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number of variables. Pupil apfitude, achievement, and classroom performance were
measures correlated with learning rates in six different Indwidually Prescribed
Instruction (IPD) mathematics units. The predictor variables (verbal and non-verbal 1Q,
mental age, mathematics and reading achievement scores, number of skils learned n
previous terms, attention score, and reaction to the learning situation and learning
materials) analyzed singly, or as a composite predictor, did not correlate significantly
with any or all of the criterion variables. No single predictor consistently predicted any
rate measure. Multiple correlations showed that lack of rate measure
comprehensiveness did not cause poor rate predictability. Multiple correlations and
regression analysis showed the relative importance of various predictors as 2
function of specific units studied. Canonical correlations indicated some type of
substantial relationship between the rate domain and the predictor variables domain.
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CHAPTER I

INTRODUCTION AND REVIEW OF RELATED RESEARCH

The problem of how to improve the effectiveness of instruction
in our schools hus always been a major topic of conceri among teachers,
parents and other persons in the field of educatlon. It is generally
agreed, both by educational theorists and practitioners, that there are
o host of factors affecting the pupil's leurning performance. That is,
the pupil's level of achievement and the speed with which he learns
depend upon the unique incividual characteristics that the pupil brings
with him to the learning situaticn, the nature of the task to be learned,
snd the eonditions under which whe particular leurning takes place.

rhis recognition of the multiplicity of fuctors that influence
the pupil's learniug performance, and the fac* that there is a noticeable
difference in pupils' levels of achievement, as well as differences in
the amount of time euch pupil needs to achieve the learning objectives,
hove tocused the emphasis on the importance of making provisions for
individual differences aﬁong pupils in our schools. The work on pro-
grommed instruction and other plans {for individualized instruetion rcpre-
cent some of the attempts mude to meet this need l'or individualization.
The essential goal of programe of this type is to permit each pupil to
progress at his individual rate. In other words, they permit each pupil
to progress through a learning sequence at a pace determined by his own

work habits and by his ability to muster the designated instructionil

objectives.
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Because of this changing trend in the imstructional procedures
und the emphasis on the individualization of instructlon, methods of
assessing pupil's learning performance also are in need of modification.
Tf school programs are to permit pupils to progress at individual rates,
1t is important to identify rellable procedures for measuring rate of
learning and to investigate factors related to it.

The multiplicity of factors that influence the pupilts learning
performance haes been investigated In recent studies on "learning."
According to Piaget'sl developmental theory and the findings from his
intensive research studies on the cognitive development of chlldren, the
environmental backeground as well as various persoral factors are related
to the child's performance on learning tasks. In other words, bcth the
meturation process and the leurning process acre basic to the chilid's
cognitive development. Maturation op<ns up possibilities for cognltive
development but is not sufficient In itself to the actualization of these
potentials.

Piaget's well-known formulation of' the mental orocess iu based

on two adaptation processes of the learner; that of "gesimilation" and

", ccommodation.” Assimilation describes the capahility of the child in
handling new situations and new problems on the basis of what he has

already learned; it is the process of the inrer organization of informa-
tion. Accommodation, on the other hand, describes the process of change

through which the child becomes able to manage situations that are at

first too difficult for him. This is the process throagh which the child

Lsean Piaget, The Origins of Intelligence in Children (New York:

)

International University Press, 1963).
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modifies his existing patterns of learning behavior to conform to the
outer reality in the learning situation.l

The child's learning performance, according to Piaget's cognitive
theory then, is based upon the interplay between the child's continuous
mental development and the envirommental factor that he encounters. In
other words, learning is a function of the interaction Letween those
factors within the learner and those external factors in the learning
environment.

Many researchers have explored the relationship between human
gbilities and success in different types of learning sjituati .. Allison®
attempted to assess the relationship between achievement and human abll-
ities and to explore the interrelationships among learning parameters and
measures of human abilities in thirteen different learning situations.

He concluded that learning is not a unitary trait or ability but involves
several factors and is dependent upon the learning task, the conteét of
thevmaterial, and the psychological process of learning.

Duncanson3 administered & battery of ability tests and learning
tasks to 102 sixth-grade pupils. The learning tasks included coneept for-
mation, paired associations, and rote memory tasks with verbal, numerical,
and figural material. He factor analyzed the results of the ability tests
to exumine the contribution of each component to each person's performance

for that particular learning task. Duncanson was interested in determining

lalfred Baldwin, Theories of Child Development (New York:
John Wiley and Soms, Inc., 1967), pp. 1T7(-17C.

“R. B. Allison, "Learning Purameters and Human Abilities"
(unpublished doctloral lissertation, Princeton University, June, 1965).

3J. P. Duncanson, "Learning and Measured Abilities," Journal of
Fducaticnal Psychology, 57:220-239, 1966.




(1) the number of factors involved in learning a given task and (2) the
importance or welght of each of the factors for a given individual. His
research results also support the theory that not one but a multitude of
factors are related to learning performance.

Other investigators have been concerned with the relative contri-
bution of various measures in the prediction of success in classroom
learning. The study of Guilford, Hoepener and Petersonl on predicting
achievement in ninth-grade mathematics suggests the multipliclty of factors
that influence the pupil's learning in school. They adminlstered e battery
of twenty-five factor tests and three standardized tests (the Diagnostic
Aotitude Test, the California Test of Mental Maturity, and the Iowa Test
of Basic Skills) to 600 subjects in the study. Using factor analysis,
they concluded from the results that batteries of factor scores were better
predictors of achievement in mathematics than the scores from the standard-
ized tests. A composite of thirteen factor scores increased precision in
prediction when added to each of the three standardized test combinations,
such as a combination of the DAT-numerical and the Iowa scores, the DAT-
numerical and the CIMM sccres, and so forth.

Smith and ris associates2 studied the relationship between academic
success and some non-intellectual variables.using 116 fifth and sixth

grade students as their sunjects. They found thet these non-intellectus.l

13, ». Guilford, Relph Hoepener, and Hugh Peterson, "Predicting
Achievement in Ninth-Grade Mathemaiics from Measures of Intellectual
Aptitude Factors," Educational and Psychological Measurement, 25:659-

682, 1965.

2John T. Smith, Maxine D. Ruter, Fren M. Lackner and Donna S.
Kwall, 'Academic, Sociometric and Personality Variables in the Prediction
of Elementary School Achievement.' Proceedings of the T5th Annual Con-
vention of American Psychological Assoclation. 2:339-340, 1907.




factors do contribute to the accuracy of predicting academic success.
1

This finding was in agreement with Sples™ who concluded from his study
that non-intellectual measures can be of value in combination with intel-
lectual measures in predileting academic success.

Whitman® studied "free recall learning" in the classroom situation
and found, that level of achievement in classroom learning is a function
of task, method of presentation and practice varlables., Most of the
studies cited thus far, indicating tha*t human learning is a function of a
varlety of types of variablas, have used some measure of level of achieve-
ment as the criterion measure. However, otiner investigators have been
concerned with the rate at which learning takes place and have studied
factors related to rate.

One of the classical studies was carried out by Lyon3 when he pre-
sented the r lationship between amount to be learned and time to learn
(rate of learning) by showing how length of time to learn increases as
items are added., The results of Lyon's experiment on the time required
to learn lists =itk Aifferent numbers of nonsense syllables show that with
small numbers of sy..ables the addition of a few more syllables makes a
large difference in time per syllable, but with a large number the addition
of the same number of items makes little difference in time to learn.

Lyon also studied the amount of time that it took to memorize poetry; the

lC J. Spies, "Some Non-intellectual Predictors of Classroom
Success,"”" Technical Report No. 10, Office of Naval Research, Contract
No. N R816 (1k4) Nawval Air Technical Training, 1966.

2 James R. Whitman, "Classroom Learning as a Function of Task,
Method of Presentation and Practice Variable.'" Proceedings of the T5th
Annual Convention of the American Psychological Association. 2:315-316,
1967.

3D. O. Lycn, Memory and the Learnlng Process (Baltimore, Marlyand

Warwick and New York, 1917).




results were similar to those he found with nonsense syllables. Although
the material is much longer, each syllable of the poetry took less time
to memorize than each individual nonsense syllable. Therefore, he con-
cluded that the additional time per comparable item should be less for
meaningful material than for some non-redundant material like random lists
of nonsense syllables. This suggests that learning rate is a function of
the type of material to be learned.
W’oodrowl studied rate of learning through contr;lled experiments
in laboratory situations and concluded that there exists no general factor
acting as the single determining condition of the rate of learning, espe-
cially in learning sitﬁations where variety of learning behavior is required.
U'n.derwood2 listed the following series of factors as determiners
of rate of learning: (1) Massed versus distributed practice; (2) Type of
material, which includes intra-list similarity and meaningfulness; and
(3) Arfectivity, which includes such variables as knowledge of performance,
whole versus part learning, active recitation, sense modality, and the
amount of material to be learned. However, among those factors, Uhderwood3
pointed out in his later work that according to available evidence, mean-
ingfulness, intratask similarity, intertask similarity, active recitation

versus passive study are the most important factors for verbal learning.

lHerbert Woodrow, "Interrelations of Measures of Learning,"
The Journal of Psychology, 10:49-T2, 1940.

2B. J. Underwood, Experimental Psychology: An Introduction
(New York: Appleton-Century-Crofts, 1949), pp. 390-419.

3p.J. Underwood, "Verbal Learning in the Education Processes,"
ed. John P. Dececco, Educational Technology: Readings in Programmed
Tnstruction (New York: Holt Rinehart and Winston, 1964), pp. 56-67.




The coantrolled experimental studies conducted by Woodrow and
Underwood, cited above, both suggest that the rate of learning is a
function of many factors intrinsic to the individual, to the learning
task, and to the situation. Since these studies were conducted in re-
stricted laboratory situations, the implications obtained from them can-
not be regarded as conclusive evidence in explaining the factors that are
related to classroom learning. It would seem to be essential that these
same types of experiments be carried out in school situations so that
results from the laboratory can be verified and information be gathered
concerning the factors that are related to rate of classroom leerning.

The variable "rate of learning" however, cannot be appropriately
studied in the typical school. Under conventional instructional proce-
dures pupils are required to learn particular lessons in a given interval
of time and everyone is expected to proceed at essentially the same pace.

Under this procedure, possible individual differences in rate of progress

are not permit.ed to operate. In other words, a pupil's success or
failure in school learning is Judged in terms of the amount or the degree

he has achieved when learning time is held constant.

The relatively recent emphasis on programs with provisions for

individual differences has resulted in a number of procedures which per-

mit pupils to proceéd through a given set of learning tasks at individual

rates. This emphasis has resulted in some attention being focused on the

measurement of rate of learning. Under these individualized instructional
plans, the level of mastery does not provide a valid indication of the in-
dividual pupil's learning ability, since each pupil is required to go

through a set of learning experience until he demonstrates mastery of the

tusk to be learned, and the required level of achievement for the partic-

ular learning experience is the same for all students. Therefore, under




these programs the pupil's learning performance is measured through his
rate of progress. 'The ra.e of learning, then, becomes & measure of the
pupil's achlevement.

Su.ppesl studied differences in students® rate of 1 'ning by
setting up a very rigidly controlled experiment in the classroom learning
situation. Using forty first-grade pupils in his study, he found that in
seven weeks of learning to solve mathematics problems, the fast child
covered 3,400 problems whereas the slow child covered only 2,200 problems.
In another study of thirty-eight kindergarten children, he again found
different rates. The fastest child performed the learning tasks in 196 {
trials, while the slowest child needed 2,506 trials to learn the same
tasks.

Kalin® conducted a research study with an experimental program in

mathematics, using two groups of students in the fifth and the sixth grades.
The results of the study supported Su.ppes'3 conclusion that there is a
difference between two groups (the experimental and the control groups)

in terms of "time needed" to complete the learning task, with the experi-
mental group requiring twenty percent less time to complete the work.

Nicholas,+ found a significant difference on the post-test results among

lPatrick Suppes, "Modern Leurning Theory and the Elementary School
Curriculum," American Educational Research Journal, 1:79-94, 196k,

“Robert Kalin, "Development and Evaluation of a Programmed Text
in an Advanced Mathematical Topic of Intellectually Superior Fifth and
Sixth Grade Pupils" (urpublished doctoral dissertation, Florida State
University, 1962).

3Suppes, op. cit.

uDonald L. Nicholas, "The Effect of Pacing Rate on the Efficiency

of Learning Four Progrummed Instructional Material" (unpublished doctoral
dissertation, Indiana Stote University, 1967J.




four treatment groups in learning programmed materials at different as-
signed pacing rate. He concluded from his study that, the rate of learn-
ing is related to the learner's achievement.

Several researchers have been interested in finding answers to
the question, "What are the important factors that are associlated with

the pupil's rate of learning?" Jensent

investigated the learning ability
of three groups of Junior high school students grouped according to their
mental abilities (Stanford Binet I.Q. scores were used). He developed an
index of learning to indicate each student's rate of progress, and found
highly significant differences in the rate of progress among the groups,
indicating that intelligence is related to pupil's rate of learning.
Glaser, Reynolds, and Fullick® stulied the effects of programmed.
instruction under a variety of conditions with students in different
grades. They found, in agreement with Jensen, that intelligence appears
to be related to the rate at which each student works through the progream.
In another study, Gropper and Kress3 report results on the rela-
tionship between pacing mode and performance. The experimental results
indicate that (1) there are variatlons in the rate at which the individu-
als achieve the particular learning task, (2) when low ability students

do work at a pace appropriate to their ability level, they are more likely

to reach high achievement levels, and (3) fast workers appear to be cupable

L Arthur Jensen, "Learning Ability in Rotarded, Average, and Gifted
Children," éd. John P. DeCecco, Educational Technology: Readings in Pro-
grammed Instruction (New York: Holt, Rinehart and Winston, 1964), p. 375.

ngbert Glaser, James H. Reynolds, and Margaret G. Fullick,
Programmed Instruction in the Intact Classroom, Project No. 1342,
Cooperative Research, U. S. Office of Education, December, 1963, p. 25.

3George L. Gropper and Gerald C. Kress, "Individualizing Instruec-
tion Through Pacing Procedures,' Audiovisual Communication Review,
8:165-182, Spring 1965.
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of tolerating fast fixed tempos; slow fixed tempos would be even more in-
efficient and ineffective for them. These findings suggest that when
puplls are permitted to work at thelr own pace, and when learning programs
are tallored to the needs of each learner, the lesrning performance may
become more efficient and effective.

Carrolll has developed a conceptual model of factors affecting
success in school learning and the way they interact. Carroll included
five major factors in his learning model. The factors are listed under
two headings: (1) Determinants of time needed for learning and (2)
Determinants of time spent in learning. By combining these elements in
his model, Carroll has developed a formula to express the degree of

learning, in quasi-mathematical terms, that Degree of Learning =

F Time spent--Opportunity, Perseverance, Aptitude
Time needed~--Abllity to Understand Instruction, Quality of Instruction
2

Sjogren~ used the data obtained from the results of a learning
experiment conducted by Sjogren and Knox3 to test Carroll's model of
school learning. The original purpose of the experiment conducted by
Sjogren and Knox was to test whether the imposition of different speeded
conditions in a learning task interacted with age in affecting performance
on the learning task. Three different sets of programmed materials were
used in the experiment and two hundred and eight adults were selected as

subjects. Through analyzing the data, Ejogren found that in all cases,

13onn B. Carroll, "A Model of School Learning," Teachers College
Record, 6k:723-732, 1963. h

2Douglas D. Sjogren, "Achlevement as a Function of Study Time,"
American Educational Research Journal, U4:337-343, 1967.

3Douglas D. Sjogren and Alan B. Knox, "The Influence of Speed and
Prior Knowledge and Experience on Adult Learning,'" Cooperative Research
Project No. 2233, U, S. Office of Education, University of Nebraska, 1965.
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the linear relationship between the ratio (time spent and time needed)
and the degree of learning (as indicat.=d by achlevement test scores) was
statistically significant. He found that approximately 15 to 25 percent
of the variance in the achlevement test score was explained by thie
ratio. Therefore, Sjogren concluded that the results of the study do
support Carroll's model 1in that a measure of degree of learning (an
assessment of student's achievement) was significantly related to the
ratio of time taken to time needed for the study of the programmed
materials.

Yeager and Lindvalll have reported on three possible measures of
the rate of learning under a program of individually prescribed instruc-
tion. They concluded that the rates of learning are not consistent for
individual students over various units of classroom lesson material but
are specific to the learning task. This conclusion is in agreement with
Carroll's learnine model, which suggests the compiexity in studying the
problem of "learning" and the factors that are related to pupil's learn-
ing performance.

A rather intensive study of rate of learning in a school situation
was conducted by Yeager.2 He studied the pupil's rate of learning under a
program of individualized instruction in a public school system. Yeager
investigated three measures of learning rate in terms of the consistency

of each measure and the relatlonship of each to student intelligence and

lJohn L. Yeager and C. M. Lindvall, "An Exploratory Investigation
of Selected Measures of Rate of Learning,'" Journal of Experimental Educae-
tion, 36(2):78-81, Winter 1967T. :

2John L. Yeager, "Measures of Learning Rates for Elementary School
Students in Mathematics and Reading under a Program of Individually Pre-
seribed Instruction” (unpublished doctoral dissertation, University of
Pittsburgh, 1966).
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level of reading achievement. The investigator concluded that (1) there
is a lack of consistency in the three rate measures and that (2) they do
not correlate highly with the pupil's intelllgence and the level of his
reading achievement. These results may be attributable to the unireli-
aﬁility of the rate measures us~l. Yeager suggests that a compozite
measure of pupil's rate of learning may perhaps provide a more ef'fective
way of studylng the factors that are assoclated with this variable and
that a more meaningful and useful result may be obtained from this com-
bination. This conclusion also stggests the applicability of the pro-
posal of Hbtelling:l "When it is desireble to predict the non-measurable
varisble by means of a second set of observable quantities, . . . 10O
single regression equation can provide a fully adequate solution.”" He
pointed cut further that any combination of criterie may be used as the
dependent variate in a regressicn equation and that generally not one,
but several regression equations must be used to give a proper plcture.

From the results of the various research studies on "learning" in
general and on "rate of learning” in particular, one can draw the follow-
ing conclusions:

1. There are substantial differences in level of achievement
and in learning rates among pupils in school learning situations, as
well as under experimental laboratory conditions. (Suppes, Bolvin, Kalin,
Nicholas, and Yeager)

2, These individual differences are a function of the character-
istics of the learner and many other variebles that are closely related
to the learning task and the learning environment. (Piaget, Spies,

Whitman, Smith, Allison, Guilford, Carroll, and Sjogren)

14, Hotelling, "The Most Predictable:Criterion," Journal of
Educational Psychology, 26:139-142, 1935. '
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3. Although some studles indicate that rate of learning is re-
lated to typical aptitude measures (Jensen, Glaser and others, and Gropper
and assoclated), investigations carried out in less controlled classroom
situations indicate that rate is not consistent over various units of
materials nor does it have any simple relationship to measures of aptitude,
(Yeager)

These later results suggest several possible reasons why rate has
not been found to be consistent, and why factors related to it, or that
can predict it, have not been clearly identified.

1. The unreliable criterion measures (rate measures) used by the
researchers resulted 1n inconsistent correlations.

2. The "incompleteness" of the criterion measure resulted in an
invalid criterion measure. A ¢ . zie rate measure msy cover only one di-
mension of the -pupi’'s rate of learning and therefore, provide only a
partlal criterion measure. Since other dimensions of the rate of learning
may have been left out, no comprehensive results can be obtained from these
research studiles.

3. The difficulties in identifying and obtaining measures of those
personal characteristics of the individual learner as well as those situa-
tion factors that are relevant to the pupil's learning performance resulted
in attempbs to oversimplify the analysis of the determiners of rate. Many
varlables that are experimentally controllable in the learning laboratories
must be accounted for by statistical procedures in studying rate in the
classroom learning situation.

The lack of clarification of the nature and the operation of the
pupil's learning rate is apparent in the research studies cited, hence,

suggest the need for further research in this area. The present study
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endeavored to overcome some of the weaknesses of earlier studles through
careful attention to the following eps: (1) Identification of a rather
comprehensive and more meaningful rate measure, or measures, in evaluating
pupil's learning performance; (2) Specification of the independent pre-
dictors that are associated with the rate measures; (3) Determination of
the relative contributions made by each of these predictors to the predic-
tion of the criterion measure--the rate measures; and (h) Identification

of the interrelationships among the predictors~--factors that are associated

with learning rate.




CHAPTER II

PROBLEM AND HYPOTHESES

This study is concerned with the problem of identifying a useful
and comprehensive measure of "rate of learning" in individualized class-
room learning situations. To do this, 1t will investigate certain single
measure of rate, each of which measures some aspect of the varilable, as
well as a composite measure, which should provide a more complete measure
of a pupll's rate. The predictebility of the rate measures, singly and
combined, will then be examined.

This research will =lso examine a number of variables that are
hypothesized as belng ralated to rate. These varisbles may be usaful as
predictors of rate or, in some cases, they may have to be partialed out

1f a meaningful rate measure is to be obtained.

Statement of the Problem

The research question to be answered through this proposed research
is: What is the most useful measure of "rate of learning" in Individually
Prescribed Instruction classrooms in terms of the comprehensiveness of

the rate measure and its predictability from selected student charascter-

istics?

Specific Problems

1. Vhat is the correlation between certain single measures of
"rate of learning" for students in E-Level units of the TP ma.thematics

curriculum and such predictors as verbal and non-verbal I.Q., mathematics

15
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achlevement score, reading achievement score, total number of skills mas-
tered during the previous school year, student's attention score, mental
age, and pupil's reaction to the learning sctivities and materials?

2. What is the correlation between a composite rate measure (made
up of the best combination of single rate measures) and such predictors as
verbal and non-verbél I.Q., mathematics achievement score, reading achieve-
ment score, total number of skills mastered during the previous school year,
student's attention score, student's reaction to learnin; “.ctivities and
materials, and the mental age of the student?

3. What 1s the relative contribution of each of these selected
predictors to the prediction of each rate measure?

. What is the correlation between the best linear combination
of the predictors and a linear composite of the rate measures?

5. How are the variasbles identified in Carroll's learning model

Involved in the measurement and the prediction of "rate of learning?"

Hypotheses

The foregoing questions, based on results from previous studies
reviewed 1n Chapter I &nd, most specifiically, on the work of Yeagerl in
investigating rat= of learning in IPI, will be studied by testing the
following hypotheses.

Hypothesls I: There will be no significant relationship between any

one single predictor and a single rate measure.

1 i s
John L. Yeager, "Measures of Learning Rates for Elementary School
Students in Mathematics and Reading Under FProgram of Individually Pre-
scribed Instruction" (unpublished doctoral dissertation, University of
Pittsburgh, 1966).
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Hypothesis II: The predictability of each of the rate measures will in-
crease when all the predictors are included in the re-
gression equation.

Hypothesis III: There will be no significant relationship between‘a
composite of the rate measure and one single predigtor.

Hypothesis 1IV: The power of prediction of the rate measure will increase
when a composite of the single rate measures is used in
the regression equation together with a composite of the
selected predictors.

Hypothesis V: Combining four learning rates as a criterion varisble
results in a more valid meazure than using a single
rate measure.

Hypothesis VI: The predictor variables selected in our research study
for predicting pupil's rate of learning are equivalent to
factors identified in the elements of the conceptual
1earning model that Carroll has developed to express

degree of learning.

Definition of Terms

1. Individually Prescribed Instruction: Individually Prescribed

Instruction (IPI) is a method of instruction that permits the
assignment of new learning experiences based on the student's entering
behavior and provides a structure that enables a student to progress at

a rate commensurate with his ability. The basic design‘of this procedure

is to provide an effective and workable plan for individual differences

among students.d

1C. M. Lindvall and Robert Glaser, "The Role of Evaluation in
Individually Prescribed Instruction" (paper presented at the 15th Annual
Conference of Directors of State Testing Programs at Princeton, N. J.,
October 31, 1965).
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2, IPI Mathematics Currilculum Sequence: The IPI mathematlcs

curriculum is organized in terms of topic areas and levels of complexity.
As can be seen from the chart below, the levels currently extend from
level A through I and cover such topics as uwumeration. place value,
addition, subtraction, and so on. A given topic at one level, such as

D-Numeration, is known as a unit. Each unilt, in turn, is made up of

several related skills, varying in number from unit to unit.t For this
study, pupil performance in six units at level E servzd as the focus for 1
investigation.

IP1 MATHEMATICS CURRICULUM

Topics Levels
A B C D E F G H I

Numeration
Place Value

Addition

Subtraction

: Multiplication

Division

Combination of Processes

Fractions

Money
Time
Sys'z2ms of Measurement

Geometry

Special Topics

lC. M. Lindvall and Richard Cox, "A Rationale and Plan for the
Evaluation of the Individually Prescrited Instruction Project" (peper
precented at the American Educational Research Association Convention,

New York, February 1967).
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3. Criterion Variable: Four rate measures are used as the
criterion set of wvariables for this study. The rate measures are:
Rate; = 100-pretest scores : Ra.e; indicates the points

Lays worked on the unit
the pupil has earne¢d per

day. The larger the quo-
tient the faster the pupil
learns.

Rate2-= Number of pages worked : Rate2 indicates the number
Days worked on the unit

of pages the pupil has worked
per day. The larger the quo-
tient the faster the pupil
learns.

Rate3-= Number of skills learned: Rate3 indicates the number
Days spent on the unit

of skills the pupil has mas-
tered per day. The larger
the quotient, the faster the
pupil learns.
Rateh = Total number of.skills the pupil has worked between
Septemter 1967 and January 1968.

L, Predictor Variable: Selected measures of student character-

istics are used ag variables in the predictor set.

Verbal and non-verbal I.Q.: As measured by the Lorge-

Thorndike Intelligence Test.
Mental Age: As measured by the Lorge-Thorndike Intelligence
Test.

Mathematics and Reading Achievement: As measured by the

Stant'ord Achievement Test.
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Total numter of skills worked during the previous school year.

Attentior: Scores ovtained through direct observations in

the classroonm.

Pupil's reaction to the learning activities: Obtained through
a questionnaire prepared for this
purpose. (Question)

Pupil's reaction to the learning materials: Obtained through

a questionnaire prepared for this

purpose. (Question)




CHAPTER IIT

RESEARCH DESIGN

The Setting for the Study

To investigate problems in the measurement of rate of learning and
ldentify factors that are assoclated with dif'ferences in rate, it is neces-
sary to work in situations where variations in rate actually exist. For
this reason, schools in which Individually Prescribed Instructlon is used
offer a useful field laboratory 'or this type of research. Oakleaf and
McAnnulty Elementary Schools in the Baldwin-Whitehall School District,
both of which employ the IPI procedure, were used in this study.

The IPI procedure is a program designed to achieve a certain type
of individualized instruction in Grades K through six in the subject areas
of reading, arithmetic, and science. Its basic elements included (1)
detailled sequences of behavioral obJjectives which define the abilities
that each pupil is to acquire, (2) study materials, that are largely self-
instructionnl in nuture, to teach each objective, (3) a testing progrum
for placing each pupil at the proper point in the curriculum sequence and
for monitoring his progress, and (h) classroom munagement procedures that
permit each pupil 1o proceed at a rate best suited to his needs. In math-
ematics, the curriculum is organized in terms of topics (numeration, place
value, addition, subtraction, multiplication, division, combination of pro-
cesses, fractions, money, time, system of measurement, geometiy und speciul
topics) and levels (A,B,C,D,E,F,G,H, and I). This means that a pupil will
typicully work through the series of topics at one level before moving on

to the next. The work in a given topic wt o given level, such as Level E-

Numeration or Level C-Addition, is identified as u unit and is defined on
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the basis of a certain number of objectives and the study materials
developed to enable the pupil to master these obJjectives.

The IPI proe=zdure also makes rather detalled provisions for
diagnosis of pupil skills and abilities, and for continous monitoring of
nupll progress. A serles of tests were constructed specifically for this
1

purpose.

1. Placement tests: These tests are given to the students at the

beginning of the school year. The placement tests provide information
essential to the proper placement of each pupil at the appropriate level
of the curriculum sequence.

2. Pretests: Pretests provide exact information concerning the

pupil's command of any materlal in the level, and they serve as a basis for
developing his prescription describing what materials he needs to study.

3. Curriculum-embedded tests: A student takes these tests when he

completes his study of each objective. These tests are basic instruments
for use in determining when a pupil is ready to move on to & new oujective.
They are also essential for preparing prescriptions.

4, TUnit post-tests: These tests are given when a pupil has

completed work in a unit. This provides an overall survey of his command
of the unit and is the basis for deciding whether he needs more work in
it or is ready to go to the next unit.

For the most part, the curriculum materials are self-study mate-

rials, that is, materials with which a pupil can work by himself with a

lC. M. Lipdvall and Robert Glaser, "The Role of Evaluation in
Individually Prescribed Instruction" (paper presented at the 15th Annual
Conference of Directors of State Testing Programs at Princeton, N. J.,
October 31, 1965).

g
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minimum of assistance from the teacher. However, the plan also involves
some small and large group instruction as well as ind: idual instruction

by a teacher. (For detailed description of IPI see Yeager's dissertation.l)

Research Populgtion

Because of the amount of time needed to obtain all of the ohser:
vation data needed for the present study, it was necessary to limit it
to a certain number of units in the curriculum rather than to attempt
to study all units and all pupils. The research population of this study
consisted of the students from Oakleaf and McAnnulty Schools, who worked
on the following units of the Level E-Mathematics Curriculum between

September 1967 and January 1968.

TABLE 1

NUMBER OF STUDENTS IN GRADES TWO THROUGH SIX IN OAKLEAF AND
McANNULTY SCHOOLS WORKING IN SIX SELECTED UNITS IN THE
MATHEMATICS CURRICULUM AND CONSTITUTING THE
SAMPLE FOR THIS STUDY

Units in Level E-Mathematics Curriculum

Grade Numer- Place Adi-  Subtrac- Multipli- Comb. of
ation Value tion tion caotion Processes
) 1 1 1
3 L 5 e 3
N 3L 26 6 20 19 T
5 67 41 16 Ll 56 18
6 76 36 17 36 36 37
Total 182 109 Lo 103 111 62

Liomn 1. Yeager, "Measures of Learning Rates for Elementary School
Students in Mathematics and Reading under a Program of Individually Pre-
sceribed Instruction" (unpublished doctoral dissertation, University of
Pittsburgh, 1966).
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Measures of Rate of Leaggigg

Due to the complexity of what takes place in school learning situ-
ations, there are many problems in measuring rate of learning in such
settings. These problems generally can be classified into two major cate-
gories: (1) problems that are associated with the measure used and (2)
problems associatel with the great number of variables that probably affect
rate of learning.

A major yroblem that has been encountered in measuring rate of
learning in the Individually Prescribed Instruction program arises from
the definition of "rate." A general definition of rate may be expressed

as the amount or degree of anything in relation to unlts of time, i. e.,

amoun; or degree
time
ning which ‘neasures should be used to determine accurately the amount or

rate = The main problem here becomes that of determi-

degree of Learning (the numerator in the abové_equation).

Since the instructional program of Individually Prescribed Instruc-
tion 1s hased on the detailed specification of the sequences of instruction-
al objertives of each unit through which each pupil is to proceed at his
indivicual pace; and since the pupil's progress through these sequences is
monitcred through the use of special tests specifically designed to measure
the stated objectives, one obvious way of expressing the amount of learning
whic'1 has taken place is the pupil's score on these achlevement measures.

However, among the available achievement measures, there is the
prcblem of differentiating the actual amount of learning that has taken
plice from the amount of work that the pupil has done during the speciric
t:me period. This is to say, the amount of work required within a unit may

vary from one pupil to another even when bhoth pupils have to master exactly

1he same objective. TFor example, the amount of work they have to do may be
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different due to differences in the number of work pages that are assigned
to them. Student A maey need to work through eight work pages to learn the
objective while student B may only need to work through two work pages to
achieve mastery of the same objective. To resolve the difficulties and the
1imitations inherent in measuring the amount of learning and work done by
each pupll, the investigator proposed using & composite of several rate
measures to increase the comprehensiveness and reliability of this criterion
measure.

One of the rate measures Yeagerl used for his study was "the dif-

ference of the criterion and the pretest score divided vy the number of

_ 100 - pretest score n
days worked on unit

of the pupil's rate of learning in terms of how fast he worked to master

days to complete the unit - Here we have a measure

the amount of material he did not know initially. However, under the In-
dividually Prescribed Instruction program, each pupil goes through the unit
in a different sequence, this sequence being determined individually accord-
ing to the pupil's specific learning needs and the level of achievement he
had when entering the unit. Therefore, pupils working on the same unit and
having the same percentage of content left to master do not necessarily work
on the same work pages, nor even the same number of wo % puges. It is for
this veuson thut using this rute measure alone muy not give un usccurate pic-
ture of how fast u pupil renlly learas. With the rate measure proposed Ly
Yeager, a pupil muy be classified as slower than others who had the same
amount to learn in the unit merely because more pages were assigned to him.

Therefore, in addition to the rate meansure proposed by Yeager (1966),

ljohn L. Yenger, "Measures ot Learuing Rates for Elementary School
Students in Mathemstice aud Rending under a Program of Individually Pre-
scribed Instruction" (unpublished doctoral dissertation, University of
Pittsburgh, 1966),




Rate; = 100 - pretest seore . pessure was included to take into consid-
days worked on unit

eration the number of work pages the pupil has worked per day. Hence, a
second measure of rate was formulated to supplement Rate;;

number of pages worked |
days worked on the unit

Rate, =
Under the Individually Prescribed Instruction program, the pupil
can master a unit without having to work through each skill within it.
Pretest results may show that one student has five skills to master, an-
other three skills, and still another only two skills. Furthermore, pupils
may differ in the number of skills they have to gtudy in a unit even though
they have the same total pretest score. In order to meet this problem, |
which is not covered by the first two rate measures, an additional rate
measure which will help to contribute to a more complete picture of the

pupil's rate of learning was employed; namely,

Raten~ = number of skills learmned,
2 days spent on the unit

However, some units in the curriculum may be more difficult for

one pupil than the others will be; thus, if we only have the above three
meacures to account for a particular pupil's rate of learning, our result
still may not be accurate since the pupil may have worked faster or slower
in this particular unit than on the other units. Therefore, an aeccount of
the number of skills in all the units in which he has worked will provide

still ancther dimension of his rate of learning. This fourth rate measure,

Rate)y, is the number of skills learned curing the research period (Septenber
1967 through January 1968). All of the above four proposed measures were

used in this study as criterion variables.

Factors Associated with Learning Rate

To understand learning roate it is important to determine those

factors thet covary with it. For this study they aure referred to as
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predictor variables. The following are the predictor varilables used in
this study together with the reasons for their being selected as factors
hypothesized to be associated with rate of learning.

1. vVerbal I.Q. and 2. Non-Verbal I.Q.: As measured by the Lorge-

Thorndike Intelligence Test. It appears logical that the pupil's intellec-
tual abllity should be considered as one of the factors associated with how
fast he learns. Many research studies on this topic of the relationship
between I.Q. and the pupil's learning in school agree on this point.
Carrollt puts this variable under the element of "Ability to Understand
Tnstruction” in his model. A measure of general intelligence, the I.Q.
score, or some index of achievement may be useful for predicting perfor-
mance oh é great range of intelleétual or cognitive tasks. As pointed out
by Ferguson,2 Spearman strived to show that & general intellective factor
operated in the performance of many mental tasks.

Carver and DuBois3 investigated the relationship between learning
and intelligence by giving 269 U. S. Navy enlisted men a battery of seven
learning tests and the General Clussification Test. Their results indi-
cated that there is a significan* relationship between intelligence and
the gain scores on the learning tasks.

YeagerlL found in his study that the student's intelligence quotierh

is significantly correlated with the number of mathematics units completed

lfohn B. Carroll, "A Model of School Leurning," Teachers College
Record, 6:T23-732, 1963.

2 . '
George A Ferguson, "On Leurning and Human Ability," Canadiun
Journul of Psychology, 8:95-112, 195k.

3Ronnld P. Carver and Philip H. Dubois, "lhe Relationship Between
Tearning and Intelligence," Journul of' Educutiounl Mcusuremeut, 41:133-156,
I'all 1967.

hYeager, op. cit.:
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in one year. Glaser, Reynolds, and Fullickl also suggest that there iu -
relationship between the intelligence of the student and the pace with
which he works through the learning program.

Coleman and Cureton® suggested from the results of their study
that a group I.Q. test and selected suhtests from a school achievement trt-
tery measures are substantially identical functions. However, the ilnvesti-
gators pointed out thut in measuring general intelligence with a view to
makipg inferences about differences in native capacity, there is a good
reason to separate the functions tested into two dimensions: the verhul
and non-verbal (arithmetical) factors.

Frost3 cites in his article the findings of the Gudersen and Feldiso
study, which are in ugreement with Coleman and Cureton's conclusion. They
found in their study of fourth-grade groups with different verbal and non-
verbal I.Q. scores that the verbal groups ranked first in each area ol
achievement, while the non-verbal groups ranked last. CTOﬂbaChh also sug-
gests that non-verbal I.Q. has some special function in school learning.

It gives indications of pupils who have good reusoning cbility bul who fre

below standard in reading and verbal development.

lRobert Glaser, Jumes H. Reynolds, awl Margaret G. Fullick

2 4
Programmed Instruction in the Intact Classroom, Project No. L340, Cooper.
ative Research, U.S. Office of Education, Decemver 1963, p. 5.

2W. Coleman and E. E. Cureton, "Intelligence und Achievement: it «
Jungle Fallaey," Bducationul und Psychologicul Measuremeut, s 3h7-351, 10,
2 2

3B, P. Frost, "Some Conditions of Schalastie Achievement,' Cared. o
Education znd Research Digest, 5:267-284k, Decemher 1965; 6:5-L7, Mairch ii-'.

L

L. J. Croubach, fssentianls of Psychological Testing, (NeW'Ymrh:

Iarper Brothers, 1960), pp. 169-1T1.




29

These latter sow'ces all suggest th~» advisability of looking at
both verbal and non-verbal aptitude. Thus, verbal and non-verbal I.Q.
scores should be used as two separate predictors rather than using general
I.Q. as a single predictor.

3. Mental Age: As measured by the Lorge-Thorndike Intelligence

Test. Mental Age, one indicator of the extent of a child's mental devel-
opment, is established through intelligence testing on the basis of the
raw scores typically achieved by children of a particular chronological
age. In this way, it provides information about the level of ability at
which a pupil is operating.

Cronbachl explains that the "M.A. is an estimate of present perfor-
mance and of promise in the immediate future." He points out that when
making educational decisions for a group of pupils of varied age, the mental
age rather than the I.Q. gives the most relevant information. Furthermore,
he points out that in research studies, if it is desired to correlate some
other learning variables with mental ability, the mental age should be
used rather than the I.Q. This is because the correlation of I.Q. with
another variable is lower than that of M.A. with the same variable in .
group of mixed age. According to Cronbach's analysis, I.Q., then, is not
a measure of the subject's present learning ability but rather a mathe-
matical statement of the rate at which that learning ability will change

in time.

o]
However, House and Zeaman state that theories of intelligence are

often vague or inconsistent about whether I.Q., M.A., or both are related

lCronbach,;QE. cit.

“Betty J. House and David Zeaman, "Visual Discrimination Learning
and Intelligence in Defectives of Low Mental Age," American Journal of
Merntal Deficiency, 65:51-58, 1960-1961.
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to learning. These investigators concluded that M.A. is a measure of how
much has been learned, while I.Q. is a measure of present learning ability
--a crucial variable in this case. The investigators also pointed out
that M.A. and I.Q. are independent variables that correlate with learning
rate provided that C.A. can be ruled out as a relevant variable. Hence,
both I.Q. and M.A. are correlated with the learning performance of the
pupil. In view of the widespread disagreement concerning the relative
importance of mental age and I.Q. as variables related to pupil'’s learn-
ing performance, both indices (M.A, and I.Q.) will be used as predictors

in the present study.

4. Mathematics Achievement Score: As measured by the Stanford

Achievement Test. Many studies have shown that an important predictor of
future achievement is some measure of past achievement in the same, or a
related, subJject.

Townsendl has shown a high relationship between previous and later
achievement. This result is supported by Piaget'52 theory of mental de-
velopment in children. According to Plaget's formulation of tue process
of 'assimilation' in the sequence of mental development, the learner acts
on an envirommental object in relation to his previous experience with some
similar object and imposes some of his own conceptions on it. As a result,
new activities are incorporated into the child's repertoire in response 10
the demands of the enviromment. Therefore, in addition to the I.Q. scors,

the mathematics achievement score gives a general indication as to how

lagatha Townsend, "Growth of Independent School Pupils in Achieve-
ment of the Standard Achievement Test," Educational Reséarch Bulletin,

56+61-71, 1951.
2

J. Piaget, The Origins of Intelligence in Children, (New York:

International University Press, 1952).
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well this pupil learns in the area of mathematics, since previous knowledge
of the subject is an important factor in determining success in learning
the task at hand. It also seems logical to consider the fact that how
well a pupil has learned a subject will have some relation to how fast

and how well he will master the subsequent learning tasks in the same

sub ject.

5. Reading Achievement Scores: As measured by the Stanford

Achievement Test. After'reviewing the results of research studiles that
have been conducted in school learning, 1t seems reasonable to assume that |
at different levels of the educational process, different factors affect

the learning performance. This is due to the different learning behavior

that is required by the different learning tasks as well as the different
levels of the learning tasks. It is a well-recognized fact that during
the years of the pupil's formal education in the schools, the learning
objectives that are set up for him change as he proceeds through the se-
quence of learning behavior. The skills and the ability required of him
also differs from task to task and level to level. For example, reading
is obviously of paramount importance in elementary school subjects such
as spelling, arithmetic and science. Reading achievement score is used
here as a predictor variable on the assumption that it is & determiner of

1

the pupil's ability to understand instruction. Bloom& indicated in his

analysis of Carroll's model for school learning that this variable should
be directly related to the amount of time required by the pupil to learn s

particular task.

1. s. Bloom, "Mastery Learning tor All" (invited address
presented at the American Educational Research Association Annusl Meeting,
February 7-10, 1968),
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6. Total number of skills: This measure includes the total numoer

of skills mastered by the pupil during the previous school year (1966-1967) .
Tt 1s included as one of the predictors for the same reason that mathematics
achievement score is included in this study. Past rate of learning in a
given subject should be a predictor of how fast the pupil will learn in

the future.

7. Attention: This varisble measures how much attention a pupil
gives to the learning of the unit. The measure 1s obtalned through direct
observa -ion in the classroom.

Larrolll explains in his learning model that a learner who, 1in
view of his aptitude, the quality of the instruction, and his abllity to
understand instruction, needs a certain amount of time to learn a task,
may or may not be willing to perservere for that amount of time in trying
to learn. Therefore, he postulates perserverance as a determiner of iate
of learning.

Frost® cited the findings of Kern, who, from a study of under-
achievers, concluded that the pupil's difficulties with study habits were
the main obstacle to attainment of educational goals. Hence, it is not
enough that each pupil is provided with tie opportunity to learn at his
own gbility level and with an adequate amount of time to leurn the task;
we must see to it that he utilizes the opportunity appropriately. Theret'ore,
o measure of the amount of time he actually spends on learning the task is
crucial to the accurate prediction of the outcome of his learning behavior.

In other words, the amount of time he actually spends on learning is

lcarroll, op. cit.

2Frost, op. cit.
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important as & determiner of his rate of learning and as an indilcation of

his learning behavior.

Three ten-minute-period observations were used to account for
the attention score for each pupil working in each of the selected E-level
units in the Mathematics Curriculum.

8. The pupll's reaction to the difficulty of the learning

sctivities: A questionnaire was constructed for this purpose. The

question raised was, "Was this work hard or difficult for you?" This
question (Questionl) was presented to the pupil by an aide after each CET.
The pupil's answer was then recorded by the ailde on a five-point scale,
ranging from "very easy" to "very difficult."

The student's perception of the difficulty of the task to be
learned is important. In terms of Carroll'sl Jearning model, this vari-
gble may be a measure of the quality of instruction. The simplest and the
most direct way to obtain a meaningful measure of the perceived difficulty
of the learning task is to ask the pupil about it.

As Carroll has pointed out, it is the school.'s responsibllity to
organize and present the task to be leurned to the pupil in such a way thut
he will learn it as rapidly and as efficienily as he is able. Quality of
instruction, according to Carroll, in addition to teacher performance,
slso includes the nature and the type of ihe instructional material used
to help the learner to learn the task. Therefore, when the quality of in-
struction is at the optimal level, the learner suould be able to learn the
task without much difficulty. As Blcom2 points out, the pupil's aptitude

for learning n particulur task may be modified by appropriate learning

lCarroll, Oop. cit.

2Bloom, op. cit.
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experience. He hypothesizes that more efficient learning conditions reduce
the amount of time required for the pupll to learn a particular task.
Although “his variuzble (pupil's perception of the difficulty of
his work) has many possible implications and is almost impossible to spec-
ify, 1t is hypothesized that it 1s in some wéy assoclated with the pupil's
rate of learning. Since the main interest of this research study is in
determining the extent of the relationship between this readlly availlable
measure and rate of learning, rather than the exact nature of the variable,
the inclusion of this variable as one of the predictors would seem to be
appropriate.

9. The pupil's reaction to learning materials: This measure was

obtained from Question, of the questionnaire. The question was, "How well
did you like the things you did in this skill?" This question is scored
by the aide on a five-point scale. Here the possible pupll response ranges
from "like very much" to "dislike very much."

Question, was included as one of the predlctors to obtain some in-
formstion about the pupil's reaction to the instructional procedures end
materials he has to use to master the learning task. Here the investigator
is concerned with tkhe student's liking for his learning task and, hence,
the extent of his motivation for pursuing it. The emotional expression of
"ike" or "dislike" for the things an individual has to do in the learning
task should be related to the level of his performance. High motivation
should lead to better learning performance and to a faster rate of learning.

Carrcll's learning modell includes the motivation factor under the
element of "perserverance." He explains that the maximum amount of time

for which an individual will apply himself to the learning of a task

Yoarroll, op. cit.
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depends partly on the level of his motlvation. Question2 provides us also
with some information about the effectiveness of materlal in interesting
the pupil, and in motivating him to learn the task at hand. It is hypoth-
esized that this expressed degree of interest will be related to the

pupil's rate of learning.

Procedures of Data Gathering

A1l pupils worked on the selected E-Level units of the Mathematics
Curriculum and were observed during the months from September 1967 through
January 1968.

The followlng information wes obtained and recorded for each
pupil included in the study:

retest score of each unit

Verbal and non-verbal I.Q. scores

Mental Age

Mathematics and readlng achlevement scores

Totsl number of skills mastered during the previous school year

(1566-1967)
Days spent on each unit
Pages worked on each unit
Skills worked on each unit
Totul number of skills mastered during the research period

Attention score

Scores from the questionnaire.




CHAPTER IV

PRESENTATION AND THE ANALYSIS OF DATA

The basic purpose of this study has been to investigate character-
istics of measures of rate of learning in individualized instruction sit-
vations. In particular it has studled the relationship of selected pupil
aptitude and achievement measures as well as certain classroom performance
measures to rate of learning. In studying the relationship of these varil-
gbles to rate, four different rate measures have been employed both singly
and in combination. To examine these relatlonships as they are found with
different types of specific mathematic content, student performance in six
different units of IPI mathematics was investigated.

Previous research by Yeagerl has shown the inadequacy of certain
measures of rate of learning in IPI situations, and also suggested some

new measures that might be employed. The current study then, cra be

viewed as an extension of the work initiated by Yeager. As the first

step in the assessment of the functioning of the measures involved, which
were detailéd in Chapter III, the Pearson product-moment correlation co-
efficient was computed between each individual predictor and each individ-
uul rate measure. This analysis was used to test research hypothesis I.

Since one of the implications+of Yeager's study was that his

finding of a consistent lack of correlation between predictors and rate

measures was due to a lack of comprehensiveness in any single measure,

L3onn 1. Yeager, "Measures of Learning Rates for Elementary School
Students in Mathemetics and Keading under a Program of Individually Pre-
scribed Instruction" (unpublished doctoral dissertation, University of
Pittsburgh, 1966).
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the present study investigated the relationship between each predictor
and a composlté rate measure. This was done by determining the multiple
correlation between each predictor and a linear function of four rate
measures. This analysis was used to test research hypothesis III.

To further examine the relationship between the predictors and
the measures of learning rate, multiple correlations and multiple regres-
sion equations were determined for the prediction of each rate measure

from the best linear combination of the nine predictors. This permits an

examination of the strength of this relationship and of the relative con-

tribution of each predictor. This analysis was used in testing research
hypothesis II.

A logical next step 1n the analysis seemed to be to ask the ques-

predictors and a linear composite of the rate measures?" This question

1

can be Ilnvestigated through the use of cancnical correlation™ analysis.

This type of analysis provides us with canonical correlation coeffilcients,

' tion '"What is the relationship between the best linear combination of the
which show us the degree of relationship between such linear composites
(the canonical variates), and also provides indices of the relative contri-
bution of each of the original variebles to the composite of which it is a
part. This technique was used to test research hypothesis IV.
i
[

All of the analyses described in the foregoing discussion are

presented in the following sections of this chapter. The statistical

analysis was carried out on the IBM T090 computer at the Computation and

1H. Hotelling, "The Most Predictable Criterion," Journal of Educa-
tional Psychology, 26:139-192, 1935, and William W. Cooley ~nd P. R. Lohnes,
Multivariate Procedures for the Behavioral Science (New Yo Tohn Wiley,

1962), pp. 3T-W4.
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Data Processing Center of the University of Pittsburgh.® The computer pro-
grems used in this study were:

1. Correlation with Item Deletion BMDO3D.Z

2, Multiple Correlation Analysis by Cooley and Lohnes.3

3, Canonical Correlation Analysis by Cooley and Lohnes.™

The Anaelysis of Data

1. The Relationship Between Individual Predictors and Individual
Rate Measures

The relatlonship between each of the criterion measures and each
predictor was analyzed for each of the selected E-level units of the IPL
mathematics curriculum.

Tebles 2 through 7 summarize the results for each of the E-level
units;5 Only slgnificant correlation coefficilents are listed.

In looking at the significant Pearson producﬁ-moment correlation
coefficlents, 1t is seen that none of the predictors correlate consistantly
with any single rate measure for all six units of the IPI mathematics cur-
riculum included for this study. Although all of thé predictors are core

related with one rate measure or another in one or several of the units,

lThe University of Pittsburgh Computing und Data Processing Center
is partially supported by the Nationul Science Foundation Grant G-11309.

2W, J. Dixon (ed. ), Biomedical Computer Programs (Health Sciences
Computing Facility, Department or Preventive Medicine and Public Health,
School of Medicine, Los Angeles: University of Celifornia, 1965), pp. 60-66.
(See Appendix A for range of N's involved by units.)

3William W. Cooley and P. R. Lohnes, Maltivarlate Procedures for
the Behavioral Science, (New York: John Wiley, 1962), pp. 31-59.

b

Tbid.

JSee Appendix A for Means and Standard Deviations for all variables.,
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these predictors are not found to be related generally to all rate measures
in a1l situations. In most cases, the correlations between the rate mea-
sures and the predictors for each auit are not significantly different
from zero. Among 216 correlation coefficlents 16 were significant at

the .05 level and 12 at the .0l level.

The results clearly support hypothesis I, that no single rate mea-
sure nor eny single predictor can explain the complex nature of rate of
school learning. For example, in Table 2, none of the predictors correlated
significantly with rate;, only one variable (the total number of skills
completed during the previous school year) 1s correlated with rate, at the
.01 level of significance. There is no significant relationship between
rate3 and any of the predictors. Rate) is correlated with questions, at the
.05 level of significance, and 1t 1s correlated with the attentlon measure
and. question; at the .Cl level of significance. Out of the 36'correlatioﬁs
for the numeration unit, only two were significant at the .0l level and two
at the .05 level.

TABLE 2
PRODUCT-MOMENT CORRELATION COEFFICIENT BETWEEN THE RATE MEASURES

AND THE PREDICTORS FOR THE E-NUMERATION UNIT OF THE IPI
MATHEMATTCS CURRICULUM (N = 182)

Non- e
Verb. Verb. Math. ° Read. Skills

! I79. I:Q. M.A. Achiev. Achiev. 1967 Atten. Ques,; Ques.p
(%) (%) (x3) () (x5) (%) (X (Xg)" (%)

Ratel

Rate .193%*

2
Rate3

Rate), L165%  ,183%%  ,161%
(Only signiiicant correlations are listed)

.181, d.f. = 200
200

*%,01 level of significance, critical R =
*,05 level cf significance, critical R = ,138, 4.f.
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For the place value unit of the E-level mathematics curriculum,
the results indicate that mental age and mathematics achlevement score
correlated with ratel at the .01 level of significance (See Table 3) while
reading achievement score and the total number of skills worked during the
previous school year correlated with ratel at the .05 level. The total
nurber of skills worked also correlated at the .01 level with rate2 for
this unit. None of the predictors correlate with rate3 or rate) for this
particular unit. Out of 36 correlations for the place value unit three
correlations are significant at the .0l level and two are significant at
the .05 level.

TABLE 3
PRODUCT-MOMENT CORRELATION COEFFICIENT BETWEEN EACH RATE MEASURE

AND EACH PREDICTOR FOR THE E-PLACE VALUE UNIT OF THE
TPT MATHEMATICS CURRICULUM (N = 109)

Non-
Verb. Verb. Math. Read. Skills
I.Q, I.Q. M.A, Achiev. Ackiev. 1967  Atten. Ques.; Ques.j
(%) (%) (X3) (%) (¥5) (%) (%) (%) (X9)
Ratel .311%% |, 345%* 23bx 5%
Rate2 « 335%%
Rate3
Rateu

(Only significant correlations are listed)
¥%.01 level of significance, critical R = .254, d.f. = 100
*,05 level of significance, critical R = .195, d.f. = 100

For the E-addition unit of the IPI mathematics curriculum, two
predictors correlated with rate. at the .0l level and one is correlated
with ratel at the .05 level, while total number of skills worked during

the previous school yeur is correlated with rate, at the .05 level.

(See Table 4)
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For the E-subtraction unit, 10 out of 36 correlations were signif-
icant (See Table 5) while only two correlatlons were significant for the
E-multiplication unit (Table 6). For the E-combination of process unit,
three out of the 36 correlstion. were significant at the .05 level. (See
Table 7T)

TABLE 4
PRODUCT-MOMENT CORRELATION COEFFICIENT BETIWEEN THE RATE MEASTRES

AND THE PREDICTORS FOR E-ADDITION UNIT OF THE
TPT MATHEMATICS CURRICULUM (N = L42)

Non-
Verb. Verb. Math. Read. Skills
I.Q. I.Q. M.A. Achiev. Achi=v, 1967  Atten. Ques.; Ques.o
(%) (%) (X3) (%,) (Xe) (%) (X7) (Xg) (X9)
Rateq . 386% LozH*x L1o%x
Rate, . 314%
Rate3
Rateu

(Only significant correlations are listed)

¥¥.01 level of significance, critical R = .393, d.f. = 40
%¥,05 level of siguificance, critical R = .30k4, d.f. = L0

TABLE 5
PRODUCT-MOMENT CORRELATION COEFFICIENT BETWEEN THE RATE MEASURES

AND THE PREDTCTORS FOR E-SURTRACTION UNIT OF THE
TPT MATHEMATICS CURRICULUM (N = 103)

Non-
I.q. I1.Q. M.A. Achiev. Achiev. 1967 Atten. Ques.; Ques.,
%) (%) X))  (X,) (%) (%) (X)) (X T (%)
Rute, L203% LD19%  255%%
Rate,, 2hox L 34 L*x
Rate., 21T C3LTRR L 2LTX% .233%
Rute% .260**

(Only significant correlations are listed)

*%.01 level of significance, critical R = .254, d.f. = 100
*,05 level of significance, critical R = .195, d.f. = 100
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TABLE 6

PRODUCT-MOMENT CORRELATION COEFFICIENT BETWEEN THE RATE MEASURES
AND THE PREDICTORS FOR THE MULTIPLICATION UNIT OF THE
TPT MATHEMATICS CURRICULUM (N = 111)

Non-
Verb. Verb. Math. Read. Skills
T.Q. I,gj M.A. Achiev. Achiev. 1967 Atten. Ques.; Ques.,
G OGS Gy ) ) B (®) (g (%)
Ratel 215%
Rate2
Rate3 .293¥%%
Rateu

(Only significant correlations are listed)

¥¥.01 level of significance, critical R = .254, d.f. = 100
*,05 level of significance, critical R = .195, d.f. = 100

TABLE T
PRODUCT-MOMENT CORRELATION COEFFICIENT BETWEEN THE RATE MEASURES

AWD THE PREDICTORS FOR THE E-COMBINATION CF PROCESS UNIT OF
THE IPI MATHEMATICS CURRICULUM (N = 69)

Non-
Verb. Verb. Math. Read. Skills
I.Q. I.Q, M.A, Achiev. Achisv. 1967 Atten. Ques.q QueS.,
k) G (&) ®) (x) (X)) () (X

RatEE .262%
Rale

(Only significant correlations are listed)
¥¥%,01 level of significance, critical R = .302, d.f. = 70
*¥,05 level of significance, critical R = .233, d.f. T0

The results of the simple correlation analysis of' the dute for

, 1
this study is in agreemeunt with Yeager's study on the rate of learning--

1Yeager, Op. cit.
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the study from which some of the hypotheses for the present investigatlon
was formulated. Yeager studied the consistency of three measures of stu-
dent learning rate and the relationship between each rate measure and each
of the student characteristics--student's I.Q. and reading achievement score.
Based on the results of his study, Yeager sﬁégests that perhaps the reason
that no consistent relationship was found between each of the student
characteristics studied and each rate measure is the lack of comprehensive-
ness in the measures. Therefore, based on the results of Yeager's investi-
gation and Carroll'sl conceptual model of school learning, hypotheses 1T,

TIT and IV of this study were formulated.

5, Relationship of Indiviu.ial Predictors and a Composite of the
Four Rate Measures.

To investigate the possibility that individual prediction might
be more highly related to rate if a more comprehensive rate index were
used, the multiple correlation of each predictor with a composite of the

four rate measures was determined. The results of this multiple correla-

tion analysis as presented in Table 8 show that, as would be expected, the
correlation bhetween esch predictor variuble and the rate measures increases
when al” four rate measures are combined. The table shows, for example
that in the E-Numeration unit the multiple E for questiony and the four
vate measures combined is .247 which is lurger thun .183, the only signit'i-
cant correlation between que;-stionl and o single rate measure ws reported

,'i!]. f[ln"t,"’e 2.

Among the multiple R's tested for each predictor and the four rute
measures, the majority of them were not significantly different from zero.

Wor example, for the numeration unit, aly q_u.est,;'Lon:l is significantly

Lgohn B. Carroll, "A Model of School Learning," Teachers College
Record, 64:T723-732, 1963.

e ——
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related to the rute meusurcs. This general luck ol un incerease Jji number
of significant correlations with single predictors when a composite rate
meusure is used suggests that the lack of relationship between predictors
und rate is not due primarily to the lack of comprehensiveness in the rate
measure.
TABLE 8
MULTIPLE CORRELATION COEFFICIENTS BETWEEN EACH MEASURE OF STUDENT

CHARACTERISTICS AND THE RATE MEASURES FOR THE SELECTED
E-LEVEL UNITS OF THE IPI MATHEMATICS CURRICULUM

Student Numer-  Place Addi-  Subtrac- Multipli- Comb. of

Characteristics ation Value tion tion cation Processes
(N=181) (N=h2) (N=109) (N=102) (N=111) (N=61)

Verb I.Q. 227 .1k9 271 207 274 . 352

(%;)

Non-Verb I.Q. .197 .236 232 263 .139 .263

()

M. A. 187 . 396 .301 .235 21k 251,

(X3)

Math Achiev. 179 .290 . 187 267 . 310 . 304

(Xﬂ)

Read Achiev. 151 290 . 398 NCUTSLS 145 3T

(%5)

Skills 1967 . 220 . 352 A79 RIAIFERS . 34 8% 387

(%)

Attention . 187 165 Li52 283 .06 260

(XY)

question, el ey ReleX ] . 10k 37X .135 AT

(Xa) ‘

Guestion, 200 021 .293 013 076 .150

(x9)

*%,01 level of signifiicunce
*¥,05 level of significunce
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3. The Relatiouship of Each Rute Measure and the Best Composite
of the Nine Predictors
After analyzing the relationship between rate measures and each
of the predictors, the correlation between each rate meusure and all of
the predictors combined was investigated. These multiple R's are shown
in Table 9. A comparison of the correlation coefficients obtained from
the simple correlation analysis and the multiple correlation analysis

shows, as would be expected, that all the multiple R's are larger than

the Pearson product-moment r's, and & much larger percent of the multiple
R's are found to be significant. This result supports hypothesis II that |
the predictabllity of rate measures increases when all the predictors are 1
ineluded in the regression analysis. For exumple, the Pearson product- i
moment correlation coefficient between rateh and the predictors (verbal I.Q.,
non-verbal I.Q., M.A., mathematics achievement, reading achievement, skills,
attention, questionl, and questiong) for the numeration unit are: .D54,
.069, .12k, ,099, .068, .023, .165%, ,183%%, and .161* respectively; the
mulviple R for rate) and all the predictors combined for the same unit 1s
.377*¥%. The Pearson r between rate, and the predictors are: -.0k8, -.112,
-.088, -.066, -.119, .193*%, -.025, -.1l3L, «nd -.125 respectively, while
the multipie R for rate, and all the predictors combined for the same unit
i5 o 343%%,

Nevertheless, among the multiple R's tested ror each rate measurc
and all the predictors for the selected E-lavel units of the mathematics

curriculum, muny are not significantly different rrom zero. (See Table 9)

For example, for rate and rate, oniy 50 percent ot the units studied showed.
signific 1, multiple R's; flor rate3, 33 percent of the units had significunt
multiple R's and for rate), only 17 percent of the units studied showed cig-

nificant multiple R's. Therefore, among the 24 multiple R's listed in Tuble

9 only nine ure signiticant--37.5 percent.
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TABLE 9

MULTIPLE CORRELATION COEFFICIENT BETWEEN EACH RATE MEASURE AND
TH® PREDICTORS (STUDENT CHARACTERISTICS) FOR THE SELECTED

E-LEVEL UNITS OF THE IPI MATHEMATICS CURRICULUM

e ate Numer—  Place  Addi-  Subtrac- Multipli-  Comb, of
easures ation Value tion tion cation Processes
Rutey .203 L33%%x  ,6ho* . 52T** . 34k . 327
Rate, .343¥*%  Lh5o%x 598 .502%% . 339 s +392
Ra'te3 .293 .302 495  51T*% Li6% 438
Rute, .337**% 257 24T .379 .099 433

*¥,01 level of significance
*¥,05 level of significance

In those cases where the multiple correlation coefficlents are
significant, it is of interest to examine the relutive contribution of
the various predictors. One way of interpreting the individusal contri-
bution of the predictor variables is by examining the beta welghts, the
partial regression coefficients. Thé contribution of most predictors in
this study can be expected %o be quite small, since the multiple R's are
relatively small. This is seen in the datn of Table 10.

Because of the small size of the betas and because of their known
inconsistency from sample to sample when the sample size is smali, It is
not surprising to note the lack of 4ny consisteut pattern in the betas
from one regression equation to another. Thie problem can be investiguted
further by examining the structure R's for these same relationships.

These structure R's indicate the correlations between the original predic-
tors and the derived linear composite of the predictors. 7The structure
R's are more stuble in that they do not fluctuate we much from sample teo

sample as the hetas do. For this reason, it is more meaningful to use the
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structure R's to examine the relitive contribution of the various pre=-
dictors for interpretative purposes. The structure R's for the signifi-
cant multiple correlations are listed in Table 11.

In general, the structure R's show the same inconsistency from
unit to unit and from one rate measure to another as do the betas.
However, it is significant to note that in all except one case the struc-
ture R's associated with number of skillls mastered in 1967 are of substan-
tial size and positive. This does suggest that further investigations of
predictors of rate of learning should give attentlon to past rate as a pos-
sible useful measure.

The results of the simple correlation analysis and the multiple
correlation analysis indicate that no one predictor varilable is a major
determiner of rate of pupil learning, that rate 1s determined by & complex
of factors, and that the relative importance of each factor varies greatly
from one learning task to another. In order to obtaln a more complete
assessment of pupil's learning in school under the IPI program, more than
one measure of rate of learning should be used. This general hypothesis

will be examined further in the canonicul correlation analysis.

4. The Relationship Between a Composite of the Four Rate Measures
and the Composite of the Nine Predictors

The foregoing analyses suggested the desirability of examining the

relationship between o linear comnination of' the predictors and a linear
combination of the rate meuasures. Canonical correlation analysis determines
the correlation between lineur composites of two sets of variables, where

these composites are derived in such o way as to yield the maximum rela-

tionship.
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Two sets of varigbles can contain very similar informaiion even
though pairs of vuriubles selected one from each set may not be particu-

larly highly correlated. This is becuusc of the fact that what cne vari-

]

able is measuring in one set may be measured by & combination of ve~iz «
in the other set or vice versa. Therefore, the underlying traits may be
reflected in several variables, yet only when these several variables are
examined in combination ure the relationships between two sets of vari-
ables made evident.l

The number of canonical correlations is equal to the rank of the
intercorrelation matrix umong the two sets of variables. For example,
the rank of the watrix for the present investigation is four, the number
of rate measures. In canonical analysis it 1s algebraically impossible to
have more non-zero canonical correlations than the number of variables in
the smaller of the two sets.2 In general the complete factor structure of
a set of variables contains as many factors as there are variables. Hence
it is obvious that if the larger set is composed of nine variables as in

the case of this study, and the smaller set is composed of four variables,

only four factors cun be extracted from the smuller set. As a result,
canonical R's are available between four of the factors of the larger sev

!
and the four tauctors of the smiller cet. The remaining factors in the pre-

dictor sel have no counterp:rt in the criterion set und do not enter into

the canonical solution.

lFor a4 discussion of this point s:ze William W. Cooley, "Further
Relationships with the TALENT Butiery," Personnel and Guidance Journal,
4he295-303, November 1965.

D .
“Cooley und Lohnes, op. Cit.
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According to Hotelling,* # canonical solution can be explained in
terms of factor analysis. That is, that the two sets of variables could
be factor analyzed independently first arnd then weights developed to
rotate the two factor structures to maximum correlation. In the case of
canonical analysis, the factors extracted (the linear conmbiaation of the
predictor set and the linear combination of the criterion set) are called
canonical variates, and the correlation between the first canonical variate
(factor) of the criterion set and first canonical variate of the predictor
set is the first canonical correlation. Therefore, for the present study,
by using the canonical correlation analysis technique, two new scores were
developed through the combination of the four rate measures and the com-
bination of the measures of student characteristics. The derived combina-
tions (factors), one from each set of variables, are the canonical variates.
The: correlation between the first two canonicul variates (one from each set)
is the first canonizal correlation. This canonicnl correlation indicates
the similaritles between the two sets of variables.

The first canonical variate for the rute meusure was obtained
through weighting the pupil's original rate scores by the corresponding
coefficients, und the first cnnonical variute of the predictor variables
was obtuined from weighting the pupil's originil studeut, churacteristics
scores by the corresponding coefticients. Fuch of these two derivead first
canonical varintes nre uncorrelated with the other derived cunonicul vari-
ates (other combination of ihw varisbles) in it's own s~t hut each hag

- [] ] - . ] ] i ,)
maximum correlation with its puired variute from the other set.”

1
Hotelling, op. cit.

2yi11iam W. Cooley nnd Judy D. Miller; "The Project TALFNT Test o

o National Standard," Persomnel nnd Cuidance Journal, 44e1038-104L, June

1965.
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Tables 12 through 17 indicate the latent roots, the vorresponding
canonical correlations and thelr associated tests of significance. The
canonlical correlations were tested for siguificance by a Chi square
approximation.l

For the numeratilon unit, the first canonical correlation of
138 was significant at the .0l level while the remaining three canonical
correlations were not signiflcant; (See Table 12) This means that there
15 one dimension of the student characteristic set which is significantly

related to a corresponding dimension of the set of rate measures.

TABLE 12

CANONICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF
SIGNIFICANCE FOR THE NUMERATION UNIT

= Root  Camoni- % Chi _____ Llambda  Test of
N Removed cal R R-Squared Square d.fl. A Siguificance
182 0 138 192 67.68 36 .6793 < .01
1 . 309 .091 30.35 2l . 8408 > .05
2 .2ko 050 13.35 14 . 9250 > .05
3 .136 .018 3.26 & .9816 > .05

The first cunonical R's for three other units of' the IPI muthe-
matics curriculum wre also signifieant. For the ploace value unit, the
first cunonical R is .h86, which is signiticunt t the .05 level. (Tatle
13) The first canonical R for the subtraction unit, .656, is significant
4t the .01 level. (Table 15) For the multiplication unit, the first

canonical R is 474, which is significant at the .05 level. (Table 16)

1William W. Conley, "Canoniel Correlution" (puper presented at the
APA Symposium on Applicition of Multivurinte Awdysis, September T, 1965).
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The first canomicul R's of the addition and the combination of
processes unit are not significunt. This may be due to the small sample
size used in the analysis of these two units, since the canonical R's are
quite large, .656 and .549 respectively.

In general, the resuits of the canonical analysis for each of the
six units selected for this study indicate that there is a significant

relationship between the domain of rate measures and the domain of the

predictors.
TABLE 13
CANONICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF
SIGNIFICANCE FOR THE PLACE VALUE UNIT
Root  Canoni- A | Chi Lambda Test of
N Removed cal R R-Squared 4Square d.f. A Significance
109 0 186 .236 53.28 36 .5931 < .05
1 408 . 166 25.86 2k .TT760 > .05
2 .218 Mol 7.3k 1k .8306 > .05
3 .152 .023 2.38 6 .9769 > .05
TABLE 1k
CANONTICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF
STGNIFICANCE FOR THE ADDITION UNIT
Root  Canoni- X Chi T Lanbda Test of
N Removed cal R R-Squared Square d.f. A Significance
4o 0 .689 L6 43.23 26 .291 > .05
1 .580 . 337 20,614 it .555 > .05
2 359 .129 6.27 1k .836 > .05

3 .199 .0kO ;.42 6 . 960 > .05




TABLE 15

CANONICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF
SIGNIFICANCE FOR THE SUBTRACTION UNIT

Root Canoni- A Chi Lambda Test of
N Removed cal R R~Squared Square d.f. A Significance
103 0 656 431 84,10 36 416k < .01
1 Lok 179 30.03 2l .T3LL > .05
2 .289 .083 11.56 1k .8912 > .05
3 .107 .028 2,71 6 9722 > .05
TABLE 16

CANONICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF
SIGNIFICANCE FOR THE MULTIPLICATION UNIT

I

Root  Canoni- A Chi Lambda Test of
N Removed cal R R-Squared Square d.f. A Significance
111 0 LTl .22k 50.27 36 .6167 < .06
1 .373 .139 23.83 ok L7952 > .05
2 .206 .0L2 8.29 1k 403k > .05
3 .189 036 3.78 6 9643 > .05
TABLE 17

CANONICAL CORRELATIONS AND THEIR ASSOCIATED TEST OF
SIGNIFICANCE FOR THE COMBINATION OF PRCOCESSES UNIT

Root Canoni- N Chi Lambd Test Of

N Removed cal R R-Squured Squure  d.f. A Significance
69 0 .529 .280 37.56 36 .5051 s .05
1 . 389 .158 19.49 ob .T01T s .05
2 . 366 .13k 10.02 1k .8335 > .05

3 .194 .038 2.11 6 . 9624 s .05
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The nature of these puirs of significant canonicul variates can
be inferred by examining the vectors (the partisl r.gression coefficients)
associated with them. The beta weights listed in Teble 18 determine the
canonical variates which are associated with the largest R for each unit
of “he mathemetics curriculum selected for this study. For example, the
first canonical variates for the numerztion unit can be expressed as

equations as follows:

First canonical variate for the criterion set

. 12hz, - 752z

rate; 072z + .T710z

rate2 rate3 rateh

1

i

First canonicul variate for the predictor set = |
]

!

_ '”66zxi + 025z + .0252x2 + .596zx3 +

X5

.198:.71{')+ + .2512X5 - .5282X6 + .’+33zx7 + .h75zx8

+ .36th9

Where the z's are the variable scores expressed as standard
scores.

The size uand the sign of these wecightc must be taken into account
in examining the nature of the canonienl variutes. TFor example, & positive
gign for a weight meuns that o high stundird score for its varioble would

meke o positive contribution to ithe size of the canonicul vuriate and u

low score would muike 7 negutive contributlion. The coaverse 1g¢ also true.

Therefore, the size of these weights is an index of the relative importance

of each variable wherens the signs indicate the nature of the contribution
made by the variables. For the numeralion unit for example, mental age,
reading score, attention score, qucationl and qu.es*t;j.on;3 made positive corn-
tributions to the pupil's prate of learning while pupil's verbal I.Q. and

the total number of skills worked during the previous school year contribute
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TABLE 18
| THE CANONICAL VECTORS (BETA WEIGHTS) ASSOCIATED WITH THE FIRST
CANONICAL VARIATES OF EACH OF THE SELECTED E~LEVEL UNITS
OF THE IPI MATHEM.TICS CURRICULUM
Numera-  Place Subtrsc-  Multipli-  Comb.of'
tion Value Addition tion cation Processcs
Criterion Set
Ratel L2k .619 -.TE0 BTT -.062 -.0k1
Rate2 -. 752 L76 -.451 161 el 111
Rate3 -.072 .191 -.062 .339 -.730 .658
Rate), . 710 Noyal LTT .162 -.233 651
Canonical R L383%x  LhB55% L6897 L6562 %% L738% .5290
Predictor it
Verb I.Q. -.bh6 -.128 -.Thl 234 -.233 -. 727
Non-Verb I.Q. .025  -.160 1.081 _.876 -.033 .169
M. A. . 596 .286 -.LaT7 .528 -.049 .228
Math Achiev  .198 .519 .133 053 -.619 -.155
Read Achiev .251 067 .136 .66 .258 .518
Skills 1967 -.528 620 -.590 .343 -.624 696
Attention 133 -.057 - ol .58 - 272 -.088
Questiony L5 -.258 .153 + 399 2le7 Aok
Questlon, 364 -.003 -.073 -.137 -. 16k 109
*¥%¥,01 level of signitiicance
*,05 level cf significunece
negatively to the pupil's leurning rate. (Tible 18) Mentul age seemed to
be the lurgest contributor to the first cunonical R for the numer:ation unit.
The intespretation of the belos hus the sume problems associated
with it s are found in the case of mltiple regression analysis, in that
they are typically quite unstable from sample Lo sample particularly where
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relatively small szmples are used. However, the interpretation of @ given
canonical correlation is greatly aided when the structure %'s (factor
structure loadings) ure used to examine the relative contributions made by
the individual varisbles. The structure R indicates the strength of rela-
tionship (correlation) betwean the original variable and the derived canon-
ical variate (factor), henece, it does not change as radically from sample
tc sample as the betas do. Therefore, it seemed to be more appropriate
and meaningfui to use the structure R's to examine the strength of associ-
ation between the predictor variables and rate of learning. Table 19 lists
the structure R's for the first canonical vuriates of each unit selected
for this study.

Table 20 presents the proportions of the variance of the predictor
set extracted by the first canonical variate (factor) for each of the
selected units of IPI math curriculum; and Table 21 presentc “he propor-
tions of the variance of' the criterion set extructed by the first canoni-
cal variate for each of the units.

The first column of Tubles 20 and 21 lists tne first canonical
correlation of euch unit, the second column listc the RE (») of the first
cunonical R which represents the proportion of the viriunce of the compos-
ites shured by the 1'irst canonlenl vectors ot the twe sets ol wvarlableg,
Column three of the tiubles presents the proportion ol the varisuce of' the
total set extructed Ly the tirst eunonical variaie. The fourth column
1ists the amcunt of redundant wuriance attributed to the first canonical
fuetor and the 145t eolumn expresses the values in Lhe fourth column as
proportions of the totul redundincy. The redundancy is obtuined by find-
ing the product off Resquered (A) wnd Lhe varianec extracted and, hence,

tells us what proportion of the varinnce extracted from the totul predictor
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TABLE 20

THE COMPONENTS OF REDUNDANCY MEASURES FOR THE FIRST CANONICAL
VECTOR OF THE PREDICTOR SET (STUDENT CHARACTERISTICS) FOR
FACH OF THE SIX MATHEMATICS UNITS INDICATED

IN THIS STUDY

e

—

Canonical R-Squared Variance Redundancy Proportion of

R A Extracted Total Redundancy
Unit v AV
p P
Numeration L 38%% .192 125 .02k .585
Place Value LE6% 236 AT .042 .532
Addition 689 LT76 .135 . 064 .609
Subtraction L656%% L3l 116 .050 561
Multiplication .T4T* 20k .132 .030 612
Comb. of
Processes .529 280 .101 028 L3hL
*%,01 level of significance
*¥,05 level of significance
TABLE 21

THE COMPONENTS OF REDUNDANCY MEASURES FOR THE FIRST CANONICAL
VECTOR OF THE CRITERION SET (RATE MEASURES) FOR THE SIX
MATHEMATICS UNTTS TNDICATED IN THIS STUDY

Cunoniecal R-Squared Varlanwee

Redurdancy Proportion ot

Rk A Extracted Tot:il Redundancy
Unit Ve Ao Ve

Numer:tion 2138 192 230 .00k
Place Value LEb 236 09 .096
Addition 689 L76 . 358 170
Subtraction 656 131 A6 179
Multiplicution WUT7h .20 < 3LT 078
Comb. of

Processes <529 .80 295 .083
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cet by the first eanonic:l vector of that sel is ussociated with the first
canonical vector in the erierion set. It will be noted that these pro-
portions, the redunduncy, ure very small tor all six units. However, the
proportions in the lust column, chowing what proportion the redundancy for
the first cuamonical vector is of the totaul redunduncy for all canonical
vectors of the predictor set, indicate that in five of the six units the
first canonical variute accounts for over fifty percent of the total
ussociated variance.
As an example, in interpreting Tulle 20 the first canonical R for

the numeration unit is U438, which is siguificant ot the .01l level, and

A = »192 which meuns thut 19 percent oi th- vuriurer in the first cunorn-
ical variate of the predictor set ic predictuble frem the rirst canoriecrl
variate of the criterion set. The proportion of variance of the predictor
set extracted by the first canonical variate is .125. Thie value is ob-
tained from the column sum o the squured loadings (squared structure K)
of variables within the predictor set on the first canonical variute
divided by the number of variaples. Thereloce, it wndlcates the variunce
cxbracted by the Cirst canonicul fmetor for the numeraiicn unit.  The
redundaney of the first crmonienl variate ol the preciceilor sel Jor the
pumeration unit is .02, This value is obinined Ly mliiplying the A

und b proporiion off varinuce exbracted by the 7rgl curonleal facuiowv
(columus » nnd 3 off Trble 20). Theretore, it Ates the amount of ro-

dundant viriance sttributed to the fircst canonier  varinte off the predictor

sct. The last column of Tuble 20 indieates that, ' ¢ the numeration "umit,
59 percent of the toblnl variunce off the predictor s credicted by the
vorisnce in the eriterion sel ile assoecinted with the v nonical
variate. This vulue is obteiuned vy dividing the redundo . *he fLirst
canonical factor (column 4 of Table 20) by the sum of t. - wmw. .t

A B A A
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variance of all the possilble canonical fuctors--four in this cage. The
data presented in Tgbles 20 and 21 seem to indicave thut the proportion
of the redundancy associated with the first canonical factor is quite
consistent throughout the six sample groups (six units). In the predictor
set, (Table 20) the proportion of the total redundancy ussociated with the
firat canonical variate is very similar except for the combination of pro-
cesses unit. Although the componen’s of the six units for the criterion
set are not as consistent as the predictor set (Table 21), the differences
are not great. Therefore, in general, it can be concluded that there is
o relationship between the two domains of measures being studied and thot
the percentages of associated variance related to the first canonical R
are quite similar for the six sample groups included in this study.

The predictor varicbles selected for the research study are com-

1 COIL~

pared with the variables listed under the elements of Carroll's
ceptual model for the learning process. The result of this logical compur-
ison is reported in Teble 22.

Opportunity is listed as one of the couditions of' school leurning.
Curroll defines this element us the amount of time the pupil is ullowed
to have for learning. Since time wllowed for cuch student in lewrning
the tasks under the IPI eurriculum ic whiicver amount ob time he needs to
rerch the purticular instructiontul goal, Lhe opporiunity for lenruing is
the same for every student in the seuse thal ench student would have hige
own maximum opportunity. Therefore, this varinble would not contribute
to the prediction of pupil's leurning performunce, and it was not included
as o variable in this study. Perserverunce is defined by Curroll as the

omount of time the pupil is willing to enguge uctively in lenrning

lCaI’I‘Oll, 9__?_- cit.
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TABLE 22
COMPARISON BETWEEN THE ELEMENTS IN CARROLL'S MODEL FOR LEARNING
AND THE PREDIZTOR VARIABLES SELECTED FOR THIS STUDY
v —— = foomeerl
Elements of Carroll's Model Predictor Variables of this Stu

1. Opportunity: The amount of 1. Not included as a predictor
time allowed for learning a variable in this study.
tagk.

2. Perseverance:; The amount of 2. Attention scores.
time the learner 1s willing to
devote to learning.

5 Aptitude: The amount of time 3. Reading and mathematics achie
required by the learner to ment scores, the total number
attaln mastery of a tusk. of skills mastered during the

previous school year.

L, Ability to understand instruc- 4. Verbal I.Q., Non-verbal I.Q.

tion; Some combinat’on of and mental age.
general Intelligence and
verbal ability.

5. Quality of Instruction: The 5. Scores obtained from the
effectiveness of procedures em- questionnaire.
ployed to communicate knowledge
to the learner.

activities during the period that he 15 vorking to achieve the ilnstruc-
tional objentive. For this study, the pcrcent of time that the pupil

actually spent in learning the task was determined Ly o sample of three
separate 10-minute observations of euch child while he wus working in

each of the selected units of mathematics. The duta of the present st
seemed to contradict the general hypothesis of a positive relationship
between this variable and the criterion measures proposed. The result:
of the multiple regression unalysis and the canonical regression analy
as shown in Tables 11 and 19 indicute that there is an inconsistency t

unit to unit in the degrec of assceiation between this predictor and t

rate measures. This would. seem to indicate that the pupill attention
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variable may interact with the nature of the content and other aspeects of
the learning situation associated with a given unit in such a way as to
involve a relatively complex relationship to rate.

The pupll's ability to understand instruction 1s defined by
Carroll as involving some comhination of general intelligence and verbal
ability. For the present study, vertal and non~-verbal I.Q. scores as
well as the mental age of the pupil were used as predictors of pupil's
learning rate and may be interpreted as representing indices of ability
" to understand instruction. These variables also dld uot make any con-
gistent contribution to the rate measures. This m.y be explained by the
different type of skills required by each unit of the mathematics cuvrricu-
lum. The complexity of the skills involved, thzs amour: of abstract think-
ing required by the type of task to be learned as well as the materials
and methods used in presenting tlie learning task to che pupil could have
been a factor in causing the inconsistent results. However, the lncon-
sistencies in the structure R's as shown in Tables 11 and 19 for the same
unit when different rate measures are being predicted makes it inadvisable
t o generalize as to what the specific nature of these differences may he.

Quality of instruction is another element included in Carroll's
model. This includes such variables as the effectiveness of the procedures
employed to communicate knowledge by teachers, textbooks, workbooks, laboru-
tory exercises, programmed instructional materials and so forth. For the
present study, a questionnaire was constructed for this purpose. The
answers provide some indication of pupils' perceptions of the quality of
the instructional material and the nature of the learning task. Again,
an inconsistent result was obtained. This may be explained by the dif-

ferent needs of the pupils. It may also be related to the relatively
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incomplete nature of the data provided by these questions in providing
any type of fully valid measure of quality of instruction.

The element of aptitude is defined by Carroll as the amount of
time the pupil requires to learn the specific task. In this study,
measures of time required enter into both the predictor aud criterion
measures. That is, the number of units completed last year (one year
heing the "time required" to master that number of units) is one of the
predictors while the four rate measures, which all indicate "time required,”
are elements of the criterion. Time required, as measured by number of
units completed last year, was taken as an indication of aptitude for
learning, together with such moreléonventionzl.measures of aptitude as

intelligence and past achievement in reading and mathematics. Again,

these measures showed no consistent pattern in their relationchip to rate.
As has been discussed above, the predictor measurss showed no
consistent correlation with rate of learning over various learning tasks
[ --units of IPI mathematics. This lack of consistency seems to support

; Carroll's conclusion that rate of learning is specific to the task to

be learned.




CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

This study has been concerned with the problem of measuring rate
of learning in individualized instructional situations, and has investi-
gated the relationship between rate and a number of other variables.

Some indication of the complex nature of measures of learning rate in
school classrooms was suggested by'Yeager,l and this study has endeavored
to increage understanding of the concept of rate of learning by exploring
the relatlonships suggested by his work. The study may also be viewed as
an attempt to investigate the variables influencing learning suggested by
Carroll2 and Bloom.3

As measures of rate of learning, this study hes employed four

different measures: (1) Rate; = digg ;pﬁiitiitt§§°§§it’

(2) Rate, = number of pages worked = (3) Rate, = number of skills learned
2  days spent on the unit’ days spent on the unit

and (4) Rate) = total number of skills the pupil has worked between
September 1957 and January 1968. These rate mensures have been investi-

gated singly and in combination.

1john L. Yeager, "Measures of Learning Rates for Elementary School
Students in Mathematics and Reading Under a Program of Individually Pre-
scribed Instruction" (unpublished doctoral dissertation, University of
Pittsburgh, 1966).

2John B. Carroll, "A Model of School Learning," Teachers College
Record, 64:723-732, 1963.

3B. S. Bloom, "Mestery Learning for all" (invited address presented
at the American Educational Research Association Annual Meeting, February

7-10, 1968).
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As variables that should bhave an influence on rate, or that should
be related to rate, it has investigated certain measures of the pupil's
scholastic aptitude, academic achievement, and certain classroom perfor-
mance charecteristics that past work had shown to be related to learning.
Nine measures were used in this study. They are: (1) verbal I.Q., (2)
non-verbal I.Q., (3) mental age, (4) mathematics achievement score, (5)
reading achievement score, (6) total number of skills worked during the
previous school year, (7) attention score, (8) questiong, student's re-
sction to the dlfficulty level of the work, and (9) questiony, student's

reaction to the type of learning material used.

‘Summarx

The results of this study can be summarized in terms of four ma jor
types of analiysis.

1. As a first step in investigating thc relationship between
rate of learning and the selected predictors, Pearson product-moment
correlations were computed between each individual predictor and each
individual rate measure for six E-level units of the IPI mathematics cur-
riculum. Few of these correlation coefficiente were statistically signuit'i-
cant and even these were quite small in absolule value, the largest corre-
lation coefficient being .412. Fur hermore, the size of these coef'ficients
was not at all consistent from unit to unit. This indicated that any
single predictor would be of 1ittle use in nredicting any cne of the rate
measures.

5, On the assumpticn that one reason for the lack of correlation
between the rate measures und the predictors was the limitation in lack ol
comprehensiveness in uny single rate measure, the next logical step in in-

vestigating this relationship was to use a combination of the four rate




messures in a multinle correlation analysis to dutermine the relutlionshiy
between the rate measures and each of the predictors. The multiple correl:u-
tion coefficient between each predictor and linear function of' the four
rote measures was determined for each of the selccted E-level mathematics
units. Although such multiple R's were, rather naturally, larger than the
correlation coefficients between a single rate measure snd any given pre-
dictor, few of them were significant. This indicated that lack of compre-
hensiveness in the rate measures was not a major cause of the poor predici-
ability of rate.

3. BSince the foregoing analysis showed that any single predictor
did not have a substantial relationship with rate ¢f learning, a study
was made of the effectiveness of using a composite predictor. This was
carried out by determining the multiple correlation and the multiple re-
gression equation for each rate measure and the nine predictors for each
E-level mathematics unit selected for this study. The multiple correl:i-
tion and regression unalysis showed that in several instances prediction
could be improved substantiilly through thie procedure.

However, the partial regression coerficients produced hy the multi-
ple regression analysis showed an apparent inconsistent patlern in the
relotive contribution of the predictors. The contribulions made by the
predictors to rate of learning differ from unit to unit, suggesting Lhil
the relative importance of the various predictors is a function of the
specific unit or topic being studied.

L. Since the results of the foregoing multiple correlation nul
multiple regression analyses indicated that the relationship between the

two sets of variables being studied was inconsistent over different rute

measures, this suggested the desirability of studying this relationship
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with & composite of the predictors and a composite of rate measures. This
was investigated through a canonical correlstion analysis. Thils analysis
yilelded more conslstent results in terms of the - 1‘atlonshin between the

two domeins as indicated oy the first cenonical R. These first canonical
correlation coefficients for the six E-level methematlies units were, .436,
486, .689, .656, .473, and .529. These results suggest that there is

some type of substantial relationship between the rate domain and the domain
of varisbles represented by the nine predictors.

Lookirg at the canonical welghts and the structure R's, the data
suggest that the relative contripution made by the predictors to the canon-
ical correlation is not consistent from unit to unit, even though the re-
lationship between the composite of the rate measures and the composite
of the predictors seemed to be substantial for all units. This finding
tends to substantiate the conclusion suggested by the results of the
multiple correlation analysis that the relative importance of the predictor

varigbles is a function of the specific unit or topilc being studied.

Conclusions and Recommendations for Further Study

The analysis of the data of this study have yielded no clear cut
answers concerning the most satisfactory measures of rate of learning in
Tndividually Prescribed Instruction classrooms or concerning the nature
of the relationship between rate und other student characteristics. As u
result, its major contribution may be as a warning against making the too
easy assumption that such simple measures as number of unite or number of
skills completed per unit of time are a valid measure of the learning rate
of a pupil. Evidence presented here also indicates that currently there
is no vallid way (such as by using measures of past rate, of past achieve-

ment, of academic aptitude, of attention in the classroom, etc.) of
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predicting how quickly a student will work through a unit of instruction
in TPI. Much more work needs to be done before such predictions will be
possible or before 1t will be feasible to group students in terms of how
fast they can be expected to move through a unit. The most promising pre-
diction variable revealed by the data of this study seemed to be previous
rate as measured by number of skills mastered last year. Although the
predictive value of this variable in the present study was not large, its
general contributlon wes such as to indicate that it miy be the most prom-
ising variasble in further investigatlons of rate.

In the writer's judgment it 1s unlikely that the kind of predic-
tion of rate attempted here can be made more effective by adding additional
messures of student characteristics. The predictors used in this study
appear to be quite comprehensive in covering those characteristics which
past research and current theory suggest should be the determiners of
rate. The exception to this would be background data gained from a devel-
opmental history of the child. These kinds of data have not been investi-
gated directly in this study.

Tt is recognized that the child's family and social enviromment
as well as his childhood experiences will influence his physical and
emotional development. Therefore, research studies which examine the
femily and social factors in the learner's developmental history may re-
veal some information about the characteristics of the learner that are
not accounted for by the predictors included in this study. Consequently,
some additional information which could be helpful in the prediction of a
pupil's rate of learning might be gained by investigating these earlier
developmental stages of the child. For instance, a study of the dependency

relationshir between the pupil and his parents might contribute to our

understanding of the relationship between rate and the emotional and




social development oi the child, since his early interaction with hig
J

parents contributes to the self-confidence and self-concept he now has.
gince IPT is an instructional program that requires a great deal of' inde-
pendent work in the part of the pupil, his dependency relationship with
his parents might have some influence on how fast he learns under the IP1
program. Of course, the study of the predictive value of such daty would
a1so have to include the investigation of the extent to which they reveul
themselves in measures already used in this study such as intelligence,
achievement, and attention.

The writer also doubts the fruitfulness of further extended work
in the attempt to develop a more refined measure of rate of learning.

Tt would seem that the four measures used in this study, either singly or
in some combination, should provide a valid and reliable measure of rute.
If these measures are inconsistent over different units in terms of the
relative rate of a student, which may be one inference to te made from
the data of this study, it would seem that reasons should be sought other
than a lack of reliability in the .:easures themselves.

With respect to this problem, it might be worthwhile to explore
the influence of any variablity in level of masilery :nchieved while work-
ing nt 1 given rate. That is, although the IPI procedure requires that o
pupil sichieve "mustery" of a given objective before moving on to unother,
this criterion of mastery involves any score between 85 and 100 percent.
Although this provides for only minor variaobility in level of auchievement,

it may be enlightening to take this measure into account by using o crite-

rion measure which associates the pupil's rate with his achievement.




71

Because of the involved nature of the relationships among rate
mensures und between these rate measures and various predictors, it should
41so be interesting to study the relationships of these variables to some
relatively pure measure of rate of pupill learning. For example, one might
obtain a measure of time required for mastery of simple verbal learning
tsks for & sample of IPI students. A study of the relationship or this
variable, both to IPI rate measures and to the predictors used here could
be enlightening with respect to our understanding of the nature of both
sets of variebles.

The fluctuation of the relative importance of the predictors from
unit to unit suggests that Carrolll mey be correct in stating that learn-
ing rate is not a general characteristic of a student but is specific to
the learning task. Therefore, hefore any consistent relationship tetweern
the rate messures and the predictors can be established, a careful study
of the characteristic nature of the task to be learned should be carried
out. A logical extension of this study would be to further examine the
n.ture of the learning objectives and the types of skills to be leurned
within each of the units of the IPI curriculum, so that relationship
between pupil's rate of learning and the type of tasks to be leurned cal
be specified. In this commection it might be useful to exsmine the relu-
tionship umong several successive units on the sume topic (such us B
Addition, C Addition, D Addition, and E Addition) in terms of any consic-
tencies in values of given predictors. This suvggestion is bused on the
nssumption that such units, dealing with the same basic topic, would be

similar in types of skills involved.

1

Carroll, op. cit.




Tt also recognized tkat within the specific research situation of
this study, the extent to which various student varlables are related to

rate of learning may be influenced by the effectiveness of the instructional

system. It 1s possible that one reason for a lack of higher correlation
in the present study is the fact that the IPI system 1s not operating in
a manner which permite each student to progress at a rate in keeping with
his real aptitude. This is a problem of being able to provide for those
ccnditions under which maximal learning can take place.

With respect to this point of view, Carroll has suggested in his
model that the effectiveness of instruction is a determiner of rate. In
other words, the pupil’s learning rate will vary depending upon the nature
and the quality of instruction provided for him. Further refinement of
the system leading to optimal conditions for learning for each pupil under

the IPI program might provide a wmore controlled setting for investigating

the nature of the relationship between the selected predictor variables
and pupil's rate of learning in school situations.

Tn this respect, the results of this study also may support the
logic behind this additional factor in Carroll's conceptual learning
model for the learning process. Further study of his model in actual
classroom learning situations may have to await the development of instruc-
tional programs thac are known to be effective and efficient or at least

the development of a proccuure for assessing the effectiveness of' such

Prograiils .
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