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A group of students normally distributed in aptitude and given the same

instruction will produce a normal distribution of student achievement. It has been
contended that if each of five primary variables in learning are optimized for each
student, all students should be expected to achieve mastery of the material. These
variables are (I) aptitude of student, (2) quality of instruction. (3) ability to
understand inetruction, (4) perserverance, and (5) time allowed for learning. TI)is
study investigated this hypothesis with an individualized learning program (ILP), in
which all students were supposed to attain mastery on each lesson before going on
in the program. Students in grades two through six were given aptitude tests, and
their performance in the ILP was compared with the test results. Little relationship
between rate of learning and aptitude was found when variables number two, three.
and four were ignored or were assumed to be operating at an optimum level for all.
Thus, either the variables should not have been ignored or the experimental design in
this study was faulty. Aptitude may still be found to be the most important factor in
rate of learning. (WD)
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An Exploratory Investigation of the Carroll
Learning Model and the Bloom Strategy for

Mastery Learning

Margaret Wang and C. M. Lindvall
University of Pittsburgh

At last year's AMA meeting Bloom presented a major paper,

"Learning for Mastery,"1 in which he described the conditions under

'Bloom, Benjamin S. "Learning for Mastery," Evaluation Comment,
CSEIP, Vol. 1, No. 2, May 1968, Los Angeles.

which it would be possible theoretically for all students to achieve the

same level of mastery of instructional content. Using the variables

discussed by Carroll
2
in his learning model, Bloom contrasted conditions

2
Carroll, John B. "A Model of School Learning," Teachers College_

Record, 64:723-732, 1963.

In the typical group instruction situation with the conditions that should

characterize effective individualized instruction.

During the past year the writers in working with a program for

individualized instruction, the Individually Prescribed Instruction

Project,
3 have been concerned with the problem of mastery learning and

3
Lindvall, C. M. and John 0. Bolvin. "Programed Instruction in the

Schools: An Application of Programing Principles in Individually Prescribed
Instruction." ytogramed,Instruction, page 217. Sixty-sixth Yearbook of the
National Society for the Study of Education, Part II. Chicago: University
of Chicago Press, 1967.
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have examined the operation of certain measures of the variables identified

by Carroll and Bloom. The purpose of this paper is to report on this

pilot investigation of the operation of such variables and to suggest

certain hypotheses for further study.

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 distributed
with respect to aptitude for some subject (mathematics, science,
literature, history, etc.) and all students are provided with
exactly the same instruction (same in terms of amount of instruction,
quality of instruction, and time available for learning), 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.4

4
Bloom, op. cit., page 3.

Bloom then goes on to describe the basic variables in the Carroll model,

(1) aptitude for particular kinds of learning, (2) quality of instruction,

(3) ability to understand instruction, (4) perseverance, and (5) time

allowed for learning, and to suggest how these factors may be optimized

for each student in such a way that essentially all students should be

expected to achieve mastery.

The purpose of the present study was to investigate how these

factors may operate in an individualized learning system where all students

are expected to attain mastery on each lesson. The Individually Prescribed

Instruction program operates in such a way that each student takes

whatever time he needs to achieve mastery of one unit of instruction
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before he moves on to the next. Given this general condition, it is

the hypothesis of Bloom and Carroll that "aptitudes are predictive of

rate of learning."5 Of course, this hypothesized relationship also

5
Bloom, 22. cit., page 4.

assumes a situation in which pupil perseverance, ability to understand

instruction, and quality of instruction are optimized for each student,

or where their relationship to rate is partialled out.

Bloom and Carroll do not necessarily imply that there should be

a neat mathematical relationship among their variables. Rather, they

seem to suggest that these are factors which must be considered if

mastery is to be achieved by all. However, with any on-going system

that provides for mastery learning it would seem to be useful to make

a statistical analysis of the relationdhip among these factors as one

aspect of learning more about the functioning of the system. This was

done in the present study.

Data for this study were obtained for six separate samples of

.elementary school students in grades 2 through 6 studying in six

different units in arithmetic. Sample size varied from 42 to 182.

The first relationship investigated was the simple correlation between

aptitude and rate of learning. This analysis can be considered as bearing

on the question, "In a system which provides for individualized rates of

progress, is aptitude significantly correlated with rate of learning even

if perseverance, ability to understand instruction, and quality of instruction

are ignored or are assumed to be optimized?" In studying this, two measures
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of aptitude were used, (1) rate of learning during the previous year,

and (2) non-verbal I.Q. as measured by the Lorge-Thorndike (since

the content area involved was math).

First results are shown in Table 1, which presents the correlation

of these two measures of aptitude with each of four different measures

of rate in six different units of elementary school mathematics. The

decision to use four different measures of current rate of learning was

based on findings from an earlier study
6 which indicated that any one

6
Yeager, John L. and C. PL Lindvall. "An Exploratory Investigation

of Selected Measures of Rate of Learning," Journal of Experimental Education,

36 (2):78-81, Winter 1967.

measure had certain obvious restrictions in terms of describing a pupil's

rate of progress. The four measures are described in detail by Wang
7

and are defined in Table 3.

7
Wang, Margaret. "An Investigation of Selected Procedures for

Measuring and Predicting Rate of Learning in Classrooms Operating Under
a Program of Individualized Instruction" (unpublished doctoral dissertation,

University of Pittsburgh, 1968).

It can be seen that each rate index involves the ratio of amount of content

covered to a given time period and that the major variation from one index

to another is in the measure of amount of content covered.

It can be seen from Table 1 that only a few of the correlations

between aptitude and rate are significant and that even the significant

r's are quite small. One point that seems to 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.
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On the assumption that any one of our measures for current rate

in a given unit may be lacking in comprehensiveness and reliability,
8

the effectiveness of each of these two aptitude measures as 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. These are presented in Table 2. Note that only

two out of the twelve multiple r's are significant. This suggests

that the lack of correlation between aptitude and rate probably is not

a function of the lack of comprehensiveness in the rate measures used.

These data in Tables 1 and 2, indicate that there is little

relationship between rate and aptitude if perseverance, ability to

understand instruction, and quality of instruction are ignored or if

these factors are assumed to be operating at an optimum level for all.

This suggested the need for examining the effects of these additional

variables from the Carroll model as they operate in our individualized

system. Just how these variables are to be measured is a difficult

question. Bloom and Carroll do not offer specific guidelines and,

of course, we are not sure that the Y would agree with the measures we

used. Taking a cue from Carroll's emphasis on the "time the student

ruf
is actively engaged in learning" in discussing perseverance, we elected

to measure it by observing a time sample of each student's behavior while

iraq
he was working on a unit of study and determining the per cent of time

that he was overtly attentive to his lesson materials. This involved

or)

am4
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the use of a trained observer, centering his attention on one student at

a time, and observing each student during three different ten-dminute

time samples (or for a total of 30 minutes).

For estimating "ability to understand instruction" we again used

a suggestion of Carroll that this might be indicated by verbal ability

and reading achievement. The tests used were the Verbal I.Q. obtained

from the Lorge-Thorndike and Reading score from the appropriate level of

Stanford Achievement Tests.

The problem of obtaining an estimate of the "quality of instruction"

was much more difficult. In most situations the straightforward way of

measuring quality of instruction would be to evaluate pupil performance

under instruction, using either level of achievement or time required

to learn. Neither of these mmasures was available here since level of

achievement was the same for all (i.e., every pupil is required to attain

a mastery score), and time required was the variable we were trying to

predict. In a sense, of course, the objective of the whole investigation

was to learn more about assessing quality of instruction. Given this

situation, we chose 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:

Question I "Was this work hard or difficult for you?"
(responses: 'very easy' to 'very difficult')

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

The pupil's score for each given unit was the average of his responses

to each of these questions over all lessons in the unit.



Before further analysis was undertaken it was also decided to add

two additional indices of aptitude for mathematics, namely mathematics

achievement as measured by the Stanford Achievement Tests and total

M.A. as measured by the Lorae-Thorndike. These were added to reduce

the probability that some important aspect of aptitude was being neglected

in the analysis. A listing of all variables used in this analysis together

with an indication of which Carroll variable is estimated by each is found

in Table 3.

The data presented it Tables 1 and 2 indicated that a minimum

proportion of the variance in pupil rate of learning was associated with

aptitude. On the basis of the Carroll model it was hypothesized that

this lack of association was a function of the lack of control of three

other variables identified by Carroll, namely quality of instruction,

ability to understand instruction, and perseverance. To investigate

this hypothesis and to determine the contribution of these variables,

as well as of the measures of aptitude, to the variance in pupil rate

of learning, a multiple regression analysis was carried out. This

involved determining the multiple r's and the regression weights. These

data for those units and those rate measures where the multiple r was

significantly different from zero are presented in Table 4.

Since Beta weights 4re so inconsistent from sample to sample,

it is recommended that structure R's be examined to indicate relative

contribution of various variables.
9 These are shown in Table 5. The

..1181111

7

'Cooley, William W. "Canonical Correlation" Paper presented at the

APA Psychometric Society Symposium on the Applications of Multivariate

Analyses, September 7, 1965.
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most significant overall result that can be seen in both 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 learaing.

The relative contribution of the different variables to the variance in

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

This lack 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 or a more comprehensive

measure of quality of instruction. On the other hand the fact that in

almost all cases where significant multiple R's are found, the structure

R associated with previous rate is rather consistently of substantial

size, suggests that this measure of "aptitude" is a major component of

that composite that correlates quite highly with rate. This would

seem to offer some substantiation of the basic hypothesis of the Carroll

model, namely that rate of learning is a measure of aptitude.

The writers also suspect that their findings of a lack of a

consistent and high correlation between aptitude and rate may suggast

something about the efficiency of the individualized system

that they were studying. IPI has been shown to he a successful system

for achieving mastery learning for all on an individualized basis.

However, it is likely that it is not yet an efficient system. Bloom

points out the difficulty of achieving such efficiency in an individualized
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system but emphasizes that "The task of 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 ateded

by each student."
10

10Bloom, 22 cit., page 7.

The writers recognize that their efforts to measure the variables

suggested by the Carroll model have involved same very crude measures in

several instances. More valid and reliable measures may have resulted

in stronger relationships between aptitude and rate than those that were

found. However what would seem to be a more fruitful path to follow

in securing a stronger relationship would be to develop such a variety of

instructional treatments that one would closely approximate the situation

where every student has a high quality of instruction. /f, as Bloom

suggests, this could also reduce the importance of perseverance, the

relationship between some measure of aptitude and a measure of rate

of learning could be a relatively simple one.

If this latter relationship should emerge and should be verified

over many units and subjects, that is, if it could be shown that in

situations where a high quality of instruction has been developed there

is a relatively high correlation between aptitude and rate of learning

(perhaps with a partialling out of some measure of dbility to understand

instruction), then in subsequent development efforts the magnitude of

this correlation between aptitude and rate could be used in evaluating

the effectiveness of instruction.
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TABLE 3

Measures Employed in This Study to Estimate the
Variables Involved in the Carroll Model

Variable as Named
by Carroll

Measures of Variable
Used in this Study

Aptitude

Quality of Instruction

Ability to Understand

Perseverance

Time Allowed for Learning

Rate of Learning

(Xi.) Non-verbal I. Q.

(X2) Number of Math Skills
Mastered in 1967

(X3) Math Achievement (Stan-
ford)

(X4) Total M. A.

(X5) Question 1

(X6) Question 2

(X7) Verbal I. Q.

(X8) Reading Achievement
(Stanford)

(X9) Attention as Observed

(Not measured. Each pupil
given time needed. )

(Rate 1) 100 - % on Pretest
days worked on unit

(Rate 2) no. of pages worked
days worked on unit

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

(Rate 4) total no. of skills acquired



T
A

B
L

E
 4

B
et

a 
C

oe
ff

ic
ie

nt
s 

fo
r 

M
ul

tip
le

 R
eg

re
ss

io
n 

E
qu

at
io

ns
 f

or
 P

re
di

ct
in

g 
In

di
ca

te
d 

R
at

e
M

ea
su

re
 in

 M
at

he
m

at
ic

s 
U

ni
ts

 f
or

 C
as

es
 W

he
re

 th
e 

M
ul

tip
le

C
or

re
la

tio
n 

is
 S

ig
ni

fi
ca

nt

R
at

e
M

ea
-

su
re

N
on

-v
er

b
M

ul
ti.

I.
 Q

.
U

ni
t

(X
1)

Sk
ill

s
19

67 (X
2)

M
at

h
T

ot
al

A
ch

im
 M

. A
.

(X
3)

(X
4)

Q
ue

s.
 1

(X
5)

V
er

b
Q

ue
s.

 2
I.

 Q
.

(X
6)

(X
7)

R
ea

d
A

ch
ie

ve
.

(X
8)

A
tte

n.
(X

9)

1
Pl

ac
e 

V
al

ue
.4

33
* 

-.
02

4
.1

89
.2

47
-.

17
2

-.
04

9
-.

03
3 

-.
49

3
.0

22
-.

05
9

1
A

dd
iti

on
.6

42
* 

-.
49

4
r3

53
-.

12
2

.1
31

.0
81

T
.2

17
 .3

25
-.

20
3

.2
92

1
Su

bt
ra

ct
io

n
52

4*
* 

-.
46

7
,1

71
,1

13
.2

19
.1

94
-.

05
6 

.2
19

.0
86

.1
59

2
N

um
er

at
io

n
.3

43
**

 -
.1

33
.2

80
-.

02
7

-,
J7

7
-.

11
3

-.
08

8 
.2

13
19

4
-.

 0
49

2
Pl

ac
e 

V
al

ue
.4

50
**

 -
.1

32
.3

71
19

3
-.

04
0

-.
20

9
-.

00
4 

.0
16

.0
44

-.
03

2

2
Su

bt
ra

ct
io

n
.5

02
**

 -
.3

80
.2

43
.0

08
.2

75
.0

48
.0

83
 -

.0
25

.0
33

.2
05

3
Su

bt
ra

ct
io

n
.5

17
**

 -
.3

70
.1

38
.1

07
.2

47
.2

90
-.

08
4

.1
87

.2
63

.0
35

3
M

ul
tip

lic
at

io
n 

.4
16

*
.0

37
.2

41
.2

10
.0

72
-.

09
9

.0
26

 .0
64

-.
04

6
.1

56

3
N

um
er

at
io

n
.3

37
**

 -
.1

39
-.

04
1

07
3

.2
65

.1
66

.1
33

 -
.0

24
-.

02
9

.2
13

**
,0

1 
le

ve
l o

f 
si

gn
if

ic
an

ce
*,

05
 le

ve
l o

f 
si

gn
if

ic
an

ce



T
A

B
L

E
 5

St
ru

ct
ur

e 
R

IB
 o

f 
E

ac
h 

V
ar

ia
bl

e 
fo

r 
th

e 
In

di
ca

te
d 

R
at

e 
M

ea
su

re
 in

 M
at

he
m

at
ic

U
ni

ts
Fo

r 
C

as
es

 W
he

re
 th

e 
M

ul
tip

le
 C

or
re

la
tio

n 
is

 S
ig

ni
fi

ca
nt

R
at

e
M

ea
-

su
re

U
ni

t

St
ru

ct
ur

e 
R

N
on

-v
er

b
I.

 Q (X
i)

Sk
ill

s
19

67

(X
3)

M
at

h
A

ch
ie

v.
(X

3)

T
ot

al
M

. A
.

(X
4)

Q
ue

s,
 1

(X
5)

Q
ue

s.
 2

(X
6)

V
er

b
I.

 Q
.

(X
7)

R
ea

d
A

ch
ie

v.
(X

8)
A

tte
n.

(X
9)

1 
Pl

ac
e 

V
al

ue
.1

50
.5

67
.7

96
.7

18
.1

41
-,

 1
12

.0
84

.5
39

-.
27

2

1 
A

dd
iti

on
-.

07
7

.6
28

.2
08

.3
04

.0
75

.
11

0
.2

30
.6

02
.6

43

1 
Su

bt
ra

ct
io

n
-.

26
5

.4
87

.4
26

.2
92

.3
84

-.
 0

24
14

6
.4

18
.3

84

2 
N

um
er

at
io

n
-.

32
8

.5
62

-.
19

3
-.

25
7

-.
38

3
-.

36
3

-.
 1

9
-.

 3
49

-.
07

3

2 
Pl

ac
e 

V
al

ue
-.

26
1

.7
43

.3
88

.2
21

-.
28

6
-.

 3
34

-.
 1

05
.2

57
-.

 1
31

2 
Su

bt
ra

ct
io

n
-.

48
3

.6
79

.1
85

.1
25

.0
88

-.
30

2
-.

30
4

.1
77

.3
66

3 
Su

bt
ra

ct
io

n
-.

09
1

.4
77

.2
30

,4
20

-.
45

0
-.

01
3

.2
46

.6
13

-.
01

4

3 
M

ul
tip

lic
at

io
n

.0
81

.4
84

.0
38

.3
69

.1
32

18
1

.5
94

-.
 1

57
-.

 1
66

4 
N

um
er

at
io

n
.2

04
.0

68
.2

93
.3

69
54

3
.4

79
.

16
0

.2
03

.4
89


