confirmation factors operated
alike in this regard.

Level of Aspiration. At the end of PartsI andIl, students were asked to esti-
mate how well they had performedonthe previous part and how well they expected

ERIC

IToxt Provided by ERI



toperformon the instructiontolollow. Relation Between Stimulus Support and
The cortelntions between performance Proportion af Dropouts: Part |l
estimates on completed ingtruction 70
and actual performance were quite
high (.65). However, students who
latcr dropped out expected to per-
f[ornm much higher on subsequent
criteriontests than theydid, relative
to students who finished (p <.01}, That
is, the discrepancy between level of
aspitrationand performance was much
higher (or dropouts thanfor finishers,
In addition, the expectations of the
dropouts were significantly lower . « PromPting
than the expectations of the hnishers $orm o @
after Part I, and the performance of
the dropouts was significantly lower. l [ 1 |
In short, relative to the op 33P FrogP 67P 100P
finishers, the dropouts {a) expected " : e
toperform ata lower level, (b) greatly Degree of:
overesiimated their capability, and .
{c} did perform significantly worse. Figure 10
Intelligence. Dropouts were characterized by significantly lowerintelligence
(verbal ACB scores) than-finishers.
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CORRELATIONS BETWEEN EXPERIMENTS 1B AND 2

Experiment 1B. The overall correlation between intelligence and criterion
performance was high (Part I, £=.69; Part 11, r=.70). The relationships were
even higher for finishers (Part I, r=.73; Part II, 1 =.73).

The overall correlations between learning errors and scores on the
related criterion tests were not so marked, but increased from Part I to Part II
(.46t0.68). Forthose subjects on whom intelligence measures were notobtained,
the relationship between learning and testing was even higher (.48, N=141; .82,
N=140). Since learning errors fell within a narrow range {2%-38%), these cor-
relations may be spuriously low.

On dividing students by intelligence intc low, medium, and high, it was
found that the learning-testing relationship was significant for the average and
bright students whe dropped out, but not for the average and bright students who
finished. For low aptitude students the correlations betweenlearning errors and
criterion scores were about the same, positive but Iow (Table 16).

The correlation between the criterion tests for Parts I and II was high,
about .7. Thus, performance on the first criterion test was a good predictor of
success on the gsecond.

Experiment 2. The partial correlations, for finishers only, between LOA
(expectations), intelligence, and criterion performance are given in Table 17.
The relationship between LOA and subsequent criterion performance, with intel-
ligence scores partialled out, increased (except between Parts IV and V) as
students progressed through the course. On the other hand, overall relationships
between intelligence and criterion scoresdecreased throughthe instruction. The
relationship between LOA (e«pectations) and intelligence decreased even more
markedly, shrinking to almost zero (+.05) on the last criterion test,
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Table 16

Correlations by Intelligence Level Between Learning and
Criterion Scores of Finishers and Nonfinishers:
Experiment IB
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Correlations Between Expected Success, Intelligence, and
Criterion Performance of Finishers, as o Fupchion
of Course Complexity: Experiment 2
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afar these Tonr correlationhs intelligence was partialled out.

In shert, as the [inishers progressed through the course, the relation
between instructional-based factors —LOA and performance —increased; however,
the relationships between these factors and intelligence, a measure taken before
instruction began, decreased.
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Chapter 4

DISCUSSION

The organization of the ensuing discussion will be from specific to general,
and from experimental hypotheses tested in Experiments 1A and 1B to those
tested in Experiment 2. Following material pertinent to the immediate findings,
the implications of this type of study for future research and development in P]
will be discussed. Tinally, the potential utility of the secondary product of the
METHOD 1II research, the programed course in fundamentals of computer pro-
gramming, will be jndicated.

COMPARISON OTF EXPERIMENTS 1A AND 1B

Evidence for Learning

The means for percent correct on the criterion tests on both Parts I and If
were almost identical across studies: 87% on Part [ and approximately 83% on
Part II. The retention test scores for Experiment 1A are somewhat higher
than for 1B; however, the test for Experiment 1A was given on the day following
criterion testing, whereas in Experiment 1B a week separated criterion and
retention testing.

The intelligence indicator was significantly and positively correlated
with criterion scores in both studies and no interactions appeared hetween
intelligence and treatment conditions on the principal measure, writing com-
puter programs.

Treatment Eftects

Learning Time

Unfortunately, administrative problems prevented obtaining adequate
time measures in Experiment 1B. In Experiment 1A, length of learning time
was negatively related to score on the criterion. Doubtless, this was due to
the time spent by the Rules Group in writing out complex programming rules,

a requirement which appeared to dull their terminal performance. The learn-
ingtime/criterion score relationship may notgeneralize to other Pl environments.

Criterion Scores

(1) Prompting/Confirmation Results. The tendency in Experiment 1A
for the prompting/confirmation effect during learning to be reversed on testing
was found even more strongly in the covariance analysis under Experimeont 1B.
Learning errors in the two studies were highly comparable: 3% and 3.5% for
prompting, 10% and 11.5% for confirmation.

{(2) Verbalization Results. With respect to the requirement of writing
the names of the rules during training (mnemonics) as opposed to just writing
computer programs, the suggestion in Experiment 1A of superiority of the
Naming Group with the more complex materials in Part II was heightened in
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Experiment 113, which involved live times as many students, Moreover, the
superiority of the Naming Group (mnemonics) in the larger study was in the
percent correcl per se on the criterionin Part II and did not involve time-
weighting the scores. That is, usc of mnemonics resulted in an absolute and
not just relative superiority, which carrvied over a two-week period, adding to
the practical value of thiy particular finding.

Summary

Summing up the effects of the treatment conditions aeross both experiments,
the use of mnemonics in learning the concepts in the computer programming
course aided students in tests of computer progratnming. On the other hand,
practice in writing the entire rule in the context given by the booklet hindered
ability te use the rules effectively.

The confirmation and prompting comparisons are not s0 clear. Taken
together, the two studies reveal that while confirmation led to more errors
during learning, it did not lead to differences on criterion testing. If, however,
one takes into account the covariate of errcrs during learning, then confirma-
tion was superior to prompting (indicating that the Confirmation Group benefited
fremn the errors made during training). Nevertheless, one cannot say that in
the context of these two experiments error rateduring learningwas an important
factor in ¢riterion test performance.

EXPERIMENT 2

Stimulus Support

It seems clear within the context ¢l the present research that a low degree
of stimulus support (in the form of problem information), with attendant relative
high degree of error during training, is desirable for achieving a high degree of
proficiency on a criterion test requiring the synthesis of the materials presented
during training.! Variaticons in degree of prompting or confirmation were
inversely related to critericn performance,

At the outset it was thought likely that a certain amount of error during
training would result in the best criterion performance. A legitimate question
is: Why did not this optimization relationship turn up?

Although the reasconing is post hoc, a good starting peoint is to note that the
key to geoed instruction is transmission of information. Since error rate in the
worst experimental variation of the course was still low, approximately 13%, it
is proposed that all groups were either at or beyond the hypothesized optimal
peint relating informaticen transmissioen, dilficulty level, and test perfoermance.
To explere this assumption in future research, it would be worthwhile to degrade
the information transmitted by decreasing the chunks cf conceptual content
presented at each step of training and relate these variations to end of course
perlermance (see Seidel, 21, on the problem of units of meaning).

These findings support the proposition that complex human learning such
as problem selving is of a different nature than the rote learning of isclated

*Althaugh the temptalion may be great o 1reat these findings as instances of effects of koowledge of
results (RR). it would be inappropriate 1o do so. The study does not concern KIU vs. no-KR s teaditionally
understood, since concepts were nested ia each succeeding ene. True. sume KR was achieved indirectly.

and the subject had some self-confimation as well. Howevers. prompting and confiemation acted alike, and
clearly o prompt, which eppeared before the student attempted 10 answer, eould nol be looked vpon as KR.
Thus.the terin"knowledge of residts™ seems inuppropriate when generalized tainclude foeeknowledge. More

applicuble here is the term “stimulus support.” which treats degree of prompting ar confirmation alike,
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paired associates or serialized items. The latter involves truining to an inter-
nal achievement critcrion, as opposed to the problem-solving criterion «hich
is external and of such a nature as to rvequire synthesis ol the concepls and Lhe
development of a strategy in o transter test. Perhaps a good point of departure
for the resenrch reported here is Kendler's recent state.nent (12, p. 231):
If researchers in the ficldof programed learning believe that the major
response being learned is the one that the student writes in the frame,
they are badly mistaken. What is being learned are conceptr - : ! what
are modified are large segments of the students' verbul reperiore.
It should I>e noted that, when prompting or conlirmation were given in the present
set of experiments, they were applied not to simple stimulus-response associa-
tions (as in rote learning) but to strategies or portions thereof,

In order to be appropriately applied in the current context, Kendler's state-
ment should be amended to include that not only are concepts being learned but
strategics cnabling the student to use these concepts are being learned as well,
Thus, he reaches a higher level of learning called problem solving. Thig is in
agreement with Gagné's recent distinction (13) between concept lcarning and
problem solving.’

Variety

The overall approach ol the present research can be meaningfully compared
to a similar study by Gagné and Bassler (23), who used a programecd instruc-
tional environment to study teaching and retention of elementary non-metric
geometry with sixth graders. Despite certain procedural differences, concep-
tually the approaches are sufficiently similar 50 that a detailed comparison of
results should indicate some possible generalizations gs well as being quite
instructive for future research.

Tobeginwith Gagné and Bassler found a moderate correlation—of the order
of +.62—between achievement scores immediately following learning and those
of retention. In the present study, a comparable relationship (of the order of
+.64) was found. In the study by Gagné and Bassler, they were able to compare
the subordinate learning sets inimediately following learning and in retention
ana found a correlation of +.46. Correlations in the present study for the early
or subordinate criterion tasks were on the order of 1.00. Whereas Gagné and
Rassler found that the correlations between the retention and theoriginal achieve-
ment scores for the subordinate learning sets were lower than for the higher
order learning sets, the data in the present study indicated no such difference.

These lindings are reflected in another way by looking at retention ratios
(retention score divided by original score) for the various problems. They are
all just about 1.0 or fairly close to it. Dilferences which did appear were con-
fined to the effects of different degrees of prompting in Parts III, IV, and V; the
mean ratios Tor the latter are given in Table 18. The differences occurring on

In a larger feamework, the current study suggests that Kendler's adnenition be extended 1o a theoretical
level: If learning or training theorists believe thut the basic unit for complex learning is the classical 51
association, they may also be badly nusiaken. Senndura (22)arrived at the same skepticism aflee completing a
oumber of studies involving the teaching of various nathematical algorithms. Ne proposed as an alicenative
to 5-R associalionislic theory a “set function linguage” (SF1) which seems 10 describe more precisely the
conceptoal und problem-solving levels of behavior. Previously, Shaw and Seidel. in a goper oo isfonnational
contexl as a determinam of what eanhe learned Gin preparation). showed that even with as simple an organism
as the rat.associationistic peinciples are insefficient o aceount for higher order conceplual learning when such
ts permitted to vecur. Cerliinly, @ new alternutive Lo agsocialionistic theory sach as Scandura’s SFL is an
interesting vae and worthy of further development.
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Table 18

Retention Ratios" for Prompting Treatments: Experiment 2
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Problem 4 in that table and on the overall retention problems among the various
prompting conditions are significant. These effects generally reflectthe original
effects of the stimulus suppori variables, showing the least stimulus support
{zero prompting) yielding the nmiaxitnum percent correct and the 100% stimulus
support showing the least percent correet (I'=2.96, di= 4/174, p<.05 for
Problem 4; F'=2.73, df= 4/174, p<.05 for overall retention comparison).

Gagné and Bassler found that ". . . the present evidence suggests that their
[the subordinate learning sets] importance diminishes once the final task has
heen achieved" (23, p. 127). However, in the present study the retention resulis
indicated this was not the case, that the subordinate concepts were retained and
had the same effect as they did on the initial achievement.

Contrary to the findings of Gagné and Bassler, while the results of the
present study showed the effect of Variety on immediate achievement, the effects
diminished t0 nonsignificance on the retention test four weeks later. Their data
yielded just the reverse effect, hut it should be noted that in their study achieve-~
ment was measured after 11 successive days of training, whereas in the current
study final acliievement was measured after approximately 10 weeks of study,
one session per week. Retention in their investigation was measured nine weeks
alter the immecliate achievement test, whereas in the present instance retention
measures were taken four weeks following the last achievement test. Thus, it is
possible that differences in the results may be due in part to the differences in
the time frames for instruction and retention testing.

Mnemonics Training

Another aspect to the results of the current research relates to the value
of writien verbalization of rules which an individualis requiredto use indevelop-
ing his strategies for problem solution. The data of hoth experiments taken
together clearly indicate that "what is in a name" is important. I an individual
is given mnemonics Practice early in training and is required to learn these
mnemaottics as wellas to use them in forminghis strategy (writing computer pro-
grams), he is able to {ormulate the rules forlater use with greater facility than
if he is required to writethe rules inthe verbaicontext givenby the instructor,

This makes good sense if one thinks about how we go ahout enceoding our
cnvironment from day to day. I an individual is asked to recall an event, it is
much easier for himto provide a sentence or two inhis own words thanto report




in great detail or verbatim (if the event is & poem or story). 1n like mamner,
when requiring a student te learn the conceptual rules for the use of computer
commands, il he is provided with a mnemeonic key with which to tag the rule as
he formulates it himisell, he will be able to use his own verbal repertcire to
good advantage. On the other hand, if the student is required to use the instruc-
tor's words—~which may not match his own-in [formulating the rule, he may
indeed end up just memeorizing the words without developing any understanding
in the uge of these rules. At least, thal seems tc be the inference to be made
from our present study.

It is this last feature which seems to take exception to one of Gagné's
positions (13, pp. 307-308) in which he emphasized the value of recallability
of "subordinate capabilities.” The present study clearly supports a distinction
between recallability and availability of these subordinate abilities, the latter
being the more important of the twe. The Rules Group in Experiment 1A recalled
the rules much better than the cther groups, but they did so at the expense of
being able touse these lower-order skills, On the other hand, the Naming Group
was not only able te recall the rules well, but was able to have them available
for usc in working the computer programs.

This distinction between recallability and availability receives further
suppert from Torrey's recent work (24) on the teaching of Russian gramnmar.
She found that students given contextual drill during learning were better in
dealing with new material en a generalization test than were the controls. The
latter students learned all the training material by a vocabulary methed. It is
impertant to note that the control subjects were pericdically tested to show their
ability tc generate correct sentences according to the Russian grammar rules.
Thus, during training they were able to generate the rule, but on the test they
were not able to apply it.

The value ©f mnemonics as used in the present study (Naming Group)
warrants further discussion. As already noted, naming practice was helpful
in solving computer problems related to the course material directly involved
(Part II criterion). Of perhaps greater significance were the more lasting
advantages which appeared in later and more complex porticns of the course.
When overall proficiency dropped to a low level (Part V and final retention
test), a significant interaction appeared between early naming practice (Parts I
and II) and the later treatments (Parts 111, IV, and V). This tock the form of
good early training in Experiment 1B (Naming) compensating for pcorer train-
ing conditicns in Experiment 2 (see Tables 10, 12, and 15).

For example, the No-Varietystudents who had early training with mnemeonics
were able t¢ maintain as high a level of critericn proficiency in Parts IV and V
as the Variety Greoup. In other words, the rate of logg of proficiency was not
as great for the No-Variety Naming Group as it was for the Variety No-Naming
Greoup. The compensating effect was also superimposed on the stimulus support
treatment effects as seen in Tables 10 and 12.

A reasonable question which follows from these results is: What is the
relationship between stage of training in which mnemeonics are intreduced and
enhancement of criterion performance? An attempt was made in Experiment 2
to obtain some relevant data by cuntinuing the use of mnemonics through the
more complex portions of the course for three additional groups of subjects.
Unfertunately, because of clerical error in the preparation of the booklets, and
group attenuaticnbecause of drop-out, meaningful data were not generated. The
question of timing and relative value of mnemeonics, of course, remains an open
and important one for future research.
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Transfer Bflects of General vs. Task-8Specific Factors

Further discussion of the transfer effects of general vs. task-specific
factors is worthwhile because the subject has special relevance lo the design of
instructional programs. As seen in Table 17, the initial intelligence measure
is of decreasing value as ua predictor of succeeding criterion performance.
Conversely, the successive criterion test data and level-of-aspiration measures
increased in predictive value. These findings suggest {as does Bunderson, 25)
that a general intelligence (or reascning) factor may be of greatest importance
only for early stages of instruction. Thus, in constructing instructional models
for optimizing a student's path through a course, the implication is that weight-
ing for general and task-specific factors should be differentially assigned and
continually checked (to decrease the former._and increase the latter) at appro-
priate cheoice-peoints during instruction.

PRACTICAL POTENTIAL OF THE PROGRAMED COURSE

Relationship of Content to the Parent Army Course

In order to evaluate most appropriately the practical potential of the pro-
gramedcourse, it would be desirable to be ableto state the number and percentage
of hours covered relative to that required by the total ADPS programmirg course
presented at the Signal School. However, because the material selected was
chosen to represeni the basic fundamentals of computer programming and
because the authors' frame of reference for organizing did not necessarily
coincide with that used by the instructors in the ongoing course, it would be-
extremcly difficult to try to represent the finished programed instructional
product in this manner. As an aliernative, it may be helpful to examine the
relationship between the conceptual material presented in the programed
course and in the total ADPS course at the Signal School.

Concepts covered in the programed course deal with internal data handling
of the central processing unit (CPU). Also included is materialondesk-checking
and flow-charting. Neo input or output instructional materials were included.
The number of commands included (11) represent roughly 27% of those in the
parent course dealing with internal data manipulations. Viewed in terms of the
proportion of such conceptual categories represented, the programed course
includes approximately 50% of those given in the ADPS course. Finally, if the
basic logic of internal data handling is considered (i.e., within the CPU), the
programed course includes virtually the entire content. Thus encompassed are
ihe simple movement of data from place to place in storage (althoughnot without
moving to an intermediate central location), arithmetic operations, comparing
and sorting (general use of the loop cqncept), and some sophisticated program-
ming techniques (e.g., use of index registers). All except the last categorywer2
involved in the experiments conducted with the programed course.

Administration, Motivation, and Population Factors

Certainly the large percentage of dropouts among the volunteer subjects in
Experiments 1B and 2 (57%) prevents a firm conclusion about the practical
potential of the programed course. That motivational factors as well as course
difficulty might have been the cause for the number ofdropouts was supported by
the level-of-aspirationdata (the differences in realistic expectationbetweenthose
who dropped out and those who remained in the course} and the importance of
the stimulus support (prompting or confirmation} factors as determinants of
tendency to drop out.




A further comiplication to detcrmining the course's practical potential was
the fact th.t the administrative conditions under which the course was given
werce not those which obtain in the real world, whether it be in an Army school
or a civilian school setting. Specifically, the students were volunteers and
reccived no incentive in the larger study (Experiment 113 and 2) except a
certificate at the endof the 14-week courseindicating proficiency in the HumRRO
computer programming fundamentals course. 1In Experiment 1A, on the other
hand, ihe students met for three successive afternoons for a maximum of four
hours per afternoon and were paid for their participation. Interestingly enough,
these students performed better than did the other high school students in
Experiments 1B and 2 in the comiparable portion of the course.

IPinally, the students in the large-scaie study may not have been as intel-
ligent g5 the target population of Army students (the mean ACB CL score of
the high school students was 96, whereas the Army requirement for acceptance
in the ADPS Course is 110).

After the large-scale experimentation, it was decided to investigate Turther
the possible contribution of motivation, administrative procedures. and course
difficulty to outcome by administering the course to a sample of enlisted person-
nel at Fort Gordon, Georgia {(N=25). Such men presumably would be more
representative of the target population for whom the course was originally
constructed. The men chosen for the experiment had just finished a teletype
operator’'s course (MOS 723)'and were waiting to be shipped to their duty
assignments. They were given six hours of instruction per day for five suc-
cessive days. Their incentives were ball-point pens and cigarettes, aliocated
according to degree of proficiency. As in the large study, roughly half the stu-
dents failed to complete the course, although again the general attitude on the
part of the students toward the course materials was favorable. They felt that
they would like this kind of course presented with the aid of an instructor. As
in the larger study, the ACB CL scores of the dropouts were virtually identical
to the scores of those who finished the course.

lnstructional Effectiveness

When attempting to evaluate the instructional effectiveness of the course,
one must keep clearly in view the fact that the primary purpose of the overall
study was to investigate a wide range of training techniques. Thus, it would be
expected that only a few of the combinations would yield adequate proficiency,
particularly as the training materials and criterion requirements became more
complex. Thus, although the Duncan Range analysis (Table 10) appears to show
very poor performance on the most complex portion of the course (Part V), the
combination of lowest degree of stimulus support (especially (% confirmation)
still yielded a criterion mean close t¢ 50% correct. The medians of the zero
confirmation conditions (N=79) showed 81% correct on Part 1II; 73% on Part
1V: and 48% on Part V. A further breakdown into variety or no-variety and
degree of prompting as well as interactions with the treatments of Experiment
1B is not valuable since the number of subjects within each of these smaller
groups would be much too small to yield meaningful data, Nevertheless, one
can make a reasonable inference that at least some of these combinations would
lower the median score for the entire 0% Confirmation Group averaged across
all of these conditions.

Yinder the carrent MOS structuce. the teletype operator’s title is Communications Center Specialist. and

his MOS is 7213,

39



The tentative inference, then, is that the instruction was effective, but
because of the overriding experimental goals of the study, coupled with the
other factors noted herein, no exact statement is pessible. Although no hard
data are available on attitudes, it has beenthe impressionof the course adminis~
trators and proctors thal general reuctions toward the programed instructional
nature of the materials were favorable.

While it seemed apparent that revision was required to simplify the course
material, it was not completely clear that motivational factors could be ruled
out as contributory to the resulting performance of the experimental students.
One final point with regard to the contribution of administrative procedures to
performance should be made. Because cxperimental control over student read-
ing of the materials was of primary interest, all students were required to read
one page at a time and not to turn back to previous sections whenever they were
in difficulty. Obviously in a practical setting, the opportunity to review material
already covered would be desirable. If in the experimental setting it would have
been possible simply to measure the number of times a student returned to a
previous page or, for that matier, turned ahead to other pages, it would have
been perfectly acceptable to allow it. Because of the need for experimental
control, however, and the impossibility of measuring the review the student
might do, it could not be permitied.

FINAL REVISION OF THE COURSE

As a result of information obtained from the experimental situations, the
materials were simplified and certain format features were added. The final
version also incorporated implications from the experimental findings and the
course was then completed by including a section on the use of index registers
as the most complex portion of the instruction.

Description

In the revised course, the entire context remains oriented toward the writ-
ing of computer programs. That is, a concept is introduced and then a problem
incorporating this concept is presented for the student to program. These
problems were taken from actual computerprogramming problems encountered
on the job. It is this problem-oriented approach in the course that makes it
rather different from most of the other programed booklets available.

Before each concept is presented, the student is given a preview of things
to expect. Then, as he is introduced to the concept, he is given short completion
questions with the answers in light type on pages opposite the qQuestions (see
Appendix C for sample pages). The problems to be programmed appear in a
box-like format and the student is expected to answer the problem. whenever
possible, without looking up the answer first. At the end of each section, the
student is given a review and then led on to the next set of concepts.

As was noted previously. because a secondary objective of the research
was to produce a programed course-available for use by the Army. the reper-
toire of commands and the symbelic language in which the computer programs
are written have been chosen from material previously used by the Army to
teach students how to program the MOBIDIC computer. The language—the
FIGLDATA Symbolic Language—notonly represents a setof symbols interpretable
by the MORBIDIC, but is sufficiently general that it largely applies to almost any
other computer and to the English language (the addresses).

The Introduction to the course provides an overview of the concepts of
computer programming and covers concepts of command and sample mnemeoenics,




adcress, the accumulator, memery locations, input and output, and computer
functioning. There are pericdic review materials and questions for the student
and, finally, a short sample program.

The course proper is separated inte lfour levels:

(1) Basic Operations {[ive sections), includes an introductionto storage
locations, the concept of a central work area, the movement of
numbers from place te place, and simple arithmetic operations.

(2) Basic Looping concepts are covered next (five sections), including
general transfer commands, counting the loops, leaving the loops,
and program preparation.

(3) Data Processing (lcur secticns) deals with address modification
and address arithmetic (effective addressing), sorting and counting
data into various categories, and muliiple address modification.

(4} Advanced Techniques for transferringdata are given{five sections),
including indexing.

In addition te writing many computer programs fellowing the completion of each
level, the student practices on problems within each section of the course.

Evaluation

The final revision of the course was administered successfully te seven
college freshmen and six high scheel seniors. Of the college freshmen, four
had scores of 90% or better on the final criterion test, two were in the high
80s, and one scored 77%. Median completion time was 28 hours, with daily
sessions self-paced and lasting from 3 to 5 hours. The high school students
scored slightly lower, 78% to 88%, with median course duration being 31 hours.
It should be noted that the two highest scores (88%) in the high school sample
were obtained by students in the bottom third of their senior class standing.
Again, the general attitude of the students toward the course was favorable
and they felt they had learned something that would be useful to them.

Apparently the revised version of the course was highly successful. 1t
can be anticipated that the instruction would be successful in a military setting
by wvirtue of the combination of experimentally effective training methods,
simplified content, and administration procedures normally employed in mili-
tary courses. However, no large-scale validation of the revised course to
establish proficiency and failure rates in a military setting was undertaken,
since this was net the principal purpose of the research.’

Suggested Utilization

The ultimate question is how the revised programed course could best be
utilized. The nature of the course content is such that it would be quite useful
for any officer or enlisted man who needs to have some familiarity with com-
puter programming, whether for administrative or supervisory duties or some
allied operation activity.

The adequacy of the self-contained aspects of the programed instructional
course has not yetbeen evaluated on alarge scale. However, sirce the structure
of the course is geared to actually writing computer programs—to learning by
doing—it should serve both as a vuseful intreduction to a full-scale ADPS pro-
gramming ccurse and as supplementary instruction fer students whe may be
having difficulties with those perticns of the course covered in the programed
instructional versien.

'One potentially useful finding related to predictor validily was the Fact thal the Verbal score on the

ACB correlated much higher with criterion pecformance (r- +.7} than the Clerical score (¢ .25}, The Army
now uses a combined (U1, score for course acceptance.
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Appendix A

SAMPLES OF COURSE CONTENT AND PROBLEMS
FROM EXPERIMENT 2

In these pages of sample course materials from Experiment 2, the material
below and eon the next two pages illustrates presentation of course content; the
next three pages present three problems typical of the practice and test prob-
lems given the studentis, and the {inal three pages show the answer sheets for the
three problems. These materials are from the Variety/Confirmation condition.

27  [in course]
Data Processing: MULTIPLE CATEGORIZATION

Either TRZ or TRN can be used to sort addresses into two categories. But
what if you want to sort into more than two piles? For example, suppose that
each address in a series has a 1, a 2, or a 3 in it, and you want to know how
many numbers there are of each type? The process is called multiple categoriza-
tion. Here is a sample set of instructions for the sorting portion of data
processing. Notice that it is the same type of sorting used in the subtract-
sort-and-count problems, but that it includes just one additional instruction--
the use of both TRZ and TRN.

CLA NUMBER
SUB  TWO

(1) TRN TYPE1 1If negative, the number was originally a 1
(2) TRE TYPE2 If zero after subtraction, the number was a 2

(3) cCcLa TRIO If the number in the Accumulator is neither a -1
ADD ONE nor a (b, it must have been a 3 before subtraction,
STR TRIO and can be counted immediately following sorting.

In other words, clear and add the number (copy it into the Accumulator)
and subtract a constant which will make it possible to branch on TRZ or TRN
(2 in this example).

1. If the number was originally a 1, subtracting 2 results in a -1 in
the Accumulator, which is a negative number. The TRN (TRansfer if Negative)
command then transfers the program down to Symbolic Location TYPE! where the
instructions which process the information coded by 1's is processed.

2. If the number was originally a 2, subtracting 2 results in a 0 in
the Accumulator, a zero. The TRZ command then transfers the program to
TYPEZ.

3. If the number was originally a 3, the remainder in the Accumulator
will be a +1, and instead of branching, the computer will perform the instruc-
tions next in order.
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(28) [in course]

Counter
preparation
0 items

A supply depot maintains a two-word Yes

record on each vacuum tube in stock, stored
in sequence relative to TUBE. The words
are cost and location. The first word is
coded with a 2 if the tube cost less than
$S, with a 3 if it cost between $5 and $10,

or with a 4 if it cost more than 3$10.
Write a program to determine the number
of tubes in each category. Store the
answers in LOCOST, AVCOST, and HICOST.
The total number of tubes in stock is
in TOTURE, which can be saved for the
loop counter by storing in temporarily
in COUNT.

Notice that data processing
requires (1} subtraction of a constant,
(2} sorting with both TRZ and TRN,
and (3} TRU instructions to the test
for completion after both types of
addresses counted at the end.

Preliminary Description

Prepare COUNT
Zero LOCOST, AVCOST, and
HICOST

Subtract and sort:
REPEAT CLA TUBE

SUB THREE

TRN LOW

TRZ MEDIUM

Count }'s:
add 1} to HICOST and store

LAST test COUNT for completion

modify TUBE
{add 2 to REPEAT)
TRU REPEAT

Count -0's:
MEDIUM add 1 to AVCOST and store
TRU LAST

Count -i's:
LOW add 1 to LOCOST and store
TRU LAST

STOP HLT

clean out
garbage

>y

CLA address
SUB constant

sort: is
remainder
negative

Yes

sort: is
remainder

2ero
?

Yes

count posi-
tive numbers

comple=
tion test:
all items
counted

address mod.

- Count zeroes
] TRU completion [

TRU loop

count nega-

tive numbers -
TRU completion




10

It

CLA
TRZ
STR

CLA
STR
STR
STR

TOTUBE
STOP
COUNT

ZRO

LOCOsT
AVCOST
HICOST

REPEAT | CLA
SUB
TRN
TRZ

TUBE
THREE
LOW
MEDIUM

CLA
ADD
STR

HICOST
ONE
HICOST

LAST | CLA
SUB
STR
TRZ
CLA
ADD
STR

TRU

COUNT

ONE
COUNT
STOP

REPSAT
TWO
REPEAT

REPEAT

Low | CLA
ADD
STR

TRU

LOCOST
ONE
LOCOST

LAST

MEDIUM | CLA
ADD
STR

TRU

AVCOST
ONE
AVCOST

LAST

STOP HLT

would be a good idea to

28 [in course]

First we prepare the loop counter to be used later
in the test for completion by checking TOTUBE to
guarantee at least one tube and storing it in COUNT.

Since no other number needs to be saved for compu-
tation, we next '"clean out garbage" from all
locations to be used for storing answers by replacing
any numbers that might be there with zerces.

Since the word indicating the tube's location con-
tains a 2,:3, or 4, we subtract 3 to make the
numbers -1, 0, and +1. After the subtraction, a -1
remainder indicates a LOCOST tube, which the TRN
command will detect and transfer the program down
to Symbolic Location LOW, where these tubes are
counted. Similarly, a 0 indicates an AVCOST tube,
which the TRZ command will pick up.

If the number was neither a -1 nor a 0, the TRN and
TRZ commands will not transfer the program. The
remainder must have been a +1, indicating a HICOST
tube.

TOTUBE contains the total number of tubes to be proc-
essed, but since we wanted to save that number, it
was copied into COUNT, which we now use in the test
for completion.

Since each tube has a two-word record, we must add
2 in address modification to pet to the address
containing information on cost for the next tube.

Having reached the bottom of the loop, we transfer
back up to begin processing of the next tube,

The TRN command detected a -1, which means that the
number was originally a 2 (before subiracting 3),
and a 2 was the code number for a low cost tube.

Since the program branched out of normal order, we
must transfer back up to finish out the loop.

A 3 in the word indicated an averape cost tube. Sub-
tracting 3 made it a 0, which the TRZ command
detected. Having picked up an AVCOST tube, we count
it here.

All tubes must be accounted for in the test for
completion, whether they are counted right after
the subtract-and-sort or down here at the end.

go over these two pages a few more times.
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29 [in course]

Problem 1

The Base Electronics Warehouse wants a program that will count the
nuniber of tubes used in January of last year and the number used in February.
The results are to be stored in JAN and FEB.

The words for each tube are in memory starting at location VACUUM. The
words are: part number, date received, shipment number, manufacturer, date
tube was used, and place tube was used. TUBES contains the number of vacuum
tubes in the warehouse. The month in which the tube was used is coded by
number: 1 for January, 2 for February, 3 for March, and so on.

Locations CON) and CON2 contein constants of 1 and 2, respectively.

No other constants are available. Use HOLD as temporary storage for TUBES.

Use both the TRZ and TRN commands in writing this program. Write
your preliminary description at the left first, paying special attention
to the data processing portions.

Write the complete program below:

COMPUT

LAST

MONTH1

MONTHZ

5TOP

Turn to Page 32-1 for the correct answer. (Appendix-76)}




29A [in course]

Problem 2

Post Personnel wants a program that will count the number of men who
have been in Alaska and the number who have been in Asia. The results
are to be stored in ALASKA and ASIA.

The words for each man are in memory starting at location TROOPS. The
words are: serial number, rank, dependent status, assigned unit, last over-
seas area, and MOS. POST contains the number of personnel on Post. The
overseas area is coded by number: 1 for Alaska, 2 for Asia, 3 for Europe,
and so on.

Locations K1 and K2 contain constants of 1 and 2, respectively. No
other constants are available. Use SAVE as temporary storage for POST.

Use both TRZ and TRN commands in writing this program.

Write your preliminary description at the left first, paying special

attention to the data processing portions.

Write the complete program below:

MODIFY

DONE

NORTH

SOUTH

STOP

Turn to Page 30-2 for the correct answer. (Appendix-77)
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208 [in course]

Problem 3

A business firm wants a program that will count the number of men
who scored between 91 and 100 on a screening test, and the number who
scored between 81 and 90. “The results are to be stored in EXCEL
and GOOD,

The words for each man are in memory starting at location TEST.
The words are: title, salary, dependent status, branch, test score,
and health. MEN contains the number of men in the firm. Test scores
are coded by number: 1 for 91-100, 2 for 81-90, 3 for 71-80, and so on.

Locations ONE and TWQ contain constants of 1 and 2, respectively.
No other constants are avaiiable. Use KEEP as temporary storage for
MEN. Write your preliminary description at the left first, paying
special attention to the data processing portions.

Write the complete program below:

CHANGE

OVER

FIRST

SECOND \

STOP

Turn to Page 33-1 for the correct answer. (Appendix-78)




30-2 [in course]

Answer to Problem 2, Page 29A

Post Personnel wants a program that will count the number of men who
have been in Alaska and the number who have been in Asia. The results
are to be stored in ALASKA and ASIA.

The words for each man are in memory starting at location TROOPS. The
words are: serial number, rank, dependent status, assigned unit, last over-
seas area, and MOS. POST contains the number of personnel on Post. The
overseas area is coded by number: 1 for Alaska, 2 for Asia, 3 for Europe,
and s© on.

Locations K1 and K2 contain constants of 1 and 2, respectively. No
other constants are available. Use SAVE as temporary storage for POST.

Use both the TRZ and TRN commands in writing this program. Write your
preliminary description at the left first, paying special attention to the
data processing portions.

This is the program:

CLA POST

TRZ STOP

STR SAVE

CLA ZRO

STR ALASKA

STR ASIA

MODIFY CLA TROOPS+4

SUB K2

TRN NORTH

TRZ SOUTH
PONE CLA SAVE

SUB K1

STR SAVE

TRZ STOP

CLA MODIFY

ADD X2

ADD K2

ADD K2

STR MODIFY

TRU MODIFY
NORTH CLA ALASKA

ADD K1

STR ALASKA

TRU DONE
SOUTH CLA ASIA

ADD K1

STR ASIA

TRU DONE

STOP HLT

Now continue your study with Page 29B. (Append1x-79)
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32-1 [in course]

Answer to Problem 1, Page 29

The Base Electronics Warehouse wants a program that will count the num-
ber of tubes used in January of last year, and the number used in February.
The results are to be stored in JAN and FEB.

The words for each tube are in memory starting at location VACUUM. The
words are: part number, date received, shipment number, manufacturer, date
tube was used, and place tube was used. TUBES contains the number of wvacuum
tubes in the warehouse. The month in which the tube was used is coded by
number: 1 for January, 2 for February, 3 for March, and so on.

Locations CON1 and CON2 contain constants of 1 and 2, respectively.

No other constants are available. Use HOLD as temporary storage for TUBES.
Use both the TRZ and TBN commands in writing this program.

Write your preliminary description at the left first, paying special

attention to the data processing portions.

This is the program:

CLA TUBES
TRZ STOP
STR HOLD
CLA ZRO
STR JaN
STR FEB
COMPUT CLA VACUUM+4
SUB  Cownz
TRN MONTHI1
TRZ MONTH2
LAST CLA HOLD
sug  CONl
STR HOLD
TRZ STOP
CLA COMPUT
ADD CONnZ
ADD CoON2
ADD  (ONZ
STR COMPUT
TRU COMPUT
MONTHL CLA JAN
ADD  CON1
STR JAN
TRU LAST
MONTHZ CLA FEB
ADD COnl
STR , FEB
TRU LAST
STOP HLT

Now continue your study with Page 29A. (Appendix-80)




33-1 [in course]

Answer to Problem 3, Page 29B

A business firm wants a program that will count the number of men who
scored between 91 and 100 on a screening test, and the number who scored
between 81 and 90. The results are to be stored in EXCEL and GOOD.

The words for each man are in memory starting at location TEST. The

words are: title, salary, dependent status, branch, test score, and health.

MEN contains the number of men in the firm. Test scores are coded by num-
ber: 1 for 91-100, 2 for 81-90, 3 for 71-80, and so on.

Locations ONE and TWO contain constants of 1 and 2, respectively. No
other constants are available. Use KEEP as temporary storage for MEN.
Write your preliminary description at the left first, paying special atten-
tion to the data processing portions.

This is the program:

CLA MEN
TRZ STOP
STR KEEP
CLA ZRO
STR EXCEL
STR GOOD
CHANGE CLA TEST+4
SuUB TWO
TRi FIRST
TRZ SECOND
OVER CLA KEEP
SUB ONE
STR KEEP
TRZ STOP
CLA CHANGE
ADD TWO
ADD  TWO
ApD  TWO
STR CHANGE
TRU CHANGE
FIRST CLA EXCEL
ADD ONE
STR EXCEL
TRU OVER
SECOND CLA GOOD
ADD ONE
STR  GOOD
TRU OVER
STOP HLT

Now continue your study after Page 29B. {Appendix-81)
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Appendix B
LEVEL-OF-ASPIRATION SCALE

Name

Before you continue your instruction, tell us what percentage you think
you scored on the test you Just completed: Make an X on the line for your
estimate. The numbers are only guides. For example, if you think you scored
99%, your X would be close to the end of the line.

50% 90%
T I N A R O A
J R N EN B R B

Now tell us what score you think you will make on the test in the next
section: Remember, make an X wherever you think you will score.

50% 90%

R N
T T T T T [ T 1

DON'T FORGET YOUR NAME AT THE TOP QF THE PAGE {Appendix-82}




Appendix C

SAMPLES OF REVISED COURSE FORMAT

The samples in this appendix illustrate the content and format used in the

final revised version of the course. The first three pages are excerpts (non-

continuous) from the co'rse, showing presentation of instructional content with
six practice problems. The following two pages are excerpts from the separate
answer booklet, showing the answers io the six problems.

Q

ERIC

Aruitoxt provided by Eic:

A A A A LR S A A A S A AR A e
Problem 1.1. There are two kinds of wvacuum tubes in an

inventory, 6SN?7 tubes and 6AQ6 tubes. Write a program
to compute the total value of both kinds, placing the
answer in TOTAL. The number of 6SN7 tubes is in STOCK1.
The number of 6AQ6 tubes is in STOCK2Z. ‘Temporary stor-
age will be TEMP and TEMP4l. The cost of a 6SN7 is in
VALUE and the cost of a 6AQ6 is in VALUE+4l. Store the
total worth of 6SN7 tubes in VALSTK and the total worth
of 6AQ6 tubes in VALSTK+l. Assume at least one tube of
each type. There is a 1 in KOM. If you have ¢ to, use
COMPUT as symbolic location for the first looping pro-
gram, NEXT for the second, and SUM to get the total of

both. 1Use asterisks wherever possible.
b’ " A A A A A A A A A AR A A A A A

A AR A A A A A
F o ]

AL A A S L A A A A A A A A A A\
Problem 1.2. This problem ig like the preceding one,

.except that the number of each type of tube is not known. .

.Instead, each tube has information on its type stored
relative to TUBE. Each location in the series has’ either .

. alor aO--alto indicate a 6SN7 tube, and a 0 to mean

a 6AQ6 tube. The total number of all tubes is in STOCK,

which can be saved in TEMP. Assume at least one tube.
Use NEXT for sorting, LAST for the test for completion,

‘ and COMPUT for computation outside the loop. Use aster-
isks wherewver possible. VALSTK and VALSTK+1 will not be
needed. You can add VALUE into TOTAL in one subroutine

and VALUE41l into TOTAL in ancother.
A A A A LA .,

Symbolic Locaticons with Address Arithmetic

Tracing out a program that uses asterisks becomes a
little difficult, especially for someone else, when
the skips are much greater than 9 instructions. In
these situations, you are better off using a symbolic
location with address arithmetic.

TRU DONE+42 means, "Transfer to the instruction two
steps after symbolic location DONE."

What instruction would be performed after TRU O0K-1 below?

CLA THIS
0K  STR THERE
TRU 0OK-1
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" Review: ‘therc are three ways to transfer to an instruc-
tion or to refer to it for address modification: {1) by
using' its symbolic locution, as in the past; (2) by usifig
an_asterisk and the number -of its position in refation
to the'instruction containing the as#erisk; and (3) by
using a symbolic location and the number of the instruc-

“tion's position in relation to that symbolic location.
For example:

[ ]

LOOP  CLA THIS CLA THIS . CLA THES
STR THAT STR THAT  LOOP “38TR THAT |
TRU LOOP . . TRU *-2 " TRU LOOP-1

Use as few symbolic locations as possible in the fol-
lowing problems by (i) using the * for transfer of 9
steps or less, and (2) address arithmetic relative to
a symbolic location for transfers of more steps.

[ F F F F F F L g
Problem 1.4. There is information about the ages and
ranks of enlisted men and officers starting at loca-
tion INFQ, in the following three-word format: enlisted
man or officer, age, and rank. The first word is coded
with a + to indicate an officer, or a - to indicate an
enlisted persennel. Count the number of enlisted per-
sonnel in location TOTEM. The total number of personnel
is in location MEN. A constant of 1 is in K1 and a con-
stant of 3 is in K3. Use EM as symbolic location for
counting. Use DATA to modify the record to be processed.
(The + and - signs can be considered the same as posi-
tive and negative numbers.)

A A O A A A A A A A A A

A A A A AN S S
A L A SN T A A

v\ L P2 LLL LS Ll LFI T
Problem 1.5. Headquarters wants to know the number of
. Second Lieutenants eligible for promotion to First
Lieutenant at the end of this month. Eighteen months
active duty in grade are required for promotion from
Second Liesutenant to First Lieutenant. The data for
officers are stored in S-word records as follows: rank,
serial number, months in grade on active duty, MOS, and
assigned unit. Ranks for officers are coded by 1 for
Second Lieutenant, 2 for First Lieutenmant, and so on.
The records are Kept relative to RATING. PERSON contain
the number of personnel. This pumber is not to be
destroyed. Store it temporarily in HOLD. Assume at
least one officer. An 18 is in TIME, a 1 is in KON, and
a 5 is in K5. Store the number of elipible officers in
UP. Use RANK to modify addresses referring to rank,
LAST for the completion test, and SECOND for instructions
referring to time in grade if the officer is a Second

Lieutenant.
A A S A A A A A A

N S S L A AR S A A
wl
Fo
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In effcet, ADD  DATA,IR2 says to copy DATA into a
special temporary location (IR2) and there ndd to it
the contents of that location (IRZ). As IR2 contiins
the number 1, DAFA+]l results. Thus, the complete
instruction says the same thing as: ADD  DATA+1.

. Problem 2.1. Write un instruction that says the same
thing as <"1 COST+1.  ndex Register 3 contains the ‘
ki .

‘ Problem 2.2. Write an instruction that says the same .
thing as STR BOOK+2Z. TIndoes Register 1 contajns the ‘
!'number 2. .

A A A A A A A A A AT A A A A .

The Comma

Why the comma?

It is needed to scparate two address fields, the
one that we have been using all along and a new one
that is used in indexing.

Up to now, you have been working with symbolic loca-
tion fields, operational codes (the commands), and a
single address field. For example:

Symbolic Location Op. Code Address Field

REPEAT ADD COST

The address field you have been using is called the
First Address Field. All addresses that we have used
previously appeared in the First Address Field.

Indexing uses another address field, known as the
Second Address Field. And, thus, the comma. Anytime
more than one address field is used, a comma is required
to keep them separated. Hence, the comma:

ADD DATA, IR2

What is the address field for DATA in the instruction
above? IR2?
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ANSWERS TO PROBLEMS OF PHASE III: DATA PRICESSING

Problem 1.1.

CLA
ADD
STR

Problem 1.2.

CLA
ADD
STR

Probiem 1.4.

CLA
STR

REPEAT CLA
ADD
STR

CLA
ADD
STR

TRU

Problem 1.5.

CLA
STR

AGAIN CLA
ADD
STR

CLA
ADD
STR

TRU

REPEAT
ONE
REPEAT

HUBERT
DIGIT
HUBERT

ZRO
FINAL

VALUE
FINAL
FINAL

REPEAT
K
REPEAT

REPEAT

ZRO
EVERY

COST
EVERY
EVERY

AGAIN
TWD
AGAIN

AGAIN

Change VALUE to VALUE+) so that on
the next loop VALUE+T will be added
into FINAL.

COST is modified to COST+2 for the
next loop.



Problem 2.1.

CLA ZRO
STR BONUS

CHECk  CLA PUSH Copy in a number.
TRZ TEST If it's a zerd, skip to the test for

completion.

CLA BONUS If it's not zero, count the salesman
ADD UNIT here; he must have made at least one
STR BONUS sale.

TEST CLA MEN
SUB UNIT Test for completion.
STR MEN
TRZ STOP
CLA CHECK
AOD UNIT Address modification.
STR CHEEK
TRU CHECK ‘Looping.

sTopP HLT

Problem 2.2.

CLA MEDICS CLA MEDBICS
STR TEMP STR TEMP
CLA ZRO CLA ZRD
STR CALLS STR iALLS

AGAIN  CLA DOCTOR AGAIN _JCLA DOCTOR if not zero
TRZ OUT TRZ OUT
CLA CALLS ) CLA CALLS
ADD ONE ADD ONE
STR CALLS if zero STR CALLS

L

ouT CLA TEMP ouT A TEMP
SUB ONE SUB ONE
STR TEMP STR TEMP
TRZ STOP TRZ STOP
CLA AGAIN AGAIN
ADD ONE ADD ONE
STR AGAIN STR AGAIN
TRU AGAIN

SToP HLT STOP HLT
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