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ABSTRACT ' )

The purpose of this paper is to report on a pilot
investigation of the operation of the Bloom and Carroll hypothesis
which states that aptitudes are predictive of rat= of learning given
a situation in which the time allowed for learning is unlinited, and
pupil perserverance, ability to understand instruction, and gquality
of instruction are optimized for each student. Data for this study
were obtained for six separate samples of elementary school students
in the individually prescribed instruction project from grades- 2
through 6 studying in six different units in arithmetic; sample size
varied from 42 to 182. The analyses vwere carried out in three steps:
1) the correlation between aptitude and rate of learning using twvo
measures previous year rate of learning, and non~verbal I.Q. using
Lorge—-Thorndike:z four rate measures were inclad~" -~ 7 zribed by
Wang (1968) ; 2) examination of the effectivenes ca... aptitude
measure as predictors of a composite rate measure; and, 3)
examination of the other variables using the two measures in step one
plus aptitude measures of mathematics achievenent using the 3Stanford
Achievement Tests and Lorge-Thorndike. Multiple regression analysis
was used to investigate the composite contribution of these measures
of Carroll?s variablies to each of the four learning rate measures.
The three analyses substantiated the hypothesis that there is no
simple relationship between pupil aptitude and rate of learning.
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ANl EXPLORATORY INVESTIGATION OF THE CARROLL
LEARNING MODEL AND THE BLOOM STRATEGY
¥OR MASTERY LEARNING

Margaret Wang and C. M. Lindvall
Learning Research and Development Center
Universi® of Pittsburgh

Since Carroll's initial presentation of his_model of schqol learning
(Carroll, 1963}, a numBer of investigators have cariied out studies to
examine the hypothesized relationships suggested by the model. Bloom (1968),
in za paper thatrshould‘prove,highly valuable to persons concerned with the
individualizatibn of schrool programs, has used the variables discussed by
Carroll to contrast conditions in the typical group instruction situation
with the conditions that snould charaCterize effective individualized instruc-
tion.

Bloom introduces his application of the Carroll model as follows:

Put in its most brief form the model proposed by Carroll
(1963) makes it clear that if the students are normally distri-
buted with respect to aptitude for some subject (mathematics,
science, literature, history, etc.) and all -*u s Al pr0V1ded
with exactly the same instruction (same in terms of amount of
instruction, quality of instruction, and time available for learn-
ing), the end result will be a normal distribution on an appropriate
measure of achievement. . . . Conversely, if the students are
normally distributed with respect to aptitude, but the kind and
quality of instruction and the amount of time available for learning
are made appropriate to the characteristics and needs of each
student, the majority of students may be expected to achieve mastery
of the subJect (Bloam, 1968) .

‘He thén goes‘on to describe the ‘basic variables in the Carroll model, (a)
aptltude for partlcular k1nds of learning, (b) quality'of instructionn (c)

ability to understand 1nstruct10n, (4) perseverance, and (e) time.
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Purpose of the Study

The writers, in working with a program for individvalized instruction,
the Individually Prescribed Instruction Project (Lindvall & Bolvin, 1967),
have been concerned with the problem of mastery learning and have examined
the operation oi certain measures of the variables identified by Carroll
and Bloom. Their hypothesis is that-"aptitudes are predictive of rate of
learning” (Bloom, 1968), given a situation in.which the time allowed for
learning is unlimited, and pupil perseverance, ability %o understand instruc-—
tion, and quality of dinstruction are optimized for each student (or where
their relationshi; to rate is partialed out). Bloom and Carroll do mot imply
that there is necessarily a neat mathematical relatiénship amnng their variables.,
Rather, they seém to suggest that these are factors which ﬁust be considered if
mastery is to be achieved by all.

The purpose of this paper is to Teport on a pilot investigation of the
operation of such‘variables in an individuli~- 4 leat wx acem, the T di-
vidually Prescribed instruction Project, in which each student takes whatever
time he needis to achieve mastery of each uait of instruction, an® 4in which all
studernts ars eﬁpected to master each lesson.

Liata for this study were obtained for six separate samples xof elementary
schoo? studrmts in grades 2 through 6 studying in six diffferent Tmins in
arithmetic. The studenté in each of these units represented cne 2% the six
- samples, samnple size varying from 42 to 182, The same relationsfiips among the
Carroll variables were‘studied in each of the six samples. The =walyses of

these r=lationships were carried out in three steps:
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Step 1

The first relationship investigated was the simple correlation
between aptitude and rate of 1earning. This analysis can be considered
as bearing on the question, "In a system which provides for individualized
rates of progress, is aptitude significantly corvelated with rate of learn-
ing even if perseverance, ability to understand instruction, and quality of
instruction aré ignored of are assuﬁed to be optimized?" In studying this,

two measures of aptitude were used, (a) rate of learning during the previous

year, and (b) non-verbal I.Q. as measured by the Lorge-Thorndike (since the
content area involved was math).
 Four different rate measures were used in the analyses. The rate measures

were:

Rate = 100% on pretest
1 days worked on unit

number of pages worked

Ratez =
days worked on unit
Rate_ = number of skills learned
3 davs worked on unit
Rate4 = total number of skills acquired

The decision to use four different measures of curremt rate of learning
was based on findings from an earlier study (Yeager & Lindvall, 1967). which
indicated that any one measure had certain obvious restrictions irn terms of

describing a pupil's rate of progress. The four measures are dzscribed in detail

" by Wang (1968). Note that each rate index involves the ratio of amount of con-

tent cbVeredito.a.given time period, and that the major variation from one index

to another is.in the measure of amount of content covrved.
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Step 2

On the assumption that any one of the four measures for current
rate in a given unit may be lacking in comprehensfveness and reliability
(Wang, 1968), the effectiveness of each of these two aptitude measures ag
predictors of a composite rate measure was examined. This involved finding
the multiple correlation between a composite of these four rate measures
and each of the two aptitude measures.
Step 3

As will be seen, the results of Steps 1 and 2 indicate that there is

little relationship between rate and aptitude if perseverance, ability %o

understansd instruction, and quality of instruction are ignored or if these

factors are assumed tc be operating at an optimum level for all. This

c'u'?gef“'ed the need for examining the effects of these addltronal variables
from the Carroll model as they operate in our individualized system. Just
how these variables are to be measured is:a difficuit question, and Bloom
and Carroll do not offer specific guidelines.

Table 1 lists all measures used in the analyses for Step 3, with an
indicationr of which Carroll variable is estimated by each.

Besides the two aptitude measures used in Step 1 of the study, two
additional indices of aptitude for mathematics were identified for inclu-
sion in ths analyses for Step 3. These measures were added to reduce the
probability>that some important aspect of aptitude was being neglected in

the ana]ysls. The four‘aptitude-measures used in Step 3 are (a) non-verbal

I. Q ‘as. measured by the uorge-Thorndlke, (b) number of mathematics skills.

mastered durlng the prev1ous year (1967), (c) mathematlcs ach1evement as

i measured by the Stanford Achievement Tests and (d) M A, as measured by the

[:RJ!:Lorge—Thorndlke.

Aruitoxt provided by Eic
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In discussing perseverance, Carroll emphasizes the "time the student
is actively engaged in learning." We decided to measure this wvariable by
observing a time sample of each student's behavior while he was working
on a unit of study, and determining the percent of time that he was overtly
attentive to his lesson materials. This involved the use of a trained
observer, centering his éttention on one student at a time and observing
each student during three different ten-minute time samples (i.e., for a
total of 30 minutes).
| For estimating "ability to understand instruction," Carroll suggests
thé use of verbal ability and reading achievement measures. The tests used

in the present study were the Verbal I.Q. obtained from the Lorge—Thorndike

and the Reading score from the appropriate level of tlie Stanford Achievement

Tests.

The problem of obtaining an estimate of the 'quality of instruction"
was much more difficult. In most situations the straightforward way to
measure quality of instruction would be to evaluate pupil performance under
instruction, using either level of achievement or timekrequired to learn.
Neither of these measures was Aavailable here since level of aéhievement was

the same for all (i.e., every pupil is required to attain a mastery score),

‘and time required was the major component of the dependent variable. In a

sense, of course, the objective of the whole invastigation was to learn more
about assessing quality of instruction. Given this situation, it was decided

to investigate the use of a very simple estimate of quality of instruction.

At the end of each lesson within a unit the student was asked to respond to

two specific questions:

. Quésfidh 1 "Was this work hérd or difficult'fOr you?"
SR (responses: 'very easy' to 'very difficult')

S



Question 2 '"How well did you like the things you did?"
y
(responses: 'like very much' to 'dislike very much')

The pupil's score for each given unit was the average of his resvonses to
each cf these questions over all lessons in the unit.'

Step 3, which represeiits the major analysis carried out in this study,
was undertaken to investigate the contribution of the above measures of the
Carroll variables to the variance in rate of 1earning. To do this a multiple
regression analysis was carried out, This invoived determining the‘multiple
r's. and the regression equations»for predicting each of the four-rate neasures

from a composite of the nine measures of the Carroll'variables (X1 through X9

"in Table 1), This was done for each of the six math units.

Results

~ Results of the simple analysis carried out in Step 1 are shown in Table
2, which presents the correlation of the two measures of aptitude, rate in
pravious year and non-verbal I.Q., with each of four different measures of
rate in six different units of elementary school mathematics.

It can be seen from Tabtle 2 that only a few of the correlzaziomns between
aptitude and rate are significant and that even the significant r's are quiite
small. One pnint that seems tn be suggested by the data is that, of the two
aptitude measures, rate in previous year is the more promising as a possible
predictor of present rate.

Since no one of the four rate measures was significantly correlated with

e1ther of the measuxes nf apt1tude over all six unlts,'the second step in the

'analysls 1nvest1gated the relatlonshlp of a composlte rate measure to aptltude.

ERIC
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Th1s 1nvolved determ1 1ng the multlple correlation coeff1c1ents between a'

compos1te of" the rate measures and each aptltude measure (non—verbal I.Q. and.

e e e e v e

B

i



ey e

O

ERIC

Aruitoxt provided by Eic:

rate in the preceding year). These are presented in Table 3. Note that
only two out of twelve multiple r's are significant. This suggests that

the lack of correlation between aptitude and rate probably is not a function
of a lack of comprehensiveness in the rate measures used.

The first two anélyses carried out in this study served to substantiate
our hypothesis that there is no simple relationship between pupil aptitude
and rate of 1earning undef IPI. For this reason, the major investigation of
this study, carried out in Step 3, was concerned with the extent to which
other variables in the Carroll model are associated with variance in rate of
léarniﬁg. This was carried out through a multiple regression analysis in
which each rate measure was used separately as the dependent variable, and

virious measures of the Carroll variables, as described previously, were used

as predictors. Table 4 presents the data for those units and those rate

measu¥es for which the multiple r was significantly different from zero.
Since Beta weights are so inconsistent from sample to sample, it has

been recommended that structure R's be examined to indicate the relative

contribution of various variables (Cooley, 1965). Structure R's are correla-

tions tetween the original predictors and the derived linear composite of the

predictors. The results are shown in Table 5. The most significant overall

result apparent from Tables 4 and 5 is that there is no simple explanation of
the relationship between our measures of variables in the Carroll model and

pupil rate of learning.
Discussion

The relative contribution of the different variables to the variance in

rate of learning is quite inconsistent from one situation to another. The

léék of a consistent pattern for the predictability of rate of learning would



seem to have implications both for measurement of the variables involved
and for the operation of an individualized system. The lack of a significant
multiple correlation in some instances even when all of the predictor variables
are used may, for example, suggest the need for a more reliable measure of
rate Oor a more comprehensive measure of quality of instructicn. On the other
hapnd, ip almost all cases in which significant multiple R's are found, the
structure R associated with "previous rate" (X3) is rather consistently of
substantial size, suggesting that this measure isva major component of the
compoSite that correlates highly with rate. Since "previous rate" is treated
as a measure of "aptitude" in our studym—an indicator of the student s ability
to learn mathematics under an 1nd1v1dualized 1nstructiona1 system——this result
would seem.to substantiate the baSic hypothesis_cf the Carroll model, namely;
that rate of learning is a'means,ofwaptitudef | |

The writers also“susnectvthat their'failure to demonstrate‘a?consistentv
ahdvsignificant'correlation betWeen aptitudeiand rate suggests:something about
the eff1c1ency of the 1ndiv1dua11zed system that they were studying. Although.
IPI has been shown to be a successful sy tem for achieVing mastery 1earn1ng for
all on an 1ndividualized bas1s,'1t may not yet be an efficient system, definedA
here as‘one in which‘such variables.asithose.11sted in Carroll's model for
Schcol learning (amount of instruction, quality of instruction and time.required
for.learning) are operating at a maximum efficiency level.

Bloom‘points cutﬁthat the "taskdof'a strategy for mastery learning is to
find=Ways of altering‘the time individual students. need for learning as well

as to find ways of providing whatever time ‘'is needed by each student." - At

the_same_time ‘he: cautioned about the difficulty of achieVing such efficiency

in an_individualized‘system;(Bloom, 1968),

i
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The writers recognize that their efforts to measure the variables
Suggested by the Carroll model have involved some very crude measures in
Several instances; More valid and reliable measures might have tesulted
in stronger relatlonshlps between aptitude and rate than those that were
found. However, what would secem to be a more fruitful path to follow
in demonstrating a stronger relationship would be to develop such a variety
of ipstructional treatments that one would closely approx1mate the situation
in which every student receives a high qua11ty'of.1nstruct10n. If as Bloom
Suggests, this could also reduce thebimportance of perseverance, the relation-
ship betWeen some measure of apt1tude and a measure of rate of 1earn1ng should
be a re1at1ve1y s1mple one. . ' ui' f- o

If thls 1atter relatlonship should:emerge'and‘should be uerified‘over
many un;ts and subJects, rhat is, if it could be shown that: in s1tuat10ns in
Which a h1gh quallty of 1nstruct10n has been developed there is a relat1ve1y
high correlatLon between aptitude and rate of 1earning (perhaps with a partial-
ing out of some measure of ab111ty to understand 1nstruct10n), then in subsequent
development efforrs the magnitude of thlS correlation betWeen aptitude and rate

cayld be used in evaluatlng the effectiveness of instruction.
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TABLE 1

MEASURES EMPLOYED IN THIS STUDY TO ESTIMATE THE
VARTABLES INVOLVED IN THE CARROLL MODEL

Variaktie as Named '~ Measures of Variable
by Carroll _ Used in this Study
Aptitude (Xzﬁ Mem-verpal I.Q. (Lorge-Thorndiike)

(X,;; Mnmber =f Math Skills Mestered
T = 1967

(X3) Mizrh Ackievement (Stanfoxd)
(Xy) M.a. Clorge—Thorndikg)
Quality of Instruction o (XS) Tuwestiom 1 |
(X6) Question 2
Ability to Understand (X4 Verbfl 1.Q.

(XS) Reading,Achievement (Stanford)

' Perseverance ' ‘ . (Xg) Attention as Observed
Time Allowed for Learning | (Not.measufed. ~Fach pupil given time
' . : needed .) . S
Rate of Learning - ‘ (Rate 1) 100 ~ % on Pretest

days worked on unit

. (rate.2) no. of pages worked
' days worked on unit

(Rate 3) no. of skills learmned
days worked on unit

(Rate 4) total no. of skiils acquired
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