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FOREWORD

The Baldwin-Whitehall Public Schools of suburban Pittsburgh have
been cooperating with institutions of education for many years. Our work
with universities and colleges ariscs from our fundamental belief that
innovations in education can most fruitfully deveiop from this kind of
association. 1t is the important role of school boards and school admin-
istrators to become alert to new educational developments and also to
sensitize researchers to a school syétem's requirements for research and
development.

Dundng the 1961—62 school wear, the decision was made to study the
effectivehess and impagt of the n:w programmed instruction in our schools.
A series of studies was 1nstituted at all levels from elementary school
through high school. However, only the work which we thinit will be of the
most wide-spread interest is described in this report.  In general, we
learned some things about this new educational tool. Specifically, we
found that the principles of programmed instruction were useful concepts,
but that particular programmedAinstructional materials have to be evaluated
on the basis of their own merit, which is in fact a principle of the pro-
grammed instructional procedure itself.

Most significantly, the use of programmed instructional materials
with their emphasis on individualized learning awakened within us the
educator's long-time goal of producing innovations in education that would
permit a system which would be highl, adaptable to individual student needs.
We are pursuing this with the Learning Research and Development Center at
the pregent time. As indicated in the Preface, the studies reported hers
served as a prelude for our present projecte with the Ceater.

In my role as Superintendent of the Baldwin-Whitshall School Systes,
I must acknowledge those individuals wiio particularly encourage 2 climate




of innovation and who are particularly helpful in carrying out our contin-
uing quest for quality in education. These people include Dr. J. Steele
Gow, Jr., Dr. Warren D. Shepler, Dr. J. Ernest Harrison, Mr. Arthur D,
Jeffries, and Mr. Howard F. Phillips.

Dr. W. Robert Paynter
Pittsburgh, Pennsylvania
May, 1966
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PREFACE

During the school year of 1963-64, the L.arning Research and
Development Center and the Baldwin-Whitehail Public Schools of suburban
Pittsburgh initiated an experimental project to investigate the feasi-
bility of a system of individualized instructicn in an entire E:p school.
This came about as a result of a series of prior exploratory studies,
begun in 1961-62, designed to test preliminary noticns on a smaller scale
and in single classrooms. The work started with the use of programmed
instruction in an intact classroom, the intact classroom being defined as
& classroom unit in which the teaching practices were oriented around the
conventional grade-by-grade progressior. of learning.

As work proceeded, it soon became apparent that the significant
individualization feature uf programmed instruction could not be manifested
urless ;he intact classroom changed its organization to permit a more
flexible progression. As a result, a second set of studies was instituted
to use piogrammed instruction and other materials in a more flexible con-
text. Out of this experience grew th: Individually Prescribed Instruction
Project currently in progress, in which various combinations of instruc-
tional materials, including programmed waterials, special workbook and
test procedures, and teacher practices, are being used for the purpose of
adapting to individuz! student requirements.

Part One of this report describes the initial work on the use of
programmed material in the intact classroom: Chapter 1 describes specific
studies in arithmetic and spelling; Chapter 2 describes the investigation
of student variables such as attention, attitudes, and aptitude; and
Chapter 3 describes a sociologist's study of some of the unanticipated
consequences of an educational innovation on supervision, the teacher, and
school organization. Part Two, which consists of Chapter 4, describes
exploratory studies in the individualization of iunstruction in flexible
classroom contexts. '
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Primery acknowledgement for the completion of these studies goes .
to the Baldwin-Whitehall teaching staff and the principals of the various
schools involved. Over the course of the studies, all of which are not ’

v

reported here, more thean fifty teachers and iwo thousand students partici-~
pated.

Particular acknowledgement must go to the senior administrators of

the Baldwin-Whitehall Publié Schools: W. Robert Paynter, Superintendent,
Warren D. Shepler, Assistant Superintendent in Charge of Instruction,* and
J. Ernest Harrison, Director ¢f Curriculum and Research.** The foresight
of these men has been a constant source of encouragemerit for the work of
the Center.

‘ Mr. Jack R. Fisher coordinated the conduct of the studies and data-

\ collection procedures. He also supervised the writing of supplementary
teacher materials and prepared preliminary drafts for the writing of this
report. During 1961-62, Mr. Theodore A. Harakas monitored the conduct of
the studies and contributed to analysis of the data.

*Now Assistait Superintendent of the Harrisburg Public Schools in
Harrisburg, Pennsylvania. : %

**Now Assistant Superintendent in Charge of Instruction of the
Baldwin-Whitehail Public Schools. ‘
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GENERAL INTRODUCTION AND IMPLICATIONS

The most useful introduction to this report would seem to be a
description of findings and observations which have broad implications for
future studies on instructional procedures in the classroom. Details,
specific data and elaboration of conclusions are to be found in the body
of the text. The motivation behind the series of studies carried out was
to examine student instruction and achievement in basic subjects taught
largely by programmed instruction in the elementary school and to suggest
what this examination might mean for the improvement of instructional
practice and for the improvement of research methodology on classrcom
learning. The work presented in this report generally suggests the fol-
lowing with respect to the student, the teacher, and research methodology.

Student Learning and Achievement

1. The student can obtain more information and knowledge than he
presently obtains. When the time of a lesson period is kept constant
and additional individualized instruction is added, extended learning in
advanced topics can be provided. The time for this extended learning takes
away from extra practice in regular work, but test results ghow that the
advanced work is learned without detriment to the usual grade level attain-~
ment. Also, with carefully programmed material, practice and review
carried out at the beginning of a school year can be accomplished in a
shorter period of time than usual.

2. Generalized measures of intelligence are not necessarily related
to student's tested achievement. The relationship of intelligence to
achievement depends on the instructional method employed. With effective
individualized instructional procedures, aptitude and intelligence meas-
ures may be more related to rate of learning than measured achievement in
@ particular unit of learning.

3. The variability of progress and the differential accomplishment
of students indicate the urgency for the development of systems of instruc-
tion which adapt to the individuality of the student. Students differ over




a very wide range with respect to the amount of time they require to attain
mastery of a learning unit. Furthermore, when students are pretested on
the contents of a lesson prior to instruction, a significant number of stu-
dents show knowledge of what they are about to learn or the absence of

adequate prerequisite knowledge)and skills.

4. Self~-instructional activities using programmed materials ap-
parently maintain student attentiveness. Observations of sciudents during

courses of programmed instri:tion indicate no increase in boi:dom or in-
attention.

Teachers and Supervisors

5. The use of programmed materials makes difficult the usual pro-
cedures that supervisors carry out to obse:ve classroom instruction. The
supervisor is accustomed to observing daily or weekly lesson plans and ob-
serving the teacher working with the class as a group. With the use of
self-study materials, much of the lesson plan is built into the programmed
materials, and teacher activity with an entire class of students is de-
creased. If procedures for the individualization of instruction are im-
plemented in a school, new thought must be given to the way in which su-

pervisors evaluate teaching effectiveness.

6. The usual structure of a school with its intact classroom makes
the management of individualized instruction very difficult for the teacher.
When programmed self-instructional materials are used which permit the stu-
dents to spread themselves out over a wide continuum of achievement, the
teacher must develop techniques to control this range. If the school or-
ganization does not change to meet the range of student achievement, it is
necessary for teachers to employ techniques which minimize the extent of
individualization so that they can perform their job as classroom teachers
effectively.

7. Most current pedagogical procedures taught in schools of edu-
cation instill teachers with a need to hold the attention of the student
and to conatantly mediate between the student and the subject matter. 1In

contrast, self-instructional procedures preclude certain teacher activities




of this kind and give the teacher the feeling that he is really not teach-
ing. As a consequence, teachers may frequently modify the use of self-
instructional materials to permit “real teaching" to occur. The new role
that the teacher must learn in individualized instruction is one which
enphasizes more detailed evaluation of student performance. This requires
more detailed prescription and guidance based on this evaluation than is
the case in standard teaching. This role can be a highly professionsl and
demanding part of the teacher's time and requires appropriate teacher
preparation.

Research Methodology and Evaluation

8. When studies of individualized instruction are compared with

the hard-to-define variable called "standard instruction,"” the results ob-

tained in this report and in previous studies in the literature gshow a gen-
eral pattern: self-inetructional programs result in student achievement

which is about the same or better than standard instruction; few spectacular

differences have been shown hére, and indeed in the history of recent inno-

vation in classroom instruction. A number of hypotheses can be suggested

to explain this; one hypothesis which has been suggested in the course of

this work is the inadequacy of measuring instruments for subject-matter

achievement,

To some extent it seems that test construction procedures are
weighted against the display of the effacts of different experimental in-
structional treatments. In particular, published tests of subject-matter
achievement are constructed to have specified levels of item difficulty.
These levels of item difficulty permit the tests to differentiate among the
atudents in order to provide a discriminating measuring instrument; but
what artifacts are built into the test in order to previde levels of dif-
ficulty? Suppose a child might have mastered the multiplication of three-
place and four-place numbers; when an appropriate sample of items is em-
ployed to test him, the student should get most of them right or most of
them wrong if he has mastered the appropriate skill. It is conceivable

* that procedures for buildiag difficulty levels into tests oppose the
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clear-cut measurement of subject-matter mastery and add an additional di-
mension to the test. 1In order to provide differential difficulty, features
are brought into the test which require incidental learning ou the part of
the student. This incidental learring may be relevant or irrelevant to the
subject-matter objectives at hand, but this incidental learning may not be
irrelevant to general intelligence. It can be hypothesized that selecting
item difficulty levels for a test in order to make it more discriminating
makes it more a measure of IQ and thus lessens the relevance of the test

to the effect of the instructional treatment which teaches a particular
skill. Once multiplication of two-place numbers is taught effectively, what
kind of difficulty levels are appropriate for measuring performance on this
task: Should this measurement include the ability to transfer this learned
skill to work problems and to new situations? If so, should this ability
be taught or should it emerge as a function of géneral intelligence? A
suspicion growing out of the sequence of studies in this report is the
necessity for careful analysis of achievement measurement procedures which

are relevant to the experimental comparisons being undertaken.

9. End-of-course achievement examinations may be only one aspect,
and a minor one, in the measurement of student achievement. "Learning" of
the fundamentals of the subject-matter areas may be only superficially
tested by end-of-course performance. The deeper effects of instruction
should show up in long-term mweasures of the recall of knowledge in appro-

priate situations or in the ability to relearn a skill prior to its reuse.

10. In general, the implications of the use of programmed instruc-
tion in the classroom are the following: (a) Procedures need to be de-
veloped to permit the effective management of individualized progress;—

(b) Individualization procedures will include detailed diagnostic assess-
ment of student capability of the basis of which instructional plans will
be developed for him; (c) Research and development effort must be devoted
to methodology . the evaluation of educational achievement; (d) Tests of
student achievement should emphasize performance mastery and the subsequent
use and reuse of knowledge and skills. Normative comparisons among students
which do not specify the extent of mastery of subject-matter objectives may

be of minimal use for the improvement of teaching procedures.
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CHAPTER I

THE USE OF PROGRAMMED MATERIALS IN
ELEMENTARY ARITHMETIC AND SPELLING

Robert Glaser, James H. Reynolds, Margaret G. Fullick

Introduction

When the use of progrismmed instructional materials is studied in a
school system, two different approaches to implementation can be considered.
One approach considers the concept of programmed instruction as a means for
individuslizing the instructional process. The other approach conceives of
the program as a reproducible event that can be euployed as s standard in-

‘'structional sequence around which certain variations in classroom procedure

can be effected.

| The first notion, that of individualization, is a primary assump-
tion behind the development of programmed instructional procedures. Ideal-
ly, programmed instruction is a means whereby the student can be provided
with instruction on the basis of kis particular requiresents. A tutorial
process is the analogy of the individualization process. The efficient
tutor determines in deta«ll the knowledge and skill that the student has
prior to instruction; he then begins instruction assuming only the compe-
tences that the student has shown. The instructional procedure is adjusted
for the student by the tutor according to the rate at which the student
learns, the kinds of forward steps the student can take, and the kinds of
experiences which the student finds rewarding and motivating for effective
attainment of subject macter skills.

Current use of programmed instruction has far from attained the
ideal of the individualization of instruction. At the present time, how-
ever, programmsed materisls and the concepts underlying them represent a
step toward the provision of ap individualized instructional environment
for each student: they can permit the student to learn at his own rate
and present him with the freedom to move shead or catch up depending upon
his mastery of the subject matter; they can also permit different students
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to study differant subject matters at the same time in the same classroom.
When programs are used with such individualization in mind, they obviously
necessitate restructuring of the intact classroom unit because different
students in the class will require different instructional conditions. Such
reorganization is considered desirable by many school administrators but

is a major problem for a school gystem where the unit of organization is
intact class groupings and yearly grade-by~grade advancement.

Within the intact classroom structure, experimentacion with pro-
gramred materials takes the form of treating the program as a standard in-
structional technique which can be used in variocus vays in the classroom
by manipulating certain aspects of the classroom instructional procedure.
In this way, the achievement of the class and the manipulation of class-
room teaching procedures become, respectively, the dependent and indepen-
dent variables for study.

For the most part, the introduction of programmed instructional
materials in the Baldwin-Whitehall Schools took place in intact classroom
groups. The programs used were those commerciaily available at certain
grade isvels, and the variations studied were essentially manipulations of
classrooz procedure. The studies reported here took place in the academic
year 1962-63 and with the exception of those in grade 9, represent attempts
to examine the use of programmed instructional materials within existing
classroom structures.

The Nature of the School System

The studies reported here have been carried out in the Baldwin-
Whitehall Public Schools, situated in a suburban residential area conti-
guous to the City of Pittsburgh. The population of the area represents a
cross-section of the metropolitan Pittsburgh area, ranging from skilled
will and industrial workers to executive and professional types. At the
time of the studies the physical facilities of the school system consisted
of one high school, two junior high schools, and 12 elementary schools
(kindergarten through sixth grade). The total student enrollment during
the 1962-63 term was approximately 8,000, with a classroom teaching staff
of approximately 375.

i S LRI it Lkl




The Questions Asked

The questions which were asked about the use of programs arose from
N primarily two sources: (1) variables studied in the psychologist's learn-
ing lsboratory that suggested a procedure for improving instructional ef- ]
fectiveness, e.g., the distribution of practice, and (2) problems arising
from general teaching practices and educational requirements, e.g., *he
neceseity for providing extended opportunities for learning (acceleration).
Sometimes both of these sources provide the background for a particular ex-
periment.

Studies were désigned to investigate the following kinds of ques-
tiona:

GCrade 1. Can simple teaching machines be used in the classroon
with young children beginning the first grade? What is the relative ef-
fectiveness of differasat teacher-program arrangements upon learniag? What
is the relative effectiveness of varying the distribution of daily work
with the program? What is the effect of prefamiliarization and post-
learning practice in the achievement resulting from programmed instruction?
At the end of the school year, do classes using programs in arithmetic
topics compare with classes not using such programs?

GCrade 4. What is the relationship between intelligence and use of
programmed instruction under certain conditions? How effective is pro-
grammed instruction for the review and acceleration of learning? What are
the effects of classroom surroundings upon learning from a program?

Grade 7. What is the effect of various combinations of programed
instruction and "enrichment" activity? Does prefamiliarization and an
overview of material tc be learned improve the effectiveness of progranmed
instruction?

Grade 3. How elfective is programmed instruction in providing the
opportunity for learning additional subject material?

Control Aspects

When specific studies are set up in an on-going school situation to
answer these questions, a number of variables must be considered which can

Aruitoxt provided by Eic:
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influence the data obtained. The influeiice of these variables must be .
considered in interpreting the results of the studies or must be controlled

in some way. The following aspects were of concern in the studies re-

perted.

The Quality of the Programmed Instructional Materials. With the

exception of one program constructed at the University of Pittsburgh, the

4

programs employed were commercially available from reputable program pub-
lishers. These publishers provided some evidence that the programs were

constructed according to good program development practices and were ef-
fective ihstructionsl instruments. This evidence was of informal nature,
since most program publishers at the present time do not provide manuals
giving detailed data on program use and validity. It is anticipated that
manuals similar to those accompanying nationally standardized tests, con-
taining the validation data obtained during the course 2f program develiop-
ment, will be made available in the future. Furthermore, standard cri- .
terion which publiskers can follow in the development of a program manual
are being developed by national committees (Joint Committee on Programmed R
Instruction and Teaching Machines, 1963).

The degree of effectiveness of the various programs, especlally
for the population of students participating in the separate studies, was
not specifically known prior to use, and the efficiency and effectiveness
with which they taught varied. The extent to which the effectiveness of
a8 program interacted with the particular study being carried out is dif-
ficult to assess, and the differences in this variable of instructional
quality was controlled only tc the exient that some impression vas availa-
ble about initial program constructior and subsequent development and use.

The Subject Matter. The subject matter taught by programs in the
present studies was selected on the basis of (a) availability for the par-
ticular grade levels involved and (b) subject matter requirements in terms
of student need, school requirements, and student-teacher-community accep-
tance as determined by the Baldwin-Whitehall school administrators. Of v
the eight commercial programs used, six pertained to arithmetic or mathe-

matics. This reflects the fact that a preponderance of programs available
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at this time were on mathamatics topics and that this 1s a topic readily
introduced into school systems in program form; the two other subject
matters were spelling and ganeral science. The extent to which the greater
number of programs in mathematics influenced the results of the studies
carried out is again difficult to assess.

Teacher Characteristics. Tn all of the studies, the teacher par-
ticipated, to a greater or lesser degree, in instruction in the subject
matter area involved in tiie program. As a result, teacher characteristics
could influence the data obtained. However, since intact classes were
used, teacher characteristics were controlled to the extent that at least
twe different teachers were involved in each of the experimental condi-
tions compared. This limited control had the effect of prcrenting any ore
experimental condition from dependence upon a gingle teacher. 1In addition,
all teachers participating in the various studies were chosen on the basis
of a positive (or at least a non-negative) interest in trying out pro-
grammed instructional materials. Prior to classroom introduction, teachers
participated in the development of the particular procedures to be used;
one teacher for each study at each grade level prepared a manual for all
teachers involved in that particular study. This manual consisted of a
day-by-day plan of the specific classroom activities that would be carried

out for the subject matter being studied. The exact manner in which the
program was to be used was specified, and teacher msterials for non-program
instruction were elaborated in detail. In this way, some standardization
of the procedures being studied was accomplished. In addition, a research
coordinator checked with the teachers several times each week in the course
of a particular study to iuéure that procedures were being carried out as
planned.

Student Ability. Past experience in the Baldwin-Whitehall Schools
has indicated that' differences among classes in intelligence levels and
previous subject matter achievement influence learning from programmed
instzuction. This is so despite the often-quoted claim that the individ-
ualization offered by programmed instruction will reduce the relstion-
ship between student attainment and measured intelligence to near zero.
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.There are a number of factors involved in assessing this statement which
have been discussed elsewhere (Glaser, 1963). The fact is that with the
programs use: and the manner in which they were used in the studies re-
ported here, such a relationship between aptitude and achievement does
exist. As a result it has been necessary in the separate studies reported
to control the classes compared on the basis of average intelligence and
achievement levels, and comparisons to assess the cffects of the indepen-
dent variables have required careful matching of class means in order to
draw appropriate conclusions.

Testing Procedures. Crucial to the assessment of experimeantal ef-
fects are the measures employed to test the dependent variable, student
achievement. In assessing the outcome of programmed instruction various
meagsures can be used, each of which has particular characteristics. Three
main types of measures can be distinguished. namely, program tests, teacher-
made tests, and nationally-standardized tests. Program tests are achieve-
ment tests which accompany the prozram and which the program publisher
considers an adequate sample cf student performance of the objectives
taught by the instructional sequence. Teacher-made tests are those tests
developed in cooperation with the classroom teacher and consist of items
representative of the educational objectives of classroom instruction.
Nationally-standardized tests are those commercially available achieve-
ment tests used by schaols to assess their instruction and compare them-
selves with national norms. All three types of tests were employed in
the various experimental studies reported. Where the program test was
not considered an adequate test of overall classroom objectives or of the
program itself, it was supplemented by a teacher test or a nationally-
standardized test. When a nationally-standardized test was used, agreement
was obtained from the teacher and school administrators that this test
was a satisfactory measure of their own course objectives.

Ceiling Effects. If in assessing experimental variations in the
classroom, a definitive test is established to indicate mastery of the
course objectives, then the objectives of instruction are to teach so

that students attain such msstery. This means that in successful instruction
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many students wiil obtain perfect scores and the distribution for a class
will be skewed in accordence with a ceiling imposed by perfect test per-
formance. If two different instructional treatments are given to two
different groups and both groups show many students with near perfect test
scores, there is then the question of distinguishing which treatment rep-
resents the more effective instruction. Factors other than etudent achieve-
ment, such as time taken to attain mastery, etc., must be considered. If
achievement is the only measure of concern, however, then the percentage
of students obtaining a perfect score, the average level of mastery or the
gain in mastery from pre- to posttesting can be used. A question might
always remain, however, with respect to how much more knowledge woulid have
been exhibited by students if the test did not have a mastery ceiling.

For example, if the objective of a course of instruction is £ Seach stu-
dents addition and subtraction with single~digit numbers, a mastery test
would measure just that skill, addition and subtraction with single-digit
numbers. However, it is justifiable to ask to what extent students can
extrapolate and transfer their knowledge to (wo- and three-place numbers.
The tests employed in the studies reported here are, for the most part,
tests with mastery ceilings and were used to assess the attainment of
specific mastery objectives. Sometimes testa of more general cbjectives
were employed which did not display ceiling effects. These were usually
nationally-standardized tests constructed go as to give a wide distribu-
tion of scores. As will be seen in the studies reported, assessments of
the various dependent variables are considered in the light of the
characteristics of the schievement tests employed.

Extrapolation of Laboratory Findings. As has been indicated, a
number of the studies reported involved variables suggested by laboratory
experiments. In general, the direct extrapoiation of a laboratory varias-
ble to actual instructional practice in intect classes runs many risks.
One is that in group experiments in the laboratory the differences between
experimental and control groups are ofter obtained under stringently con-

trolled laboratory conditions and it cam be expected that an effect of
small magnitude under such control conditions will be attenuated in the
conditions of the practical classroom. For the most fruitful interaction
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between the laboratory and instructional procedures in the classroom to
take place, a research and development sequence is required which passes |
through fundamental laboratory research, through development, through de~
sign and proving and field tryout (Gilbert, 1962; Glaser, 1964).

The Processing of Data

All data obtained on both pre- and posttests were punched on cards
and appropriate statistics obtaired on the University of Pittsburgh's IBM
7070 computer. In working with intact classroom groups, individual cases
are lost for a variety of reasons such as school transfer, absenteeism,
etc. In addition, cases were eliminated in the attempt to match the classes
compared, and the procedure whereby cases in the samples reported in this
chapter were selected need to be specified here. For the experimental
classes, no students were eliminated in any study because they obtained
an exceptionally high or low score on an independent variable. Students
were eliminated, however, if matching data on them were not available,

i.e., IQ data and Stanford test achievement scores. Students were also 3
eliminated if they missed more than one of the major subject matter post-

tests. Students who were repeating the grade, of which there were rela-

tively few, were not included in the study, and students who left the school

district during the year were not included. On the basis of these criteria,
approximately 4% of the students in a class were eliminated for any of the

above reasons.

Where data were missing on any one student, for example, only one
posttest, the mean of the call for the variable involved was usred to fill1
in the missing data for computer analysis. This procedure was used for
less than 1X of the data obtained.

In the control classes (receiving conventicnal instruction) no stu-
dents in the first and fourth grade were eliminated; in the seventh and
ninth grade study, students quite low in 1Q, below 90, were eliminated for
matching purposese. In the seveath grade, for matching purposes, students \
were eliminated if no Stanford Achievement scores were available at the be-
ginning of the year; these scores were not available becauge some students

entered the seventh grade from a six-year i—-ochial school.

"




. Arithwetic Topics in Grade 1

Cverview

) Three main studies were carried out at the first grade levei,
‘ using programs to present arithmetic topics that constituted a significant
portion of the firsi grade curriculum. These topics included learning the
addition and subtraction facts and learniug to tell time. In addition to
these two topics, a program which taught students to recognize and write
the numbers from 1 to 10 was used in an exploratory way. Selection of
topics was based primarily on the aveilability of program appropriate for
the first grade. Two of the programs were available comeercial ', and the
third (time-telling) was an unpublished experimental progran unde:going

development at the University of Pittsburgh.

’ Exploratory Study

The exploratory study examined the feasibility of precenting pro-
grammed instruction in a simple teaching machine on a group basis to six-
yeit—old children. The child entering first grade cannot read, is not yet
adept at following complex directions, and may not yet have developad the \
motor and perceptual skills required for such tasks as using a pencil, tumn-
ing machine knobs, loading a machine with programmed materials, matching
respongses te feedback stimuli, etc. The objective of the exploratory study
was to determine the effect upon learning when children in the first grade
were given programmed instruction in a format requiving the use of a simple
hand-operated machine.

Teacher-Program Coordination

The first more formal study (1A)1 was designed to assess the rela-
tive effectiveness of three methods of coordinating programmed instructicn

. lln this chapter, individual gtudies will be designated by a number

indicating the grade level and a letter indicating the specific study. Thus
(1A) is a designation for Study A (Teacher-Program Coordination) performed
at the Grade 1 level.
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with teacher inucruction. A program, unlike workbooks or other tools avail-
able for the teacher's use, is constructed so that it will teach new mate-
rial rather than simply supplement initial instruction given by the teacher.
This capability provides the teacher with a versatile tool which he can use
either to introduce new material for original learning or to provide re-
learning, review, and practice of new naterial which he himself first in-
troduces. Although such versatility permits a number of possible teacher-
program combinations, there are no data presently available zo indicate the
relative effectiveness of various arrangements of teacher and program in-
struction and review in an intact class situation. The purpose of this
investigation was to compare three teacher-progrem combinations in terms

of the amount of learning produced by each over a standard period of time.
The subject matter taught in this study was single~digit addition and sub-
traction.

In the first combination, the teacher gave the original instruction
in a small number of nsw facts that were to be learned, and followed this
initial instruction with a program assignment which provided relearning,
review, and practice with those facts. She then introduced more new mate-
rial, and the cycle continued. In the second combination, a reversal of
the first, the teacher sssigned the program to do the initial teaching of
the new material, followed thig by additional teacher-directed review -nd
practice of that material, then assigned the program again to introcduce
more new material. A third combi ation employed was assignment of the en-
tire program to provide the sole instruction in addition and subtractionm
over a period of several weeks followed by an equal time period in which
the teacher conducted daily gessions of relearning and review of the mate-
rial originally introduced by the program.

Distribution of Practice

The purpose of the second investigation (1B) was to examine the

effect upon learning from programmed materials of certain instructional
variables which the teacher often manipulates in traditional classroonm
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' teaching. The subject matter in this study was time-telling.2 One varia-
ble investigated was the spacing or distribution of learning sessions.

: Laboratory studies have indicated that, under certain conditions, learning

is facilitated if practice is distributed over a period of time, with rest

periods between practice sessions (McGeoch & Irion, 1952, Chapt. 5; Under-

wood, 1961). In the laboratory investigaticns, the periods between prac-

tice sessions have ordinarily been of rather short duration. In the present

study, three different time periods of considerably longer duration than

those ordinarily employed in the laboratory were used to separate learning -

sessions. One of the classes involved received two learning sessions a

day with the time~telling program (morning and afternoon) , making the

daily interpolated intervals approximai=ly one-~half of a school day in

length and permitting the class to complete in seven days a program which

ordinarily requires 14 days of singlz sessions. A second group received a

single learning session cach day for 14 school deys, making the interpolated

interval between practices approximately 24 hours (with the exception of

. the two weekends that occurred in the course of the experiment). The third
group was given a learning session every other day until the program was
completed, making the interval between sessions approximately 48 hours
(again with the exception of weekends), snd the total time for program ad-
ministration 28 days. A recent study (Reynolds and Glaser, 1963) euploying

spaced practice in a programmed instructional sequence has further suggested
the possible facilitation of learning as a result of distribution of prac-
tice.

Pre-familiarization. Another teaching variable studied in the
time~telling experiment was pre-familiarization with the material to be
learned. There is evidence from verbal lecarning investigations that

zclaser. R., Reynolds, J. H., and Weinstein, I. P. _Time-Telling:

A Teacher-Student Programmed Sequence. University of Pittsburgh, 1963.

’ This program differs from the usual self-instructional sequence in that
the teacher is an active member of the instructional procedur. . The teacher
and the class as a group work together at the beginning of each new unit

‘ and then students are permitted to work by themselves. The characteristics
of this program are described in Glaser and Reynolds (1964).
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familiarity with the stimuli and responses that are to be associated facili-
tates learning of the associations (Noble, 1961, p. 221). Research with
laboratory learning tasks other than verbal associates has also suggested
that preliminary exposure to material that is to be learned facilitates
later learning by arousing the learner's curiosity (Berlyne, 1960). These
laboratory findings receive additional support from the well-establighed
tendency of the classroom teacher to initiate new topics of study by pre-
senting an."ovgrview" of what is to be learned, presumably motivating gtu-
dents to find out more sbout the new topic. These several leads all indi-
cated that if the time-telling program were preceded by activity sessions
in which the teacher familiarized the children with various kinds of clocks,
the importance of being able to tell time, etc., learning from the program
might be facilitated. In two of the six first-grade classes which took the

time-telling program, a week of pre-familiarization activity was given be-
fore the program was introduced.

Post-learning Practice. The final variable investigated in Study 1B
was the effect of post-learning practice upon retention of vwhat was learned

in the program. All of the classes used in the study were given two testg--
a test immediately following the program to assess learning, and » retention
test two weeks later. 1Two classes were given daily five-minute practice
sessions in telling time, under tescher direction, during the two-week in-
terval between testings. One of these classes had also received prefamil-
iarizetion, bu: the other had not. The remaining classes received no

formal post-learning practice in time-telling during the forgetting inter-
val. It was expected that the use of short but consistent practice periods
would aot only facilitate retention, but provide additional learning as well

for those lesarners whose performance on the first test showed this to be
necessary.

Comparison with Non-programmed Classes

The third area of investigation (1C) in the first grade was a gen-
eral comparison of the arithmetic achievement of the experimental program=-
ming classes during the school year with classes receiving arithmetic
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instruction by traditional methods only.3 The experimental clagsses did not
receive all of their arithmetic instruction throughout the year by program~
wing wethods. However, a substantial portion of the total time spent
learning arithmetic did involve programming, or teacher efforts coordinsted
with programming, so it was of interest to determine the extent to which
these instructional procedures affected overall class achievement for the
year.

Genefal Procedure

Prior to the beginning of the school year, six first-grade classes
were gselected for participation in the programmed learning studies. Since
little standardized test data were available regarding individual differ-
ences betore school began, an arbitrary choice was made of two classes
from 2ach of three elementary schools in tae Baldwin-Whitehall school dis-
trict. Neither the teachers nor any of the students in an& of the classges
selected had previous experience with programmed instruction. All of the
teachers were experienced in teaching first grade, however, and were selec-
ted in part because of their previous success and positive attitudes toward
teaching. Mean IQ scores and standard deviations on the California Test
of Mental Maturity (Primary), and the size of each of the intact classes
participating (after elimination of some students in the course of data
analysis because of sustained absence or school transfer) are presented
in Table 1.1. This tablc describes the groups used in the analyses made
for the exploratory atudy and for Studies 1A and iC. Slightly different
groups, to be discussed later, were used in Study 1B.

Each class received the introduction to numbers program presented
through the Miu-Max I} Teaching Machine at the beginning of the school
year, during the six-week period from September 10 through October 19.

3By “traditional methods" is meant the usual teacher-classroon

procedures being carried out by the particular school system at the time
programmed instruction was introduced. The comparison made was between
existing methods and a new technique. The¢ tera “"existing methods" ob-
viously is not rigorcusly defined. More definitive studies of the varia-
bles involved in the instructional process are needed inm order to indicate
the messurable dimensions on which two such methods vary.
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Table 1.1

Group Size and Intelligence Means and Standard Deviations
for the Six First-Grade Experimental Classges

Intelligence
Class -
N X 8

U 21 114.00 15.05

v 23 110.57 13.42

W 17 104.29 10.13

X 17 102.88 12.74

Y 25 113.32 14.60

Z 18 111.06 14.44 ‘
g:g:; 121 X=109.84 X=14.24 '

The explicit method of presentation and the results obtained are described
in detail below in the Exploratory Study. Following the introduction to
numbers program, the classroom teachers presented a review of numbers,
certain ceasurement concepts (such as pints, quarts, one half of a whole,
etc.), and readiness activities for addition and subtraction until Decem-
ber 10. On this date, all six classes began a ten-week pariod of coordi-
nated teacher and prograsmed instruction in addition and subtraction facts.
During this time, the classes were given two 20-minute arithmetic pefioda

each day, one in the morning and one in the afternoon. Programmed or
teacher instruction was presented in these sessions accordin; to varying ‘ 
experimental conditions that are described in detail below for Study 1lA.
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Between March 18 and May 1, the teachers gave further practice and
review in addition and subtraction, and instructed the classes in other
non-programned arithmetic topics required at the first grade level, e.g.,

a unit on money and counting by ome's, five's, and ten's. In the last

week of this period, twé of the classes (randomly selected from the origi-
nal six) were given additional activities which comstituted pre~-familiari-
zation for the time~telling program. OnAMay 1, all six classes began work-
ing in the time-telling program and proceeded according to the methods de-
scribed under Study 1B below. Upon completion of this program, the teachers
continued giving instruction in the usual Grade 1 curriculum topics for the
remainder of the year. The schedule for the year is outlined in Table 1.2.

Comprehensive achievement testing, the results of which are de-
scribed in the next section, was conducted before and after the adminis-
tration of each program. Also, a comprehensive test of arithmetic know-
ledge was given at the end of the school year to a’l six experimental
classes and to two traditional (control) classes. Comparisons between the
experimental and control groups are presented in Study 1C below.

To insure that these complex and extensive procedures were carried
out according to plan, prior to the beginning of the school year a compre-
hensive Teacher's Manual which served as a full-year's lesson plan was
written by the elerentary arithmetic supervisor in cooperation with the
experinmenters. This manual described the arithmetic procedures to be used
on each school day, including such information as test dates, the activities
and aaterials to be used on teacher instruction days, the specific kinds
of readiness, pre-familiarization, and review procedures to be employed,
etc. Throughout the year the experimental teachers followed these daily
lesson plans, assisted and monitored by the elementary supervisor and the
full-time research coordinator. Periodic meetinge of the teachers, school

supervisors, and experimenters were held to diacussvprogresa. clarify
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ambiguities in the instructions, and reorganize or elaborate the manual as
neceasaty.‘ By these procedures, adequate control was maintained over all
experimental conditions throughout the year in terms of materials presented
and manner and time of presentation. Of equal importance, the same degree
of control was imposed upon the zrithmetic activicies interpolated between
the specific experiments, providing some assurance that no group received
distinct advantages or disadvantages from exposure to differing extra-
experimental materials or methods. The obvious limitation in this control
was the individual differences smong teachers. Wherever possible, more
than one teacher was involved in each of the experimental conditions in
order to minimize the effects of these teacher differences.

Exploratory Study:
The Clussroom Use of Simple Machines with Young Children

Method

In order to determine the utility of machines in presenting pro-
grams to groups of young children, six classes were administered the intro-
duction to numbers program. Prior to beginning work on the program,
teachers conducted four daily sessions in number readiness activities,
which consisted of fingerplays, counting songs, or simple number games;
none of these involved actual instruction in recognizing or writing num-
bers. Next, five periods of practice with the machines were initiated in
which teachers ghowed students how to manipulate the machine knobs, draw
circles around correct responses to simple figure-matching frames, and
confirm the responses made. Following this pre-training period, a pretest
vas administered to each student individually to assess his existing

4A major reorganization of the experimental procedure did in fact
occur as the result of one of these mcetings. Originally, the plan was to
administer the time-telling program in January, to be followed by the ad-
dition and subtraction facts program. The teachers indicated, however,
that the entering behaviors necessary for the time-telling prcgram, such
as counting by five's and writing numbers from one through sixty, would
not be established by that time. Consequently, the manusl was rewritten
to specify daily operations for the plan outlined in Table 1.2.
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Table 1.2
Schedule for First Grade Arithmetic Instruction

September i0-September 14 Teacher instruction: number readiness

September 15-September 21 Practice with teaching machines

September 24-October 19 Introduction to numbers program

Cctober 22-November 23 Teacher instruction: number review,
measurement

November 26-Deceuber 8 Teacher instruction: addition and sub-
traction readiness

December 10-March 15 Addition and subtraction program and
teacher instruction

March 18-April 18 Teacher instruction: review of ad-
dition and subtraction, money, measure-
ment

April 21-April 29 Teacher instruction: counting by five's
and/or pre-familiarization for time-
telling program

May 1l-May 20 Time~telling: a teacher-student pro-
grammed sequence

May 21-June 3 Teacher instruction: arithmetic review

or time-telling post-learning practice

knowledge of numbers. The test was 40 items in length; Part I (10 items)
measured the student’'s ability to write the numbers 1 through 10, Part II
(10 items) measured the student's ability to count objects and then write
the number, Part III (10 items) required the student to respond orally to
printed numbers, and Part IV (10 items) required the student to copy
printed pumbers with a pencil.
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On the day following the pretest, students began working with the
program in daily 20-minute sessions. At the beginning of a session the
student would take his machine from the shelf or table at the back of the
room to his seat and wait for instructions. (By pre-loading the machines
and taping names on them, the teachers ensured that machines could be re-
turned to storage at the end of each session znd be ready for continued
use by the same student during the next session. Thus problems in loading
and finding places every session were avoided.) On each of the first three
days, the teacher guided students frame by frame for just 20 frames, ex-
plaining for each fram: what was required and the steps the student must
take to work successfully. From the fourth day on, studeats were permitted
to work at their own paces, with the teacher circulating about the room
to give encouragement and to help wh2n mschine problems developed. 1In this
phase, however, no instructional aid concerning the context of the program
was given. As each student finished, he was individually administered th:
numbers test again. Students who finished before the total time allotted
for the experiment were assigned to practice and enrichment activities in
number work after they completed the posttest. In this manner, all stu-
dents completed the program over the four-week period allotted, working 20
minutes each day, and most had opportunity to engage in varying amounts of
individual enrichment activities as well. The distribution of the number
days (sessions) required by the children to complete the 615-frame program
is shown in Figure 1.1. Figure 1.2 shows a scatter diagram of posttest
scores of time to complete the program and final score. There appears to
be little correlation between the two measures.

Results

Achievement. Means, SD's, and mean percent correct for the pretest
‘and posttest, as well as gain scores for all groups, are preseniad in Table
1.3. The mean percentagss on the pretest indicate that five of :he six
groups knew practically three-fourths or more of the material to be learned
befoie being exposed to instruction. Even the grcupe with the lowest pre-

test percentages, which were alsc the lowest 1Q groups (oeeirnblc 1.1),
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already knew over 50% of the pregrammed matcrial. This finding is of in-
terest, since the topic covered by the program was one which is usually

included in the first-grade arithmetic curriculum. The implication is
that in an intact class many children may already know a significant amount
about areas which are taught. More generally, the implication is that pre-
testing of student achievement may be as significant a measurement proce-
dure for effective instruction as is end-.f-course examination. Frequency
distributions, illustrated in Figure 1.3, show that 62% of the 121 stu-
dents participating in the experiment reached the ceiling (or within three
points of the ceiling) on the posttest. (This high achievement, plus the
high pr:test achievement, necessarily limited the magnitude of the gain

scores.)

To obtain some estimate of whether this machine use of programmed
instruction at this early grade level was generally effective in producing
learning, pretest-to-posttest difference scores for each student in the
six groups were calculated. Of the 121 students in the combined groups,
only six failed to show gains, and two of these students had scores at
the test ceiling on the pretest. Statistical tests are not necessary to
conclude from these data that the general effect of the program was an
improvement in number performance, with the extent of observable improve-
ment being restricted im 62% of the cases by the low celling on the mea-
suring instrument used. The existence of a test ceiling, however, poses
some dilemmas. A "test ceiling" can be considered a "level of mastery"
which it is desired that students attain and which is the instructional
objective of a program. A test can be constructed either to assess the
attainment of this level or to assess attainment beyond this point. Ap~-
parently the test accompanying this program was of the former type.

It was possible to further analyze the pre-~ and posttest means on
certain subtests. Inspection of the data showed that high pretest scores
predominated in Parts I1I and IV of the total test. By eliminating these
twvo parts, the remaining subtests I and II together form a 20-item test in
which ceiling effects were minimized and learning effects could be indicated.
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Table 1.3

Means, SD's, Percentages Correct, and Mean Gains for Six First
Grade Groups on the Pre- and Posttests for the Introduction
to Numbers Program

Pretest Posttest
(40 items) (40 items)
-f No. “iz -i' No. ':Ez .f
Group
Correct 8 Correct Correct 8 Correct Gain¥®
U 32.50 4.04 81 37.57 2.36 94 5.07
v 31.35 8.14 78 37.00 5.29 93 5.65
W 25.94 10.94 65 30.62 11.10 77 4.68
X 29,03 6.54 73 33.74 5.50 85 4.71
Y 31.44 7.21 78 37.26 3.05 94 5.82
yA 31.42 4.49 78 37.14 2.95 93 5.72

*number of items

Table 1.4 given the means, SD's, and mean gains of the six groups on Parts I
and I1 combined and on Parts III and IV combined. Figure 1.4 shows the pre-
and post-score distributions for Parts I and II and Figure 1.5 for Parts Il1
and IV. The lower gains on Parts III and IV reflect the ceiling effact im-
posed by the higher pretest scores. The gains for I and II combined, which
are less restricted by test ceiling, show that the six groups gained an
average of four points, or about 20% of the 20-item messure, and that while
on the pretest 122 of the 121 students showed at least 90% mastery, on the
posttest 50Z showed mastery at this level.
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) Summary

Results of the exploratory study in which a simple teaching machine
was used to introduce numbers to first-grade childrem indicated that these
very young children could use and learn from instructional programs pre-
sented in machines. The¢ particuler machine used required the children to
turn a knob and circle an object with & pencil. This was often a diffi-
cult task and it would secem that at the first-grade level the development
of machines which require less motor skill on the part of the gtudent while
at the same time using his already obtained-skills is a highly desirable
d.rection for the future.

This study with this particular program required both pre- and
posttesting of ihe subject matter to be learned. Pretesting indicated
the attainment of mastery on the part of a sizeable number of students,
indicating that the use of the program for many of the students was redun~

i} dant. While at the beginning of the program 59 out of 121 students indi-
cated near mastery of the subjec:, after the program 102 out of 121 indi-
cated such near mastery. However, the evidence provided by the pretesting
indicates that individualized instruction based on the pretesting of at-
tained competences prior to learning is a significant aspect of efficient
instruction.

Effect of Intelligence. The relatively lower gain that is shown
in Table 1.3 for Group W, which was the lowest of the six groups in mean
intelligence, suggests that amount of gain on Parts I and Il was related
to intelligence. However, the correlation for the total group between in-
telligence and gain on I and 1I combined was r=.13, which is not signifi-
cantly greater than a zero correlation for Nel12l. PFurther inspection of
the relationship between jintelligence an! performance on Parts I and II
combined showed that 1IQ, as measured for these young students, was a rela-
tively poor predictor of either pretest performance (r=.34), or rosttest
score (r=.28). Intelligence, as measured, apparently had only a slight
relationship to the task of learning numbers, and had no relstionship at
all to the gain accruing from programmed instruction in this task.
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Teacher Resctions. The general feeling of the participating
teachers, as judged from informal <onversations, was that the program had
provided an adequate basis for further work in arithmetic. There was, how-
ever, some question gbout the relative efficiency of teaching the parti-
cular topic by program as compared with tha traditionsl manner of teaching
numbers, a question which was not investigated in thie experiment. The
most important and general criticism was that, although the gtudents ob-
viously learned, they were not adept at using the machines independently.
Their undeveloped motor skills at this early age level resulted in inac-
curate recording of responses, and frequent Jamming of the machines. Ini-
tially it was necessary for the teachers, themselves inexperienced in ma-
chine usuage in the classroom, to spend considerable time adjusting machines
because the children we:e incapable of doing this independently. The prob-
lem diminigshed somewhat as the experiment progressad, but most of the
teachers considered that the time consumed in this mechanical activity
would nave hindered their effectiveness had they been asked to give indi-
vidual instructional help during the program sessions. The implication was
that efficiency in programmed instruction at lower grade levels might be
improved by presenting materials through machines which require less motor
skill on the part of the student (e.g., automatic filmstrip displays, pres-
sing buttons for responding, etc.) than those used in the present experi-

ment. 3

slt should be noted that the reported machine problems were probab-
ly not due to the machine itself. Older children, being less careless and
more coordinated than first graders, have used the same machines over long
periods of time without jamming and attendant problems noted here. Even
the first graders had fewer problems once they became accustoned to the
machine.
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Study 1A:
The Effect of Varying Teacher-Program Combinations Upon Learning

Method

In order to employ and compare threce different modes of teacher-
program coordination, each two of the six original arithmetic clusses were
assigned to one of three conditions. The three condititions differed in
the mode of instruction used to present new material and review material
in addition and subtraction. Classes U and V, both located in the same
school, constituted Group T-P; they received initial instruction in an
addition and subtraction topic from the teacher (T), followed by practice
and review in the same topic from the program (P), before advéncing to a
new topic. Classes W and X, in another school, formed Group P-T. This
group received initial instructior in each new topic from the program, fol-
lowed by practice and review under teacher direction before going on to
new material. Finally, Group P-P, composed of classes Y and Z in a third
school, received only the program during the first half of the experiment,
working daily in the program until it was completed; after this the teachers
in Group P-P reviewed all of the additisn and subtraction facts daily for
the remainder of the experiment.

Each condition received two 20-minute periods of arithmetic instruc-
tion per day, a period in the morning and a‘period in the afternoon, in
order to facilitate the coordination between teacher and program for the
T-P and P-T groups. For short topics, instruction could be given in the
morning session, followed by review and practice in the afternoon. With
topics requiring more than one session of initial instruction, consecutive
program sessions were used, followed by a number of teacher sessions for
practice and review for the P-T group, or consecutive teacher instruction
sessions followed by a number of program sessions for the T-P group. (It
was often necessary to allow more sessions for initial teacher instruction
in the T-P group than were required fo: initial programmed instruction in
the same topic for the P-T group.)
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One week before the axperiment began, teachers in the three groups
conducted certain readiness activities considered to be prerequisite to
» starting the addition and subtraction facts program. The activities,
> taught only by the teacher, included review of number meaning and relative
number value, counting pracfice, and learning to use new terms and signs
(e.g., plus and minus, take away, etc.). Following this orientation week,
a 90-item pretest was given containing 45 addition and 45 subtraction
facts. For ten weeks thereafter, the three groups received coordinated
teacher and program instruction in addition and subtraction, according to
the experimental conditions just described.

Of the 25 units in the progiam, only the first 10 were teaching
units, the last 15 being review and practice. The groups were paced
through the program (i.e., told by the teacher exactly huw many frames
were to be completed during a given work period) on the teaching units.

On the practice units 11-25, students were permitted to work at their own
paces during the 20-minute sessions allotted to programming, but still
worked as a group with the teacher in the teacher sessions. This indivi-
dualized pace in the last 15 units of the program resulted, of course, in
students finishing the program at varying times according to differences
in individual speed and learning progress. As each student finished, he
was given the 90-item posttest, which required an administration time of
approximately 30 minutes, and then was given individual arithmetic assign-
ments to complete daily until the other students had completed the program.
The posttest was the same as the pretest and consisted of single-digit,
two-row addition and subtraction problems.

Since the P-P Group received the entire program before being given
any teacher-directed review, the testing procedure for this group veried

b slightly from that for the others. As students in the P-P group finished
the program they were given a first posttest to assess what had been
‘ learned from the program alone. The second posttest was given following
‘ the subsequent teacher-directed rev’ew of addition snd subtraction, which
measured the achievement effect of the program-plus-teacher treatment.
o
ERIC
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The time and order of testing and instruction were specified for
each group in the Teacher's Manual. Directions for admninistering all
teacher-directed sescions, including topics to be covered and specific
materials to be used in presenting either new or review topics, were also
specified on a day-by-day basis. In this manner, the amount and type of
material presented by the teacher was controlled over all groups.

Resgults

Achievement. One aspect of the experimental design did not proceed

according to plan and should be taken into account in interpreting the
achievement data. Three weeks after the beginning of the experiment the
two teachers in the T-P group requested that they be permitted to give

only teacher instruction to their classes for one week, rather than supple-
menting initial learning with the program review assignments as originally
planned. This request was granted, and therefore data for this group is
not wholly the result of the T-P procedure described above; rather, the
data includes one week out of the ten in which teacher instruction was used
without any additional program review. Reasons for this request and change
will be described later.

Intelligence data and the various pre- and posttest scores for all
groups are presented in Table 1.5. Figures 1.6, 1.7, and 1.8 show the pre-
and posttest distributions for the three experimental groups. Since the
P-T group was lower than the others in intelligence, and all three groups
differed in pretest performance, statistical analyses of achievement were
made for gain scores rather than posttest performance. On the total test,
mean achievement gains for the T-P, P-T, ard P-P groups were 44.51, 41.09,
and 46.02, respectively. Comparisons between groups on these mean gains
for the total test yielded t values ranging from .29 to .98 (p >.10), in-
dicating that all group differences in gain were within chance limits.
Comparisons of gains on the addition and subtraction subtests separately
yielded similar results, with none of the differences among the groups

large enough to reach statistical significance. Consistently, the varying
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experimental treatments failed to produce varistions in amount of achieve-
ment gain. However, the fact that the T-P group‘achieved»nearly the test
ceiling (the mean percent correct for group T-P on the total posttest was
972) indicates that many students *n this condition actually mastered the
subject matter while those in other groups did not. Whether mastery can
be attributed to the experimental T-P treatment itself or simply to the
higher pretest mean for the T-P group camnnot be answered from the present
data because the test was designed to measure the specific mastery to be
attained, and the test had this level as a ceiling. Had the test included
items requiring the student to use his knowledge for more difficult prob-
lems, it is possible that the T-P group wonld have demonstrated greater
gains than P-T or P-P, which would indicate a superiority of the T-P
treatment.

Mean scores and distributions on the interim posttest, taken by the
P-P group immediately following programmed instruction and before beginning
teacher instruction, are also shown in Table 1.5 and Figure 1.8. Exami-
nation of the addition and subtraction interim and posttest scores shows
that the program alone was more =2ffective in teaching addition than sub-
traction. For the total test, however, it can be seen that achievement
gain made by group P-P following programming alone was approximately half
as large as the gain following combined programming and teacher presenta-
tion in groups T-P and P-T. Prom these data it appears that the two in-
strucclonal modes contributed about equally to the total achievement gain.
To substantiate such an impression, however, it would be necessary to eval-
uate gains from teacher instruction alone during the first half of the
total experimental period. Possible effects of the teacher alone, or the
program following teacher introduction, cannot be determined from the
present experiment. But it is clear from the interim posttest performance
of the P-P group that exposure of first-graders to this particular program,
without intervention by the teacher, did not prodirce the amount of achieve-
ment possible when teacher and program were coordinated over a longer

period of time.
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Figure 1.6 TIretest and posttest distributions for addition
and subtraction, Group T-P (N=44).
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Figure 1.7 Pretest and posttest distirbutions for addition
and subtraction, Group P-T (N=34).
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Figure 1.8 Pretest and posttest distributions for addition
and subtraction, Group P-P (N=43).
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Additional Comment. A general concern of the teachers was that the
organization of thia’program was very different from that which was used
when teaching this topic by traditional metggds»(fofﬁexample, teachers felt
that the program was not organized around "number families," the number
“1tne“was*ptESéﬁtéa'éfifﬁ;m;rong time, etc.). This "problem" nrecipitated
a tempory deviation from the original desigﬁ for the T-P group because the
T-P teachers felt that they needed to spend a week re-teaching the material
in a way that comformed more closely with methods they had used in the past.
Pollowing this brief period students continued with the originel design,
and no further problems were encountered that necessitated charging the de-~
sign again. It is interesting that discrepancies between tne program struc-
ture and the subject matter organization customarily used by tiie tcachers
in traditional instruction did cause some difficulty, since it demonstrates
quite clearly the desirability of having programs evioluated for content
and structure by the teachers planning to use them before they are put in
use. It also emphasizes the fact that programming research and development
may result in new ways of presenting the subject matter and that teachers
may need to empirically determine for themselves, by classroom tryout or
ﬂy the evaluation of field test data, the effectiveness of these new
methods.

Summs ey

Interpretations about the use of 2 program must be made in the
light of the characteristics of that particular program. The addition anc
subtraction program employed in this experiment, when uded by itself for
the P-P group, taught only to partial test mastery. Tﬁis is indicated in
Table 1.5 and Figure 1.8."Wiihxthis particular program, teacher instruc-
tion increased the specified mastery level on the program test. In the
context of this situation, the different arrangements of teacher-program
coordination had no differential effect on student attainment. While the
different groups achieved different levels, this appears to be¢ primarily a
function of the entering level of arithmetic achievement; average gains in
achievement, however, were the same for the different experimental groups.

ERIC
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- It is to be pointed out that the experimental variations made here
vere group (intact class) manipulations which worked with the class (all
students) as the instructional unit rather than the individual student as
the “nstructional unit. When the class is conceived as the instructional

entity, instructional variations aimed at total class manipulations appear

to have little effect. What seems to be necessary are variations in instruc-
tion aimed at the individualization of instructioual procedures.

Study 1B:
Effects of Prefamiliarization, Distribution of Instruction,
and Post-learning Practice Upon Programmed Instruction in Telling Time

Method

Design and Procedure. In the time interval between Studies 1A and
1B, the six first~-grade teachers instructed the experimental classes in
(a) counting and writing by one's from 0 to 6u, aud {(b) counting and
writing by five's from 0 to 60G. Formal ifanstruction in these skills en-
sured that nearly all students participating in Study 1B would learn the
prerequisite behaviors necessary for working through through the time-
telling program. Following this, each of the classee received the time-
telling program under one of the six experimental treatments which differed
in types of prefamiliarization, distribution of practice, or post-learning
practice. The design is summarized in Table 1.6, which shows for each
class the treatment received and the symbols which wili be used to desig-
nate them. The design permits comparison of groups receiving the three
levels of distributed practice (DP), i.e., programmed learnin: periods once
a day (DPl), twice a d;& (DP2) , cr every other day (DP0O); and also groups
receiving various combinations of either prefamiliarization (PreF) or post-
learning practice (PostL) with DP held consiant at one programmed learning
session per day.

The total program involved both pased group pag@i@ipati@m and in-

Y

dividual we' k and requived 14 insteuction pericds. Conseguewtly, Crowp P2

completed the program in just sewen school days while Crowp DPU peguired
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28 days to finish by working every other day. For one week prior to be-
ginning the program, the PreF and PreF-PostL groups received a period each
day in which the teacher presented various activities designed to acquaint
them with clocks and arouse interest in telling time, e.g., making a scrap-
book of clock pictures, drawing a clock face, and reading a story about
clocks. The remaining groups proceeded with their usual class activities
during this week. Following the program, the PostL and PreF-PostL groups
received practice in reading a clock for ten minutes each day for two weeks,
while other groups continued their usual work wicwout further cime-telling
practice. The practice periods, which océurred during the time between a
posttest and a retention test on the material taught in the program, con-
sisted of the teacher showing the class vaiious time gectings on a large
clock held up in the front of the roor and asking the student to either
write or say aloud the times indicateu. After each setting, the teacher
told the students the correct answer and wrote it on the blackboard. No
additional instruction in how to read a clock was given during the post-
learning periods, however.

Testing. All groups received a pretest the day before beginniug
the program, a posttest on the day following combletion of the program,
and a retention test two weeks after the posttest was administered.
(Groups Postl and PreF-PostL received post-learning practice during this
two-week intexval.) The pretest, group administered by the teacher, re-
quired the student to write the numbers from 0 to 60 by five's, to write
certain numbers between 0O and 60 as they were dictated by the teacher, and
to write the times indicated by 12 small clocks (1 1/2" diameter) mimeo-
graphed on the test sheet and eight settings of a large Western-Union
clock (11 1/2" diameter) displayed in front of the classroom. These tasks
provided measures of each student's skill in the prerequisite behaviors
necessary for taking the program, and also indicated rhe degree to which
stwdents already knew the material to be learned. '

At both the posttesting and the retention testing, which were iden~
clead duw content and procedure, students were presented with a series of
clecl setrings, to which they responded by either writing or sayiug aloud




-4
<

331 91 4wp ®» 30U 8sX 13803-3914 z

89X 12 £ep ® 3dup ON 73sog i

ON 91 Lep v =219 89} d9ag X

oN 8¢ fep 19430 L1wag oN 0da M

ON L Lep ® 1AL ON zaa A

oy 121 &wp ® 3T OoN 140 i
9VFIONIZ wma8ca3 33aTdmo) UOTINGTIIST] UOTILZTIBTIITERII:AJ g1 LApnag 103 dneis
Sutuiwar-3s0g 03 sdeg jo zaquny wewa8oag ToqmAS TuTdIe

dnoas
INARIVIEL

g1 £pnas 103 uBdyssq jo Laswmng

9*'T 9198l

M&%mﬁs‘wz LS e

MR ST L B e e




42

the time indicated by each setting. The first series consisted of eight
printed clocks identical to the six-inch clock faces used in the program.
This test, called the Piogram Clocks Test, contained the following settings:
2:47, 6:30, 11:24, 12:10, 3:21, 9:19, 12:30, 8:40. The second series were
twelve smaller clock faces, the same as those used in the pretest, which
were printed on a single test sheet. The settings (only to the five-minute
mark) appearing in this Small Clocks Test were: 8:00, 11:05, 8:15, 7:45,
2:30, 11:50, 4:20, 6:15, 3:35, 10:55, 12:10, 5:40. For the third test,
eight settings of the real Westeru-Union clock were shown to students by
the experimenter who set the clock to each setting in turn and then held

it up so the student could observe it and respond. The settings of the
Real Clocks Test were: 1:05, 6:40, 4:00, 10:19, 3:52, 9:30, 12:47, and

- 8:04. These tests provided two measures of what was learned from the clock
stimuli used in the program: a written measure, consisting of the total
number of correct written responses the student made to all 28 clocks in
the three tests combined, and an oral measure, which was the total number
vf correct oral responses the student made to the 28 clocks.

Both the posttest gnd the retention test required three adminis-
trators and approximately three hours time per group. Written tests were
given first, on a group-testing basis, followed by individual testing of
eacli student for oral responding. In the written test, the group was given
the Program Clocks Test (in a stapled booklet) and instructed to "write
what each clock says in the box underneath the clock.” Then the Small
Clocks Test was administered, with the same instructions. Finally, the
tester displayed the various settings in the Real Clocks Test from the
front of the room, and studencs wrote their answers in specially constructed
booklets. Following this written phase, each student in turn was called
from the room and asked to respond orally to the same three tests. In
this phase, the first¢ experirenter presented the Program Clock settings
to the individual student and asked him to "tell me what these clocks

"
S3Y «

The second experimenter presented the Small Clock settings in the
same manner, and a third experimenter administered the Real Clocks Test.

Each experimenter recorded verbatim all oral responges which occurred.




43

Results

Pesformances on the clock-reading sections of the pretest indicated
that none of the 121 students cold tell time prior to administration of
the program. Seven students were eliminated because their pretest scores
on the counting and number-writing sections wers below 70%, indicating

n that tk-y lacked the prerequisite behaviors necessary for taking the pro-
gram. Thirty-two other students from the various groups were absent from
school at critical times during the experiment, missing one or more of the
tests administered, and had to be eliminaced from the final analyses.
These eliminations, the result of a run of colds and measles, csused dras-
tic reductious in the size of the groups available for final comparison.

Pretests., Table 1.7 presents the N's of the groups eligible for
final analysis, and the means and SD's of each group on the four sections
of the pretest. Since the total possible scores on the numbers and count-
ing sections were 12 and 10, respectively, it is apparer that students in
all groups had the prerequisites for taking the program. The consistently
low weanr.: on the clock reazding sections indicates that no group was oble
to read a clock and write down the time prior to tsking the program.

Table 1.7 also presents the IQ means and SD's for the groups, which vary
from those reported in previous experiments because of the ~limination of

- many students.

Posttests. The six subtests administered immediately following the
program vere combined to yield two scores--a written posttest score con-
sisting of the total correct written responses on the Program, Small, and
Rezl Clock Tests, and an oral posttest score, consisting of the total num-
ber of correct oral responses on these three tests. The data for e::h
group on the written and oral posttests are presented in Tible 1.3. These
deta were used in testing two experimental hypotheses: (1) that pre-
fewilivrization facilitates learning, and (2) that the amount learned from
a programmed szquence is related o the manner in which practice sessious
are diatiibuted over time.

r
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Table 1.8

Means and SD's for All Time-Telling Groups on Written
and Oral Posttests and Retention Tests

Posttest Retention Test
Written Oral Written Oral
28 items 28 items 28 items 28 items
N X s X 8 X 8 X 8
DP1 18 19.00 8.58 18.22 7.75 19.17 8.11 19.17 7.9i
DP2 17 18.76 7,62 11.47 7.43 17.29 7.36 17.71 9.25
DPO 8 11.13 8.97 10.52 9.50 15.01 10.62 13.62 9.62
PreF 10 10.10 6.906 6.80 7.30 10.70 7.47 8.10 7.73
PostL 20 19.05 7.45 12.60 6.56 18.85 7.90 17.4% 7.62

PreF-PostlL 9 15.22 7.39 10.78 6.87 17.89 4.77 15.67 6.18

1. Xeefwwiiiarizacion effects. The appropriate analyses for de-
termining the effect of nrefamiliarization are comparisons of Group PreF
and Greup P1, eack of wiiich had the same learning treatment (program once
dsily) but varying femiliarization treatments. Inspection of the means
for these groups on the written and oral positests indicates that, contrary
to the hypothesis, Group PreF performance was consistently lower than that
of Group DPl. The difference in means between these groups is significant
on each posttest measure (t=2.8C, df/26, p ¢ .01, and t=3.66, df/26, p <.01,
respectively).

However, analysis of mean 1Q scores for the two groups indicates
that the mean IQ for Group DPl was significantly higher than that of
Grwup PreF (t=2.50, df/26, p=.01). This would scem tv iandicate :hat the
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lower posttest scores for the group that received prefamiliarization might
be not entirely due to differences in treatment but possiily to differing
I1Q levels, although in subsequent studies in this veport 10 was found to
be a poor predictor of post-program achievement scorves.

2 A second analysis testing the eficcr of proianiidioci o wion is the

comparison of Group DP1l with Gruiy Puse-iowicl, simce vhe locver proup had

received the prefamiliarizaticy :vesvuwent and e progium onc: 2 day bus

at the time of the immedii e posciests lind wot yet had awy posiienweing

practice. An analysis of mean It .cwwes fadicated wo signd#lcuae JLFiow—
ence between the two group: (gwl.17, df/25, pD> .05). Althoush theoe oo

groups did not differ reliably on ihie writtem postiest (il .06, dif25,

P >.05), the direction of the difference was apain contrary co prediction.
On the oral posttest, the difference contrary to the predicicd Jiveckioa
was found to be significant (t=2.35, df/25, p£L-03). Thesz resulis are
generally consistent with the DP1 vs. PreF comparisuu: above, bui becavse
of the difference between the groups in the first comparison ii iy dif-
ficult tuv state explicitly that prefamiliarization had an adverse -ifect
upon posttest performance.

' 2. Distribution of praccice effects. An analysis of vaviam:: pep-
formed vn the IQ data for the DPi, DP2, and DI'0 groups indicated that gvoup
“““ differences in intelligence were not significantly greccer tham chance
(F=2,12, df/2, 40, p >.05). Furtier vacrisuce analyses of these groups
were performed for the written wud oral pestiest data co degerwise 1F the
varying distuibution of practics creatments produccd «iFfFewsnccs o liges

telling performance at the end of che program. Alcliowsh clie wesa

ences among the groups appear tc be quite large inm Tawl: 1,10 che 2007
large also; consequently, *2 F's obtained fur the towo poeriesve voine 2,69
and 3.73, respectively K u-icher of which is sigmiﬁﬂ@ant at whi- 05 lewsld
with df=2, 40. Apparently the distribation treatuments of two sessions per

day, one session per day, end & secesion c¢voir other day had uo veliabie

effect upon posttest performance.
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Retention Tests. Table 1.10 also summarizes the written and oral
data obtained on the retention tests, which were given two weeks fellowing
the administration of the posttests. The hypotheses tested with these re~
sults were: (1) that prefamiliarization facilitates retention, (2) that
post-learning practice facilitates retention, and (3) that retention is
affected by differences in the distribution of practice sessions during
learning. -

l. Prefamiliarization effects. Inspection of Table 1.10 shows
that Group PreF again performed at a consistently lower level than Group
DPl, contradicting the original hypothesis. The differences between the
¢ groups are significant on both the written retention measure (t=2.62,
df/26, p £.02) and the oral measure (t=3.45, df/26, pL.001). A second
couparison between Group PostL and Group PreF-PostL, was made to determine
if the prefamiliarization ticatment had any effect when combined with post-
learuing practice. An analysis of mean IQ scores showed the differences
betw:en the groups to be not significant (t=.79, df/27, p>.05). As cen
be seen ir Table 1.10 the mean differences are again in the opposite di-
reccion from the one predicted. The 7zroup receiving prefamiliarization
had lower means on both the written and oral retention tests, although the
difference between these groups was not large enough to be considered re~
liable (tz.33 and .58, respectively, df/27, p».05). However, an analysis
of gain scores over the retention pzriod indicates ro significance in gain
vz oral responding (te=.35, df/27, p>.05), but a highly significant gain in
written responding (t=7.89, df/27, p ¢.005), indicating that prefamiliari-
zation may have some farilitating effect upon retention.

2. Post-learning practice. The evalmation of effects of post-
iearning practice was made by cowparing Group DP1l with Group PostL, since

both had received the same learning conditions (program once per day) but

only the latter had received t her-directed practice in telling time
during the two weeks which elapsed between the posttests and the retention
tests. The t tests performed showed no significant differences between
those groups on either the written (t=.15, df/36, p ».05) or the oral
(t=.68, df/36, p >.05) retention measures. Howeve., an analysic of gain
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scores shows that Group Postl. demonstrated a significantly higher gain in
achievement over the retention period (t=2,22, df/36, p {.05) on the orai
retention measure, althougb the gain during the retention period on written
responding was non-significant (t=-,21, df/36, p>.05). It is probable
that the gain in oral responding was to some extent related to extra-class
practice in time-telling. This would seem to indicate that gain over the
retention period was little facilitated by post-learning practice.

It should be noted again that the post-learning practice did not
inciude further instruction in time-telling, but simply a regular daily
exposure to the taks already learned in the program. Nevertheless, the
finding that such exposure had little effect usen subsequent performance
was unexpected. The implication is that, witl: young children, practi e
with materials that are not already completely learned may not necessarily
constitute opportunity for further learning throiu:gh discovery or example.
Instead, it appeais that specific and well-anglyzed instruction is the best
procedure to insure learning to mastery. On the other hand, the data sug-
gest that what has been learned at a concentrated rate may be retained at
full strength by young children for a period of at least twe weeks with-
out any formal practice. Further research concerning the retention of
first graders would seem to be most interesting and fruitful.

3. Distribution of practice effects. The F values obtained from
analyses of variance performed with groups DP1, DP2, and DPO on the written
and oral retention measures were .66 and 1.03, respectively, indicating
that differences among the groups were well within .05 limits of chance
on both tests. The various distribution of practice schedules used during
programmed instructicn had no significant effects upon retention of either
written or oral response learning. These results coincide with the nea-
significant findings obtained for the distribution of practice variahle
on the posttests. Apparently variations in instruction schedules, with
this type of material at least, can be made quite freely in a classroom
situalion without affecting student achievement.




General Comment

Although the program did not teach all students to mastery, many
were capable of reading a clock to the minute interval by the end of in-
struction. Skill at thisz level of precision was impressive to the teachers,
because most attempts at tzaching time-telling to first graders go no
further than instructjon for reading f?ve-minute intervals, and relatively
few children, at this grade level, learn to read a clock with even that
much accuracy. Figures 1.9 and 1.10 show bar charts of the aumber of stu-
dents reaching mastery or non-mastery in the two higher intelligence
classes (DP1 and PostL) and the two lower intelligence classes (DPO and
PreF) , regpectively, on both the posttests and retention tests. The graphe
indicate that the students in the two higher IQ claeses generally achieved
higher scores on the various final tests. The lower intelligence classes

had 2 consistently smaller percentage of succens, suggesting that IQ is

probably related in some degree to mastery of this particular program. Al-

though the performance is by no means perfect, the teachers felit that the
program had taught many students and had provided cousiderabie learning for
many others, probably waking further instruction to complete mastery far
less difficult and time consuming thar if the program had not been adminis-
tered.

Summary

The time-telling program was built as an experimental programmed
sequence to study certain aspects of learning in young children. It was
used in this study as a means of teaching, rather intensively, a skill
which 1s usually taught incidentally in the course of the first and second
grades in connection with arithmetic topics. In contrast to addition and
subtraction, time-telling represents a topic which teachers generally find
difiicult to teach and children find difficult to acquire, and therefore
the teachers readily welcomed programmed instruction. The addition and
subtraction program was less well received because teachers generally are
quite successful in teaching addition and subtraction facts. The time-

telling program taught many children to mastery but questions remain asbout
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why this program was more successful for some children than others, and
whether such & topic {3 best taught intensively as it was here or more in-
cidentally as it usually is in the course of lcarning arithmetic in the
first and second gradce.

Ptefamiliarization, a technique frequently used by teachers in
various topics, in this particular case had either no facilitating effect
or an adverse effect on learning and retention. |

Different distributions of instruction had little differential ef-
fect upon performarce, suggesting that certain variations in daily schedules
may have no strong effects on student achievemcnt. |

The post-learning practice results suggest that practice.in the
form of class recitation for material that is not already learned may not
constitute a further learning opportuunity.

The retenticn duate suggests that the intensivc race of learning
provided in a programmed sequence is not detrimental to retention. Alcng
these lines, labOratory studies of learning in general indicate that best
retention is obtained for materials which are best learned.

The distribution of time-telling tcst scores for the above-average
‘and average inteliigence groups appears to suggest that the time-telling
program is influenced by student intelligence. Haucvct, this conclusion
warrants further investigation since the jintelligence distributions of the
two gtoupa are not ﬁidely divergent. Previous work with the time-telling
program suggests that more important than measured intelligence is the pres-

ence or absence of specific prerequisite behavior needed to begin the pro-
gram. |

PR .
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Table 1.9

Means and Srtndnrd Deviation- for Bxperimencal and Control
Groups on the Addition and Subtraction Test

Total A and § Test Addition Subtrection

Group N (90 items) (45 items) (45 items)
X s X s X s

Program 121 82,02  13.99  42.08  5.03  40.33  8.71
Control 38 82,71  11.42 42,37  4.57  40.36 7.2

Table 1.1C

Mcans and Standard Deviations for Experimental and Control Groups
. on che Written and Oral Time-Telling Tests

Written (28 items) Oral (28 items)
Group - N - ' -
X g s X | s
Exper: aental 121 16.13 8.47 1472 8.59
Control 38 5.50 5.15 6.16 5.19

s

Written t=7.28, df/157, p{ .00l
Oral  t=5.78, d£/157, pg 001
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Study iC: :
Compatisons of Program and Nan-Program Groups at the End of Grade 1

Method

Two first grade classes which had ;eceived no programmed instruc-
tion during the school year were selected for comparison with the combined
six experimental classes on a series of arithmetic achievement tests given
at the end of the year. The non-program (control) classes were chocen so
that their combined mean 1IQ was as equivalent as possible to the mean of
109.84 (s=14,24) of the total Program Group (N=121). The result of this
selection procedure was a Control Group (N=38) with a mean intelligence of
108.97 (s=12.15) which had received traditional instruction in numbers and
addition and subhtraction from one of two experienced first-grade teachers,
and had also received incidental teacher instruction in time-telling.

One week before school ended the Control Group was administered the
following tests on successive school daye: the Metropolitan Achievement
Tests (Primary I Battery), which required five daily administration beriods
and included subtests of Word Knowledge, Word Discrimination, Readin2, and
Arithmetic, and the 90-item addition and subtraction test, described in
Study 1A. The six experimental classes were administered the Metropolitan
Achievement Tests and the addition and subtraction test during the same
time period. Since these latter classes had taken the time~telling tests
less than one week previous]l— as retention measures for Study 1B, these
tests were not readministered to them.

Results

Addition and Subtraction Tests. Since no differences were found
among the T-P, P-T, and P-P groups in addition and subtraction performance
in Study 1A, the three groups were combined into a single Program Group for
comparison with the non-program Control Group. Table 1.9 presents the means
and SD's of the two groups on the 90-item addition and subtraction test,
and also on the addition subtest (45 items) and subtraction subtest (45



items) alone. Figure 1.11 shows the score distributions for each group on
the total t.at. Statistical tests are unnacessary to conclude that there

are egsencially no differences between group means on any of the three
measures. The Program Group, which had essentially the usﬁal amount of
teacher instruction plus the program, did only as well as the group re-
ceiving traditional instruction for the usual amount of time. Although
many students in both groups achieved at a level close to mastety of the
subject matter as measured by the test, scores greater than 96% being ob-
tained by 80% of the Prograﬁ Group and 732 of the'Control Sroup, the ex-
tra time spent on the use of the program did not enhance learning of the
addition and subtraction facts. | , ,

Time-Telling Tests. The means and SD's of the total Program Croup
and the non-progrém Control Group for the written and oral time-telling

measures are shown in Table 1.10. The Program Group data includes students
who failed the time-telling pretest but received the program, and also stu-
dents who were not included in the preceding study (1B) because they were
absent for onme or more of the tests administered. Including these students
lowered the test means to those reported in Table 1.10. Even with their
1nc1usion; it is quite apparent thht tﬁe time-télliug‘performance of the
Program Group was superior to that of the Control Group.. Statistical anal-
yses indicate that the mean differences-were highly significant, with t
values of 7.28 for the written measure (df/157, p< .001) and 5.78 for the
oral measure (df/157, p¢ .001). The score distributions are shown in
Figures 1.12 and 1.13. The data, however, indicate need of program re-
vision since only 152 of the students obtained mastery (902 or better) on
the end-of-year tests. The program was givern on a group basis and revision
of this procedure seems to be required.

Metropolitan Achievement Tests. Raw score and grade equivalent
means and SD's obtained for the Control Group and the six experimental
groups combined on each of the four Metropolitan subtests are presented
in Table 1.11. Differences between the raw score means, analyzed by
critical ratio tests, were within the 0.5 limits of chance for all of the
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Figure 1.11 Score distributions of control and program
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subtests (CR's ranging from .29 o 1.89). The results indicate that the
achievement levels of'thevprogram and non-program groups at the end of the
first grade were equivalent in the three subject matter areas for which
neither received programmed instruction; and wepe'also equivalent in arith-
metic achievement for which the experimental group received teacher in-
struction plus programmed instruction duzing the school year. (Figure 1.14
shows score distributions for czach group on the arithmetic subtest of the
Metropolitan Achievement battery.) Thus, using'the progfam in addition to
the teacher resulted in no additional gain, and the extra time spent on the
- program did not affect achievement in other subjects.

Summary

End-of-the-year testing in the first grade and comparisons of the

experimental classes with the control classes appeared to indicate the fol-
lowing: (1) When both programmed instructional material and the teacher
are employed to teach the gsame thing, there is a redundancy of effort so
that no additional student achievement is attained. However, the effects
of the prozram must be known so that the decision can be made as to where
the teacher needs to supplement the program and where the teacher can
assume that certain knowledges have been taught so that more advanced
learning can proceed. (2) Wher a program is used to teach a topic usu-
ally not taught intensively by the teacher, it seems possible that the sub-
ject taught can be learned and retained. (3) Additional time taken from
the usual first grade curriculum for the use of programs in arithmetic
topics didfhot result in decreased achievement in cother areas as measured
by the Metropolitan Achievement Test.
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Arithmetic and Spelling ir Grade 4
Overview

Three studies were carried out at the fourth grade level, involving
a total of ten classes in programmed instruction. The subject matter
taught by programming in this grade was (a) the multiplicatior and divi-
sion facts, (b) {introduction to fractions, and (c) spelling. All three
programe were presented in textbook form. The particular programs used were
selected on the basis of the appropriateness of their content to the arith-
metic and spelling curricula that were currently being followed in the
schools into which they were introduced.

Programming has been recognized by educators and psychologists as
one possible means for diminishing the dependency of learning upon intel-
ligence as presently defined by standard tests. The hypothesized decreased
relationship Letween intelligence and achievement is assumed to occur for
several reasons. Consider, for example, the variable of "learning rate.”
Since most intelligence tests have a speed component and most grgmpepnced
learning situations maximize individual difrerences in speed, the relation-
ship between the common speed components would contribute to a positive
corralation between the two. In contrast, most programmed instruction is
aelf-paced and would minimize the effect of learning rate and tend to lower
the correlation of learning achievement score with a speeded intelligence
test. ‘Secondly, it is assumed that in n.well-adminiatered ptogram the stu-
dents have mastered the prerequisite learning fo: taking the program. This
should have the effect of reducing individual differences and lowering the
correlation coefficient. Thirdly, if a program is an effective imstruc-
tional procedure #0 that more students achieve mastery (top-test scores)

than with other in;tructionnl procedures, the range of scores is reduced

and consequently the size of the correlation coefficient ic decreased.




61

. Investigations seeking to determine the reltionships between in-
* telligence test gcores and the learning which occurs from a program have
. yielded varying results, with certain studies (Silberman, 1962) indicating

; no relationship batwsen IQ measures and achievement while others (Shay,
1961; Porter, 1961; Smith & Moore, 1961) have found at least a moderate
relationship. The discrepancies among research findings regarding intel-
ligence effects are probably due to differences in the programming situa-
tions used in the various investigations, e.g., differences in subject mat-
ter, program construction procedure, program format, length of instruction,
manner of presentation, and student population, as well as differences in
definitions and measures of intelligence. Since differences such as these
occur in variocus applications of experimental learning situations in the
classroom, it seems logical to expect that comsistent results regarding the
intelligence-programmed learning relationship are not easily obtainsble.
Detailed analysis of such differences requires systematic controlled
study of the dimensions along which these differsnces vary. These dimensions
, consist of the components of intelligence and sptitude that are related to
learning, as prerequisite knowledge, the presence of “learning sets" which
facilitate learning, and the ability to mske the discriminations, e.g.,
spatial, abstract, linguistic, .etc., necessary to profit from instruction.
In the absence of adequate knowledge of these dimensions, no generalisable
conclusions can result from disparate single experimants. Simple empirical
investigations can, however, obtain information on gross variables such as
intelligence tast scores which are semsitive to gross differences in experi-
mentsl materisls and opsrations without establishing conclusive evidence
for all situations. The accumulations of this type of research can accom-
plish the following: first, provide information concerning the variable
in question to potential users of the particular kind of material and con-
ditions that wers investigated; and second, if data from a number of inves-.
tigations perforwsd under specifically described conditions are obtained,
certain general characteristics resgarding the effects of certain conditicns

upon the varisble can be described and subjected to more detailed expsri-
mental analysis.
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The first study in the fourth grade (4A) was of this empirical
type, with the objective of evaluating the extent to which learning from
an instructional procedure utilizing both programming and teacher presen-
tation was influenced by the intelligence of the learners. The subject
matter, taught in daily sessions over an 1ll-week period, was multiplication
and division facts. Students in six classes worked in the program on four
days of each week with each student being permitted to advance through the
program at his own pace. On the fifth day, the teacher directed a general
review and discussion of the material presented in the program. A corre-
lation between intelligence and terminal test performance was obtained to
assess the degree of relationship between IQ and achievement. Also, the

achievement test performances of high and low intelligence sub-groups were
compared. ‘

Review and Acceleration

The same six classes which participated ia Study 4A were enployed
in investigating the use of programmed instruction as a review technique,
and also as a technique for accelerating the fourth grade arithmetic cur-
riculum (Study 4B). Following the multiplication and division program,
four of the six classes continued with the usual school curriculum for the
remainder of the school year. Within this group, two of the classes re-
ceived no further programmed instruction. The other two vere given a re-
tention test on the multiplication and division facts two months following
the completion of the program, and individual students not passing this
test were required to use the program as an aid in revieving and relearning
the sultiplication and division material they had forgotten. The remain-
ing two classes, constituting an . accelerated group, began the fractiomns
program (containing material not ordinarily presented at this grade level)
scon after completion of the multiplication and division program, rather
than continuing with.the usual Grade 4 cmﬁricylmn. Thus by the end of the
year these latter two classes had been exposed to intensive instruction on
a topic in uhich'thouo following the usual curriculum had had only periodic
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and incidental instruction. Achievement measures for all classes were com-
> pared at the end of the school year to determine the relative effects of
the curriculum, the existing curriculum plus individual programmed review,
and the accelerated curriculum, upon the amount of srithmetic knowledge
retained at the end of Grade 4.

Effects of Classroom Surroundings

In Study 4C, a spelling program was used to evaluate the effect
that variations in classroom environmental stimuli have upon learning.
It is an increasingly common practice in present-day school systems to
teach various subjects in class:ooms specifically designec for imstruc-
tion in certain subject matter sreaz, e.g., science rooms, lenguage rooms,
etc. The major reason for this practice is, of course, that special
equipment too bulky or expensive to be put in the ordinary clsssroom is
necessary for teaching certain subjects eftectivciy. It may be, however,
that other léatning advantages, more subtle than the use of special equip-
ment, accrue from the practice of using a spscific room to teach only one
subject matter. The presence of classroom stimuli such as charts or proj-
ects completed, particular seating srrangements, anc general “classroom
atmoopho:é" are often assumed by educators to have facilitating effects
upon learning and retention. A room in which only one subject matter is
taﬁght ususlly has a variety of such stimuii, all pertaining to the single
knowledge area. It is possible that the uniqueaness of the surroundings,
in itself, may facilitate the learning which takes place in such a room.

This assumption is supported to some extent by certain laboratory
iavestigations of human learning which have demcnstrated that certain
stimuli wvhich are present in the total learning situation enhance learning,
wvhile other stimuli interfers with learning (Slamecka & Ceraso, 1960).
One theorstical explanation which accounts for these empirical findings is
the concept of interfasrence, which has received considerable ressarch
attention (Postman, 1961). A basic assumption in many theories of learning
is that nev responses being lsarned becoms attached to all stimuli pressnt
during learning, including incidentsl as well as critical stimuli. According

) ERIC
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to the interference concept, if the incidental stimuli present are already
associated with responses other than the one being learned, these older
associations tend to interfere with the new one being made. This associa-
tive interference hypothests‘nuggestl that vhen several different subjects
are being taught in the same classroom, the response appropriate to one
subject may be associated with classroom stimuli in a way vhich interferes
with learning responses to other subjects. Therefore, a possible advan-
tage of using different classrooms for different learning materials is
that the unique surrounding stimuli present in the different classrooms
are associated with only one subject matter, which may diminish interfer-
ence effects upon learning. Alsc, once a response has become associated
with these incidental stimuli, the presence of such stimuli may facilitate
retention of nntcrial learned if & test is given in their presence, since
they would tend to evoke the appropriate sssociative responses rather than
interfering responses.

Although this hypothetical explanation of possible sffects of in-
cidental stimuli upon learning is quite crude and general from a rigorous
point of view, it does represent a possible extrapolation of existing theo-
retical descriptions of the learning process to educational practice, and
suggests an initial experimental study. Consequently, Study 4C was per-
formed to explore the hypothesis suggested by a general intsrprstation of
the concept of interference, namely, that incidental classroom stimuli
will facilitate or inhibit learning of specific responses in accordance
vith whether or not the responses already associated with them interfere
with the new responses required. Specifically, it was predicted that a
group receiving both spelling instruction and spelling tests in a special
room in which no other subject matter was taught would demonstrate mors
learning than a group given the same instruction and testing in a room
used by that group for learning other subjects as well. A third group,
receiving spelling instruction in a specisl room but all spclling tests
in the usual classroom, was used to determine the effect of surrounding

stimuli upon test performance alone. It was predicted that test perfor-
mance of the latter group would be lowsr than that of thc group vhicih re-
ceived all tests in the special room.




Study 4A:
The Effect of Intelligence upon Programmed Learning Achievement

Method

A T

Subjects. The same six classes in the fourth grade ﬁere used for
both Studies 4A and 4B. The mean IQ of the 173 students in the combined
classes who completed the study was 116.45 (s=10.91).

Design and Procedure. In the first three weeks of school all six
of the classes were given s general review of the arithmetic mjterial
taught in the previous year (e.g., addition, subtraction, measuring, using
large numbers). At the en@ of the third week, a multiplication and divi-
sion test, Part A (MD-A) wué adniniotered as a pretest to assess level of
achievement in multiplication and division operations prior to begimning
the multiplication and division program. All six classes were then given
the program, under ideantical conditions, over the next six weeks. In a
typical week, a student worked at his own pace through the program during
45-minute work sessions on Monday, Tuesday, Thursday, and Friday. On any
of these programmed instruction days{ if the student conblctod one of the
ten blocks of material into which the total program vas divided he was
given a written test on that block before continuing in the program, If
& student failed to achieve & score uf at least 70X on any block test, he
was required to work through that block of the program again and pass &
re-test at the 702 level before he could advance to the mext block. ‘This
procedure provided a check on individual progress, and sssured the teicher
that students were learning the requirsd material. , :

The Wednesday sessions were teacher-instruction potiodl, duriug
which the teacher presented review and prac-ice materials relevant to the
parts of the program which most students had cowpleted. Thc'lpocﬂfic con~-
tent of these teacher sessions was specified in detail in the Teacher's
Manual that was constructed for the study, insuring that all classes re-
ceived the same treatment on these days. : | \ '
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As a result of the self-pacing procedure, some students finished
the program before the end of the aliotted six-week period, while others
were unable to complete it within the designated time limit. Students
finishing early were provided with enrichment materials, to be used indi-
vidually during the sessions when others were still working in the program.
These materials consisted of workbook exercises pertaining to the multi-
plication and division facts presented in the program, as well as ptoblens-

-and activities which required applications of these facts. The slowest

students in each class, for whom it was obvious that not enough class time
was allotted for program completion, were required to take the progran
hone several night during the last two weeks and work on it there as well
as in the classroom program sessions.

At the end of the six-week period, students in all classss were
given the two posttests to evaluate the learning which resulted from the
self-paced, combined program-and-teacher instructional procedure. One
posttest (MD-A) was identical to the pretest, containing 25 of the multi-
plication and division items in the arithmetic sub-test of the Stanford
Achievement Battery, plus 15 similar items constructed by the experimenters
and added to give che test a wider range. The second posttest (MD-B) was
& 40-item sampling of the items used in the ten block tests. (The MD-A
test included some rather difficult items with larger numbers than were
used in the program, while MD-B contains simpler facts plus some word
problems. In general, MD-A waz a more difficult test.)

Resylts

It vas necessary to sliminate six students from the original group
befors performing the final analyses because of imcomplete dats dus to sb-
sence on critical test days. The pre- and posttest data for sll six groups
combined are shown in Figure 1.15 for MD-A. For the 173 students for whom
complete data was obtained, the correlation betwesn intelligence scorss snd
MD~-A posttsst scorsa was .19, and the correlstion of IQ and MD-B posttest
vas .20. Taken alone, these low correlation values suggest that intelli-

gence differences accountsd for very little of the variancs associated with
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-achievement performance following programmed instruction. However, inspec-
tion of the MD-A pretest scores indicated that some students already knew
much of the programmed subject-matter prior to the program, and many stu-
dents obtained acores at or near the test ceiling on the tests administered
after completion of the program. Of a possible score of 40 on each test,
the posttest mean for MD-A was 31.31 (s=4.75) and for MD-B was 33.72 (s=4.83).
The high posttest performances may have influenced the X values obtained
because the ceiling cffcét, by reducing posttest variance, would in turn
depress any correlation which included the posttest scores as a variable.

Since the correlations obtained may have bean affected by the test
ceiling restriction, a second type of analysis which did not require corre-
lation was made to evaluate IQ effects upon learning. High and *ow IQ
groups with similar pretest performances were selectsd from the original
group, and their posttest achisvement levels were compared to determine if
group differences in intelligence would affect terminal performance. In
this anulysis, the prediction being tested was that the intelligence differ-
ence between the groups would not result in diffsrences in posttest per-~
formance following programmed instruction.

A high intelligence group (Group H) was selected from the six
classes according to two criteria: (a) each student had an Otis 1Q score
between 120 and 140, and (b) each student had a pretest MD-A score below
20 (i.e., & score which vas less than half of the total score om that ggi@ﬁ.
A lower intelligence group (Group L) was also selected so that the group \
had (a) an Otis IQ score between 90 and 110, and (b) a pretest MD-A score
below 20. The requiremsnt that the prstest score be less than half of the
total possible scors on the MD-A test insured that all students im both of
the groups selected did not have adequate knowledge of the multiplication
and division facts prior to :aking the progrem, and also that all students
had a considersble test range (at least 20 points) over which improvement
could be demonstrated on the posttest. Group H was then compared with
Group L cn the MD-A posttest to determine whather IQ diZferences, ss deter-
mined by the Otis test, resultad in significantly different posttest per-
formances following completion of the program.




69

Table 1.12 presents the means and SD's for the intelligence, pre-
test, and posttest scorss of the students meeting the criteria for inclusion
in Group H or L. Mean gains from pretest to posttest are slso shown.

Since the difference between the pretest means for the 28 students in Group
R and the 27 students in Group L was not significant (t=1.74, df/53,

P >.05), the groups were tested as samples from different intelligence
populations which had the same knowledge of multiplication and division
Prior to receiving the program. Comparison of the differsnces in posttest
means and in masn gains yielded ¢ values of 1.25 and .04 respectively,
neither of which is large enough to reject the null hypothesis that the
groups wvere from the sams or equal achievement populations following pro-
grammed instructiom. The largs difference betwsen the groups in intelli-
gsnce apparently had no effect upon final achievement performance or the
amount of learning which took place in the course of programmed ingtruction.
The results of this comparison and the correistion analysis ars consistent,
indicating that intelligencs as measured by the Otis test had little or mo
relationship to the learning which occurred under the programmed instruc-
tion conditions used in the present study.

Table 1.12

Means and Standard Deviations for High and Low Intelligence Groups
on Measures of IQ and Achievement in Multiplication and Division

MD-A Test Scores

40 items
1Q Pretest Posttest Gain
Group N X s X s X s X s

B 28 125.86 4.58 14.57 3.26 30.06 5.34. 15.46 5.35
L 27 103.04 5.25 13.11 2.99 28.52 3.48 15,41 4.22




. Study 4B:
) The Use of Programmed Instruction for Review and Acceleration
of Arithmetic Learning

Design. After completion of the multiplication and division pro-
gram, the six classes whichk had participated in Study 4A were divided into
three gruups of two classes each and used in Study 4B. Two of the three
groups were presented the arithmetic curriculum that was curremtly being
followed by the school system, using teacher instruction for the remainder
of the year. In orxder to guarantee that sll four classes in both of these
groups were exposed to the same subject matter at the same time, the teach-
ers followed weekly lesson plans which were outlinad in s Teacher’s Manual
specially constructed for this study. The plans indicated what topics were
to be covered each week, and the textbook and workbook units and pages to
be used in prenentins them. Within this framework, the only difference in
treatment was that students in one group (Group R) received a programmed
review of multiplication and division one month following the program,
while the second group (Group NR) did not. The third group (Group F) was
given programmed instruction in fractions soon after completion of the
multiplicatidn and division program. This latter treatment constituted an
acceleration of the arithmetic curriculum, since intensive instruction in
fractionrs was normally not a part of the fourth-grade subject mstter at the
schools participating in che experiment. At the end of the school year the
three groups, and & control group which received only traditional instruc-
tion throughout the fourth grade, were given a series of tests to determine “
the effects of acceleration and review upon srithmetic achievement.

Subjects. An attempt was made to organize the intact classes par-
ticipating into experimental and control groups which were.squivalent on
three independent measures obtained prior to the study: Otis intelligence
test scores, scores on the arithmetic subtest uf the Stanford Achievement
Tests, and battery median scores on the Stanford Tests. The latter two
measures vere presumed to be indicators of prior knowledge in arithmetic
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and general academic achievement, respectively, both of which could be ex-
» pected to have at least a moderate influence upon the learming required in
the study. Table 1.13 gives the means and standsrd devintioms for each
; : group on these measures, after eliminating all students who failed to com-
plete the study because of moving or extended absence. The means of the
groups are equivalent on each of the two pre-experimental achievement mea-
sures. It was not possible to arrange all classes into equivalent groups
on the intelligence measures also. The IQ mean of Group NR is signifi-
cantly higher than the means for both the Control Group (C.R.=2.70, p.01)
and Group F (C.R.=2.38, P<.05), and is beyond the .10 significance level
whex compared to Group R (C.R=1.79, p.10). All differences in intelli-
gence means between Group R, Group F, and the Control Group are well with-
in chance limits, however, with CR‘s ramging from .46 to a maximum of 1.09.
Procedure. Groups R and NR received identical treatments with one
exception. One month after completion of the multiplication and division
program, Group R was readmmnisteted the MD-A test (described in the previous
study) as a retention test. Any student failiﬁg to achieve a score of 80
or higher on the retention test was required to work through the sections
of the multiplication and division program which taught the materials he
had either forgotten or else had not learned previously. This use of the
program as a review and relearning toul took place at home by the individ-
ual students requiring it, while the group continued with the on-going cur-
riculum in the regular daily arithmetic class periods. During this time
Group NR received no retention test or review, but simply continued with
the teacher-directed curriculus normally employed at the school. |
Grovp F, receiving an accelerated curriculum with programmed in-
struction, began vorking on the fractions progra: three weexs after com-
pleting the multiplication and division program. (A vacation, followed
byva period of teacher imstruction on two-figure multipliers, occurred
during the three-wesk interval between programs.) After administration of
the 50-item pretect to determine cxictiug knowledge of fractions, the frac-
tions program was administered over an eight-week period by the same gene-
ral ptoccdute as vas used for the multiplication and division program.

ERIC
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Table 1.13 |

Group Size, and Means and Standard Deviations of the Grade Four Arithmetic
Groups on Measures of IQ, Arithmetic Achievement, and General .
Academdc Achievement Taken Prior to Beginning Study 4B

IQ* | Arithmetic ~ Acadenmic

Group N Achievement#*  Achievement#
T o« X . T .
F 56 119.55  12.69  4.72 .77 5.03 .82
R 65 115.48 9.23  4.97 .80  4.91 .91
NR 52 114,33 10.00  4.76 .71 4.93 .81
Control 59 113.39  11.70  4.79 .83  5.15 .94

*0tis Quick-Scoting Mental Abiltty Tests (alpha)

#tArithmetic subtest of Stanford Achievement Battery (grade-
placement scores) -

#***Battery Median of Stanford Achievement Battery (grade- 1
placement scores)

On four days of each week, students worked in the program on a selt;pacgd
basis, taking block tests as necessary and repeating the block if'teat |
performance was below criterion. Arithmetic sessions on the fifth day of
each week were devoted to prqcticc and review undet the tenche: s direc-

tion, using small groups chat uere relntivuly homogeneoun in their rates

of progress through the pzogra-.

Upon colplnting the frnctioua nrosral, Group F received teachct
instruction in other arithmetic topics usually taught in the fourth grade
for the remainder of the ycar. In thio phauc. houever. the rate’ of prog-
ress achcdulcd in the Teacher's Mlnual wun considerably faster thun the
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rates of Groups R and NR, with the consequence that all three groups ended
the school year at the same point in the text being used. Thus Group F
had covered (in a shorter time) all major arithmetic materials covéred by
R and NR, and in addition had been exposed to eight weeks of intensive
instruction in an advanced topic. The total time spent on arithmetic was
equal for the three groups. | |

At the end of the year, all three groups were given'the following
tests: the two mult{plication and division tests, MD~-A and MD-B; the frac-
tions test; and the Stanford Achievement Bsttery. The Control Group,
which received no programming at all during the year, was also given all
of the tests.

ggsults'

The three experimental groﬁps had each completed the multiplication
and division program, and taken the MD-~A and MD-B tests, just prior to the
beginning of the acceleration study. Since the intelligence mean of Group
NR was higher than the‘other'cwo groups, the three groups were first com-
pared on these MD-A and MD-B tests to determine if intelligence differences
were producing a systematic effect upon the group performances at the start
of Study 4B.. Table 1.14 gives the means and SD's of each group on the MD-A
and MD-B measures that were administered prior to the beginning of the

‘study. An analysis of variance indicated no significant differences between
the groups on the MD-B test (F<1.00, df/2, 170, p».05), but a signifi~
cant difference among the groups was found on the MD-A test (F=3.52, df/2,
170, pL .05), due to the low mean of Group NR. Although having the higher
intelligence score, the NR group was aignificnntly lower than Group F (t=2,78,
d£/106, p<£ .01l) on the achieve:ent measure taken followi.ng admninistration
of the nultiplication and division program. These data udd support to the
conclusion reached 1n‘5tudy &A, that IQ ‘had little effect upon progralned
learning. and suggest that the IQ difterences anong tha gtoups mqy be 13-
nored in analyzing thc rcuultg of Study 48. | )
The results of the five tests adnimictezed at the end of the school
- year are presented in Table 1.15. Variance analyncs ot_the Stanford Battery

3 ER&C
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Median and the Stanford Arithmetic subtest results showed that differences
among the four groups were not significant for either measure (Pml,37 and
2,23, respectively, df/3, 228, p>».05). The equivilence of all groups on
these standardized tests indicates that they had advanced to equal degrees
during the school year in terms of general acadéuic‘nchievement; and also

in number reasoning and general arithmetic facility as measured by the Stan-

ford subtests. There is no indication that the. groups were not compn:able
in the ability to learn.

Table 1.14

Means and Standard Deviations for ctoupa F, R, and NR on the MD-A
and MD-B Tests Administered Upon Completion of the
Multiplication and Division Program

MD-A . W
Totel Possible-4N Total Possible-40
Group N . — |
i {_ o i e 8
F 52 32.40 4,77 33.94 . 4.51
R 65 31,54 5.10 33.85 5.28
NR 56 © 30.04 3.95 33.36 4.55

In contrast to the cquivulcnco found anong groups on the otandutde
ized tests, reliable diffetcncas vnrc obtained when the more spscific testu
evnluating the ptogta-lcd nntcrials vere analyzed. The analysis of variance
for the MD-A test vas nignificant ‘(P=3.53, df/3, 228, p £ 05). vith further
t tests showing that the control Gronp mean vas cignificnntly ‘lower than the
Group F and Group R means beyond the .02 lovcl (592.83 and 2.50, toopwc-Q

'tivnly). !bt the MD-3 tcot. it in npparcnt fton Table 1.15 that the
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variance of the Control Group is much larger than the variances of all the
experimental groups. Also, the Control Group mean on the MD-B test was
significantly lower than the F, R, and NR groups (t=3.74, 5.62, and 4.70,
respectively), at levels beyond p=.01 in every case. Almost without ex-
ception, then, the end-of-year performance of the Control Group was in-
ferior to all of the experimental conditions on the multiplication and
division tests. ﬂounvur.‘no significant differences among the three ex-
perimental groups were found on these tests. The latter finding failn to
support the expectation that the use of the program as a review and re-
learning tool in Group R treatment would facilitate end-of-year sehteve-
‘ment in multiplication and division.— Thii'fiﬁdingfiiy in part be dic-
tated by the fact that the mean of each group was very near the test
ceiling and that the test did mot asccount for sufficient variance among
individuals.
Analyses of the fractions test data showed that Group F performance
wvas superior to all other groups. The t values obtained in comparing the
. Group F mean with Groups NR, R,'and the Controls were 6.88, 6.83, and 6.06,
respectively, each of which is well beyond the .001 level of significance.
The lower SD of Group ¥ relative to the others indicates that its superior
achievement in this topic vas quite consistent among the students who took
the fractione program. Further t tests gave no evidence of significant dif-
ferences among the NR, R, and Control groups. The score distributions on
the fractions pre~ and posttests are shown in Figure 1.16. The N in this
distribution is 45, since fractions pretests were available for only 45
of the 52 students in Group F. PFigure 1.17 shows the fractions posttest
for the R and NR Groups combinesd. | |
The finding that the gxoup~r§cgiving & program in fractions per-
formed better in fractions than thoae who did not is not'uurprising in it-
self. However, Group F spent eight weeks of arithmetic periods learning
the additional advanced ma.: 'ial, necessarily taking :ndj learning time
from the ususl fourth-grade a. ithmatic activities in which the remaining
groups wers engaged, and yet gave no evidence at the end of the yonx that
““~1swhad*lggggggugF tutéiggd'lcn- of the other arithmetic topics ordimarily

N‘*M
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| Study 4C:
Effects of Classroom Surroundirgs Uson Programmed Learning in Spelling

chbd . , <

Design. Three groups, taking a full year's programmed spelling
course, wers used in this study. Onme group (Group H) received programmed
instruction and all weekly spelling tests in teh same homeroom used for all
other instruction. A second group (Group S) received sll programmed in-
struction and all weekly spelling tests in a special room, used for no
purpose by this group but learning spelling. The third group (Group S-H)
recaived the program in a special room set aside tbr spelling instruction
only, but took all weekly spelling tests in its homeroom. These groups <
vere compared on a series of spelling tests given at the end of the school
year to determine if programmed spelling achievement 1‘ influenced by vari-
ations in the surroundings present during learning and testing. A Control
Group, receiving traditional spelling instruction in its own homeroom, was
also compared with the experimental groups to svaluate the effectiveness of
programsied instruction in teaching fourth grade spelling.

Subjects. Two of the six classes chosen to participate in Study
4C were also participants in the Arithmetic Studies 4A and 4B. Four other
classes were selected so that, when combined into two more groups of two
classss each, the resulting threse groups were equivalent in terms of mean
IQ, mean spelling achisvement level, (a3 measursd b§ the spelling subtest
of the Stanford Achievement Tests), and mean lavel of general academic - 1
aschievement (as measured by Stanford battery median scores). A Comtrol
Group, consisting of two classes equivalent to the Q:pertncntal groups on
these same measures, vas also selected. It was necessary to eliminate some
students (about 4% from sach experimental group) when making the final
analyses, for reasons such as extended absence or transferring schools
during the course of the i:periunnt.é' ' |

6!br this resson, the size of Group S in Study 4C differs ilightly

from the same group used in 4A and 4B. Students that had to bes elimirated
from one study were not necessarily eliminated from all others becauss of
differences in length of the studies, time of ysar, etc.
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Table 1.16 describes the four groups used in the final analyses,
listing their sizes and the meaas and SD's of the independent variables
on which they were matched. As was the case in Studies 4A and 4B, the
three groups in 4C were bright-normal in intelligence, and grade placements
on the Stanford spelling subtest and the total Stanford battery indicated

" that their achievement levels were considerably sbove average at the begin-
ning of the fourth grade. Statistical tests for differences between groups’
on the various independent measures did not reveal any significant differ-
ences, so the groups wers assumed to be equivalent on all measures taken
at the beginning of the school year. .

Procedure. In the first week of school the three experimentsl
groups were given additional pretests to assess level of spelling achieve-
ment prior to begimning the study. The Progrhn Pretest consisted of 60
vords randomly chosen from the 354 new words presented in the program that
vas used. This test required the students to write the words as they
were pronounced by the teacher. The other pretest given was the Spelling
subtest of the Iowa Tests of Basic Skills (Form l).7 The Iowa pretest
contained 38 multiple-choice 1tels,'euch of which required the student to
indicate on a special answer sheet which of the four printed words vas
spelled incorrectly.

Following the pretssts, the experimental groups began a 29-week
period (out of a totgllof 37 school weeks) of ptogzun-cd.gnotzuction in

~ spelling. The general procedure for all groups was to work on assigned
frames during scheduled 20-ainute class periods on Monday, Tuesday, and
Wednesday of each wesk. On Thursday the teacher directed a review and en-
richment period which provided further practice with the words presented
in the week's assignment, and on each Friday students received s written
test of the words covered during the week. Exceptions to this procedure
occurred on five coccasions, usually‘clooc to a vacation per.lod, at which
times the weekly tests were postponed until the next school wesk. In all,
sach group received 24 veskly tests.

->o

"lows Tests of Basic Skills. Boston: Houghton-Mifflin, 1955.
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~ Weekly assignments were specified for all teachers in a Teacher's
Manual specially comstructed for the study. The assignments avezaged about
120 frawes, in amount which made it necessary for students to complete ap-
proximately'QO frnuas'dutihg each 20-minute program work period. At the
beginning of each week students wvere told the frame numbers which consti-
tuted the week's assignment, and then were permitted to work at their owm |
paces. Faster students who finished in less than the three 20-minute per-
iods aliotted were given individual spelling enrichment tasks by the teacher.
Those in danger of not finishing an asnignment in the allotted three-day
program period were giﬁeﬁ extra time to insure that they would be able to
participate in the teacher-directed enrichment period which followed on the
fourth day. Suggested activities for this latter period were given in the
Teacher's Manual, and teachers wer§ asked to follow these suggestions to
minimize differences among the groups.

The number of words presented per week in the program varied from .
16 to 20, in accordance with the length of the assignment made. Some words
were repeated on several differént weeks because the'progral-contnincd per-
iodic word reviews as well as new words throughout.

Within this general framework, the éxperinentnl conditions for eval-
uating the effects of classroom stimuli upon learning wét@ arranged as
followi: Group H received all 1natiuccion and testing in the same class-
room in which it received all other instruction (at this grade levsl classes
were self-contained). Group S-H received programmed instruction and
teacher-directed enrichment in a separate room, used only for learning
spelling. All weekly tests and the final posttests were administered in
the homerooms of these Group S-H classes, however. Finally Group S received
all instruction, and all tests as well, in a special spelling room which
it used for no other purpose. (The special rooms used by the latter groups
contained no displays, exhibits, or othe: material associated with any
topic other than spelling.) The Control Group followed the usual spelling
curriculum in the regular classroom, using the standard curriculum. This
curriculum contained 112‘o£,thc 354 new words presented inafhc ptoj:u-.
plus other words ﬁhich ihtu‘snnerully'lona difficult than those on the
programmed spelling list. -
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Table 1.16

Group Size, and Means and Standard Deviations of the Grade Four Spelling
Groups on Measures of IQ, Reading Achievement, and General
Academic Achievement Taken Prior to Beginning Study 4C

. 1Q* . Spelling General
Group N | Achievement## Achievementhas
X ‘ s X s X s
- 47 114.17 14.62 5.07 1.08  4.77 .88
sH 67  115.78 9.18  5.01 92  4.89 .90
s 55 114.95 11.35 5.21 98  4.86 .89
Control 59 113.39 11.70  "5.45 .88 5.16 9%

*0tis Quick-Scoring Mental Ability Tests (alpha)

*#Reading subtest for Stanford Achievement Battery (grads-
placement score) |

*#4Battsry Median of Stanford Achievament Battery (grade-
placement score)

Upon completion of the program, the threse experimental groups and
the Control Group rsceived thres posttests assessing spelling achisvement.
The tests used wers the same Program and Iowa tests administered to the
experimental groups prior to buiming the study, and the Spelling subtest

of the Stanford Achievement Dattcgy.
Results
Pretests. Mesns and 5D's of the two pretests, vhich vere adminie-

tered to the three c:p_@rtmtql ‘2roups to assess their equivalence in pre-
experimsntal spelling achievement, are pressated in Table 1.17. Critical
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Table 1.17

> Means and Standard Deviations for Groups H, S-H, and S on the
Iowa and Program Spelling Pretests

Iowa Pretest Program Pretest
Group ' N (38 items) (60 items)
X s X 3
H 47 20.70 7.86 31.28 14.07
S-H 55 19.67 8.56 35.51 11.38
S 67 20.64 7.01 34.46 | 10.88

ratioc tests showed that mean differences among all groups were within the
«05 limits of chance on both pretests, indicating that the groups were
equivalent in spelling performance at the beginning of the study.
Posttests. Table 1.18 contains the data for all of the spelling
posttests that wers administered to Groups H, S-H, S, and Controls at the
end of the school year. PFigure 1.18 shows pre- and posttests for the pro-
gram groups and Figure 1.19 shows posttests for the Control groupi. Anal-
‘yses of variance were performed for each of the three tests to determine if
differences among tha groups were relisble. The F valuss obtained for the
Stanford and Iowa posttests were both less than 1.00, indicating that all
groups wers 6qu$val¢nt in spelling performance on these two measures. On
the Program posttest, however, an F of 10.26 was obtained, which is signif-
icant at the .001 level of probability with df/3, 224. Purther ¢ tests
batween the g:oup means on this téat showed that the Control Group perfor-
BARce vas qignifiéjntly lower than that of all thtuc'ot the groups which

had received the progran (the ¢ valuco vere 4.46, 3.76, and 6.10 for com-
parison of the Conttumn with croupo H, S-H, und S, respectively, with
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P<£.001 in each case). The t values obtained when the program groups were
compared with each other were .21, .59, and 1.01, none of which is large
enough to reach the .10 level of significance.

Summary

These data indicate without exception (a) that the experimental
variations in stimulus surroundings had no differential effects upon end-
of-year spelling achievement of the experimental groups; and (b) that the
use of a program for spelling instruction resulted in achievement equal to
the control classes as measured by two standardized spelling tests, and
facilitated spelling performance of the program groups relative to tradi-
tional instruction on a test which sampled the specific words taught in
the program. Little can be said asbout the first result, except that the
hypothesis that the presence of incidental classroom stimuli affects learn-
ing was not supported under the conditions used in this experiment. Con-
cerning the second finding, it seems useful to point out that the Program
tests, consisting entirely of words taught in the gpelling program, con-
tained many words, 39 ocut of 60, which students in the Control Group did
not encounter in the course of their traditional fourth-grade spelling in-
struction. While this fact explains the lower Control Group performance
on the Program test, it also indicates that the program groups, by being
required to do so, were able to learn more spelling during the year than
were the controls. The additional material apparently did mot prevent the
progras groups from learning the words usually re@uired at this grade level,
since students receiving the program performed as well as control stucdants
on the standardized tests. Had a more comprehemnsive evaluation been made,
including all of the words to which each group was exposed during the
entire year's spelling instruction, more definite information would have
been obtained concerning the spelling efficiency resulting from the program
and control conditions. Unfortunately, the amount of class time required
for such an evaluation made it prohibitivé in this study. The present re- s

sults suggest, however, that further rejanrch involving mor2 comprehensive ,
testing would be fruitful in indicating the‘quantigy otlspelling material >
students at this grade level can retain fpllobing exposure by programming
and traditional methods.

.
I
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 Table 1.18

Means and Standard Duviitiaﬁi;fSE%Gioups H, 8=H, s,flnd:ﬁbﬁtroid

on the Stanford Spelling, Iowa

Spell

elling, and Program Spelling Tests

‘Aduinistersd at the End of the School Year

Yoo

\
—n

Group N

Stanford

(60 items)

X

S-H 35

Control = 59

5.34
5.64

5.61

»
3.57

.87
0'90

.84

.99

6.59

6.06
S.44
Jisdz

32.83

33.24

54,21
46.58

7.73.
11.13

6.63
7.31
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I-plicition;

The specific conclusions of each study have been reported sbove in

the separate studies; the broad implications that can be gathered ars the
following:

l. There 1is éxtcnaivufvariutiba in fate of learning among students
vhen they are given the opportunity to proceed at their own rates with pro-
grammed learning materials.

2. Pretest scores show that many of the students know the subject
being tuu;ht and that some students are not ready to learn it.

3. Different types of teacher-program combinations in several
grades made little difference in student achievement.

4. Young children can be taught a subject 1ntennivcly with little
loss in retention (st least over the short time measured in the time-telling

study) .

5. The sxtent of the correlation between general intelligence and
achievement as s result of programmed instruction depends upon the particu-
lar program involved. In genersl, intelligence appears to be related to
the pace with which the student goes through a program.

6. Extension of the curriculum with programmed materials, neces-
sarily taking sway from time spent in conventional grade-lsvel instruction,
produced additional learning without being detrimental to the learning of

materials usually taught at that grade ldvcl.,,ln general, students required
to learn more did learn mors. '

Most impressive in these studies was the wide variation in student
rate of learning and the wide variation in student achievement prior to
instruction. As a result, attention in nubscqunnt academic years at the
Balduinpﬂhitchall Schools was focused on the individualizntion of instruc-
tion. Some initial pilot studies, undertaken prior to the establishment of
an experimental 1ndiv1dualizcd clci-ntary school, ars reported in Chapter 4.

j ER&C

Aruitoxt provided by Eic:
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- CHAPTER 2

THE IMPACT OF PROGRAMMED INSTRUCTION ON
SELECTED STUDENT VARIABLES

C. M. Lindva1il

Introduction

The'ctudiéo reported in this chipter are concerned with 8 variety
of student variables, with what changes take placs in them and how they
relate to cne another when students use programmed instruction under certain
conditions. The variables studied include student attention, attﬁtudc,
aptitude, rsading ability, speed in working through s program, and selected
nenjuzcs of achievement. The studies will be rsported under two major
categories:

I. Changes in student attention and attitude cver an extended

period of use of programmed materials.

II. An analysis of the relationship between achievement and

' aptituds vhen various measures are employed under s variety
of instructional conditioms.

The data presented here must, for the most part, be considared as
descriptive data. That is, they provide a description of what happens to
certain student varisbles when programmed instruction is used on a broad
scale in rather typical on-going school uitdationq. As a result, it is
possible to present data bearing on several important hypotheses; but it
is impossible, dus to limitations in sampling and in the way in which stu-
dents could be assigned to various situations, to present rigid tests of
these hypotheses. Where tests of statistical significance are provided,
it has been largely to provide evidence concerning the internal validity
of the results. In other cases only the descriptive stitistics have been
provided. Despite thess limitations, these studies should be of considara-
ble intsrest and importance since, in gcniral. thcy"nt. based on mors

C——

Iwzth thlv_lllﬂtlaet of Lois Lackner, Joseph Ferderbar, James

McCormick, and Glomn Graham.
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Studies of Pupil Attention and Pupil Attitude

There is some reason to feel that when a pupil is studying with a
good program his degree of attention to the instructional material shouid
be grester than it would be in the typical instructionsl situation. Com~
tributing to this interest should be the fact that the student is experi-
sncing steady reinforcement as he receives fesdback concerning the correct-
ness of his responses cnd the fact that he is being permitted to progress
in the learning activity at his own pace. Of course, the extent to which
the use of a program holds the intersst of a student is going to depend
grestly upon the quality of the specific program, but many rssearchsrs in
studying the use of programmed materisls in relatively limited or lsbora-
tory-type situations have rcmorted a high degree of interest among subjects.

On the other hand, many critics claim that asking a student to sit
st & desk day after day, turning the pages of a programmed textbook and
reading s seemingly endless succession of similar frames, will create a
situation that will quickly become sxtremely boring. Alsc; some teachers
vko have used programs in this way report that this boredom does result.

In view of this situation it would seem to be important to inves-
tigate this variable of pupil attention and pupil attitude under varying
procedures for using pxogra:i and at various grade levels. This is the
purpose of the studies described in this section of the report. As measures
of pupil interest, the studies here employ two prbgedurcc: (1) a record

~ of pupil inattentivaness obtained through observation, and (2) wmeasures

of pupil attitude obtained through the use of specially constructed atti-
tude scales.

Studies of Pupil Inattentiveness

Studies of overt manifestations of pupil inattentiveness wers car-
ried out with three different groups: . (1) six classes of first graders
using the tt.n—tdllin. program, (2) Afivo classes of fourth graders using
the multiplication and division program, and (3) eix claloco'of fourth

graders using the spelling program.




94

A measure of inattentiveness for a class was obtained by having an
cbssrver sit in the classroom and, at two-minute intervals, make & quick
count of the number of students not giving overt attention to the materigl
they wers supposed to be studying (i.e., were gazing ubout the room, watch-
ing another student, dsy-dreaming, etc.). To obtain s measurs for a class
at a particular stage in its use of the program, the class inu ocbserved for
& period of approximately one-half hour on each of the indicatsd deys. This
measure used was obtained by determining the mean number of students inat-
tentive at any two-minute time interval over the obssrvation period and con-
verting this to a percent of the total number of students in the class.

Every class that was cbserved while using programmed ssterials was
also observad, on the same day, while it was studying some type of non-pro-
grammed materials. This permitted a compariscn of attentivensss under the
tvo conditions. Also, sach class was observed on s seriss of designated
days spaced out over the weeks or months that the program was used. This
permitted a study of changes in attentiveness over time both in program and
non-program classroom situations.

In the following sections summarizing the results when this type of
study was carried out with groups using the thrce differemt programs, pro-
vision is made for comparing inattentiveness under programmed and non-pro-
grammed conditions and for noting any trends in inattentivensss over time.
Alsc, data are presented on the interaction between study conditions and
time. In esch case an analysis of variance has been used to test the sig-
nificance of the rcjulta. It 1s, of course, recognized that since there
vas no random selection of programs used or of the classes involved, ths
generalizations that can be made from any one study are quite limited. How-
ever, the significance tests provide some indication of the "internal va-
11dity" of the results, sud the findings should be useful for suggesting
hypotheses for more definitive studies. |

Six first-grade classes in three differeant schools were observed
vhile they worked through the time-telling program and alsc while they worked
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at non-programmed seat work. In studying the program a pupil worked through
8 separate booklet during each of the 14 periods that he devoted to this
materisl. At any given seasion, the teacher would first have the class, as
a4 group, read and respond orally to the first fow frames. Pollowing this,
each pupil would work on his own until he had completsd specified sections
of the booklet. There wers some differences amcng the six classes in the
vay in which study sessious were spaced but since s preliminary analysis

of the data indicated that these differences were not rslated to the meas-
ures of inattentivensss, the ruosuits from all six classes were snslyszed to-
gether. In every class, 14 ssparats study periods were spent on the program.

To get & picturs of changes in inattentiveness, each clase was ob-
served during the first session, the fifth session, the ninth session, and
the fourteenth session. The classes were also observed on these same days
vhile they were doing non-programmed seat work.

Tables 2.1 and 2.2 summarize the analysis of the inattentivensss
measures for this study. From this it can be seen that there is a sigaifi-
cant difference betwesen ths two conditions and that the students are mors
attentive when studying ths programmed materiszls. However, there is no
difference among ﬂn sessions and no indication of 2 trend over time under
either of the conditions.

Insttentiveness Among Fourth-Crade Students Using

Five fourth-grade classes in three different schools were observed
vhile they wers using the multiplication and division program and also while
they were doing seat work with material that was not programmed. The classes
used this program on a daily basis and devoted about 45 minutes per day to
this type of study. Students were permitted to work at their own pace and
approximately six weeks were spent on the program. The classes were ob-
served at the end of the first, second, fourth, and sixth weeks. The sched-
ule of observatioms for this particular study involved observing the classes
on two consecutive days at the four times indicated. BRach inattentivensss
measure iz therefore am average for two consecutive days. The classes were
also observed on these same days while they were doing some non-programmed
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- Table 2.1

Mean Inattentiveness Messures Under Programsed and Non-Programmed Study
Conditions for Sizx First-Grade Classes Using the Time-Telling Program

- . o

‘Mean Percent of Students Inattentive

PFirst Pifth - Ninth PFourteenth All |
Session  Session Session  Session Sessions |
R " . RS

Programmed Work 5.42 5,15 &7 - 85,27 5.14

Study Condition

Non-Programmed Work  10.90 13,81  10.97  14.08  12.44
Both Conditions 8.16 9.8 . 7.8 9.68 8.79

R I oo ___ __ ]

Table 2.2

Summary of Analysis of Variance of Inattentivensss Measures for
Six First-Grade Classes Using the Time-Telling Program

Source " Sum of Squares df Mesn Squavre P A

Prog. vs Mon-Prog. 64020 - 1 6.4020  AL.26%e
‘rror (Bet. c1. pooled) 15508 10 ass.

Maong Sessions . .307% 3 .1025  Less than 1
Sessions X Prog.-Non-Prog. ' “‘?-A.‘2563": U3 40888 Less than 1

p s SIS D P ale g 2 P e, O
R AR vy *, L

*431gnificant at .01 hvll aoe

oy
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seat work. This design asgain permitted a study of differences in attentive-
ness under programmed and non-programmed conditions and a study of changes
over tiwme.

Tables 2.3 and 2.4 summarize the analysis of the inattentiveness
measures for this study. Prom this it can be seen that there is a signifi-
cent difference in inattentiveness between the programmed and non-programmed
conditions and that there is less inattentiveness when programmed materisls
ars being used. Also, the difference among sessions is significant. It
can be seen that here there is & definite trend, under both conditions,
tovard an increase in inattentiveness with the passage of time, and that
the interaction of sessions and treatments is not significant.

Inattentiveness .

ag _Fourth-Grade Students Using a Spelling Program

Six fourth-grade classes in four differsnt schools were observed
while they were studying the spelling program. These classes used this pro-
gram for an entire semester, devoting about 15 to 20 minutes per day for
five days a weesk to the study of spelling. Three days each week were de-
voted to the study of the program, with one day used for testing, and the
other for teacher-directed "enrichment” activities. Each pupil was required
to cover the same number of frames per week but was permitted to progress
through the week's work at his own pace. The classes were observed at the
end of the first week, at the end of the second week, at the end of the
first month, and at the end of the semester. Each class was aslsoc observed
on these same days during a period when pupils were doing non-programsmed
seat work. Data were analyzed to determine differences in inattentiveness
between the programmed and non-programmed situations and any changes during
the course of ths semaster.

~ Tables 2.5 and 2.6 summarize the snalysis of the inattentiveness
measures for the classes that used the spelling program. From this it can
be sesn that inattentiveness is significantly greater under the condition
of non-programmed study. In this situation there was no evident trend in

inattentiveness as the semester prograssed.
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Table 2.3

Mean Iuttmtimn Measures Under Programmed and Non-Programmed Study
Conditions fo: Five Fourth-Grade Classes Studying an Arithmetic Program

Mean Percent of Stmntn Imctontiio
Study Conditions o ‘

" EBndof  Endof BEandof  End of All
lst week 2nd week 4th week 6th week Sessions
‘Programmed Work 3.72 5.18 6.90 9.36  6.29
Non-Prograsmed Work 9.04 9.74 9.58 11.42 9.95
Both Conditions 6.38  7.46 8.24 10.39 8.12
Table 2.4

Summary of Analysis of Variance of Inattentiveness Mesasurss for
Five Pourth-Grade Classes Studying an Arithmetic Program

Source Sm of Squares df Mean Square M 4

Prog. vs Non-Prog. 1.3359  § 1.3359 = 1l.88%
Error (Bgt. Cl.; pooled) | .9054 8 1132

Among Sessions .8631 3 L2877 10.7e
Sessions X Prog.-Mon-Prog. S ¥ ) ) SO 3 - 0590 . 2.1_9
Error (Sess X Cl.; pooled) 6467 24 0269

Total o sem 3w

**Significant at .01 level
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Mean Inatteritiveness Measures Under no.rund and Non-Programmed Conditions
‘for 8ix Fourth-Grade Classes Using the Spelling Program

' o Mean Percent of Students Insttentive

Study Conditions : ‘
End of Bnd of End of End of All
lst wesk 2nd week 1lst month Semsster Sessions

Prograsmed Work 4.30 3.73 3.10 4.85  4.00
Non-Programmed ﬁork_ 10.02 9.15 8.50 9.78 9.36
Both Conditions 7.16 6.44 5.80 7.32 6.68

—

Table 2.6

Summary of Analysis of Variance of Inattentiveness Measures for
Six Fourth-Grade Classes Using the Spelling Program

Source Sum of Squares df Mean Square F

Prog. ve Non-Prog. 3.4381 1 34381 26,17 |
Error (Bet. Cl.; fpohd) - 1.3139 10 1314

Amoug Sessions - ,1578 3 .0526 ‘Less than 1
Sessions xrm.-lon-h'og. o .0276 3 .0092  Less than 1

Error (Sess X Cl.; pooled) 2.3408 30 .0780

Total C7.27182 . A1 o

S L T LRI 0 s L DR

atficest at .01 level

iy
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Discussion: Studies of Pupil Inattentiveness o |

It would probably be impossible to douignma study to snewer the j
general question of whether programmed materials are mors or less effective |
in holding pupil attention than are other study materiasls. This question
can be answered only in terms of specified programs and specified slterna- |
tive materials.

However, the three studies reported here do provide some evidence |
vith respect to the question. Here three different programs were involved |
and three different plans for using the materials were tollouud.z In all | |
three cases the students vere significantly more attentive vhen studying
ths programs. Also, in two of the thres studies thers was no trend towvard
inattentiveness as students became more accustomed to studying from the
program. In the one case where students became more inattentive with the
passage of time this increase was seen both when they were studying programmed
and non-programmed materials. | ‘

Taken togsther, the studies would seem to indicats that some pro-
grammed materisls can bs more effective than non-programmed materials in
holding pupil attention and that pupils do not necessarily becomes less atten-
tive as they continue to use programs over a period of time. j

Studies of i1 1tud03
Further studies of pupil reaction to the use of programmed materials
were carried out by obtaining measures of pupil attitude. In these studiss
measures were obtained both of (1) pupil attitude toward the use of pro-
grammed materisls and (2) pupil sttitude toward the subject being studied.
With the first measure it was possible to note pupil changes in attitude
over an extended period during which they were studying from programs. With

2Th¢le plans, described briefly in this chapter, are explained in
more detail elsevhere in this report.

he studies reported in this section plus additional studies of |
pupil attitude are presanted in detail in Perderbar, Joseph E. Changes in :
Sslected Student Attitudes and Personality Measuras and Their Relationship >
to Achisvement, Intelligence, and Rate When Using Prograsmed Imstruction,
(Unpublished Rd.D dissertation, University of Pittsburgh, 1963).

Full Tt Provided by ERIC.

) ERIC
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the second measure it was possible to compars attitudes and changes in at-
titude of pupils studying from programs and pupils studying from non-pro-
grammed materials. |

To obtain thess measures of 'attitudc. twvo separate Likert-type at-
titude scales of 12 items each were developed. Ons measursd attitude toward
the use of programmed materials. The other mesasured attitude toward the \
subject. Prior to using thess instruments ths rsliability of each vas de-
terzined through the use of the split-half procsdure and the Spearman-Brown
formula. Data from the reliability studies masy be summariszsed as follows:

Scale ‘ N Reliability Coefficient
Attitude toward Programmed 264 «930
Attitude toward Subject 168 +930

A study of what happens to student sttitude toward the use of pro-
grammed materials as pupils use such materials over the courss of s semester
vas made by measuring attitudes of pupils in four seventh-grade general
science classes using a genersl science progru." All pupils involved were .
asked to respond to the attitude scale at (1) the ond of the first week,
(2) the end of the second week, (3) the end of the fourth week, and
(4) the end of the semsster. A summary of these results and an analysis of
the significance of the differences found is presented in tables 2.7 and 2.8.

From this susmary and analysis it can be seen that with this pro-
gram used under these conditions thers was a definite decrease in favora-
bleness of attitude toward the use of programmed materisls. Also, there was

‘mou classes worded in general science programmed texts for one

semester and studied the following topics: measurement, meteorclogy, as-
tronomy, sound, light, elsctricity, and communications. Thess wers topics
usually included in the .:mm umth-grm cnrriculm.
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F Table 2.7 . u
Mean Attitude-Scale (Attitude Toward Use of Programmed Matsrials) Scores

Obtained at Given Sessions for Four Seventh-Grade Classes Using a
GcnctQIIScience Program )

‘Mean Attitude Senle“SeomcﬁforCIalq

Class End of Endof  Endof  End of All
" lst week ' 2nd wesk 4th week Semaster Tests

A (N=31) | 45.97 39.94 38.65 30.65 38.80
B (N=32) 48.38  46.16 43.13 30.06 41.93
C (N=32) 29.00 29,50 25,69 24.13 27.08
D (N=31) 43,55 39.36 33.94 27.58 36.11
All Classes  41.73 38.74 35.35 28.11 35.98

Table 2.8

Summary of Analysis of Varisnce of Attitude-Scale Scorss for.
Four Seventh-Grade Classes Using General Scisnce Program

r
. KA

Source !“M‘sﬁif;f Sﬁﬁgriiun4 dt  ”$31§;§§§hr6ff fh(u‘ ?ii

Sessions MA135670x" 3 o ‘.559:3?‘. F5 ff22;26**
. Classes - 16,504 3 w_,;,;o;;3;A;f | -26.88m
1,844
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& significant difference among these four classss in their attitudes toward
the uss of -ueh natortnln.

The Correlstion of

Tho messures of attitwdc touurd thc uuc of progtlllnd nntorinln vers
studied further by dotnznin!ns tho correlatmon,uf nttitudc with 1ntoll£;cuco
and with vntioua1noa¢utnn ot achisvement. These corrolattono ars prcsantod
in Tabls 2.9. The only thin' to notn hntc to that aonn of these correls-
tions are significant at the .01 lcvul Thln tndieatca that a student's
attitude couu:ﬂ ‘the use of pto.rllnnd natcgiuln is not related to his level
of 1utcllig¢nco. Also, his attitude doss not appear to be a fuctor in de-
ternining how well he laatun from a progzun

Table 2.9
Correlation of Attituds Thunzd Use of Pro;rnl-d Matsrials

(Measured at Xnd of Semester) With Intelligence and
Various Messures of Achievement -

Test chtclatlon'uith Attitude toward
| ' ~Program (Eud of Semester)
Otis I. Qd _ . 025
Coop. Science Test
Pre-testing o o102
Poqt-contlng - «216

Tests for Uhitn o! thn rrogtul

.081
©.202
«152

o22‘
;-159.




Seventh-Grade Science. The relationship of the use of programmed
materials to a student's attitude toward the subject he 13 studying was an-

other aspect of the investigation of attitudes. This rslationship was first
- studied with ths students in the four seventh-grade classes studying the

general science program. In this cage the attitude measures were alsc ob-
tained for acvcnth-grndo students using non-programmed materials to study
general science. All students were given the spacial lz-dtatCIng. Likert-
type attitude scale at the beginning of the semester and again at the end
of the semester. _ |

The summary of these measures for the four classes studying from the
program and the results from the analysis of variance are presented in Tables
2.10 and 2.11. From the summary it can be seen that there vas a significant
decrease in favorableness of attitude toward the subject during the semester
of study. This decrease was present in the case of sll four classes involved
in the study.

The change in attitude toward the subject was also measured for a
group of 63 students studying this same subject, genersl science, with non-
programmed materials. These results are presented in Table 2.12. Here the
decrease in favorableness of attitude was alsc pressnt but was not statisti-
cally significant. It should be pointed out that the design of this analy-
sis did not permit a test of the significance of the difference in change
in attitude between students studying from a program and those using non-
programmed materisls. | S .

The measures of attitude toward the subject were investigated fur-
ther by determining the correlation of attitude at the end of the semester
with IQ and with achievement. These corrslations are shown in Table 2.13.

It can be seen that while none of these correlations ars large, most of them

are significant at the .0l lavel.
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Table 2.10

| Hsan.Attttudo-Seulc (Attﬂtudo toulmd Subjcct) Scores Obtained
. at lo;,ﬁ,__ 8. and Xnd.of Semester for Four- lmth-cudo
- . Classes Wbtng General Sciemce Pru.tul x

clalo:‘hv N ' ' An_ . ‘:bf‘ thn Astitudn-!cnln Scotn fot cluoo

Co - L

Stntt of 8cn !nd ot 8-:.

il
a

A (Ne31) - | C L6 36.00 41.68
B (N=32) 49.6 39.69 44.43
C (N=32) 7.8 2660 N.21
D (N=31) | 4110 38.96 40.02
All Classes (N=126) 43.85 34.76 39.33

CTable 2.1

Sulnnty of Annlynin of Vhrinncc of Attttudc-ScaLc (Attitude toward Subject)
Sc@t!l for Four lcvnnth~ctud. clasno- Ubing thn ch.rnl Scinnco Program

Source Sum of Squares  df = Mesn Squara f"n Li;

Sessions, 5,15; 1 5,158 0 13.54%
Classes 6, 212f 3 20m ‘f“f14ﬂf§fi35 “
& g 3

DT YL N L, T P To e e el
A G R [ S e U S S R O i ) TN S RS e fe AT S U By e S 0o
ASignificent at .05 level =
K AR o BT ) A .
* s oo TR e T SRR R : “
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Table 2.12
Mean Attitude-Scale (Attitude toward 8ubject) Scores Obtained at

Beginning and End of Semester for ‘63 Seventh-Grade
Students Studying General Science with Non-Programmed Materisls

_ Memn Attitude S°¢F.'ffi'f: - Difference tavnlh;"
Start of Sem. ~ Bad of Sem. "t—f." “f'n' f°rvniff‘rf°°°
48.51 S 46,28 2,26 190+

*Not significant at .05 level with 2-tail test

Table 2.13

Correlation of Attitude Toward the Subjecr Being Studied (Measured at End of
Semester) With Intelligencs and Vhrioun Measures of Achievement

COrrelation vith Attitude toward Subjoct

Test ,
L !br ?to;. Studcntl !br Non—?rrg. Studcnta

osl.Q . aa 323

Coop. Science Test ‘

Pre-testing = = a0 RTT
-Post-testing o33 G336

| ‘Tento for Units of the Ptogrl- o ‘
untcorology L .202
" Astro AR 5.323**d

(Uuit tqntc
ot givnn)

e i:.z.»:;u..“ N




107

| Programmed Algsbra. Using the same scale for measuring attitude
, toward a subject that was used in the study of attitudes of seventh-grade
science students, measures were obtained at the beginning of the school

year and at the end of the school ysar for two classes of ninth graders
using an algebra program. This was the algebra program, described more
fully in other sections of this report, developed to teach a rather tradi- (
tional algsbra content. .

A summary of the attitude measures obtained for these classes and
} , thg'resulta from the analysis of variance are presented in Tables 2.14 and

2.15. | | |

i - Here it can be sesn that there was a significant decrease in Zfavoras-
blcneoq of attitude toward the subject from the beginning to the end of the
year. It is aleo 1ntdrcoting to note that the change in attitude was es- ]
sentially the same for the two classes.

| Programmed Modern Mathematics. Change in attitude toward the sub-
‘ ject during the course of a school ysar was also investigsted with s class
of 36 students using a modern mathematics program. This program has been
| described in a previous ssction of this report and is one designed to teach
i much of the "modern mathematics" content now being recommended for use in
| a beginning high school level course. |
A sumsary of the attitude measures obtained at the beginning and
end of the year for this class and the results of the test of the signifi-
cance of the change in mean measures are presented inm Table 2.16.
With the class and this program, the results were different from ]

vhat they were in the case where pupils were studying the algebra program.
With the modern mathematics program, there was esssntially no change in
| student attitude toward the subject.

| ' , mon—Piogral-od Algebra. To obtain some ides of what hnppenu'to
| pupil attitude toward a subject when the subject is being studied without
the use of programmed materials, the same scale used in the above studies
1 | vas idnﬂnis:erod,ttA:hu,bngiuning and the end of the year to 60 students
studying with ninth-grade algebras from s rather conventional textbook. Thse
‘content covered in this course was essentially the same as that covered
~ with the programmed algsbra courss.
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Table 2.14

Mean Attitude-Scale (Attitude tdwufd}Sﬁbject)7Scorea‘Dbtained at Beginning
and End of Year for Classes Using the Algebra Progran

Class | 5 Mean Attitude-Scale Score for Class

- Beg. of  End of

| Ygag\g ~ Year # Mean

J (N=64) | 40.09 . 28.88 34.39

K (N=67) - 40.02  28.64 34,33
Both Classes (N=131) 40,05 28.76 34,40

;Thbleaz.ls

Sumuary of Analysis of Variance of Attitude-Scale (Attitude tqﬁurd'shbject)

Scoros,for\NInth—Grude claqul‘Using'the Algebra Program

Source ~  Sum of Squares = df ‘Hban'Square .

. {

Sessions 8,401 8,401 70.014

CIAOBGa O | 42-jw 42 :L .   .5$"

Residual 120 120

e
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Table 2. 16

Mean Attitude-Scale (Attitude toward Subject) Scores Obtained at Beginning
and End of Yzar for 36 Ninth-Grade Students Using the Modern Mathematics

Program
Mean Attitude Scores Difference t-value
Beg. of Year ~ End of Year Between Means for Difference
32.78 37.44 0.16 .08%

*Not significant at .05 level

A summary of the attitude measures for these algebra students study-
ing with non-programmed materials is presented in Table 2.17.

Table 2,17

Mean Attitude-Scale (Attitude toward Subject) Scores Gbtained at Beginning
and End of Year for 60 Ninth-Grade Students Studying Algebra With Non-
Programmed Materials

Mean Attitude Scores

Difference t-value
Beg. of Year End of Year B"“"“ !"“' for Difference
42,48 | 39.07 3.41 2,264

*Significant at .05 level

Here again there is a significant decrease in favorsbleness of at-
titude during the course of the year. Whils this decrease is not as large
in absclute valie as - hat shown by students using the salgebra program, it
is a difference which is significant at the .05 levsl.

R
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students were investigated further by determining the corrslation of the
meacures obtained at the end of the ycnr‘uith selected achievement mcasures,
with intelligence, and with rate of progress through s program. These cor-
relations are summarized in Table 2.18. It will be noted that most of the
correlation coefficients are not significantly differsnt from zero and that
even those that are significant sre quite small.

Table 2.18

Correlations of Attitude Toward the Subject Being Studied (Measured at End of
Year) with Intelligence, Rate, and Various Msasures of Achievement for
Selected Ninth-Grade Students Studying Algebra and Modern Mathematics

—

Correlation with Attitude Toward Subject

Test .
Temac SRA Non-Program
(N=131) (N=36) Students (N=60)
Otis I. Qo .069 . +065 | 050
Modern Math .107 .153 .228
Coop. Algebrs Test 004 0233 YL
Rate
9 weeks -.054 -,N09
18 weeks <076 -.132 (Other measures
27 weeks -.017 .116 not applicable)
36 weeks -,010 .059
Frame Rate (SRA only) -.094
Unit Tests
First test .068 <04l

Full Tt Provided by ERIC.

Last test , | 272 | -.178

Q
RIC
'v‘ “ _
. (A

®*Significant at .01l level
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Discussion: Studies of Pupil Attitude

The studies of pupil attitude presented in this report provide cer-
tain descriptive data concerning what happens tc the attitudes of students
as they rtudy certain prograsmed materials in regular school situations.
The results would seem to offer some suggestions for things that should be
of concern to persons or agencies developing programs and for teachers who
are using such -itmtialo. They also suggest several hypo.. .3 for further
study.

In summarizing the data on changes in attitude toward the use of
programeed materials it would have to be said that ir the situations in-
vestigated in this study there was a rather consistent decrease in favora-
bleness of attitude as programs were used over a ysar's time. Of course,

& wveakness of the present study was that no comparable measure of change
in attitude toward other methods of study was obtained. That is, it might
be that if students were questioned at periodic intervals over the course
of a school year concerning their liking for any particular method of study
that the favorableness of their attitude would stendily decrease.

The investigation of changes in attitude toward the subject being
studied revealed no consistent pattern in such changes. That is, the stu-
dents studying the programmed algebra showed a decresase in favorableness
of attitude, those studying programmed modern mathematics showed no change,
and those studying algebra with non-programmed materials showed a decrease
in favorableness. The interesting thing to note here was that in the two
cases vhere decrqauos were found, the same subject, algebrs, was involved
vhile in the case vhers interest was maintained, a different and relatively
‘nev subject-matter content was bein~ studied. This suggests the very rea-
sonable hypothesis that the content being studisd may be a mors important
deterniner of attitude toward a subject than is mode of presentation.
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Studies of the Correlation of Achievemsnt and Aptitudcs

The introduction of programmed materisls into the classroom on any
broad scale will undoubtedly rcqﬁire & re-examination of ths concept of
"sptitude” and the relationship of aptitude and achievement. For example,
it may be that the typical positive correlation bstween intelligence and
achievement in academic subjects is largely a function of variations in the
speed with which pupils can master materiasl. uighf'uot this correlation be
expscted to be reduced when pupils are permitted to progress at their own
rates and vhere each student masters the material at each step before pro-
ceeding to the next, as should be the case when programmed materials are
used? In this latter situation all students should attain a high dcgtee.of
mastery and scores on tasts designed to cover a given unit should vary 1it-
tle from low to high intelligence levels. On the other hand, if programmed
material is used and sach pupil is permitted to progress at his own pace,
these variations in amount of material covered could result in am even  *
greater variation of scorss on comprehensive msasures such as standardized
achievement tests. This could, conceivably, result in a higher correlation
between aptitude and achievement. It is problems of this type that are the
general concern of the studies outlined in this section.

Related Research

The analysis of preliminary data that have been gathered as a part
of the present over-all study indicate that, in the case of junior high
school students studying general science through the use of a program as com-
pared vith students studying gsneral science with non-programmed materisls,
there is a greater corrslation between intelligence and achisvement for ths
latter group than for the former. This sesms to be in agreement with the

The studies reported in this ssction plus additional studies involv

ing the correlation of achievement and aptitude are presentsd in detail in
McCormick, James H, Differences in the Relationship Between Achievement and
Selected Msasures of Aptitude under Prograsmed and Non-Programmed Instruction
(Unpublished Bd.D. dissartation, University of Pittsburgh, 1963).
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findings of Porter (1959) when spelling was the subject being studied and

also with the finding of Meyer (1960) who was studying ths results of the
use of a vocabulary program. '

The correlation between intelligence and aptitude was studied in
the case of fourth-grade students using the spelling program and the mul-
tiplication and division program. In both cases the correlations obtained
with students using & program were compared with those obtained with a simi-
lar group using non-programmed materials. |

Two hypotheses were of interest here. One was that since using pro-
grammed materisls should permit all students to master a subject, the cor-
relation of intelligence and achievement should be smaller when programmed
materials are used. The second hypothesis was that when pupils study from
a program the correlation of intelligence with achievement as measured by a
standardized test should be higher than the correlation with a test specifi-
cally developed to measurs acquisition of the material taught by the program.
This hypothesis is derived from the 1dea that s standardized test will meas-
ure more genersl abilities, some¢ involving transfer of lesrning, and that
intelligence will be & factor in this ability to transfer or gensrslisze.

The studies described here, duz to limitations in sampling as well
as other factors, cannot be considered as providing any formal test of these
hypotheses. They are intendad rather to provide objsctive evidence which
should be helpful in planning a more formal testing of hypotheses.

Tables 2.19 ard 2.20 summarize the correlations cbtained in the two
investigstions carried ocut to obtain information on these relationships.

In Table 2.19 the evidence concerning the difference betwesn program
and non-program groups in the corrslation betwsen intelligence and achisve-
ment is inconclusive. As can be seen, with ths program test the correlation
iz higher for the non-program group, with the Iowa Test the correlations are
essentially equal, and with the Sténford Test ths program group shows the
higher corrslation. There is no clear evidence here to suggest that the uss
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of programmed materials results in a lower corrslation between aptitude and
achisvement. However, there is evidence to suggest that with pupils study-
ing from a program the correlation of intelligence and achievement will be
lower when a special program test is used as a messure of achievement than
vhen a standardized test is used for the latter measurs. Also, it seems rss-
sonsble to attribute the highsr corrslation of IQ with the Program test of
the non-program group to the fact that the brighter students are more likely
to have learned words other than those spscifically taught.

In Table 2.20 there is some indication that the correlation between
intelligence and schisvement is greater for pupils atudying from non-pro-
grammed materials than it is for pupils using a progran. There is also evi-
dence to suggest that with pupils studying from a program the correlation
between intelligence and achievement will be grester when a standardiszed
test is used to measure achievement.

The Corrslstion of Intelligence
Science Students

_and Achievement for Seventh-Grade Gemeral

A further investigation of the corrslation between intelligence and
achisvement when pupils study from programmed materials as compared with the
situation where pupils study from non-programmed materials was made by study-
ing this relationship for the seventh-grade general science students. Hers
correlations w-.¢ determineé for the 126 students studying the general sci-
ence without the use of programmed materials.

In this investigation the Otis test was used to messure intelligence
and the Cooperagivo General Science test was used to measure achisvement.
Also used as achievement measures for the students using the program were
cixlncparnte tests developed to measure achisvemsnt on each of six units of
the program and s special "criterion test” developsd to messurs ovsr-all
achievement on the total program. The inclusion of these program tests per-
mitted a comparison of the correlation of intelligence with such tests de-
sigued specifically to measure the objectives of a program and the corre-
lation of intelligence with a more genersl massure of achisvement, the
standardized test. The correlations obtained ars reported in Table 2.21.




115

Table 2.19

Correlation of Gtis IQ with Selected Measures of Achievement for rburth-crddc
Pupils Using the Spelling Program and for a Comparable Group of .
Fourth Graders Studying Spslling with Non-Programmed Materials

Correlation of Otis IQ With .

Group ‘
Program Iowa Tast: Stanford Test:
Test Spelling Score Spelling Score
Program Group (N=169) «232 | +396 414
Non-Prog. Group (N=38) 479 402 121
Table 2.20

Correlaticr of Otis IQ with Selected Measurss of Achievement for Fourth-Grade
Pupils Using the Multiplication and Division Program and for a Comparsble
Group Studying Multiplication and Division with Non-Programmed Materials

Correlation of Otie IQ With

Group r:ojra- | VStdnfozd
Test ~ Arith, Av.
Program Group (N=173) , «202 314

Non-Prog. Group (N=59) +262 : | &40
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Table 2.21

“Correlations of Otis IQ with Various Msasures of Achisvement for Seventh-Grads

Stgdcntn Studying General Science from Programmed and Non-Programmed Materials

“«

S Tests ~ " Correlation with Otis IQ

For students us*rg program (N=126)
Coop. General Scicuce Tast ” «532
Program Criterion +366

Program Unit Tests

Meteorology ' 2595
Astronomy +522
Sound ® ‘70
Light | 415
Electricity . 530
Communication 576

For students not using program (N=63)

Coop. Genersal Science Test « 594

A comparicon of the correlations between Otis IQ and Coop. test score
for the two groups (.532 and .594) indicates that the differsnce between
them is of no practical significance. The same can be said for the differ-
ence for the program group betwsen the corrslation of Otis IQ with achieve-
ment on the Coop. test and with achievement on the criterion test (.532 and
«366) , . o o

It will be noted that the data obtsined for seventh-grade science
students concerning the relationships of intelligence and achievement does
not show the same diffarsnces found in the previously presented data on
fourth-grade students studying spelling or srithmetic.




Thio aeetion has presented data vith :eopect to the hypotheses
(1) that the co:rolation between IQ and achievement will be lower when stu-
dents study from programmed materials than when they study from non-pro-
grammed materials and (2) that the correlation between IQ and achievement
will be 3reater when a standardized achievement test is used than when the
achievement test is one specifically developed for the program of study. In
only one of the three studies was the first hypothesis supported, but two of
the three studies provided data that supported the second hypothesis. These
results, them;/ptovidc no conclusive evidence concerning the effect of pro-
grammed instruction on the relationship between IQ and achievement. The ef-
fect of different methods of study on the relationship of aptitude and
achievement is one which should continue to be of concern to educators.
However, the results do provide some substantiation for the idea that IQ is
not as much a determiner of how well a person can master the specific con-
tent in which he is given instruction as it is a determiner of how well he
can generalize from what he has been taught to a comprehension of related
ideas. This finding, if true, would have important implications for the

methods of instruction that should be used with students at different abil-
ity levels.

Y ER&C
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- This chapter has presanted data conccrning the impact of programmed
instruction on a variety of student variables. Three separate studies in-
volving a8 structured observation of the attentivensss of pupils under pro-
grammed and non-programmed instruction provided evidence that pupils were
significantly more attentive whiie sgudyiug‘ftoh p:o;rdin. Also, there was
no general tendency for this attentivensss to decrsase significantly over
time. However, 1n';epatatgvgtudio: of pupil attituds towsrd the use of
programmed instruction thsre was a tendency for the pupils' expressed atti-
tude to decrease in favorableness as the programs wers used over an ex-
tneded period of time. Unfortunately, the studies did not pruvidn for
dats on comparable changes in attitude when pupils used other msthods of
study. Three investigations involving changes in attituds toward ths sub-
ject being studied resulted in data that suggest that the content involved
has more influence on attitude than does the method of presentation.
Studies of the correlation of IQ and achievement indicats that the use of
programmed instruction has little effect on this relationship but that
this correlation is slightly higher when gchiovqnnnt is measured by a stan-
dardized test rather tham a test developed specifically for the unit of
stady.
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CHAPTER 3

PROGRAMMED INSTRUCTION: SOME UNANTICIPATED CONSEQUENCES

- Richard O. Carloonl

Introduction

Any changc is made in anticipation of specified rosults. In this

case of the introduction of programmed instruction, the anticipated results
- centered on facilitating the learning process in children. The bulk of

this report deals with an evaluation of the extent to which programmed in-
struction fulfills these anticipatad results. A

Just as change has anticipated consequences, it has unsnticipated
consequences, The results of the introduction of programmed instruction
(or any other innovation) spill over that which was anticipated or imtended.
It is the purpose of this chapter to report on selected asspscts of the
spillover, or the unanticipated consequences of the uss of programmed in-
struction.

It is possible to get bogged down on the questicn of what was in-
temded and what was not. Part of the difficulty is chat the acceptors of
a nev innovation tend to assert that all results were at lesst “arty sus-
pected in the beginning. Therefore, they are frequently an unieliable
source on the matter of what was intended and what was not. Furthez, no
useful purpose is ndrvld here by attempting to draw a fine line between :
anticipated and unanticipated consequences. The psrspective taken in this
chaptér on the question of what was intended and what was not is arbitrary,
and 1s that all consequences not directly linked to the lsarning process
vere unintended. | |

| The reporting of unanticipated consequences involves ancther potem-

tial problem, whici: 1s the assesiment in terms of their good or bad effects.
Making thiu‘auneounzut calls for dats well bcyond that reported here and,
in addition, calls into play an srray of personal values that can and do

lmow aﬁ the Center for ths advanced study of Educationsl Adminis-
tration at the University of Oregon.
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vary greatly. Therefore, no judgments will be attempted here. Neverthe-
less, this 1s an extremsly relevant question that must be answered by a
school district as it evaluates its work.

Baving made it clear that the intention here is neither to prove

that certain results were not anticipated nor to assert that these unintended

cousequances seriously detract or enhance the use of programmed instructionm,
the task is to simply report sowe findings that illustrate the range of im-
pact of programmwed instruction. | ‘

The Method of Evaluation

 This impact will be reported as seen through the eyes of the parti-
cipants who were involved in the programmed 1notruct16n exporlnnnt. The
findings reported here are based on interviews conducted in several stages
vith building principals, teachers, and centrsl office personnel who had
lona‘diracc responsibility for programmed instruction. At first the inter-
vievs were designed simply to determine the range of changes that thess
people saw in the alteration of their functions through the introduction
of programmed instruction. In most cases, programmed instruction had been
in use for a year and a half at the beginning of the interviews so that
the informants hai some depth of experience to drdw upon. As tbhz inter-
viewing progressed, the question changed im order to obtain specific infor-
mation. The areas of impact of programmed instruction reported here can
be divided roughly into three categories: (1) supervision, (2) rates of
individual achievement, and (3) the teachers' need to perform.



Classroom Obgservation and Teacher Supervision

The buildingvprincipala in Baldwin-Whitehall, ltko'nolt principals,
are responsible for observing and Judging the work of the teachers in their
building. This responsibility calls for the principal to submit a report
to the ouperintendcné on the teaching performance of each teacher, a task
for which the principal is by no means unprepared. Schools of education
offer or require courses in supervision and classroom observation, creden-
tial requirements include such courses, and many books treat the aubject.'
Further, principals tend to see classroom observation as an important area,
for they often complain that their time for it is eroded away by other less
crucial duties. o 1

In spite of all of thia. programmed instruction seems to have under-
mined the classroom observation routine or maybe even forced it to a halt.
Some rather curious things happen when principals observe teachers who are
using programmed instruction--curious in the sense that what takes place in
no way resembles the practices they use in cbserving the regular classroom
aituntiqn.z Two forms of classroom observation of programmed instruction
~seem to take shape. One form simply involves ignoring or sbandoning the
observation of the teachers using programmed instruction. Approximately
one-third of the principals employed this form. Their justification for
80 doing vas that progrul-cdlincttuction was experinsentsl so they wanted
to give the teacher a free hand. After stating their position they were
ready to point out the difficulties involved in thinking about how to super-
vise teachers using programmed instruction. These difficulties are made
apparent in the next section. It seemed that those principals who ignored
the observation responsibility did not know liow to proceed vhen new in-
‘structional methods were used and so they abandoned this responsibility
and fell upon the notion of experimental conditions as a rationalization.

"2That the classroom observation practices ussd in regard to pro-

grammed instruction deviated from the "mormal" or usual routine was docu-
mented only by rasponses of teachers (both those involved with programmed
instruction and those not involved) and primcipals.
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As can be scen, this interpretation may be conjscture, but it is given some
aupport by the other form of cluusroon nbaervation employed by the remainder
of the principals. ‘

The principals that did perform the supervisory function with teachers
using programmed instruction tended to throw aside the procedures they had
learned, developed, and used in observing regular classroom teaching. In-
stead, some of the principals asked the students to tell them how the teachar
was doing, others were in the habit of lookiug in only to see if the teacher
was sitting at her dqck or passing among the pupils (sitting wmeant that in-
dividual help wic uot'being given and moving around the room meant the op-
posite), and still other principals who observed teachero;using programwed
instruction made judgnenta.about the teacher's ability by noting her skill
in storing the instructional material and keeping the machines and programs
in good order. Aside'fron the question of the sdequacy of these forms of
classroonm obaervatidn. it is clear that programmed instruction creates a
classroom situstion with which principals are not prepared to deal. The
principal's training in supervision is built around the standard claoaroon

setting in which the teacher is presenting and discussing lntewial with
| students, aetting their tasks, and directing their group ncaivittca.

As far as classroom observation 1z concerned, programmed instruc-
tion is characterized by two features which throw the principal and his
superviabr tactics off stride. One has to do with the teaching goais. A
general ntrategy of .uporvinion is to require teachers to submit their daily
lesson plnno to the principal for evaluation on a number of criteria such
as adequacy of goals, and variety of activities. The plana also give the
principal a means of judging the activities in anyﬁclaaa'he might observe
for he has the instructional objectives available. As can be seen this
stratagen is rendered irrelevant with programmed instruction because there
are no daily lesson plans to be submitted. In fact the program sets the
overall goals, and many of the daily activities were controlled by the pace
of the class or individual students and the design of the study which the
teacher was required to follow as outlined in her manusl.
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' The second characteristic feature of programsed instruction which
undermines the standscd practice of classroom observation is that it breaks
into a mere collection of individuals that vhich is a group in the regular
claseroom setting. In programmed instruction the teacher deals with'the
students on an individual basis whereas in the regulaor classroom the teacher
deals ﬁainly with the students as a group. Current supervisory tactics are
geared to the group setting. An examination of any observation form or text-
book will make this clear. So, to the extent that the group situstion is
absent, the principal finds that he cannot observe many of the activities
that he has considered to be central to a good learning situation.

- Without daily lesson plans and without_seeinglthc'teacher work with
a group, the principal seems to be thrown off stride and éithgr ignoruc the
clasafoom observation function or resorts to asking otndenti to judge the
teachers or merely. notes haryclerical-like abilities. It seems clear that
nev supervisory procedures must be developed.

As a sidelight on the matter of supervision, it seems that rogrammed
instruction will be an element that will interfere with the opportunities
that principals take to visit classrooms. Most principals reported that
they themselves went into the classroom to substitute for an absent teacher
1f she was involved in programmed instruction. This was not the routine

-ﬁay of providiné for cubdtitutec, and principals did not serve as substi-
tutes for teachers n6t<1uvolved in programmed instruction. Imr part this
suggests that principals see programmed instruction as the most important
ectivity in the school in the sense that.it cannot be entrusted to anyone
less qualified than the principal. Also, it suggests that school districts
will need to develop specialists who can work with programmed instructional
classes among the substitutes. -

ERIC
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Rates bf'IndiVIduil'Achiévément'

~ An important antigipitéd consequence of programmed instruction is
that all pupils will be able to learn at their own rates. However, two ad-

ditional notations must be made. On the one hand there are forces operating

to minimize the differences in individual rates of achievement, and on the
other there are school-wide consequences when lenrning proceeds at vastly
different rates.

In a dramatic way programmed instruction forces a achool to stand
face to face with the fact that students learn at widely varying rates. it
is true that some of the mgm: shopworn cliches such 8¢ "we teach children,
| not subjects" and "start the learning experience where the child is" reflect
a concern for individunl differences and suggest that educators are most

anxious to tailor learning needs and speeds to individuals. When faced with .

programmed instruction, which permits students to work at their own rates,
however, the hollowness of the cliches is exposed, and a hoat of practices
emerge in an effort to keep students workiung at similar rates.

~ Some of these practices could be classified by the cynic as sabe-
tage. The clearelt exsmple of this is that as a program progressed, the
levels of individual achievement and the range in number of frames com-
pleted varied widely, and, as a means of "correcting”" this, several teachers
vere discovered either conscioualy~or‘unconsciouily te be pacing students.
That is, teachers were actually restricting the output of the students pro-
ceeding at the fastest ratel. The logic,of'restricting'outﬁut of fast stu-
dents is tidy and makes good sense from at least one viewpoint. Explaining
the same troublesome point to five students who hav encountered it at the
same time is less time consuming than explaining the same troublesome point
to the same five students as they encounter it at different points iy time.
For the teacher whowcouplninl that there is never enough time this appears
to be most efficient. In fact, insisting that all students move at the
same rate, vhich is attempied in many clalsroons. can be supported by the
same logic.

But pacing the work of fast students by‘tcachcrc is not the only

- way in which the schools have uttqnptéd to "correct" the move toward total
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- individualized instruction brought on by programmed imstruction. A prac-
tice sanctioned by the edﬁdnietration sets to work on the other end of the
continuum, the slow student. In the generalrscience progras it was decmed
wise, in the face of ever-growing differences in accomplishment, to allow
some students to work on their programs st home. The original decision of
restricting the use cf programs to the regular class period was reversed
“only for slow students; average and fast students continued to have access
to the programs only during class time. It could be argued that this pro-
cedure of allowing only slow students access to programs outside of class
time 1s & clear exeuple of the school's attempt to individualize instruc~
tion. However, average and faat students were not allowed extra-clees ac~
cess to the prograll and the procedure had the net effect of minimizing
the range of student progress. This is one example of several attempts to

"correct” almost total individualized instruction which seems possible with
programmed instruction. ‘

o -

In addition to restricting the rate of progress of fast etudenel s
and allowing slow students more time with the programs, smother prectiée
emerged which can also be seen as a "correctional” factor. "Enrichment
materials"” seem to be used in an effort t5 keep the range of progress
through a program at a minimum. Such material desveloped around some of
the prograns was used most extennively with the students making rapid prog-
ress through & program; those making slow progress sncountsred it less
often. In a sense, slow students had the task of working through the pro-
gram, fast students had this responsibility plus that of some level of
mastery of the enrichment materials. This mechanism greatly incresses
the possibility that the laval of achievemsnt on the program by the slow
student will be equal to the lavel of achievement on the program by the
fast learner in the same numbsr of class days. Thi. is not to say that
the use of enrichment msterial is undesirable, but simply that the use of
enrichment macerisl as here indicated tends to bring about a condition of
minimum spread of rates of progrsss through the program.

The point being made here can be summarized as follows. Programmed
instruction mskes it possibls for each student to proceed at his own rats.
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In this sense, it allows for 1qdividua1_d1££erenceo. Programmed instruc-
tion, possibly more than any other inncvation, presents the teacher and ,
the school with the opportunity of achieving individualized instructiom.
But when faced with this opportunity, in this single case, nnchnnit-l
enarged--nuch as restricting the pace of fast learners and lmkinz time to
vork on programs more available to slover students--which tended to uini-
mize the spread pprrostess through the program by students of varying
ability. Therefore, it can be said that‘one of the consequences of the
acceptance of programmed instruction is that it brings the educator face
to face with a situation in vhich individual differences can be met; but
the educators in the case reported here instituted practices which teduccd'
the range of differences in achievement that might otherwise hawt been ;
evident. All of this simply ouggenta that schools as they are now struc-
tured are either unable or uﬁwilling to accept something ncir total indi-
vidualized instructionm.

The second consequence of a program where students can move at
widely varying rates is simple and clear: scheduling probleas becond more
complex. This can be seen when the question is raised as to what the stu-
dents do who either“fail to complete the program during the sllotted time
or fiuigh it far earlier. Given the problesm of uchoo}s (ai.tgcy.are now |
constituted) in dealing with such occurence, it ssems ressonable to assume
that this is one of the possible pressures which leud to the institution
of the above-mentioned “corrective" actions.

A variety of soluticns were developed to "take cars of" students
who either finished tos early or did not finish. Most of tham were focused |
on the latter case where the student could not complete the work required.
In part, this occurred because of the assumption that the able student can
more easily be occupied in the learning process. One procedure was to
perait students to take two semesters to conpletc a progran designed for
one semester. Another practice was to enroll the student in a summer ses-
sion to enable him to complete & program he did not finish in the allotted
time. As can be seen, the procedure of letting slow students take the pro-
grams home was in part an attempt to avoid the necessity of cithcr of thase

Y, - Y N
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alternatives. One of the very interesting solutions consisted of holding
students who had not.fin1ahed sonme weeks 1ater.'gnd then inserting them
in an ongoing speech or music class which fhey vere scheduled to begin in
the winter semester. This seems interesting to the extent that it sug-
gests a value priority held by educators for thdhvariouu subjects that
schools offer. In no way did this solution increase the popularity of pro-
grammed iustruction among speech and music teachers. |

The Teacher's Need to Perform

The experience of the Buldwin-ﬂhitehall‘nchopl district with pro-
grammed instruction seems to indicate that teachers have a somewhat com-
- pelling need to perforh. "Perform” herc means (a) capture and hold the
attention of a number of students, and (b) serve continuously as the
mediator between the student and the information. This is what teachers
seem to define as teaching. All other acts seem to be assessed as sup-
porting acts, not teaching. Programmed instruction does not give the
- teachers as much opporthnity to perform as they apparently desirs; it
does not give them sufficient opportunity to teach. In their eyes, because
teaching means performing, using prdgrnmmed instruction is not teaching.

All of this can be inferred from conversations with teachers and
seen in vhat happened with some of the programs. The mathemsatics program
serves as & good example. At the beginning of the experiment with pro-
grammed instruction, students of mathemstics met in the usual number with
one teacher and proceeded to move thrdugh the program individually at
their own rates. The second year'i use of the mathematics program brought
" the following innovation: two groups of students were scheduled to meet
simultaneocusly with two instructors and, under this arrangoment, students
worked on the program part of the time and met with a group of dtudcntn who
~ had renchéd Qppmoiinatuly the same place in the program and an instructor
using regular teacbing procedures for another part of the time. Other
prograns were stretched to last longer than the allotted time in order to
enable teachers té spend pait of the time performing, serving as "director
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of~1uarn1ng"3. zather: than the progran -arving 1n this cnpacity. The Jus- .

tifi»aeion made by the tcaehora for theln 1nnova:iona was that the otudentaf
wvanted more 1nteraction aith their: 1nncructors. |

It can be sesn that' the program replaces thu tcacher 1n the role
" of "director of learning,” and the net effect of the innovncioul or changss
imtrbduced by the teachers and adminiotrntotc was to uodify programmed in-
a&ruction in such a way chac it took on more of the- characterioticn of
regular classroom instruction, and permitted them to rccupture some aspects
of the role they wished to fill. The inventions creutcd by the teachers
imply that if the logic of prograuned 1nctructiou is to have its vay in
schools, s new definition of what teaching ic nust be conveyed.

3Thia term is taken from Teaching Conpetence, & report by the

Commission on Teacher Education, San Francisco: Californis Teachers
Association, 1957, where it is used to signify the main function of teachers.
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’ sommsry

Programhed'ios&ruction has an imoact on a school system beyond its
impact on student'aohievemeﬁt.,'ln this chspter'three'areas il.ustrating
‘such impact have been discussed. 'Through interviews with teachers and ad-
ministrators iivolved with programmed instruction, it was found that pro-
grammed instruction introduCes elements into the teaching situation which
render the standard methods of classroom observation of teachers by prin-
cipals inadequate. rrogrammed instruction also permits students to move
. through their learning tasks at widely varying speeds. Faced with this

‘situation vhich is defined as desirable by educators, practices. emerged
which suceessfully reduced the variability in student progress. Programmed'
instruction also replaces the teacher as "director of learning and,
having the apparent need to perform. tearhers introduced their owm in-
novations which enabled them to recapture some of the role of "director
of learning" which was lost to the program.
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CHAPTER 4
THE USE OF PROGRAMMED MATERIALS
TO INDIVIDUALIZE AND EXTEND INSTRUCTION

James R. lekerl and Robert Glaser

Introduction

Two main findings of the studies described in Part One have been
that (1) students proceed through the material at widely divergent paces--
with muny students able to proceed at a pace more rapid than that permitted
by conventional classroom practices; and (2) a significant number of stu-

"dents know the materials to be taught before receiving instruction even

though 1t is usually taught at a particular grade lsvel. These results
suggest that an important need in the improvement of classroom imstruction
is the development of procedures which more precisely determine what a |
student knows when he comes into the instructional situation, and & pro-
cedure for adapting the instructional sequence to his particular rcquire-
ments. Such techniques, of course, involve the development of procedures
for the individualization of instruction, and represent an area in which
programmed instruction might be used. Consequently, the research program
for the 1963-64 academic year was oriented toward carrying out a series

of pilot studies designed to increase the individuslization of imstructionm,
and, at the same time, to provide opportunities for extended learning. In
an attempt to adapt the pace of instruction to the individual student, pro-
grammed instructional materiszls were utilized at various grade levels with-
in a classroom structure that was revised in order to permit a flexible
teaching situation. More specifically, a series of fivc.ntudieu wvere
cattied'out in the'thitd.'fourth, and fifth grades to evaluate individuali-
zation procedurss in the teaching of spelling and various arithmetic topics.
In addition, a sixth study was carried out at the fifth grade level in
which programmed materials were used as a tool for individualized review
of fourth-grade material before'entéting 1n:o'ncw“fifth~grade work.

lNow at the Austin State School and The Univurnity of Texas, Austin,

Texas.
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The general procedure followed in these studies was to provide care-
fully selected programmed materials in specific subject matters, to struc-
ture the classroom situation so that the nﬁudcnt could work through the
materials at his own pace, and to permit the student to by-pass those por- -
tions of the programmed material which pretest performance measures indicated
he nlregd§ knew. This was accomplished by dividing the materisl into small
teaching units and providing detailed pre- and posttests to assess the siu-
dent's mastery of the material within that unit. Then, before beginning
work on one of the units in the program, the student would take the unit
pretest and if his score were above & predetermined critcrion; he was al-
lowed to skip that unit of material entirely and proceed to the next unit,
If his score were below the criterion, he was required to work through part
or all of the unit, and, upon cowpletion of the work, to again take the unit
test. The criteria used for determining progress from unit to unit were the
following: | . | |

1. 90 and above--considered mastery level. The student will

p:ocged to the next unit test.

2. 80*902-30-0 additional work suggested within the umit,
The student may qualify to go on to the next unit of work
as his pouttgot score indicates. : -

3. 50@792-—extenuive work to be dome within the program.
The student ghould do all of the frames. Remedial work
to be emphasized.

4. Below 50%--lowsr grade work to be instituted. Tutorial
and remedisl work to be ‘emphasized. .

Thuc, the student was allowed to p:ogrccs through the uatcrial at his owm
pace and was not required to spend time on the material which he already
knew. By sllowing the student to b&apadi that portionyot the material in’
which he indicated mastery, he was able. to go on to mors. advanced topicn in
vhich he did need: tnatructiou. In this way, it vas posnibﬂo,to individualize
the instruction to some cxtcnt for'cach student, and to provide an oppor-
tunity for extended laarning in a pa:tieular topic. As the studies proceeded,
4t bacame apporcnt that -uny of the ntudcutn were co-plccing the prog:ul-od
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materials shead of schedule and that there was a need for advanced work in
particular topics. As & result, it was necessary for the staff to develop
supplementdry self-teaching materials so that the individualization pro-
cedures could be continued. Using conventional textbook and workbook mate-
riais, short teaching units were developed on particular topics, appropriate
portions of the text or workbook were identified, and the material was set
up so that the student could work on it alone or with minimal help from

the teacher. Thus, while these materials did not comstitute "programmed”
instruction in the strict sense of the word, they did permit the students

to continue with & program of individualized instruction.

Design and Evaluation of Studies

The remaining portions of this chapter will discuss each of the
studies in detail; however, all of the studies were quite similar im design
and in experimental procedurs. Groups of students received the individual-
ized programmed instruction as part of their.regulnr curriculum. Unless
otherwise dictated by the particular experimental design, each group of
students zecéiVing programmed instruction was matched with a similar group
of students receiving conventional instruction and who served as a Control
Group. The matching of groups was done on variables such as IQ and ucademic
achievement levels, using data collected by the school system at the begin-
ning of the year. In addition, & battery of tests was selected for each
grade level and these were given both as pre- and posttests to assess and
compare the achievement of the Experimental and Control Groups. Finally,
detailed records were kept on the Expsrimental students' progress through

the ptpgrll. €sBep amount of time worked in each unit, amount of material
covered, etc.

Individualized Imcmcmn in spouxug -

To follow up thc studies dcncribcd in Chupter 1, two ncudina wore
carried out in upclling 1ust:uction. In the first study, interest was di-
rected toward nowinu the apolling ‘program, conoidnrnd to be tontthegtadn
| work, to the third grade level. Since the earlisr study had indicated that
wmany fourth-graders knew the material before beginning the pto;ran; it wvas
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felt that perhaps the program could profitably be used by selected third-
grade students. In the second study, the program was again given to fourth-
grade students to see if the individualization tschniques would be more ef-
fective than the paced technique used previously.

Third-Grade Spelling

Two thizd-grade classes (total N=66) servad as the Experimental
Group and received individualized spelling instruction using & programmed
textbook, while two additionsl classes (total N=39) served as a Control
Group and received traditional imstruction in spelling. An attempt was
made to match the two groups as closely as possible on IQ and achisvement
level; however, ths classes came from two differsnt schools and it was not
possible to match them in the present study. Table 4.1 prssents susmary
data for the two groups on iavnral standard tests given at the beginning
of the study. The groups did not differ significantly in 1Q (g=1.63,
df=103, p>.05), but on the achievement tests, the Control Group was, in
all cases, superior to the Experimentsl Group. Thus, studsats in the Ex-
perimental Group wers somewhat bshind those in the Control Group in achieve-
ment level at the beginning of the study.

Materials. Students in the Experimental Group wers given & pro-
grammed textbook to bs used for their apcllﬂug instruction. This program
contains approximately 3,000 frames divided into 12 teaching units. Within
the program, tha student is required to spell a total of 447 complste words,
plus significant parts of hundreds of other words. In addition, the pro-
gram provides instruction in phonics, syllabication, pluralizatioa, suffixes,
prefixss, the uss of words in sentences, and so on. As the study prograssed,
it wvas found that many students were moving quite rapidly through ths pro-
gram, and additional materisl was nesded to comtinue the individualisation
techniques. Center staff members and the classroom teachers worked to-
gether and developed uuppl.nlntaty'nntcrinlu using the Multi-Level Speller.
This boock contains: approximately 3700 words and is intended for imstructional
use with grades 3 through 12. There are 1@5 lists groupcd into eleven
spelling levels of 1uctonuing difficulty, but the lcvolc do mot corraspond
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“Table 4.1
Summary Data on Standard Intelligence and Achievement Tests
Given at the Beginning of the Year to Students in the
Third Grade Spelling Study "
Experinemtal Conttbl' _Giouﬁ
Group ‘Group Comparison
(N=66) (N=39)
Test - - X  sp X sp t
Otis Quick Scoring Mental : :
Ability Test (1Q) 117.52 12.72 113.90 9.59 1.63

-Metropolitan Achieve=snt Tests: |
‘Battery Median Grade Equivalent 3.72 0.70 4.11 0.59 -3.02%

Hettopolitan"AcMcvmnt Teats: |
Aversge Reading Grade Equivalent 3.71 0.78 4.15 0.57 =3.31#%

Hetropoutm* Achiov”mnt ‘Tests:

Spelling Grade Equivalent - 3.90 0.86 4.4l 0.68 -3.37%
Metropolitan Achievement Tests: i o
) Spe],ling Test ) 25.23 4063 27.62 3.71 _ =2.80%

#p ¢ .01

~with particular grade levels. In addition, each spelling level has a
placesent test; cmiltm of a. u-plo of 20-words from that level, which
can: be used:ito «mniu thc poiat at which m atmlont nhoum begin work.
Since prﬂ.ury :&nuuit 4n’ the: presenit: nmdy vas toeuud on dctomuug
the- mmm; c:o vueh 156 uudmu mm wuu man«d uuttﬁc. 4
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Students in the Control Group received conventicnal classroom in-
struction in npeuing using regular third-grade spelling textbooks and
class exercises conducted by the teacher.

Procedure. At the beginning of the school ysar, s battery of diag-
nostic and achievement tests in spelling and languags was given to both
groups of students to dstermine spelling achisvement. On the basis of
these pretests and teacher evaluations, thoss students in the Experizental
Group who appeared ready for the fourth-grade spelling program were per-
mitted to begin work immediately with the programmed materials snd wers
sent to another room which was supervised by a teacher and s teacher-side
during the regular spelling period. Those students whose prsetest dats in-
dicated that they nseded soms remedial work remained in the regular spslling
class until they had overcomes their deficienciss and then went into the pro-
- grammed material. Thus, all students in the Experimental Group did cst
begin work in the program at the same ‘time, but began when their performance
level indicated they were ready to profit from individuslized instructiom.
As the students completed the programmed materials, they returned to their
regular class and begen work in the supplementary materials.

Students in the Control Group received traditionsl spelling inmetruc-
tion in the regular classroom, and the teachers wers told to follow their
usual teaching practices using any materials which they felt would be bene-
ficial.

Busts and Discusgion. All students were again given the abovse
battery ot tuto at tho cnd of the ysar, and summary dats on the pre- and
posttest scores ars presented in Table 4.2. These dats indicate that,
except for the Spelling Program Test, the Control Group scored signifi-
cantly higher than the Experimental Group om all of the tests at the begin-
| ning of the study. However, the posttest scores indicate that the two
groups did not differ significam:ly at the end of the year. In terms of

~ gain scores (1.e., the inéveass frem pre+ to posttesting), this mesns that
mmmcummmmrmuulammu (noe

~ Table 4.2), and, in fact, all of these gais scorss except thoss on the
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| program test wers statistically significant. Thus, the use of programmed
‘ materials ensbled the students to overcome their initisl deficiencies and
to raise their gohforgl performance level considerably.
In addition to the tests used for pre- and posttesting, another
| test vas developed to provide a msasurs of s wide range of spelling achieve-
| ment for all students in the spelling studies. The test comsisted of 120
| words sslected from the New Iows Spelling Scale and rapresented a sampling
of words from sach grade level from grade three through sight. Twenty
vords were selected from sach grade level and were words which had been
| correctly spelled by spproximately 501 of ths students in the standardiza-
| tion sauple used in developing the gcale. Thus the list at each grade
level consisted of words of medium difficulty. The groups were compared
on each list and on the total number of correct items snd were approxi-
mately equal on all lists except the Grads 8 list where the Experimental
Group scored higher than the Control Group (t=1.99, dfs103, p £.05). The
Experimental Group alsoc had a higher msan numhnr of itess correct on the
total list, but the differences wers not large enough 20 be statistically
} significant (ses Table 4.2).
\ In addition to the test dats, records were kept of the amount of
“ time required by each student in the Zxperimental Group to complete the
program and the distribution of these data is prassented in Figure 4.1.
| | As the figure shows, the fastest students were able to complete the entire
| progras within 31 to 40 days, vhile the slowest students required 151 to
w-+160 dgys for completion (X=78.44, SD=21.72). Thus, it can be seen that
the individualizstiom procedure greatly accentuated the individual differ-
ences in lsarniang rate smong the students.
It is also of interest to compars the amount of materisl covered
| by the Experimental and Control groups. The Control Group worked for the
i entire year (approximately 180 school days) in their regular spelling text-
book which imtroduced 357 new words (compared with ‘447 in the programmed o
| text), as well as the other: asterial on phonics, syllabication, etc. Thus, .
1f oue look- at the amount of uccrm covered and the amount of time

EKC

Aruitoxt provided by Eic:
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spent, it car be seen that ths use of programmed materials permitted stu-
dentc to cover approximately 25X more materisl in an average tims , less
than half of that required by studants receiving conventional instruction.
Also, studsnts in the Experimental Group wers gived advanced work in the
Multi-Level Speller after they finished the program. This materisl, it
will be recalled, consisted of eleven 20-word lists of increasing diffi-
culty. Figure 4.2 gives the percentage of students successfully completing
the variocus lists along with cumulative number of words mastered. (In
the Botel book, A through K roughly corresponds to grade levels 3

through 12.) As the figure indicates, many students wers abls to complete
& number of additional lists so that the total number of words mastered
vas considerably above that of the Comtrol Group.

Thus, these data seem to indicate that the individuxlized use
of programmsd materials for spelling instruction was quite effective with
the present group of third-grade students. The students showed higher
gains than the Control Group on all of the achiavement tests, and covered
considerably more material in the sllotted tims. Iun addition, the extent
to vhich the Experimental Group studsnts "spread” themselves out suggssts
that the average student can covar a grecter smocunt of material than is
possible in the conventional classroom, and that sven the slowsr students
are sble to cover a prucﬂ.bcd amount of material in less tims than normal-
ly required in the intact classroom.

Fouzth-Crade Spelling

Fifty students from two fourth grade classes constituted the
Exparimental Group, and 50 students from two other classes served as a
Control Group. (Unfortunately, howaver, a large number of students in the
Control Group wers sbsent for extended periods of time due to an spideaic
of measles and mumps in the school so that the records for these students
were not c@hu for many of the tests which were given. Twenty students
fell iato this group so that the final size of the Control Group was 30
subjects, and only these subjects wers used in making comparisocns between
the two gxwpo.) The two groups were matched on IQ and general achisvendat

-
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Table 4.2
Summary Data on Pre- and Posttests for Students
in the Third-Grade Spelling Study
Experimental  Control Group
-~ Grouwp - Group. Comparison
Test (N‘“) (N'39)
X s X Ssb t
Spelling for Word Mastery Pre 13.98 10.90 20.77 11.42 -2,.964%
| Post 33.92 6.03 35.23 66.66 -0.99
(40 items) Gain 19.94 7.77 14.46 8.52 3,25
Metropolitan Achievement Pre 13.94 11.66 20.62 10.60 -2,97%%
Spelling Test Post 31.41 8.26 32.28 7.24 -0.56
(40 items) Gain 17.47 8.09 11.66 5.78 4.15%%

Iowa Basic Skills: Spslling Pre  14.98 6.85 17.82 6.07 -2.18%
PO't 24005 ‘067 2‘0“ 4078 90040

(30 items) Gain  9.07 5.82 6.62 3.77 2.58%
Spelling Program List A Pre  10.45 5.52 12.79 5.61 -2.05
Post 23.06 5.31 19.77 5.29 3,04t
(30 items) Gain 12,61 3.6 5.98 3.03 8.46%AA
Spelling Program List B Pre 10.39 6.72 14.51 6.15 -3.17%%
Post 22.45 5.64 21.79 S5.02 0.61
(30 items) Cain 12,06 = 3.58 7.28 = 3.67 6,394
Spelling Program Test Pre 31.21  7.37 28.87 57.33 1.55

‘ 80223 WO“ 9063 1.25
} 6. 7«1 11 057 , 98‘ " 0.14

(69 items)
Iowa sPelling Sculn Ltic

ER&C

Aruitoxt provided by Eic:
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FREQUENCY

‘ 3- 41- 51° 61- 71- 81 81 101- 1i1- 121- ‘131 141 151
1‘ 40 50 60 70 88 90 100 110 120 138 140 150 160

DAYS TO COMPLETION

‘ .
‘ Figure 4.1 Number of days to complete spelling program by
third-grade students (N=66).

PERCENT OF STUDENTS -

j Pro- ¥ Lise ! | | : . | |
Moterial: gram g B ¢ ) E F ¢ " t } X
~ No. Words: 447 20 2% 2 % 2 20 20 20 20 2 2
Cuom. No. Words: 447 467 487 507 527 547 567 587 847 €27 s47 @

: ngnin 4.2 Percent of third-grade studsnts completing
' spelling program and advanced material in
| spelling (W=66).

Full Tt Provided by ERIC.
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tests and, evel with the reduction in the size of the Control Group, the
groups did not differ significantly on any of the measures (see Table 4.3).
Thus the groups began the study with equnl_achicvulent in spelling and
language subjects. |

Materials. The same materials outlined in the third grade study
were used in the present study. Students in the Experimental Group re-
ceived the Spelling Program, and when completing it, moved into supple~
mentary material developed from the Multi-Level Speller. Students in the
Control Group used the regular fourth grade spelling textbook and any
other materials which the teachers wished to use.

Procedure. The general procedure was essentially the same as that
used with the third grade. Both groups were givgn the battery of diag-
nostic a:d achievement tests st the beginning of the year and then went
into spelling instruction. Students in the Experimentsl Group began work
immedistely in the program and, utilizing the individuslization technique
described previcusly, worked through the program on'an individual basis
and at their own pace. As they finished the program, they began working
in the Multi-Level Speller. Unlike the procedurg in the third grade, how-
ever, the students in the fourth grade Experimental Group were required
to work through all of the lists in the Multi-Level Speller. That is,
ingtead of vorking only on ihe placenentwtents at each of the 11 levsals,
the student would work through sll of the lists at each levsl. Before
beginning work on a particular list, the student was tested om it and if
his score was sufficiently high (i.c., above the 90X corrsct criteriom),
he was considered as having mastered that list and went on to the mext
list. If his score was not sbove criterion, he tvvas given exercises in-
volving the words he had missed, and then would take the test again.
Thus, the same procedurss were used lér"thc‘ouppli-lntazj wvork as for the
program work. ' |

The Control Group again mocnivnd trnditionnl spelling instructiom
in its regular classgoos using textbooks and other conventional materials.
At the end of the ysar, both groups were given the various poettests and
the spelling grade range test which was developed and dcqctibod in the
pravious study. '

»
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Table 4.3

Summary Data on Standard Intelligence and Achievement Tests
Given at the Beginning of the Year to Students in the
Pourth Grade Spelling Study

Experimental Control Group
' Group = “Group Comparison
- Test | (N=66) - (N=39)
X SD X sD -t
Otis Quick Scoring Mental
Ability Test 111,36 13.08 114.80 14.40 -1.05
Metropolitan Achievement Tests: | | _
Battery Median Grade Equivalent 4.89 0.90  4.70 0.82 0.96

\

Metropolitan Achievement Tests:
Average Reading Grade Equivalent 4.81 1.18 4.47 0.89 1.41

Metropolitan Achiesvement Tests: , ‘ :
Spelling Grade Equivalent 5.21 1.05 5.33 1,12 -0.47

Metropolitan Achievement Tests:
Spelling Teat 30.52 7.49 ° 31.37 7.18 =0.30

Results and Discussion. The pre- and posttest data for each group
ars presented in Table 4.4, and indicate that the two groups did not differ
significantly on any of the pretests dxccpt the Spelling Program Test on
which the Experimental Group had a higher mean scors (t=2.81, df=78, p ¢.Ul).
Similarly, the groups were essentially oqud on . the 'wstuau with the ex-
ception again of the Spelling Program Test, but thii, time, the order of the
means vas reversed--that is, the Control Group had a higher mean score than
the Experimental Group (t=-2.71, df=78, p £.01). The Experimental Group
did scors Mghor than the Control Group on the: apollm .tm range test
(means of 71.16 snd 66.27, ‘respectively), but the di.ffounco was not suf-
ficiently large to indicats a rsliable: dtffumco :l.u the po:tomco of the
tvo groups (t=0.93, df=78, g).OS). | |

EKC

Aruitoxt provided by Eic:
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Table 4.4

Su:-nry Data on Pre- and Posttests for Studants in the
Yourth Grade Spelling Study

Experimental Control Group

§ | : Croup Group  Comparison
Test (N=50) | (N=30)
X s X s g

Spelling for Word Mastery Pre  35.64 10.62 32.17 10.11 1.44
| Post 43.88 6.96 46.20 5.07 -1.69
(40 items) . Gain 8.26 5.74 14.03 8.07 3.41%*

Stanford Achievement Test Pre 38.18 8.88 37.13 7.30 0.56

, Post 44.20 5.37 44.63 5.32 -0.35
(40 items) Gain 6.02 4.84 7.30 4.09 1.51

lowa Basic Skills: Spelling Pre 22.10 5.64 20.40 4.69 1.43
DO't 26056 '3051 260‘3 301‘ 0016

(30 items) Gain 4.46 3.69 6.03 454 2.11*

Spelling Program List A Pre 18.42 4.76 17.20 4.55 1.12
» | Post 23,78 5.17 -24.33 4.00 -0.53
(30 items) “ Gain 5.36 2.52 7.13 2.86 2.92%*

| Spelling Program List B Pre 20,38 6.12 18.30 6.29 1.43
| ~  Post 26.66 &.5& 25.70 4.67 <-0.96 |
(30 items) Gain ~ 4.28 3.36 7.40 3.57 3.6o%ae

~ Spelling Program Test © Pre  35.56 10.10 28.73 10.54 2.81%%
o | | Post 44.08 9.17 50.50 10.63 =2,71w#
(69 items)  Gain  8.52  6.63 21.77 6.99 7.99%%s

Iowa Spollin;lScalp Lijtﬁ

| S 21.02 0.93
(120 items)

Total 71.16 24.39

66.27

p .05 (two-tatled ety
ahp .01 (two-tailed test)
*“P(-@Ol (twoetum test) /
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The failure of the two groups to reflect any differences in post-
test performance is somewhat puzzling, and the fact that the Control Group
scored higher than the Experimental Group on the Program Test is especially
so. In the previous study, reported in Chapter One, with fourth-grade stu-
dents, it was found that while the Experimental and Control groups did not
differ reliably on standardized tests such as the Iouu‘Spelling Scale and
the Stanford Achievement Test, the Experimental Group did score signifi-
cantly higher than the Control Group on the Program posttest. The reason
for this discrepancy in results is not clear at the present time.

Although the test results do nmot reflect any differences in end-
of-year achievement level, it is interesting to ciaumne the diffprcncen in
rate of learning among subjects in the Experimental Group and the Comtrol
Group. PFigure 4.3 presents the distribution of students in the Experi-
mental Group completing the program in different numbers of days, and the
wide variability in the amount of time required to complete the program
can again be noted. Five of the students finished the program within 21
to 30 days while the slowest two students required 121 to 130 days with
the mean number of days required by all students being 66.02 days (SD=31.81).
As in the previous study, the Control Group worked the emtire school year
of 180 days during which time they received 470 new words in their text-
book. Thus, the two groups coversd approximately the same smount of mate-
rial, but the Experimental Group completed it in an average time almost a
third of that worked by the Control Group. Moreover, students in the Ex-
perimental Group co-plotod 8 largs nusber of lists in the supplementary
saterial, as is shown in Pigure 4.4. This figure shows the number of words
in sach spelling level as well as the total number of words mastered by
various percentsages of students. For exampls, almost 502 cof the students
coversad an additional 1,487 new words--approximately thrae times ths num-
ber covered by ths Control Group. Thus, although ths achisvement test
scores did not reflect significant differsnces in the performancs of the
two groups, these data indicate an impressive difference in the smount of
naterisl coversed by the two groups. .

) ERIC

Full Tt Provided by ERIC.
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Figure 4.3 Number of days to complets spelling piogru by
fourth-grade students (N=50).
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Figure 4.4 Percent of fourth-grads students completing
spelling program and advanced matsrisl in
spelling (W=50).




Pinally, it is interesting to compare the rate of learning for the
S two Experinental Groups in third and fourth grade. Pigure 4.5 presents

the cumulative percentage of students finishing the programmed work in dif-
ferent numbers of days and indicates that there was s good deal of overlap
between the twb grades. As would be expected, the fourth grade students
completed the progxnn in significantly less tinn than the third grade stu-
dents (t=2.37, df=114, p ¢.05); although, many of the third-grade students
completed the program in less time than scme fourth graders. These results
underscore the previous finding that many students can successfully pursue
a course of instruction in nltOpic-custonntily set at s higher grade level.

. Summary of the'sBclliug Studies

Taken together, the results of these two studies indicate that pro-
grammed materials can be effective tools for individualization. Im both
studies, students using the programs completed comparsble amounts of mate-
rial in less time than students receiving counventional instruction, and
consequently were able to go into advanced work not normally available to
them at their particular grade level. Moreover, the extent to which the
Experimental Group students spread themselves out implies that the average
and ubovueawarage student can cover a considerably grentcr amount of mate-
; risl than is possible in the conventional classroom, and that cvuﬁ the
- slower students may be able to cover a prescribed amount ot -utntinl in
less time than normally required in the clnlstoun. , ,

Finally, the achievement test dats at the end of the year indi~-
cated, with few cxceptions..tha: ntmdcnto in the programmed cluuaes reached
a final achievement level eqmal to or above that of ucudoatn in tonven-
tionally taught clnunca.~iven though thcy had spent less time in some of ,
the topics than thq contnnl cllooco. ' - .

Iddividﬁali:@d Instruction in Arithmetic

A second oot'of ctudicg:wun‘conecrncd with individualizing and
extending arithmetic instruction st the third, fourth, and fifth grads
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levels. In the first study in this seriss, & selacted group of third-grade
students received a progmams in multiplication and divisiom, a topic which
is usually considered fourth-grade levsl work. Although multiplication and
divisicn are usually introduced in the third grads, the topic is generally
designated as a content area to be developed fully in the fourth grads.
Thus, the problem was to determine whether advanced third-grade students
could profitably pursus advanced work in this tepic. The second study was
designed to extend ths findings reported in Chapter One in which programmesd
saterials were used in the fourth grade to extend arithmetic instructiom.
That study had indicated that fourth-grade students could profit from ad-
vanced work in arithmetic topics, and the present schdy vas designed to
determina if additional gains could be vealized vhen the students were
permitted to advancs on their own. The final study in this series was
conducted at the fifth grade level and was, in part, an extemsion of the
fourth grade study conducted in the prsvious year (Chapter One). The
ssjor concern of this follow-up study was to datermine whather or not

those students who had been acceleratad last year maintained any super-
iority or reached a higher level of achievement than groups proceeding st

& more normal pace.

-,

At the beginning of the school year, two third-grade classes were
designated to be used as Experimental Groups. Then, at the begiuning of
the second semester, teachers in the two classes adminigtered a series of
diagnostic and dchievement tests to all the students in their claseses.
Thoss students whose achisvement test scorss indicated that they could
profit from advanced work in multiplication and division wers sslected
from the two classes and served as the Expsrimental Group (totul N=34).
Two additional ¢lasses, uith a total of 56 students, conpriood a Contrel
Group. Since the students in the Bprtinuntnl Group were selected on ths
basis of high achievamsnt, it was not pocoiblo to match the Experimental
cnd Control groups. Table 4.5 presents summary data on IQ and standard




'E.Mc 4.5

Summary Data on Standard Intoui.gonce and Achievement Tests Given at the
-Beginning of the Year to Students in the Third Grade Arithmetic Study

Expsrimentsl Control  Group
Group - Group Comparison
Test (N=34) (N=56)
| X sD X st
Otis Quick Scoring Mental , ‘
Ability Test (IQ) 123.00 11.84 110.84 10.98 4.79%*%
Metropolitan Achisvement Tests:
Battery Median Grads Equivalent 4.18 4.68 4.02 6.36 1.38
Metropolitan Achisvement Tests:
Arithmetic Grads Lavel 4.01 0.32 3.79 0.45 2.64%
Mstropolitan Achievement Tests: | |
38.30 3.25 1.63

Arithmetic, Part A (Concspts) 39.44 3.11

Matropolitan Ach:!.cvmnt Tests: |
Arithmetic, Part B (Computations) 27.91 1.38

27.03  1.63 2.36%

#*p £ .05 (;iw-tathdz test)
*tp ¢ .01 (two-tailed test)
#*%p < .001 (two-tailed test)

achiovmt tuu g:!.m at. thc baginning of the year. The Experimental

Group had ‘ hi’h.g 1Q (&.‘079. gl‘“’ g(oWl).

snd ‘indicated a higher

grade wutuhnt on_the Mthntic portion of thc lhcrmutm Achumut |
Test (;02 6&. u—u. g(.@l) . 'Ehio hctcr duformu mnmtly reflects

.......

;hn napnginsnual;, ;,;

lcatod hﬂmt (192.36. u-u, g(.o;’v) a8 thom vas

no significant ditfcmco bcmw the two groups ou the Mthutﬂc Con~-

cepts pom:im.
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Materials. Studants in the Experimental Group received conven-
tional instruction from standard textbooks during the first semestsr and
then, during the second semester, wers given a programmed textbook in mul-
tiplication and division facts. This progras contained approxi-ntbly 2,000
frames divided into 10 teaching units, and is the ons ussd in the previous
studies with fourth-grade students. The Control Group -continued in its
regular third-grade arithmetic textbook throughout the year.

Procsdure. At the beginning of the second semester, the students
in the Experimental Group were assigned to another room which was under
thc'uwPetviuion of one of the regular classroom teachers during their arith-
metic class, and work was begun in the multiplication and division program.
The general procedure was the same as that spscified for the other studiss.
When the studentc finished the program, they were again given the battery
of diagnostic and achievunﬁnt tests -:ntioncd'abovc.

In addition to the ntandard achievement tests, it was desired to
have a test with a rather high ceiling so that differences in a high range
of achievement would be detected. One of the problems noted in the pre-
viocus year's studies was that many students obtained near-psrfect scores
on the posttests, thus making it difficult to determime if any resl dif-
ference existed betwsen the Bxpcringmtal and the Control groups at the
end of the year. It was decided that the Iowa Test of Basic Skills would
be used, but that the standard procedure for administering 1t would be
changed. This te¢t consists of a series of items of increasing difficulty
vhich are grouped for particular grade levels. The students received only
that portion which corresponds to their individual academic levels. This
procodutu vas changed so that instead of giving only a portion of the items,
sll of the items were given which resulted in two tcotu designated A-1
(arithmetic concepts--136 items) and A-2 (arithmetic problem solving--96
items). Thus, by providing for a wider range of scorss, it was felt that
perhaps the test would be more sensitive to any differences in the final
achisvement level of the two groups.
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Students in the Control Group continued with the normal third-
grade curriculum during the second ssmester, and were givan the battery
of diagnostic and schievement tests mentioned above at the end of the
year. | | | |

Results and Discussion. The pre-~ and posttest scores in the
various tests are presented in Table 4.6. As can be seen from the data,
the Experimentsl Group scored significantly higher than the Control Group
on sll of the pretests. This is not surprising since the students in the
Experimental Group were the most advanced students in two third-grade
classes. Morsover, the data also indicated that the Experimental Group
maintained its superiority on all of the tests during posttesting (the
mean differences in every case being significant beyoud the .001 level
of confidence). It should be pointed out that on some of the tests, ths
Control Group showed higher gains from pre- to posttesting than did the
Experimental Group. However, this may be primarily an artifact due to the
limited range of the particular tests. For example, on the regular Iowa
Basic Skills test, the pre- and posttest means for the Experimentsl Group
were 48.62 and 49.97, respectively, indicating a gain of only 1.35 points,
vhile for the Control Group the pre- and posttest means were 40.64 and
45.64, respectively, for a gain of 5.00 points. However, this test con-
.tained only 55 items which means that in terms of percentages, the Experi-
mental Groups had an average of 882 cor:cct'oh'thc pretest ss comparsd |
with 74% for the Control Group. Thus, there was less room for improvement
for the Bxpeti-.utal Group .

On the other hand, if one examines other tests such as the Multi-
plication and Division Program test, both groups had fairly low scores on
the pretest (means of 12.18 and 9.29 for Experimental and Coutrol Groups,
respectively,) and both groups showsd fairly oubitantinlfaainl,(ﬂ.ca. post-
test scores of 24.82 and 19.02 for Experimental and Control Groups, respec-
tively). uomuovnr.‘on this pqrticulnt test, the Experimental Croup showed
a significantly higher gain scors than did the Control Group (t=2.13,
df=88, p <.05). Thus, ths low ceiling on soms of the tests prohibits the
making of meaningful comparisons between the two groups in terms of the




Table 4.6

 Summary Data on Pre-'and Posttests for Students
- in the Third Grade Arithmetic Study

Experimental = Control  Group
o L - Group Group Comparison
Test |  (N=34) (N=56)
o X S0 X s0 g
Metropolitan Achievement Test: Pre 29.03 6.62 21.50 4,12 7.70%# .
Computations o | . - |
(47 ittls) ' . : . | Post 36.68 4.69 32.48 4.59 4. .1lA%%

Mctropolitun Achievenent Teat° Pre 25.41 4.37 16,96 5.65 7.85%%

Concepts : B :
(35 1;gnl),_- _ ~Post 28.79 4.09 24.55 5.47 A 1énw

Iows Basic Skills: = Pre 48.62 4.19 40.64 8,32 5.964*
. Arithmetic o S |
(55 items) Post 49.79 = 4.10 45.64 6.87 3.70%*

M - D Program Test = Pre 12.18 6.89 9.29 5.42  2.06%

(40 items) - Post 24.82 4.14 19.02 35.72 5.50%*

M-D Program o o A
Final Block Test - Post 30.88 4.90 14.04 . 8.25 12,014
(40 1tcln) . |

Modificd Icwa Basic Test: | L o B
A - 1 (Concepts) Post 59.97 11.32 '53.52 12.35 1.73
(13 itess) T

uoditicd Ioua Balic Tootsf\m>f 'f;;”i‘;v¥k, S | |
Mo m-Solving) ~ Post 41.35 8.74 3455  8.96  3.50%
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amount of gain on the schievement tests. The modified Iowa Basic Skills |
test showed that the Experimental Group scored higher tham the Control
Group on both the A - 1 (Arithmetic Concepts) and A - 2 (Arithmetic Prob-
lem-Solving) sections (see Table 4.6), but the groups'diftered signifi-
cantly only on the A - 2 section of the test (t=3.50, df=88, p ¢.001).
Thus, the results reflect the same pattern noted in the Metropolitan
Achievenent pretest scores--that is, the Experimental Gromp vas signifi-
cantly higher on the computational portion of the test, but mot on the
arithmetic concepts portion. Thus, the results would hgem to permit the
implication that the Experimental Group did maintain its superiority in
overall arithmetic achievement level during the course of the study.

It is also of interest tc sgain note the individual differences
in rate of learning as reflected by the number of days required to coz-
plete the program (see Figure 4.6). All of the students were abls to
finish the program within the sllotted time and required an average of
40.21 days to completion (SD-II.SO). As in the other atudiés.»thctc vere
again wide differences in the amount of time requirad to complets the pro-
gram. As the figure indicates, four of the students were sble to complecte
the prograe in 16=2076ayl,;wh11e the slowest eight students required 51-55
days. Thus, even with a homogeneous, sbove-average group like that in the
present study, one still finds impressive individuasl differences in rate
of lsarning. |

In summary, then, the use of programmed materials permitted high-

achieving third-grade students to pursue advanced work in srithmetic, and
according to the standardized achievement tests, to uminta;u their supe-
riority over students receiving a full year of conventional classroom in-
struction. Moreover, all of the students were sble to finish the progras
vithin the allotted time, and probably could have dons additional work if
appropriate matsrisls had been provided. |

In the work reportsd in Chapter Ons, it was found that a fourth
grade class rugoivinc‘ptog:u-nd instruction was sble to go into advanced




o
y 4
]
-
(¢}
-
ac
o

1. 16- 21 26 31 36- 41 48 51- S
15 2 25 3 35 4 45 50 5 0

DAYS 'U'O COMNE’NON

Figure 4.6 Number ot days to co-phta mltipliutm and
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ork in fractions with no loss in learning or retention of the usual fourth-
grade arithmetic curriculum. These groups did as well as other groups on
tests covering the regular curriculum, and showed a significantly higher
level of performance, as might be expected, on an achievement test i frac- 9
tions. These results suggested that it might be possible to extend arith-
metic 1natructioh even more at this grade level; thus, the objective of the !
present study was to se2 just how far students could progress when given the
opportunity and the proper materisls.

A group of 48 students from two fourth-grade classes was selected
to receive individualized instruction in multiplication and division and
fractions. These oﬁudents vere to spend the entire year in individualized
arithmetic instruction and were to progress as far as possible in the series
of arithmetic materials. Since the purpose of the present study was simply
to determine the effectiveness of providing opportunities for extended
learning, there was no Control Group as such in the study. However, it
was felt that some comparisons with a conventionally-taught class might be
useful, so some test data was obtained from two additional fourth-grade
classes (N=50) at the end of the year. In addition, scores were availsble
on IQ and the Metropolitan Achievement Test given at the beginning of the
year, and these data are summarized in Table 4.7. There were mo relisble
differences between the two groups in IQ or in Metropolitan Battery Median,
but the Experimental Group did have a higher Average Arithmetic Grade
Equivalent (t=2.06, if_-%, P £.05), which resulted apparently from the
higher score on the Arithmetic Computation Subtest (t=2.65, df=96, p<.01).

Ma.erisls. The programmed textbook in multiplication and division
facts described in the third grade study was again used. When students
finished the program, they began supplementary work with advanced multi-
plication and division materials prepared by the Center staff and Baldwin-
Whitehall teachers. PFour units of supplementary work were developed from
conventional materials with pre- and posttests for sach unit. When the
students finished the supplementary material, they received a programmed
textbook in fractions, which consisted of approximately 1,700 frames di- ‘
vided into 12 teaching units. As the study progressed, it was found that
many of the - tudents were completing the fractions program in addition to |
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Table 4.7

Susmary Data on Standard Intelligence and Achievement Tests Given st the
Beginning of the Year to Students in the Fourth-Grade Arithmetic Study

o _

Experimental Control Croup
Group Group Comparison
Test | (X=48) (N=30)
X 8D X 8D t
Otis Quick Scoring Mental |
Ability Test (IQ) 110.67 12,50 111.36 13.08 0.27
Metropolitan Achievement Tests:
Matropolitan Battsry Median 4.72 0.81 4.66 1.32 0.27

Mstropoliten Achisvement Tests:
Average Arith. ctaqqlc !qu_iulmt 4.79 0.71 4.36 1.27 2.06*

Metropolitan Achievement Tests:
Arithmstic Computation 34,96 6.18 30.64 9.50 2.65%*

Metropolitan Achievement Tests:
Arithmetic Problem-Solving 23,21 6.26 22.16 8.08 0.71

L . SR ———

#p < «05 (two-tailed test)
#hp ¢ .01 (two-tailed test)

all of the multiplication and division work; thus, it was decided that
they would be permitted to enter into the supplementary fractions work
(five units) which wvas developed for the fifth grade and which will be
described in the next study. Thus, thers wers four basic sets of materisls
vhich were used by these students: (1) & programmed textbook in ‘multipli-
cation and division facts, (2) omh—nuty materials in suitiplication
and division, (3) a programmed textbook in fractions, and (4) eupplementary
materials in fractions. The Comtzrol classes received conventional class-
room instruction throughout the year with no special instructions being
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Procedure. The same procedure followed in the other studies was

again used. Studcnto'in the Experimental Group worked on the programmed
materials during their regular arithmetic period each day and'wnre per-
mitted to advance through the material as rapidly as they indicated mastery 9
of each unit. Detailed records vere kept concerning performance aud amount
of time spent in each unit, and a nuaber of achievement tests were given
at the beginning and end of the year to assess the amount of gain imn
achievement level.

Results and Discussion. Summary information on the pre- and post-
testing for the Experimental Group is presented in Table 4.8, and indi-
cates that there were gains on all of the tests (all gains were statisti-
cally significant at p( 001). Unfortunately, data on these particular |
tests ware not available for a Control Group so that group comparisons
could bs made. Howevear, data were obtained on the modified Iowa Basic
Skills Test (i.e., the wide-range test described in the third grade arith-
metic study) at the end of the year for both groups so that a comparison
could be made regarding end-of-year performance level. These dats are
preocnted'im Table 4.9 and indicate that the two groups did not differ
significantly on either portion of the test. The two groups had almost
identical scores on the A - 1 (Arithmetic Concspts) section with means of
69.83 and 70.46 for the Experimental and Control Groups, respectively.

The Experimental Group did score higher than the Control on the Arithmetic
Conputition section (means of 49.96 and 47.24, respectively), but the dif-
ference was not 10:;¢ cnou¢h to be statistically significant (t=1.02,

df=96, p >.05). Thus, these data, along with those from thc Metropolitan
Achievement Tests mentioned earlier, seem to indicate that while the stu-

dents receiving programmed instruction did mot reach a higher achisvement
level at the end of the year, they did reach an achievement level equal
to that of the couventionally taught classes, A similar result was found
in the fourth grads study of the prcviouo year rnportcd in Chapter One;
that is, a group of students given advanced work in fractions (the same

progiun used in the prchnt study) demonstrated a general schievement level
at the end of the year equal to that of groups who had not received such
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Table 4.8

Summary Data on Pre- and Posttests for Fourth-Grads Students Receiving
Individuslized Arithmetic Imstruction

Pretest Poott;at Gain
Test X SD X sD X sD

Inventory Test

(28 items) 24.71 4.35 26.24 3.51 1.53 2.13
M - D Program Test

(40 items) 18.35 7.80 27.98 6.15 9.63 6.28
M-D Supplclndt Test |

(25 items) 11.41 5.12 19.17 5.30 7.76 4.29
!:actionl Program Test

(50 items) 23.29 9.17 39.98 9.74 16.69 7.40
Fractions Supplement Test | :

(20 items) 3.69 2.57 13.98 5.81 10.29% 4.73

advanced material, but who had spent the entirs ysar in the regular fourth
grads curriculul. Ia addition. this group 0corcd nignitieautly higher
than the others on an nchinvtn-nt test in ttnctionn. as mnight be expacted.
Hence, those otudnntu were sesn to protit from thc ncw'-ntcrinl. with no
loss in achisvement in the rogulur arithnntic cur:icuMul.

It may be 1n£or:ntivn to compare the pcrfo:nlnce of the ptl!lnt
group with that of the ;roupn in last year's ctudy. nouovUt. these com-
parisons must be togardnd as rather tenyous since 1t is not possible to
specify haw oﬂlilarly thc groups were ttlatcd, how uull-utchcd th.y vers,
stc. Tho susmary dats on the lrnction- ptogtll ponttolt for thn groups
in last year's otuﬂy and thil ynar'n study are ptuocntcd 1n Inblo 6.10.
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| Table 4.9 |
Coqutioon of lourthscude Expariuntnl and Control Groupu on the Modif 1ed
Iowa Basic Arithmetic Test cﬂ.vem at the End of the Yosy
| : B:‘:per:l.ifnnt‘al‘ " Control crbup
Test Group | - Group Comparison
. (w=48) _ (N=50)
X sD X 8§D t
A - l: Arithmetic Concepts , : -
(136 igcnl) B 69.83 17.88 70.46 13.62 -0.19
A - 2: Arithmetic Problem-Solving ‘ -
(96 items) | 49.96 14.45 47.24 11.87 1.02
Conpnrioon of Pourth-Grade Classes During 1962-63 and 1963-64 Studies
on Fractions Program Posttest
Crowp . N Mesa ~ sp
Program (1963-64) 48 3998 9.7
Program (1962-63) 52 43.75 - 485
Control (1962-63) ~ 39 3448 - 0 9.92

'[Kc

Aruitoxt provided by Eic:
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The comparison of last year's program with the pressnt group indicated that
the present group did not do as well on the test (§=2.42, df=98, p £.05).
Howaver, the present Bxpdrihontnl Group did do significantly better than
the Control Group in the sarlier study (t=2.88, df=105, p<.0l). Again,
however, it must be pointcd‘out that these comparisons can only be regarded
as tentative. While the data do suggest that the current group did realize
some additional achievement over a convuntionallyétaught class, this con-
clusion must be viewed with reservation.

The main objective of the present study, of course, was to obtain
information about the acceleration of arithmetic instruction. Thus, in-
terest vas focused on the amount of material covered bﬁ the students in the
Experimental Group. Approximately 96X of the students successfully com-
pleted all of the material through ths fractions program, and 88% of ths
students completed all o5f the work imcluding the supplementary fractions
work. Thus, the students were able to complets sll of their fourth grade
arithmetic work, plus & substantial amount of advanced work of approximate
fifth grade difficulty. In order to gain more information sboutindividual
differences in rate of lsarning, distributions wers obtained for the num-
ber of days required to finish various amounts of the materisl, and these
data are presented in Figure 4.7. This figure is cumulative in naturs and
is read as follows:

(1) the top panel (pansl D) shows the distribution of students

finishing all four sets of material in multiplication and
division, and fractions in different periods of time;

(2) the cccond‘pancl (panel C) gives the distribution of students
completing all of the multiplication and division work plus
the fractions program;

(3) the next pansl (pansl B) gives the distribution of students
completing only the nultiplication and division program and
supplemsntary work;

(4) the bottom panel (panol}A) gives the distribution of students
finishing only the multiplication and division program.
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The great amount of overlap is readily npphmt. For example, it can be
seen that a small number of students completed all four sets of materials
in the same amount of time or less than some students required to finigh
only the multiplication and division program. Thus, one can see again the
accentuation of individual differences arising from tiie use of programmed
materials. These data indicate that not only can students cover coansider-
ably mors material tham that normally presented im the curriculum, but
that they do it at widely different rates. Morsover, it appears that thess
students are not penalized in any way by spending less time on the regular
curriculum since it was seen that these students resched an end-of-year
achievement level at least as high as that reached by students in the con-
ventional classroom. Thus, the results seem to corroborate those from
last year's study showing that srithmetic instruction might be extended
considerably, at least at this particular grade level.

Fifth Grade

Arithmetic (Fractions

The final study in this series was conducted at the fifth grade
level and was designed to ussess the long-range effacts of programmed in-
struction by investigating the performsance of students who had received
programmed instruction the previous yesr.

Thevre were thres groups of subjects in the present study--two ex-

- perimental groups and a control group. The first Experimental Group ()

consisted of 74 students from two fifth-grade classes who had participatsd
in the fourth grade arithmetic study reported in Chapter One, and who had
received the multiplication and division program. The second Experimental
Group (!2) contained 64 students from two fifth-grade clssses who also had
participated in the last year's experiments and who had received the frac-
tions program in fourth grade. The Control Group consisted of two addi-
tional classes (N=57) who had never received programmed imstruction. The
three groups were matched as closely as possible on the standardized IQ and
achievement tests mentioned in the earlier studies, and susmary data on
these tests is presented in Table 4.11. As the dsta indicate, the groups
vers well-matched as there vere no reliable differencss among the groups
on any of the tests.
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Materials. The basic materials used by the Experimental Groups in
this study were a programmsd textbook in fractions, supplementary fractions
~work developed by teachers, and a programmed textbook in decimals. As men-
tioned in the previous study, the fractions program contains spproxismately
1,700 frames divided into 12 teaching units. The suppls=satary materials
(5 units) wers designed to extend the coverags of the fractions program,
and were developed by the fifth-grade teachers utilizing the techniques de-
scribed earlier. The decimals program is designed to follow the fractions
progran and contains approximately 2,700 frames divided into 13 tsaching
units. No supplementary lessons in decimals were developed.

The Control classes received conventional classroom instruction
using the regular fifth-grade arithmetic textbooks and other materials
which the teacher wished to use.

Procedure. Students in Experimental Group Bl vere given the frac-
tions program at the beginning of the year and began work in it immediately.
As they completed the program, they advanced to the supplementary fractions
work and then to the decimsls program. The second Experimental Group, Bz.
had already had the fractions program in fourth grade and so received class-
room instruction in advanced fuccﬂm during the first semsster. At the
beginning of the second ssmester, this group was then entered into the deci-
mals program. Both Experimental Groups, upon complstion of the dscimals
program, returned to regular classroom instruciion and began work in modern
mathematics using a conventional to:tbooh. During the p:ojru work, the
general procedurs outlined previously was followed, allowing the students
to progress as rapidly as possible through the material. (The decimals
program did not contain re.éy-ado unit pre- and posttests so these wers
developed by the tsachers inm collaboration with Center Staff members.)

The Control Group received conventional classroom instruction throughout
the year following the normal fifth grade arithmetic curriculuk.

Lq_u_ls_g_gd_m. All groups wers given a battery of achisve-
ment tests at the bo;:lnn:l.ng of the year and at the end of the vear, and
these data are presented in Table 4.12. The groups did not differ signifi-
cantly on sny of the pretests except the fractions program test (F=5.34,




df=2/192, p £.01), and the fractions supplement test (F=3.68, df=2/192,
p<£.05). On the first test, 'the Ez Group scored higher “han either of

the other two groups, as might be expected since this is the group which
- received the fractions ptogrm last yeat; The data on the fractions sup-
plement test also indicated that the Ez Group again had the highest mean
number correct, although the differences among groups were not as large as
on the fractions program test. Thus, these data indicate that the group
which received the fractions program last year and which exhibited a

higher achievement level at the end of fourth grade still maintsined its
higher achievement level at the beginning of the study.

The posttest data also indicated Mghly sigiificant differences

among the three groups on the fractions program test (F=22.17, df=2/192,

R £.001), and on the fractions supplement test (F=59.22, df=2/192, p <.001).
However, there was some difference in the order of the means fr.am the pre-
test data. Individual ;t;tests were computed to compare the various groups
and indicated that on the fractions 'progmmh test, the El Group scored sig-
nificantly higher tham the Ez Group (5-3..12. df=126, p £.01) and the Con-
trol Group (t=6.35, df=129, p <.001), and that the E, Group scored signifi-
cantly higher than the Control Group (t=3.31, df=119, p<.01). The fact
that the Ez Group still scored higher than the Control Group on the frac-
tions program test at the end of the year lends some support to the finding
‘that the extended arithmetic instruction of last year produced a stable
higher achievement level in fractidns work. The iupcriotity of the El
Group over the Ez Group may be due primarily to the fact that the El Group
had been exposed to the fractions program more recently than had the Bz
Group and that, hence, their retention of the material had not shown the
decline characteristically found when retention is measured after some .
fairly long period of time. On the fractions supplemsnt test, the B]L
Group again scored significantly higher than both the E, Group (£=10.57,
df=136, » <. 001). and the Control Group (__-2 15. df=129, g( 05). However,
the Bz Group. in contrast to the remlta fomd on tho fractions program
test, was significantly lower than the Contr,ol .Group (;-7085, df£=119,

2<.001). The reason for this discrepancy in results is not clear since
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Table 4,12

Summary Dats on Pre- and Posttests for Students in the
Fifth Grade Arithmetic Study

lxporhmtal-ll eriuntul—lz Control Group
(N=74) (N=64) (X=57) Comparison

Test

X sb X s X SD ) 4
Iowa Basic Skills: Pre  44.22 11.33 39.94 11.51 43.32  11.27 2.8

Arithmetic “
(71 items) Post 48.69 11.50 47.97 10.68 47.47 9.85 <1.00
Inventory Test Pre 20.66 4.79 19.31 5.43 21.05 5.22 <1.00
(30 items) Post 21.50 5.19 22.78 4.89 21.89 4.63 <1.00
M - D Program Test Pre 32.43 5.55 31.59 6.01 33.00 5.66 <{1.00
(40 items) Post »33.66 35.86 34.61 5.57 35.58 4.67 2.64

Fractions Program Test Pre 33.36 10.62 37.23 9.78 30.82 10.95 5.54%%

(50 items) - Post 4&4.04 6.92 39.86 8.48 34.25 9.84 22.17%%%
Fractions Supplement . Pre 5.19 3,21 5.30 2.02 4.04 3.43 3.68%
Test
(20 items) Post 14.18 3.68 7.45 3,71 12.77 3.67 59.22%3%
Modified lowa Basic Test :
A-1 Post 83.81 17.43 83.59 18.39 85.06 15.13 <{1.00
(136 items)
Modified Iowa Basic Test
A-2 . Post 58.28 14.84 60.22 15.78 56.61 14.09 (1000
(96 items) |
Decimals Program Test Pra 8.66 5.83 4,91 5.57 (Not given ¢=3,86%%%
‘ to Control |
(35 4items) ' Post 22.89 7.42 20.81 7.87 Group) t-lL,SQ
*p £ .05
#ip < .01

e P o
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the Ez Group did have a semester of teacher instruction in advanced frac-
tions at the beginning of the year, and should have learned the topics
covered in the fractions supplement test. However, it might again reflect
some "recency" effects--that is, the Control Group, since it did not go
into decimals work, had spent most of its time in fractions and thus had
probably had exposure to the advanced material covered by the test more
recently than had the Ez Group. These data also seem to indicate that the
supplementary units developed by the teachers were quite effective teaching
instruments since the El Group did score aignificuntly higher on the test
than the COntrpl Group although the El Group had not been exposed to the
fractions material as recently as the Control Group. None of the other
posttest results nor the scores on the Modified Iowa Basic Skills Test in-
dicated any reliable differences among the three groups.

The decimals program test was given only to the El and the Ez Groups
and indicnted that on the pretest, the El Group scored significantly higher
than Group E 99 (t=3.86, df=136, p <.001) but that on the posttest, the two
groups did not differ significantly (t=1.59, df=1.36, p > .05). Thus, the
tvo groups reached equivalent achievement levels as a result of the pro-
grammed course in decimals.

Figure 4.8 pteoents the distribution of students in Group Bl fin-
ishing different amounts of the programmed work (since students in the Ez
Group worked only in the decimals program, their data is not included in
the graph). All of the students in Group Bl finished the fractions pro-
gram, 952 finished the fractions supplement, and 80X finished the decimals
program. Figure 4.8 is a composite graph like the one in the fourth grade
study showing the variations in amount of time required to complete various
portions of the material, and once again reflects the wide variatioms in

student performance as messured by time to completion.

Thus, these data again indicate that the use of prograsmed natea
rials enabled students to cover nore materisl than they nornnlly do, and
that these students reached an end-of-year achisvement level which was
generally higher than that of a conwnntiomnlly-tnught claas. Moreover,
the performance of the Ez Group suggests that the beneficial effects.
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. 4 accruing from programmed instruction are stable and long lasting, and that
students who do receive advanced material in a particular grade continue
., to show some superiority over students proceeding at a more normal pace.

Summary of the Arithmetic Studies

In summary, these studies indicate that programmed materials are
generally effective in individualizing and extending arithmetic instruc-
tion. In all of the studies, the groups using programs were able to cover
considerably more material than similar groups recsiving conventional in-
instruction, and moreover, the achievement level of the Experimental Groups
at the end of the year was, in almost all cases, equal to or above that
of the Control Groups. Thus, these results, in conjunction with those
from the spelling studies dipcuaoed earlier, lend support to the use of
programs as an effective means of providing individuslized, extended in-
struction in the elementary grades.

Individualized Use of Progrnumed'@nstructiom 48 & Review Tool
E\\
In addition to the general use of programs as instructional tools,
it would appear that programmed instruction would alsc have some merit
when used as & review tool. In the typical classroom situatiom, a good

deal of time at the beginning of the school year is devoted to the review
of materials covered in the previocus year's work. In\gencrul, such rovicw .
is helpful since thers are students who undoubtedly have torgotten part of
the materials which they had previocusly mastered. However, it is also trus
that many students may not need any review or may need review caly on se-
lecteq)tOpico. Thus, a general review for all students may be of question-
able value, and certainly consumes tina<uhich could be spent on new work.
Consequently, it was decided to use programmed instruction as a review
tool, and in keeping with the general objectives of the ressarch program,

0 to individuslize the review periocd as much as possible. |

Six fifth-grade classes which had had no previous oxperiencc with
0 programmed instruction were selected and given variocus kinds of review of
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multiplication and division facts which had been taught in fourth grade.
’ Two classes received a multiplication and division program (Program Group,
N=52), two classes used workbooks as review tools (Workbook Group, N=4S),
and two classes received raview as a part of the conventional classroom
procedure, (Control Group, N=49), An attempt was made to match the groups
as closely as possible on intelligencs and achievement lsvel and Table 4.13
gives descriptive information for the various groups on the different tests.
As the table indicates, the matching was effective with the exception that
the Control Group had a higher mean IQ than the Program Group (t=2.54, df=99,
p £.05). None of the groups differsed significantly on any of the other
measures. |

Materials. The students in the Program Group wers given a pro-
grammed textbook in multiplication and division facts which was used in
the third and fourth grade studies. The Workbook Group received a typical
fifth-grade workbook with which to review multiplication and division skills,
and lessons were developed from this material and presented in the daily |
arithmetic sessions. The Control Group used its regular fifth-grade text-
book in their review work in conjunction with regular tsacher instructiom.-
In addition, teachers in this group were allowed to use any other materials
which they would ordinarily use in reviewing such materisl.

Procedure. Utilizing the individualization techniques described
previously, students in the Program Group reviewed only those topics with
which they wers having difficulty; that is, they would work only on thoss
portions of the program which their prstest performance indicated they did
not know. Thus, the student was allowsed to progress through the material
at his own pace and wvas not required to spend time on material which he
had already mastsrsed. The program work was completed during a part of the
regular srithmetic period with the teschsr available to give individusl
attention to those students having particular difficulties. When the stu-
dents complsted their program work, they were entered into classwork on
nev srithmetic material.
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Students in th%mybrhbook GtoupAwere givin daily sssignments in the
> Workbook which they aleo completed during part of the regular arithmetic
period. To some extent, these students were allowed to work at their own
pace, but in general, were held to the pace of the class as a whole since
they also received some conventional teaching during the arithmetic period.
Unlike the Program Group, they were not allowed to skip through the material,
but covered all of the topics in the review.

Students in the Control Group proceeded with regular fifth-grade
work without a formal period of review. No attempt was made to individua-
lize the review work, but rather, the teachers integrated the review into
their regular classroom work, adhering to their usual teaching methods.

The termination date for the study was determined by ascertaining
the amount of msterial covered by students in the Programs Group and using
this amount of material as the criteria for the other groups. Thus, when
the other groups had covsred the same amount of material as that in the
multiplication and division program, the review psriod was ended.

Results and Discussion. All students in the study wsre given &
ssries of pretests in arithmetic at the beginning of the study, and then
received the sams tests as posttests at the end of the review period.

(For students in the Program Group, the posttests wers administered as
each student finished the program; for the other two groups, the posttests
vere administered to all students at the end of ths review period.) Sum-
maty data for each group ars presented in Table 4.14 and indicate that,

in gensral, the thres groups showed generally equivalent performance during
pretesting. The Control Group did have a higher mean scors than the other
two groups on the Inventory Test (M=5.22, df=2/143, p <.01), but the groups
shoved equal performance on the remaining pretests.

During posttesting, the three groups did not differ significantly
on the Inventory Test or on the Iowa Basic Skills Test. However, if one
examines the gain scores from pre- to posttesting, it can be ssen that om
both tests, the Program and Workbook Groups showed significantly more gain
than did the Control Group. In addition, the Program Group showed a higher
gain than the Workbook Group on the Iowa Basic Skills Test (g=3.05, df=95,
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p <.01). Om the nultiplication and division program posttest, both the
Program Group and the Workbook Group scored higher than the Control Group
(F=5.18, df=2/143, p <.01), but did not differ significantly from each
other. Finally, all the groups were given the multiplication and division
program final block test (see Table 4.1&).wund the Program Group perfor-
mance on this test was nmuch higher than that of either of the other two
groups (¥=19.80, df=2/143, p £.001). One might, of course, expect the
Progsam Group to do better on such a test because the test was specific to
the program. While it is true that the test did cover the ngtetinlutaught
in the program, the content of the test represented the material which was

covered by all groups. Thus, even though the test was developed for the
program, it should have been respresentative of the materisl which all
groups were supposed to review. These results indicate that the use of
programmed materials was effective as a review tool. In all cases, the
Program Group showed more improvement than the Control Group although the
differences in performance were not always necessarily large. A
Perhaps the most interesting aspect of the study is the difference
in the amount of time it took each group to complete the review work. It
will be recalled that students using programmed materials were permitted
to finish the review work as quickly as they could. Then, using the amount
of material covered by the Program Group as & criterion (i.e., the content
‘of the review material), the other two groups were allowed to continue
working until they had reached the same criterion. Studeants in the Pro-
gram Group required a mean of 21.33 days (SD=3.00) to complete the mate-
rial, while in the other two groups, all students worked 40 days to com-
plete the same amount of material. Thus, the Program Group was able to
complete the lnteiinl in almost half the time required by‘nore conventional
teaching methods. Equally interesting is the range of time required by
students in the Program Group, Five students completed tho_umterial in
only 17 days, while the slowest eight students required on’y 26 days--
still a rather 1npr¢sgivu‘cav1ng of time cdnparcd to the other groups.

©
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~ Table 4.14

Summary Data on Pre- and Posttests for Students in the
| Fifth Grade Individualized Rsview Study

Program Workbook Control . Group

Group Group Group Comparison
Test (N=52) (N=45) (N=49)

X 8D X s X s r

Iowa Basic Skills: Prs 33.10 9.87 34.89 13.93 36.65 9.19 1.30
Arithmetic

(71 items) Post 40.54 10.04 38.53 14.50 37.98 9.87 £1.00
Inventory Test Pre  15.42 5.37 14.58 6.09 18.20 5.83 5.22w
(30 items) Post 19.25 5.40 17.64 6.96 19.45 8.24 < 1.00

M - D Program Test Prs  27.85 5.89 27.02 8.24 29.02 7.48 <1.00
(40 items) ~ Post 30.85 5.61 31.96 6.77 27.69 7.66 5.18%
M - D Progran

Final Block Test Post 34.37 3.96 26.92 9.40 25.12 9.22 19.80%%
(40 items) ‘

*<£.01 (df=2,143)
#*%p < .001 (df=2,143)

In summary, these dnta indicate that s dntimd uvtw poriod vith
individual uumunu was more cffcctin thm the connntiml uthodl of
integrating toviu int.o tho ugular cmnroon work. Hhih thc P:ogrn md
Workbook Groups wcrc ;mully oqniuhnt m the ponttul: uuum. the otu—
dents using vorkbooh wcrc uqmtrod to vork a Eun 60 dm u coqnzed vm:h
an average of 21.33 dun for thou nmdcnto uoing tlu progzu. ‘nmn. con-
sidering both the test data and the uomt: ot time workcd, the use of pro-
grammed :I.utmct:lon appesrs to be a more cffocuvo means of review than the
other two uthodg - | o i
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Summary and Conclusions -

rhls report has discussed a series of studies in ﬁhich programmed
instruction was used as a means of”individuuliging and extending instruc-
tion in a public school system. Previous research (Chapter 1) had indi-
cated that programmed materials could be used as a means of implementing
instruction in the intact classroom. The work reported in this chapter was
directed toward determining to what extent such materials could be used to
provide a more individualized course of imstruction for each student. A
series of five pilot studies was conducted st the third, fouzth, and fifth
grade levels using commercially available programs in spelling and in vari-
ous arithmetic topics. An additional study was alsc carried out at the. |
fifth grade level to evaluate the effectiveness of programmed instruction
as a means for providing 1nd1v1dualiied review of material covered the
previous year. , o |

The technique of individualization which was developed involved
breaking each.instructional topic down into a number of small teaching
units with tests to cover the material within that unit. Then, before
beginning work in a ﬁnit, each student was given the unit test as a pre-
test and if his score were above a predetermined criteriom, he would be
allowed to skip that unit and go on to the next unit where he was again
given the pretest. In this way, the student did nc: have to spend time
going over material which he already knew. but was able to go into new
material, and was able to advance at his own pace. Ih addition, supple-
mentary materials were developed in many areas which permitted the student
to pursue advanced work on an individualized basis after he had finished
the progtammed work. In almost all of the studies, cOMparable groupl of
students receiving convnntional instruction were used as control groups so
that compazisons could be nade 1n zcgard to amount of natotinl covered,
amount of time apent in varioul topico, nnd final nchievenent level as
measured by a number of difterent teotl. ' ' ' ‘
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The general conclusions warranted by the present data are the fol-
lowing: | |

1. Programmed instruction appears to be an effective means of pro=
viding individualization of instruction.

2. By breaking the material down into small instruction units, it
can be seen that many students know a certain amount of uatetial before they
begin receiving instruction.

"3, Individual students, evén‘wiihin houo;enhounly-g:ouped classes,
vary a great deal in the rate at which tehy can advance through a given set
of instructional materials, and in the amount of material which they can
master within a given time period. -

4. The individualized use of programmed 1ndtructionnl macerials
enabled students to cover a given smount of material in less time than
than :equired by gtudents receiving conventional imstruction.

5. Because atudents using présrlmned mntc:idlo were able to ad-
vance through the curticulmm more rapidly than ususl, thgy‘werc able to
enter into advanced work in a given topic which was not noznnlly nvailnbla

~ to them at their particular grade level.

6. Vlnramnost all cases, the achievement level of students receiv-
ing programmed instruction was equal to or greater than that of students
Teceiving conventional instruction as measured by standardized achievement

tests.

7. In addicion to its cffectiveness as 8 teachimg tool, progrunngd
instruction appeata to bc an effective nethod of presenting review.

It would uppear, then, that the preucnt data, coupled with that
f:on previous studies, ntrongly indicato that well-deaigned programs can
be quite effective in implementing and lupplenonting curreat instructional
pructicec in'the public'schoold. Moreover, the vaziatiou in the level of
entering behavior of students and the rate of progrcss ghrough givcn in-
structional materials indicate that there is an immediste need for the de-
v@lopncnt of instructional practices which take into account (1) the
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