
ED 039 120

AUTHOR
TITLE
INSTITUTION

SPONS AGENCY

PrPORT NO
FUPEAU NO
PUP DATE
NOTE

EDt'S PRICE
DESCRIPTORS

IDENTIFIERS

ABSTRACT

DOCUMUTT RESUME

24 SE 003 898

Bolvin, John O.
Variability of Pupil Achievement in Mathematics.
Pi+tsburgh Univ., Pa. Learning Research and
Development Center.
Office of Fducation (DHEW) , Washington, D.C.
Cooperative Research Program.
WP-4
PR-q-0253
Feb 66
15p.

EDPS Price MF-$0.25 HC-$0.85
*Academic Achievement, *Elementary School
Fathematics, Geometry, *lic9ividualized Instruction,
*Instruction, *Mathematics
Individually Prescribed Instruction

Peported is a study in the Oakleaf Elementary School
to test the pothesis that variability of achievement within a
particular grade approximates the number of years the pupils have
been in school (e.g., in the third grade, a spread of three years is
expected) . Data were collected and analyzed regarding range of
achievement prior to instruction under IPI, units mastered on
placement tests, units mastered after one year of instruction under
IPI, range of. I.0. grades, and range of achievement after two years
in the program. The data supported the hypothesis stated above. (PP)



V
A

R
IA

B
1L

t

0

F-
if

:L
IP

IL
,

U
 S

D
E

P
A

R
T

M
E

N
T

 O
F

H
E
A
L
T
H
.

E
D

U
C

A
T

IO
N

 8
 W

E
LF

A
R

E

O
F

F
IC

E
 O

F
 E

D
U

C
A

T
IO

N

T
H

IS
 D

O
C

U
M

E
N

T
 h

A
S

 B
E

E
N

 R
E

P
R

O
D

U
C

E
D

 E
X

A
C

T
LY

 A
S

 R
E

C
E

W
E

D
 F

R
O

M
 T

H
E

P
E

R
S

O
N

 O
R

 O
M

A
N

I/A
T

M
 O

R
IG

IN
A

T
IN

G
 IT

P
O

IN
T

S
 o

r 
V

IE
W

 O
R

 O
P

IN
IO

N
S

S
T

A
T

E
D

 D
O

 N
O

T
 N

E
C

E
S

S
A

R
IL

Y
 R

E
P

R
E

S
E

N
T

 O
F

F
IC

IA
L 

O
F

F
IC

E
 O

F
 E

D
U

C
A

T
IO

N

P
O

S
IT

IO
N

 O
R

 P
O

LI
C

Y
.

-4
1
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VARIABILITY OF PUPIL ACHIEVEMENT IN MATHEMATICS

John O. Bolvin

There is considerable evidence to support the assumption that

pupils in a given grade achieve at varying levels in the same subjects.

One hypothesis for which supporting evidence is available is that the

variability in a particular grade at least approximates the number of

years the pupils have been in school (e.g., in the third grade one

would expect a spread of three years in achievement.)
1

'

2
These results

are generally reported for graded schools in which zhe materials, text-

books, school structure and pupils are graded.

Prior to the implementation of the Individually Prescribed In-

struction program in the Oakleaf Elementary School in September, 1964,

the students attended an elementary school which was organized as a

graded school. The results of Metropolitan Achievement tests in mathe-

matics administered to these students in May of 1964 are reported in

Table 1. This table will give some indication what the variability

was like prior to introducing IPI.

11MIMMI101111111.01....wrIM

1
Foster E. Grosnickle and Leo J. Brueckner, Discovering Mean-

imulLipArithp__.etic, New York: Holt, Rinehart and Winston9 1959, p. 373.

2John I Goodlad and Robert H. Anderson, The N2amago Elementary,
School, Revised, New York: Harcourt, Bract and World, Inc., 1963, pp.

ri-37



Although the N's are small, the range of scores does seem to

follow the general principle for variability of students in a given

subject. However, caution must be taken when attempting to general-

ize from the information reported here. Any one form of a standard-

ized test is typically developed use at one or two grade levels.

For example, a first grade level test covers content that is appro-

priate for typical first grade students. Variability of scores on

such tests then represents variability in how well pupils have mas-

tered what is largely first grade content. A grade equivalent of 3.1

on a first grade test means that the student is doing as well as the

average beginning third grader in his command of first grade content.

This type of information in terms of grade norms does not provide in-

formation about student knowledge for a continuum of achievement.

But, keeping this limitation in mind, it still indicates that there

is evidence to support the assumption that any educational endeavor

to be maximally effective must provide for this variability of achieve-

ment. This is one of the objectives of the IPI project.

Two questions were posed with the introductIon of IPI related

to variability: (1) If achievement tests are developed to measure

student abilities in terms of a continuum of achievement, how much

variability exists? And, (2) If instructional conditions are created

to adjust to these differences, what is the effect of this instruction

on average class attainment and variability? During the planting

stages of the project it became evident that some sort of measures of

educational achievement, other than standardized tests, must be



developed to measure mastery of content for diagnosing pupil weaknesses

and competencies in each of the categories of mathematics. A series of

placement tests were developed for this purpose. These instruments

were administered to all students in the Oakleaf Elementary School

prior to the introduction of the IPI project. Tables 2 and 3 present

the results of this testing.

In relation to the first question, these data seem to indicate

that for each grade there is a variability of achievement in mathema-

tics and that this variability increases as the number of years in

school increases. However, we have not yet established any norms to

determine just how many unit, correspond to a year's work, therefore,

it is impossible to check the hypothesis stated earlier concerning

variability and number of years in school. Of particular interest

in Table 3 is the overlap of students of the various grades. For in-

stance, at least one studen, in grade three has mastered as many units

in mathematics as have students in the fourth and sixth grades. Also,

the more advanced pupils in grade four have exceeded the mean achieve-

ment of grade five, and, similarly, the more advanced fifth graders

have exceeded the mean achievement in terms of units mastered of the

sixth graders. This evidence tends to support the need for IPI at the

same time giving necessary information about the placement tests them-

selves.

A second finding from the results of these placement tests was

that there was considerable intra-individual variance even within the

one subject of mathematics. Of the twelve areas of mathematics measured

3
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by the placement tests it was found that the i4tra-individual variances

increased with the number of years the student was in school. An emm-

ination of the information presented in Tables 4 and 5 illustrates this

variability.

In reference to the second major question concerning variability

and effect of individualized instruction, it way; hypothesized that pupils

involved in the individualized instruction program would exhibit greater

variability than pupils involved in a graded program. To test this hy-

pothesis data concerning pupil variability in achievement prior to and

after one year of involvement in the IPI program were collected and ara-

lyzed. Tables 6 through 11 give the placement test results in mathema-

tics in terms of units mastered by students in each grade at the begin-

ning of the school year in September, 1965. Table 12 is a summary of

the information from Tables 6 through 11. This table reports the average

number of units completed and the variability of units completed by grade

after one year of IPI. To compare these results with similar students

from a graded program these results were compared to the results of place-

ment for the Oakleaf students prior to entering IPI in 1964.

In order to determine whether or not the classes representing

the various grades were similar, the IQ's of the students are reported

in Table 14 which gives the means and standard deviation of IQ's of all

pupils involved in the program from the beginning by grade. An analy-

sis of the means and variances for each grade in 1964 to 1965 indicates

no significant difference for the grades for each year. For instance,

the IQ of grade one students in 1964 does not differ from the IQ of

grade one students in 1965, etc., for each grade. Teacher judgment of
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the classes involved confirmed this finding in relation to other vari-

ables such as attitude, maturity, etc.

It then seemed appropriate to compare the means and standard

deviations of achievement for each grade for the two years. This in-

formation is presented in Table 15. F ratios for homogeneity of the

two variances by grade for grades two and three are significant beyond

the .01 level. This tends to support the hypothesis under study. How-

ever, for grades four, five, and six there was i.ess variability after

one year of IPI. A more detailed study of the data and the system em-

ployed for IPI does lead to some insight as to why this would be, First,

it appears that the extreme lower cases present in these groups when

receiving conventional instruction have been eliminated with IPI. This

would indicate that when the students are given work at their own level

of learning they are able to progress satisfactorily through the mathe-

matics curriculum. Secondly, there is an assumption here that on the

average the units for the various levels contain approximately the same

number of skills and require approximately the same amount of time to

ocmplete. At this time, as Dv. Lindvall and Mr. Yeager'e report in-

dicates, we do not have rate measures to analyze the time-difficulty

problem, but as to the number of skills per unit, an examination of the

contintum in mathematics reveals that for those levels studied by the

most advanced students in the intermediate grades contain more skills

than the units at lower levels. This, however, is only part of the

answer. There are many questions related to variability that must be

studied more in terms of specific tasks rather than in terms of com-

binations of these tasks as now measured by our, unit measures.
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TABLE 1

Range of Achievement in Mathematics by Grade for dakleaf Students

From Results of Metropolitan Achievement Tests - Mayo 1964

Grade Lowest Score Highest Score Range
vilt

2 1.'7 3.2 1.5

3 2.4 4.4 2.0

4 3.2 5.7 2.5

5 4.2 7.8 3.6

6 3.1 11.4 8.3

TABLE 2

Mean and Spread of Scores in Mathematics by Grade for Units Mastered on

Placement Tests 1964

Grade N S Range

1 30 5.20 1.42 3-8

2 27 8.07 2.20 3-13

3 31 14.16 1.65 11-18

4 25 24.68 5.54 15-34

6 21 30.23 7.03 21-47

6 23 35.78 7.72 17-47

111.11116.0.11014......14*3**OWPwl.....w

TABLE 3

Range of Units Mastered in Mathematics Within Grade Levels

1964
VINIIMMUMMIIMINUMMINNIMIMPOINO

1 5 10 15 20 25 30 35 40 45 50

.....0.E10..,



TABLE 4

Placement and Units Mastered in
Mathematics by Grade Three Students

gtr.pn a)
ma ct 5 o

E-4 z 41tF)

41/ ArA

"'""eeP5.614 i)EA
Z c g4 "s4 E-4 (.4

INIMINIMINIMI
2 arnaiallaral I MN
3 111.11.MINNMS1
4 111.11 14_
5 111111.1111211111.111111111,11

6 111.11111111111.11111.11
7 01.111101112111111111111
8

9

10

11

12

13

14

15

16

17
18 IN II
19 1
20
21

22

23

24

25
26

27
28

29

30

31

mum a
a

m ma
m
a

E
.11.111.,,,...,..0.11/......... ryas

4P),

pAUriwH7cLir

OM

a
I

1,0**owleot,..011.sallI



3

3

?-4

§11 EA 0
1:3 4-10

(i) EM

4. 6.4.1.6v0

B*

TABLE 5

Placement and Units Mastered in Mathematics
by Grade Four Students
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TABLE 6

Placement in Mathematics by
Grade One Students in 1966

Number of Units

20 25 30 35 40 45 50 . $5

TABLE 7

Placement in Mathematics by
Grade Two Students in 1965

Number of Units

10 15 20 ZS

.1.41 III00.4/.PWON.11.0.1011

30 35 40 45 30 . . 53*0.1111M.11001.011110.
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TABLE 8
Placement in Mathematics by
Grade Three Students in 1065
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TABLE 9

Placement in Mathematics by
Grade Four Students in )065

Number of Units
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TABLE 10
Placement in Mathematics by

Grade Five Students in 1965

10 15 20

Number of Units

25 30 35 40 45 50 . . . $5
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TABLE 11
Placement in Mathematics by

Grade Six Students in 1965

Number of Units

20 25 30 35 40 45 50 . 85
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Grade
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TABLE 12

Mean and Spread of Scores in Mathematics by Grade for Units

Mastered on placement Tests - 1965
MMI Yeas*IIMAII.041.1001,0104.m.waacIvelalsoml.pleml.*

Grade N X SD Range

IIMPININOINNOLipi..,...

1 32 8.15 1.26 7-13

2 30 15.86 3,94 8-24

3 27 ',:1.63 4.52 14-32

4 27 26.40 3.49 21-38

5 25 31.96 4. rot 22-42

6 21 36.85 6.31 26-48

011W.O.A NO01111...
*MAN. 00......./1***

....... .....pm....

TABLE 18

Range of Units Mastered in Mathematics Within Grade Levels

1965

5 10 15 20 25 30 35 40 45 50

011,111.1111000.01.1



TABLE 14

Mean and Spread of IQ 6cores by Grade

............{
Grade

1964 1965*. N X SD Range

K 1 31 120, 54 15.20 83-145

2 2 30 114.46 12.42 79-332

2 3 28 111.11 8.09 94-133

3 4 27 1:19. 96 10, 60 98-138

4 5 25 117..12 9, 93 92-135

5 6 21 115. 85 12. 22 84-132

6 23 112. 08 16. 46 62-132

001.1..*00 .0*./

TABLE 15

Comparison of Means and Standard Deviations of

1964 anu 965 Mathematics Achievement

***I. *
Grade 1964

X

1965
SD SD

1 5.20 1. 42 8.15 1.26

2 8.0'7 2.20 15.86 3.94

3 14.16 1. 65 21.63 4.52

4 24. 68 5. 54 26.40 3.49

5 30.23 7.03 31.96 4,81

6 35.78 7.'72 36..85 6.31

11.".....0.M.1100.1.111MMOMMO.1


