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wTHE INDIVIDUALIZATION OF MATH IN GRADES FIVE AND -SIX:
AN EXPERIMENTAL PROGRAM'

 OVERVIEW
The emphasis npon "new math'" during the past decadc has cauSed
many changcs in ‘instructional materlals, ‘content, and tcaching
methodology. However, when pupil outcomes were evaluated, it

became evident that a number of learners were experiencing d1f-.

e

ficulty in the area of eomputatlon. This very problem has also
been evident in the sixth grade math scores 1n thc Unlondale
Public Schools. While many argumeﬂts can be generated which
downgrade the 1mportance of computational skill, most of these

are inherently faulty. For the foreseeable future, the fa0111tx

RN
»”

to add, subtract, mult iply and d1v1de will be advantageous
to students. It is'not enough that students have only a con-
ceptual base in math. Consequently, this experimental program
was developed to stress computatlonal skllls. In addition, the
program which was implemented 11 September of 1974 provided a
vehicle for the teacher to embark on the process of individual-
~izing the_math curriculum. Such a process requ1red the selectlon
of materials "which provided for core "jinstruction, recycllng for
additional skill development, and enrichment for more advanced

pupils.1

' {Sce Figure.1l for the core lesson format.
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Figure 1
Sample Page

_ 3 The Learning to Read Booklet
Corc development lesson . can be used with pupils in
for all pupils using . groups 1-2-3.
this text. ' '
: ' ya g:)Fixst operation of new
----------------------------- : ' concept or whole group using
PR the cxamples from the core
T e ‘ 7 development lesson.
. Pupils above core level
43"'_—5:)shou1d_be spun off to do -
workbook material indepen-
. dently.
S:)Utilize non-core material
< in text for above level
| < b pupils. Allow pupils to
@ __} ’ work in groups on a peer
se the individual-""| ' . teaching basis. ‘
jzed Lcarning Labs ) . . . : .
(ILL) for recycling ' §:>Use the 50 Spirit Master
pupils who need 4\ . < lessons for independent work
more practice in _ for below level pupils.
a particular Usc_ghe Taking Aim booklet for o
skill (designed sifall group or independent work -~
for pupils below for below level pupils. This
level). will give instruction in back-
ground skills for core lessons. .
Materials - : . o . .-
The materials selected for instructional usage in the implementation. -

of this experimentdl program were the "Mathematics\{ggget System" (MTS), a

modular instructional system. This system fulfilled the need'créated by

the individualization process since it offered severn instructional components .

[~

which could/be utilized to meet the needs of each pupilz.

ec Figurc II for an analysis of the seven components. .

e




Figure II [
The Structure of MI‘S

! I oeoad ’ ' at

. Student Textbooks: Nine non-graded basis texts de51gncd tobe .
. - , : used independently in conjunction with a varie
{ Mceting o of supp]cmcntary modulcs listed below. N
o . Workshcetgvé Workbooks: Duplicating-masters and. studcnt books designe

provide learners with practice and review.

- Individualized Learning Lab: Kits of 1nstruct10na1 cards, practice exerciser|
g and mastery tests for use.as recycling materia

.. v to insure skill and Concept mastery.
Placem=nt Tésts: IR Test designzd’ to pIace a learner at an approp-
' " ~ riate level at the beginning of the year. :
Chapter Pre-Tests: ' Test for use before each chapter or before eac!

‘section designed to help determine.which
objectives should be emphdalzed for certaln

learnqts.
Mastery Assessment Tests: Tests desvgned to determine owdh student'
- mastery of objectives in specific lessons. -
- ~™ Development Assessment Tests: . Test de51gned to evaluate the learners growth
after completlng a chapter or section. 3
Helpiﬁg ? Taking Aim: . a Booklets desxgned to prepare learners for math.
/. | concepts and skills met in each chapter of the
- ' basic test.
Learning to Read Mathematics: Booklets designed to teach readlng skills
A . . particularly relevant to reading the 1anguage
Lo v . o . of math.

Approach to Instruction

The MTS materlals offer two alternatlves in classroom 1notructlon. One
approach is the 1nd1v;dua112at10n of instructicm in which every pupll is
guided through a sequence of testing, evaluatlon, and instruction according

_to 1nd1v1dua1 ability. The experimcntal program followed the approach

outllncd abovc, but also allowcd opportunity for both small and large group
instruction, the second alternatlvc prOV1ded by MTS. 1In either case, the

teacher utilized all the managemcnt tools of MTS . o i

. -, v

— . ) J
Eﬁkg>cc Figure ITI for the Instructional Scquence. E .o e

P ‘.
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FIGURE III o 3
. | | INSTRUCTIONAL SEQUENCE
£,

Learner

|

Screcning for level
placcment test T

A\’

‘Preassessment
Test on Objective

Chapter Placement Tests
—t
. . o b
A Variety of Learning Activities A .
Basic Text: Taking Aim; Workbook; . 3 ’
Learning to Recad Mathematics é
! None-Core - Core ) 5
i ; | Materials . Materials 3 .
Core Introduction : S
and Development
Assessment
: Reteaching Materials
. : . Individualized Learning Lab
. . . c
=)
4]
| q
. , unsuc- | Cards, Worksheets o
Core Mastery | cessful, v
. =
Asscssment Postassessment ‘
Individvalized Learning Lab
r v L : Mastery Test
Preasscssment -
Test on New Objecctives _. Successful

6 . | .




Research Design.

Hietoriculiy, administrators and classroom tcachcre have
'ehangcd curriculum objectives, instructional materials, and
teaching stratcgics without designing or adobtingla mcthodology
“wherceby the results of, such changes could be obJectlvcly evaluatcd
Where ,the rcsultsgof such changcs were cvaluatcd it was usually
on the' sole basIs of pup11 cognitive achlcvemcnt. No considera-
tion of’ pup11 attltude was apparent |

The ‘research design utilized by the writers in this p?ojcctw
‘was a conscious attehpt to overcome both of,the-historical'Weak-
nésses of classroom research pro;ects.‘ The study utilized a control
and an . cﬁperlmental group of pupils and both groups werc preétested
and postitested "for cognitive learning (pupil achievement) and
attitudg towvard the subject hatter. |

Th¢ control. group was composed of the fifth and sixth gradef
‘pupils 1t California Aﬁenue School. Thiﬁ scheol was chosen since
its pupil pcpulation was atawn from a socio-economic area that
approximated that ef the ghpils in the experimental group—;Walnut
Strect School. It was,'thereforc assumed that the pupils in the
control and expcrlmcntal groups would not dlffer 51gn1f1cant1y in
math achlevemcnt or attitude toward math This assumptjidn was
- tested to verify that no significant differences didﬁi,'fact exist.
Thc results are detailed in the following paragraphs.and tables.
Since‘attitude tests rércly have a high reiiability,,cspecially

for elementary school pupils, the writers decided to utilize two

such tests.so that the initial assumption could be morc rigidly
“ : .

cxamined.




-6 -

The "Pupil Opinionnaire,"4 Form A, was used as a pretest
measure of pupil attitude toward math. This attitude question-

naire employs a scemantic differential technique as shown in

Figure IV.
SAMPLF ITEM FgégUEgU%¥L OPINIONNAIRE"
TAKING A MATH TEST IS
Very: Sort of: Neither: Sort of: Very: |
Bad . ' ' - i Good'
Hépby o o ' ‘ Sad

1
L

The staeistical procedure chésen for the analysis ef»data'de-,
rived from this oue;tionnairebwas the Chi-square test. The five
‘p01nt scale of the opinionnaire was collapsed 1nto three cells for
. the purpose of analysis. . The, 1nten51ty d1men51on represented by
the threc cells was '"very positive," sort of positive,'" and '"not
ppsitive.ﬁ The results of this analysis are reported in Tables I

-t

and.II.

t

"

4The "Pupil Uprnlonnalrc" was developed by Eugenia S. Scharf in
1970 and published by Rescarch for Better Schools, Philadelphia,
Pennsylvania.
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TABLE 1
COMPARISON OF PRE-TEST SCORES FOR CONTROL °
AND EXPERIMENTAL GROUPS ON THE "PUPIL
: OPINIONNAIRE" -- GRADE FIVE
: . Sign.
ITEM - o df. X " at
Taking a Math Test is: GOOD-BAD o 2.833 NS
Taking a Math Test is: HAPPY-SAD 2 5.661 NS
Doing Math is: GOOD-BAD . . 2 s.337  _ NS
' Doing Math is: HAPPY-SAD 2 1.207 NS
My Math Class is: GOOD-BAD 2 1.636 NS
My Math Class is: HAPPY-SAD .2 .132 NS
TABLE iI
COMPARISON OF PRE-TEST SCORES FOR CONTROL
AND EXPERIMENTAL GROUPS ON THE "PUPIL
" OPINIONNAIRE" -- GRADE SIX
: e . _ Sign.
ITEM , ' Cdf. x?2 at
Taking a Math Test is: GOOD-BAD 2 1.215 NS
" Taking a Math Test is: HAPPY-SAD 2+ .369 _NS
Doing Math is: GOOD-BAD 2 2.100 " NS
Doing Math is: HAPPY-SAD 2  1.379 NS
My Math Class is: ' GOOD-BAD 2 .155 NS
My Math Class is: HAPPY-SAD 2 1.572 NS

On. the basis of the analysis of the results from the "Pupil
Opinionnaire, it is cvident that no significant differcnces in math

, & ] -
attitudc prevailed between the control and thé experimental groups

of lecarncrs on the basis of thec thrce concepts tested. As can be

Q . ) . 9




seen from Tables I and II, cach of the thrce concepts was tested

by mecans of .two pairs of bipolar adjecéives~-good-bad; happy-sad.
The second instrument used by the writcrs to test the similar?

ity of attitudc between the two groups was ‘the "Attitude Toward

Mathematics.“5 This test is a series of_twcnty-two short stafé-

ments abouf math and rcduire only a 'yes'l or “no" rdsponsé from

the pupil. Each "yes" response is then ‘scored according to a

numcrical value assigned to each pO;lthG response. The difference

in the mcans for the control and experimental groups were then

analyzed by using the two-tailed t-test. (See Table III.)

"TABLE III

COMPARISON OF PRE-TEST SCORES FOR CONTROL AND
EXPERIMENTAL GROUPS ON "ATTITUDE TOWARD MATHEMATICS"

............
"~

Control Experimental  T-Score df. Sign.

Grade . . ) X X at
Grade .5 | - 6.3 6.5 °  1.000 ©  Ns
Grade 6 6.1 6.1 .000 oo NS
2 e & 4 = e . 0= N ’ . » ) ) ”

The data in Table III indicates that on the second attitude test
the learners 1n the control and expprlmental groups were not signifi-
cantly different. On the ba51s of the results of the two attltude
tests, the writers concluded that no 'significant attitude differences

prevailed between the two groups. , ' N

In order to test the assumption that there werc no significant

differences between the two groups in math azchievement, the writers

SThlb 1nstrumcnt was given to the writer by Dr Larry E. Frase who
had utilized it in a rescarch project with sixth gxaderq in Mesa, j

Arizona.

~ 10




pretested both groups by means of the Stanford Achicvement Test -

Form 4. This test gave the writers data on threce areas in math:
computatlon, concepts and applications. Table IV shows the results

of tﬂe analysis of data derived from those tests.

TABLE 1V

COMPARISON OF PRETEST SCORES FOR CONTROL AND EXPERIMENTAL
GROUPS ON THE ”STANFORD ACHIEVEMENT TEST"

Control - Experimental - Sign.
/']Gfade . X X T-Score df. at
" Grade 5-Computation 4.5 4.7 1.667 o NS
. Grade 5-Concepts 5.2 5.8 2.727 oo a1
Qragb S-Applicatiéﬁs 4.9 5.2 .625 o0 NS
Grade 6-Computation 5.2 ' 5.6 2.500 o .01
Grade 6-Concepts 6.0 . 6.6 : 2.727 co .01
-Grade 6-Applications 6.0 6.3 1.250 CcO NS

t

N

e

The results of the analysis of the data (Table IV) indicate that
in grade five the two groups were significantly different in one of
the thrce sub-tests of math achlevement In the area of math concepts
the fifth grade pupils at Walnut Street School were 51gnlf1cant1y more

advanced than their counterparts at California Avenue School. In

_grade six the pupils at Walnut Strect School were significantly more

advanced in both computation and concepts'than were the California
Avenue pupils. r .

While these results were not in total accord with the writers
initial assumptign, the cxperiment was allowed to continuc and the

posttest analysis will indicatc how this difficulty'was taken into

account.

11
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At this point it is cssential to poiﬂt out several cvents:
which made the evaluation of the cxpcrimental program very difficult,
1) The administration of the confrol school was not highly |
coopcrative in terms of the pretest situation. One of the
administrators from the experimental school was required -
tb be present at the control school during testing to in-:

sure proper testing procedures. Even with this safeguard,

the administration of the control school permittqg the
destruction of two additional attitude surveys by the

building's union fepresentative with its lack of careﬁul

test monitoring. At lcast one of these sufveys would hgve
permitted'én analysis of the pupils' reaction to individual ’
math ;1asses. An analysis of such data wouid serve to |
determine how much the environment'of a classroom affects

the actual cognitive achievements.

2) One teacher at the experimehtal school had some initial
difficulty in utilizing the components of the MTS materials
with a_group'of very slow learners. When this difficulty .
became known to the junior and senior high school math
departments, three of their tcachefs spent much time sending
memoranda and otherwise interfering in the oﬁgoiﬁg EXperi;-
mental program.

3) One of the administrators'at the cgntrol s hool designcdﬂa
management objeétive which recquirced the careful monitoring

of the math ﬁrogram in the control school in relation to

the District's math objcctives. This carcful obscrvation
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of the control schooi's math program,”while highly worth-
whilc and commendable, must be considered in the analysis
of posttest scores. |
Bach of the factors cited above hclped to destroy a truly cxberl-
, mcntal control group rCscarch design. | The?efore, the followlng
analysis of posttest scores must be V1ewed‘in'1ight_of these three

N
b

factors.

!
i

The posttest attitude scores were analyzed by comparlng the

control and cxperimental groups by means of the chi-square and
t-test. The achievcment scores were analyzed in a twofold mgnner.
First, the posttest scores were analyzed in terms of a comparison
of the control to ‘the cxper1menta1 group and secondly, the expected
posttest and ;ctual posttest scores within each school werc compared
and analyzed. 'Both®types of aﬁalysis were by means of the two-tailed

. t-test. | . |

~Form B of the "Popii Opinionneire"ﬂwas administered to both the

control and experimentaltgroups as a ﬁeans of assessing any signifi-

cant math attltude change The results of the analysis of these

scores are shown in Tablcs V-VI.

TABLE V S -

COMPARISON OF POSTTEST SCORES FOR CONTROL AND EXPERIMENTAL
GROUPS ON THE "PUPIL OPINIONNAIRE" --GRADE FIVE
‘ R : . . Sign.
ITEM - - . af. X2 -+ - at
‘Taking a Math Test is: GOOD-BAD 2 2.322 NS
Taking a Math Test is: HAPPY-SAD 2 12.292 .01
Doing Math: 1;.' GOOD-BAD 2 7.983 .02
Poing Math is: HAPPY-SAD. 2 21.444 0001 13
v Mqth Class is: GOOD-BAD 2 2.266 NS
; Math Class is: HAPBY-SAD 2 11.944 .01

L S —
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TABLE VI o
COMPARISON OF POSTTEST SCORES FOR CONTROL AND EXPERIMENTAL
GROUPS ON THE "PUPIL OPINIONNAIRE" -- GRADE SIX

ITEM R | df. - x2 "aEn
Taking a Math Test is: ' GOOD-BAD 2 17,692 .001
Taking a Math Test is: HAPPY-SAD d 2 9.182 .02
Doing Math is:  GOOD-BAD ' 2 3.254, S
Doing Math is: HAPPY-SAD 2. 5.635- .06
My Math Class is: GOOD-BAD 2 9.329 .01
My Math Class is: HAPPY-SAD 2 9.862 .01

The anaiysis of the data as shown in Tables V and VI indicate
quite conclusively that the use of the MTS math program with Fhe
experimental group resulted in sigrificant differences from the
students involved in the control group. The students in the exjaori-
ﬁentéi group exhibited a more pdsitive attitude toward math on five
-or six variables at cach grade level than'did those pupilsAin'tHe
control group. | | |
. The writers also utilized the second mafh attitude instrument,
vAttitude Toward Mathematics' to verify the f;ndings from the initial

posttest attitude instrument. Table VII shows the comparison of the

control and experimental groups on this instrument.

TABLE'YIIVV

COMPARISON OF POSTTEST SCORES FOR CONTROL AND EXPERIMENTAL

GROUPS ON. "ATTITUDE TOWARD MATHEMATICS" 14
s . . ) l

~ Control Lxperimental o Sign,
GRADE . X . X T-Score  df. at |
: X o ' |
Grade § ° - 6.1 6.7 © 4,000 9 .00
|
i

Full Tt Provided by ERIC.

Q _ . ;
ERIC  grade 6 - 6.1 . - 6.4 1.765 co* .07
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‘The results of the scores on the "Attitude Toward Mathematics"
show that the cxperimental groups of pupils had a much more positive
-attitudé to&ard mqth than did the pupils in the control group. A
check of the pretest and posttest means of ‘the controi and expcri;
mcntallgroups indicate that in grade 5 the control group means

declined from 6.3 to 6.1 while the experimental grooup mean rose

from 6.5 to 6.7. In grade 6 the control’ group mean remained

constant. at 6.1 while the experimental ‘group mean rose‘from 6.1 to

6.4 .

The posttest of math achievement utilized the Stanford Achieve-

ment Test, Form X. Tables VII - X indicate the results of the two-

fold analysis of thesec-scores.

-

TABLE VIII

COMPARISON OF POSTTEST SCORES FOR CONTROL AND EXPERIMENTAL
GROUPS ON THE "STANFORD ACHIEVEMENT TEST"

. Control Experimental ' Sign.
" 'GRADE ' T-Score df. at
Grade 5-Computation 6.5 7.4 4.500 €0 .o001
Grade 5-Concepts - 5.8 . 7.1 6.500°  ©OO° .0001
Grade?S-Applicﬁtions 5.7 . 6.9 . 5.455 <O ,0001
| Grade%6~Computation | 7.5 7.4 .385 OO Ns
" Grade 6-Concepts— 6.9 - 7.0 - .385 0o NS
Grade 6-Applicafions . 6.1 7.4 1.000 o NS

The data analyzed in Table VIII show that the grade five pupils
in the cxperimental group made significantly greatcr'prdgress during

‘the school ycar'than did the control group. ELven in thc arca of

“concepts", which was significantly differcnt on the pretest, showed
! ’ . .

1
S
4
o
3




O S

- 14 -

,

showed greater growth. While the groups were significantly dif-
fcrent on the pretest (.01), thc posttest indicates a siguificant

difference of .0601, B £

TABLE IX

IMPARISON OF EXPECTED AND ACTUAL POSTTEST SCORES FOR
THE CONTROL GROUP ON THE "STANFORD ACHIEVEMENT TEST*"

[
& /

Expected Actual

‘ Posttest- Posttest | Sign.
Grade - X X - T-Score df. at -
Grade 5-Computation .. . 5.4 ' 6.5 10.000 SO  .poo1
Grade 5-Concepts - 6.1 5.8 2.7217 ©9 .01
Grade 5-Applications 5.8 5.7 .769 ©o NS
Grade 6-Computation 6.1 7.5 8.235 ©O 0001
Grade 6-Concept; 6.9 6.9 .000 e NS
' loge

rade 6:-Applications 6.9 7.1 1.176 NS

‘The-"expecfed" posttest score was derived by édding .9 years to
the actual pretest mean for each of the threé areas: computation,
concepts, and-applications.This figure répresented the number of
months pf.actual instruction in mathematics. ﬁhile the grdde five.
control group gained significanfly beyond their expected ppstteét
score in the area of computation, they were significantly below
their expectedbgain in.math concepté and showed no significant dif- °
ference in terms of math appliéations‘- |

The'sixth’grade contfoi group also made significant gains in

math computation but showed no significant gains in math Eoncepts

or applications. ..
. A

These results can be better understood if the recader rccognizes

that the District math curriculum emphasized spending an additional
: . . ‘ _
10
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. scventy-£five (75) minutes per week on computational skills and
that one of thc administrators at the control school did, in fact,

carcfully monitor thc math program as was prcviqusly mentioned,

TABLE X ' .

COMPARTISON OF EXPECTED AND ACTUAL POSTTEST SCORES FOR THE
EXPERIMENTAL GROUP ON THE "STANFORD ACHIEVEMENT TESTS

’
s,

Expected Actual

GRADE Posttest Posttest T-Scoré df. Sign.

: _ ' X . ‘at
Gradc S—Computation,. 5.6 | 7.4 '11.250 ©° 0001
Grade 5-Concepts - B 6.7 7.1 ~ 2.500 OO 02
GraQe S-Applications 6.1 . | 6:9 ’ 4.706 .Cﬁa .0001
Grade 6-Coifputation 6.5 7.0 2500 ©0 .02
Grade 6-Concepts 7.5 7.4 .500 ©O - NS
Grade 6-Applications 7.2 7.4 7853 OO NS

The information presented in fable.x shows that the fifth grade -
experimental group madc significant gains inicomputation, concepts,
and applications. The fifth gfade experimental group'shdwed signif-
icant gains in concepts and applications while the ‘control group
failed to make cven the expected .9 years gain in thosc two arcas.

- The grade six Lontrol and experlmcntal groups both 51gn1f1cant1y
excceded their expected gain scores in computation but did not show

significant gain in concepts or applications.

. CONCLUSTONS

The analysis and intcrprectation of thc data lead to several

important conclusions. .
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2)

3)

N6 -

The stress on developing computational skill by allowing
additional time daiiy for that tagk paid rich dividends

in both the control and experimental schools. The addi-
tional time allétment together with administrative o
monitoring of the actual instruction.séems to guaranfce.
ﬁreater pupil gains. Extrapoldating from this, the writecrs

believe that administrative leadership and more careful

' monitoring of all curriculum programs would be helpful

in obtaining better pupil performance. |
While thé analysis of pre- and posttest data relative to
pupil achievement was not conclusive far the total experi-
mental.group, the dafa did reveal thqt the experimental
progrém was of great benefit to thé fifth grade pupils.
This woﬁld seem to indicate that such a program has better

benefits when utilized with students beginning at grade one

" and continuing through grade six rather than beginning

'such a program with sixth grade pupils. Walnut Street

School is currently scheduled to begin such a schedule

fin~September, 1975. . & ' oo

The comparison of pre- and posttest scores for the

attitude tests clcarly shows that the use of a mhlti?

component math system which makes the implementation of
an'individualizcé math program a‘reality serves to
improve the pupil's attitude toward the subject matter.
This concept has far reaching implicatioﬁs. If attitude
and achicvement are interrelated as supposed by a ﬁﬁmber

of rcécarchérs, then the more positive attitude of pupils

16
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in.the experimental program may well result in greater

: * . math athicvcmcnt~for those pupils in the years to come.
While the rcsearch design and cvaluation of this pilot program

were not as-statistically definitive as onc could dcsife' the

factual data arc much morc supportive of,the wrlters conclusions

than mecre conJccture about the programs worth would have been.

It is our belief that such pilot testlng of programs is an important

“first step in improving the quality of education in the pub11c schools.

7/75 ' .. 15




