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- ' FOREWORD - . e,

. . v
- . - <

Ed Begle recently relnarked that cumcular efforts during the 1960 s taught us a great deal about how to

* - teach better mathematxcs but very, little about how to teach mathematics better. .The mathematician will,

quite lﬂrely, agree with both parts of this statement. The laymdn, the parent, and the elementary schaol
teacher, however, question the thesis that the “new math” was really better than the “old math.” At best, the
fruits of the mathematlcs curriculum *“revolution’ were not sweet “Many ]udge them to be bltter.

‘While some viewed the curricular changes of-the 1960%- to, be “revolutionary,” othe;s dlsagreed Thomas C.

' O’Bnen of Southern Nllinois University #t Edwardsville recently wrote, “We have nof mads any 'fundamental

change in school mathematics.””1 He cites*Allendoeyfer who suggested' that a cugrieulym which heeds the ways
in which young children leam mathematics is needed. Such a curnculum would be based on the understandmg
of chlldren s thinking and leammg It is one thmg,-howuer’ "to recognize that a conceptual model for mathe-

matics curriculum is sound and necessary and to ask that the child’s thinking and learning processes be heeded, * .

it is quite another to translate these ideas into a curriculum which can be used etfectlvely by the ordlnary
elementary school teacher worlnng in'the ordinary elementary scnool classroom.

W 5
— .

~ . o

]
Moreover to propos¥® that children’s thinking processes should serve as a basis for ¢urriculum development |,

“is to presuppose that cumiculum makers agree on what these procesSes are. This is not the cdbe, but even if it )

were, curniculum makers do not agrée on the xmpllcauons which the ufiderstanding of these thinking processes

‘would have for curriculum development ' - .

. 1 .

In the real world of today’s elementaYy $chool classroom. where not much hope for drastic changes for the
better can be foreseen, it appears that in order to build a realistic, yet sound busis for the,mathematics curricu-
lum, children’s mathematical thinking must be studied mtensrvely in their usual school habitat. Given an
opportunity to think freely, children cléarly display certain pattems of \mught as they deal with ordinary
mathematical situations, encountered daily in their classroom. A vrdeotaped record of the outward manifesta-
trons of a child’s thinking, uninfluenced.by any teachmg on the part of the interviewer, provides a rich source
‘for conjectures as, to what this thinking is, what ment3l structures the child has developed, and how the child -
uses these structures when dealing with the ordmary concepts of arithmetic. In addition, an mtenswe 2 analysis
of this videotape generates some tonjectures as.{o the possible sources of what aduits view as children’s
“mxsconcephons’” arid about how the school env1ronment (the teacher and the matenals) i ghts" the chrld S
nat‘ural thought processes.

.

®

. ’:’ . “ - » .
The Pro]ect for the. Vlathematlml Development of Chlldren (P’VID(."‘)-‘2 set out to create a more exf‘%nswe ands
reliable basis on which to build mathematics curriculum. Accordingly, the emphasrs in the first phase is to try

" to understand the children’s mtellectual pursults specifically thelr attempts to fqurre some ‘hasic mathematx-

cal slulls and concepts N . & > N

° . - - ' . 4
.

The PMDC in its initial phase, works witlt children in grades 1 \a 2. These grades seem to comprise the
crucial years for the development of bases for the’ future learmng of mathematics, since ¥ey mathematical
concepts begin to form at these grad,g levels. 'I‘he childten’s mathematxml development is studled by means of:

1. One-to-one wdeotaped interviews subsequently analyzed by xarious mdmduals

. ~‘ ¥
’

.2. Teaching expenments in which specrﬁc variables are observed ina group teaclnng settmg with fivé\ to
fourteen children. - PR .t

- L °
- . . ]

3. Infensive obsewahqns of chrldre}m their regular classroom setting. - CEEN

[ -

4. Studxes designed to mvestlgate intensively the efféct of a particular vanable or medrum on commumca p
tmg mathematus to young children. ’ . “ e

° .

. - ’ . -~
. K . . e (Y3
. - R . o
S . e,

" 1¢Why ’I‘e{h Vlathematm"” Tie Elementary School Joumal 73 (Feb . 1973), 25&68 e 4 ":’
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5..Formal testing, both group and one‘to-one, designed to provide further insights into young children’s

# ! . -

mathematlcal knowlédge

. T A
The PMDC sta t‘ and thé Advisory Board wish to report the Project’s activities.and findings to all who are
interested in mathematical education. One means for accomplishing this is ‘the PMDC publication program ’

‘Wany individuals contributed to the activities ‘of PMDC. Its Advisory Board members are: Edward Begle, .
Edgar Edwards, Walter Dick, Renee Henry, John LeBlanc, Gerald Rising, Charles Smock, Stephen Willoughby
and Lauren Woodby. The principal mvestlgators are: Merlyn Behr, Tom Denmark, Stanley Erlwanger, Janice

~Flake, Larry Hatfield, William McKillip, Eugene D. Nichols, Leonard Pikaart, Leslie Steffe and the Evaluator,
Ray Carry. A special recognition for this publication is given to the PMDC Publications Commxttee consisting

of Merlyn Behr (Chairman), Thomas Cooney and Tom Denmark, .

— .
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. This publlcatlon lantended to.share thh the reader an mvestlganon of the relationship between.first grade J .
children’s understanding of wntten mathematical symbols and a specifically defined “teadiriess” factor based
P on verbal facility with the concepts to be symbolized. The mvestxgat:on was a dlssertaﬁon study submltted ‘to
- the faculty of the Umvemty,,of Geprgia, 1976 . o - . o .-
’ The data from the PMDC Fall 1975 Testing Program were used'in thls mvestlgatlon and the regults of this . '
ay mvesflgatxon were given to the PMDC pnncnpal investigators for possxble'hse in thelr studles . . )
: The author ot this study in indebted to the following’ PMDC pe'sonnel for their advice and support» B ‘i )
th;oughbut the study: Meriyn Behr, Tom quney, Tom Denmarks Larry Hatfield, Eugene Nichols, and Leslie ' e
g Steffe. A special debt of gratntudﬂe is owéd to the author’s major prof sor, William M(;Kllhp a principal g:% —
mveshgator for, PMDC. Thanks_are:also due Janelle Hardy and Vlana Pltner-for handling the publlcanon o!‘thls: i ;3
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Coe . An Investigation of Oral Factors in Readiness for the Mritten ‘- . ‘j
) Symbolization on Additipn’ and Subtraction. 5 ) o P
(Under the dlrectlon of,WILLIAM D: \i(‘}\ILLIP) . N L
’ v ¢ * , ¢ R ' T Lo N . .
. \ . LI .2 '\\ ‘e

This §tudy investipated chi'dren's understanding: of matHematical
v . \ v ’ - T .
foncepts, writtersvmbolizaticn of these ycncepké, and-a specifically.'*"

° . . R . .

o
.

‘défined "readiness" factor ~This readiness factor was defined as’ e

. oy . o .

. follows: W ", " ‘ o : . B
0 . \. !, R . . . 2

" Given-a topic in plementury ‘mathematics, there are sets of

o ’ N A - N . ) . . ., ’ . . :
., . wbjectives, whith indicate mastery-of the topic. Omitting '

> Y . ‘. ' Y e w '
s . . 'those objectives goncerned with readingy writing, and speed

-

N ' , N .

. ) of response, a child is readv for the. introductiom of the T

.

svmbolization of the topic when,he.pas_masgéred the -

. oW objectives of the topic verbally., perhaps with the aid of °

>

Y , M P , y .
pictures or manipulatives. <~ e , . ~F

. . . (]

-
’ .

This study is based on the assumption that written'mdathematical ,

) * B ) . ) . .
. svmhols are similar’ to written language symbols. When a student " is -

v

L 14 - .
. 12arning either” type of mebOl he must associate the symbol ‘to a . .

. - !
s . = nweaning. The language symbols are flrst d%SOClated with known sgund | . '
- T B . 1 \ ~

. ) ’ svmools. and the sound SVNbUlb arouse meqnxng 1n the mind of the rhlld

‘
o= , ¢

re It is possible that written arlthmetlF ymgzis’shOuld also first be T '

-

. i

. i
~ associated with known sound symbols. -In other words, verbal facility . ©
> L ] . . v L)

may be a'reédiness,factor for learning the written m;theyatic%% symbols. );
. R ‘ . . " . i 7 . Fy
’ i jhe subjects were 138 first. grade students at Barrow Elementary .
. \, ¢ . L Y - ‘ -7 ?' ’ o
' School, Athens, Georgia. , In September. 1975, the subjedts were, L . )
H -

- _classified as ready or not ready aqcording to scores op a readiness-test -

. . o

' \ -
based on the déEiRitiqn of readiness. The subjects were paired by means
4 in ok > ] P

. » - ) o * . - * ' ‘
EMC —' ‘. g . ” : ‘ ! 3 '
. S ! ’ . '

-
B -
- . [y




- of the readiness test s.ores and Key Math Tegt scores. This resuleed
t .‘ . .J‘ . . ~ s ~
in eleven pairs of not readv subjeats ind eight'pairs of ready.subjects.
. . . . - . < . . . . [y

»f each:'piir was ‘randomly assigned to amr immediate s¥mboli-

\
One mEmbeE ¢
. - 4

. ) - ’ ' . ' . »
zation group and thc'ughcr member assigned to a delayed symbolization

—

<« ¢ . . , ‘¢
group.. - . ° _ <ot
’ .. All subjeégs received 12 WBeks of instruction in introductory ‘
N Lo T T ' - ’ AR S
l\_! , aJQ}tion and subtractieh. The immediate symbolization groups oﬁ both T
[ readv and not ready,subjects experiented i treatment in which written N

svmpolization was introduced simultaneously with the _oncepts. The ‘
. . ¢ f v . - \' Lt . .

4 . . . e, - . .y

delaved symbolization of ready subjects experienced a treatment .n which

Y b

‘ "written symbolization was delaved for five weeks. The delayed svrooli-
. « .

.. ' ization group of not ready-subjects e'xperienced a tredtment Ao which

) A . wosseen symbolization was delayed intil each subject was judged t> he. *
- - - » .

|

rezav on the basis'of the above definition. - . ) - l
K N i [ . } / . > ‘

|

{

. -

, ® ‘ . ‘[v . —; \.
‘ f\\?terpnet, produce, and stdte angwers to number sentences. A_student's

. .. , » , s y ‘. L e 0y s .
} S .A posttest was desipned to measure the subject's ability td .

. ) < . g
» meaningful learning of the symbolization of ‘addition and Subtraction was
’ . * “’ . ‘ * &> fﬁ\ . ) A »
de%ined in terms of the subjec&'s ability to produce, irterpret, -and

«

P .

I oz
state answers td number sentences. Thus phe.posttest was a measure of
> L]

-

s P
. . - N . ,
.

*a subjects meaningful learning of written symbolization. - . -
. 4 - °

<
’ - N

‘ " The scores of the not ready subjects %n the delayed symbolization
group were significantly higher, a =..05, oh the intérpretation section
. - N ’ ) - ; . .
+of the posttest and were.significag&ly highe®, m = .10, on the produc.icn -

’ - ¢ !

. section of the posttest then the scores of-thé not ready.subjects in the .
* . - -, ST N . SRR . v .
' " immedidte symbolizatton sroup. There were no significant diffarences .

n

. N , .
& . . .
- . between the scores of these two groups on the answer section or between

?
any of the posttest scores of Tready subjects. .
a < 2 SHRl . .

y ' - }‘H,. :




usions

- * . .

« S )
(1) Children's readineds, as defined above, does not =ffect

R ] & . ~ 3
_ready student's meaningful learn%ng of the 'symbelization of addition

. . o tt N »

. . . . 4
’ N §

. and subtraction. . "k'

? 2

.62) A delay of symbol%iation may cause ready stgdfiiijio become

A3

-

boréé. thus affecting the.ﬁfflciency of learning. ) - )

. ® s e
o {3) Children's readiness, as defiggasabove, affects not Yeady -

‘ . . -~ . / . . '
students meaningful learning of the symboiization'of addition and ' -

«
.

subnlact}on. The learning is moré reaningful if the symbolizatiom i%

, delayed -until the students are véadve .- R LN
- - ., '-- " . . .
(3) The deiay ot sym;XLization for not ready students facilitated .-
. \ . ) O g
: : N
learning® L YO !
)~ o

s .
.
Al

- s .“ « ’ LR
Tadex worts: Readiness, Symbolization, Oral Language, Addition,

I B Sabtraction. -
. v .
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, S N o= i T . ' ' ST |
. ' . THE PROBLEM : ’ " L

! . ! (\ : AN ‘ . ) ' i ’ / ' 9 e
Thy purpose. of tgis study was to investigate the relat1onsh1p ) .

1 «

.2 . ‘ ’ - |
- e . . . .. |
-1 ameng children's underﬁtan§1ng of mathematical contepts, written symbol- .
‘ * . ) .
|

. - - e A .
- . - . » N i ‘—- 3 .
ization of these concepts, and a well’geflned "readlness" for‘wrltten L
, - = # . D% . ' |

SV"bOllZdthﬂ based on gs*bal facility w1th.the cgncepts to be sym— N '

. . e

Id ’ J - l
bollzed It was hvpothe51zed that read*nesg* q «wrltten symbollzatlon, <.

! . ] v \ . 3
- rs M LIS

" ' 4” as deflned would 1nf1uence the coursé of’ learning and ;he suceess of
ot *- - X , ' * . \’ ’ . X
P » . { . .
v ]
|
!
|

-
S T

N ‘ instrwftion. i or@gxﬁﬁe Fest this gengral.hypqthesié,‘a study,was
. UL - A .

".designed at the first grédéflevel %n%&izing the-lgarniné of additibn

L] “ - . "
y \ ‘ M ' .

, . . »

and subtrxction concepts for small whole numbers ‘and the symbols that - 2
. A s p; . \‘ - - 3 B VN . "f
express them.  TMhere.are a number of factors which must be discussed in S

. ¢ N ’ " ' . S ¢/
<y - - . o 3

| presenting the ratlonale of the present study . . ' P
- ' Y
v 0 - . e

Prlor to the oroanlzatlon of the study, the 1nvest1gator

<
-(\ . . ¢

. examined errors chlldren make 1n elementary mathemat1CS. In partifular,
= c . h » 5 '

FE ., errors we;e notlced 1n whldh chlldren seemed to be manipulatlng symbols o

. ‘? k)
. according to their own rules. The investigator felt that.while/some of

/ . . N . . A A . - -
- the errors children make in elementary mathematics are a résult of ladk%
. - & “ P . - ~ . &7 .
of understéhdipg of the mathematics itself, oghgrs'seem to be the,result
¢ e T o L ' ]
+ of cOnfusiqn.associated?ﬁith the ‘written symbolization of the mathe- - A
- - . . . N R :‘1 « v‘ <
Yo ~ . e < - ! ' .
& matics. This source of error could be seen in mistakes children;mgde ! e
. . . . , . _\ \ R , .F
when working with the written forgs of: problems they could correctly

Aruitoxt provided by Eic: . X . e -
’ v
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N 5

solve when the problems were done verbally. It is possible that ‘the

*

. {
writterr symbolization did not have associated with it the meanings,

utilized by the children-when working~verballf. s .

- &

.

_A child's readiness to learn a topic should always.be considered -

-~ LTS

before the introduction of the topic. However, a child's readiness for

learning_tbe Qritten symbolization of the topic, not readiness for

e
» ‘1.\%

learning the topic, wai the main focus of the present study. ‘'Readiness

!

can be defined in terms ot a child's prerequisite learning, his matura-
. .

) s -y
tional stage, and his motivation to learn. .The present study was
¥ 4 ﬁ

N

designed to invest igaté readiness defined by hypothesized, prerequisites

R 0

- . . ‘
for learniny the written Symbobiaation of a topic. o
3 ~
The learning of the writtén symbolizatlon of mathematics is

N Lo R —

sam;gat xn many respects to the learnlng ‘of the‘written symbolization

Y

‘.
.

of 1anyuage, that is, learnlng to read. In read1ng and language edu-

';fg tatlon. Verﬁal’,ac111ty i¢ ‘considered te be an importart readiness.
. v v, \
z, factor;+a chlld is not considered ready to read until he has an adequate

speaking and hearing knowledge 6f the words and sentences he''is expected

‘to reads - However, there has been little consideration of the readiﬁess

- P

s factor of a spoken vdcabulary)in relatjon to the mathematical symbols
a child is expected'to read. ' It is possible that many children are

- introduced to the symbolization of.mathematics before they have an
AL . L

4 ¢ ~ 2
.aﬁeq te speaking dnd hearing vocabulary in mathematics. _—

. . . . ,
. . . .. é‘gnr“

ERRORS -- CONTRASTS BETWEEN VERBAL AND WRITTEN WORK '~ _°_

There are examples in chlldren sawork that illustrate the

contrast between verbal and written work. The%following examples%were

- o

taken‘from a test adm1nistered to first grade studints at Bartow School

Aruitoxt provided by Eic: -
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sentence.

- o " ~ H
R . « ° L, . .
sentences- for all four ‘iterds?

- given arsimilar picture, the second -picture in Figure 1,

. . . - - ‘
asked to write the number sentence wrote,

and asked to say the humber sentence saidﬁ"

S
5 . -

- . . ] ., l o . l.‘ i . - |
during the Spring of 1975.. Four items on the tést required the . *
’ e * ‘o . « ’ ‘ ! " )
studenas ‘to prodhce an agpropgiéteﬂnpmber sentence for a pictute of a )

s . . . A e .' . ..
set or, sets of obJects. “Two jtems‘réqdiréq,ghe students to write a ) .

. [ .
- -
‘ . . .

numbeq sentence and «two items féquireg the students to say a number
‘ " [ LR :

.0f the 38 %tudents~tesqed,\10 students gave correct number

- . -

. . ’. .
se;tendesrﬁor~all four items and' 17 students gave incorrect number
3 - - . ‘ S L

* The remaining 11 Students said cor¥ect -
3~' .a - -~ \ . —_——— -

. ¢ . i
>
.

number setrtences for one or two of the items requiring the student to - -

.
>

say a number sentence but wrote incorrect numb2r sentences for all items 7
* ’ L /
. M ~ . . » . '
requirinig the ‘student to writ¢ a,number sentence. ‘

L
LS

- For example, when given the fi s&/picture in Fxgure 1 and asked

. ) . , LY

to.yrite ‘the number sentedce, one child wrote "43." fHowever, when
. . -~ . » ; .
N - A . -

and .asked to \

a

> e I Ty

~ . * B ‘

sav the number sentence, the same child said, "Five and two is seven."'’
'y o . *
DAY ‘o ~

Another child,. when givéﬁ the first picture in Figure 2 and

»
- ¥ . \

"4 -~ 2 = 4." However, the
same child when giver a similar. picture, the second picture in Figure 2.
. » . M . . ; . ‘ ;
'Seven take away two' makes - |
. - . . ~
five." Both children could give the correct answer verbally, but .

) o~ . - .
‘ L N - . [ ]
N

answered incarrectly "in writing., .-
4 .

$" R . T - .

." 5 ’ . .

. \ o 4 “ - .

-
- " ;.

. N .

lWilliam'D McKillip, "First Grade "Verbal and Manipulative Mode S
Study 1974-1975" (Project for the Mathematical Development of Chlldren, )
Unlve:siby of Georgia. Athens, Georgia) report oﬁJPrlnc1pal Inves- _
tigator, November, 1975. (Mimeographed.) C - T

~ .
- : d . . -
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‘e
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The child was asked’to write

the number sentence.

The' child

ta
-
. - s . L4
. -
-4 11" " .
. wrote, "43 .o .
- £
.
. .
A
. . :
. .
. ' . -
- -
. ’ . .
bor .
— ’
. . .
- - . .
S A - .
A »
*
* . - 2
- A ! e e
‘ :
.

The child was. then asked Lo saz
A 1)
* the number‘segtence.

The“chlld
"said, "Five and two is. seve

ﬂ."
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. . ) T * v %:"': a7 . *
- . ‘ number sentencé. The child L .
R o, } : Coon W ' Cood ¢t
! \ . . / ¢ wrote, "4 - 2 = 4.,'" IR .
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. MEANING
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E . N .

i - et . )
. N, T , .
of addition and' subtraction for the first time, it was important that =

.Since the children in this study wete learning the symbolization

the learning be ‘meaningful. -In the thirt§7séventh 9earbook~of'the -
. ’ ' .
Vatlonal COunc11 of: Tea(hors of Mathematics, Folsom stated o
Sy i 7 “
Tn the e!rly Stayes ef leaming, a primary goal is to .. | .t
'help the. child move from phv51ca1 world situations to the

- abstract ideas of operating on whole’ numbers. . . . Although o

v “the child doés determine sums, proficiency in conputing is o

. . not. the goal of :arly instruction.

R ot ) ! , . . < _ .,
' “Jdn this study, the definition of meaning of the symbolization of
a‘ . - M -l ' '
addition and subtraction is a modificution of..the definition used by

3
Fordivam- who conducted an 1nvestagat10n &f the nature of meaning.

Paraphras;ng Fordham, the meanlng of an arithmetic svmbol OE‘E?DQR}{

¢ L} f
uw * ’

svmpols is a‘ palrlng in the mlnd of an individual “of the symbol, ot ﬁ
’ . . %
. ’ - A e . "\»’
symbols. with some action that is qpprOpriate for/the symbol, The,

., Ve . B

palrlng in the mind.can be accomplished in one of two ways. The in-=

-
.

dividdal could be giveqﬁfheisymbol and he then @i?t interpget the symbﬂ&

e ~

- N .
S as referring to an action.. On the other hahd; the individual could be

& s * R
,“shown an action, or told a description’of an action, and ke then must * -

- 4 < . *

&'t . . * . .
'produce the symbol or, symbols that describe the'action. -
v B o . - ’

- !
- 5 . v

A T - - -
g , : 5 v .

zMafy Folsom’ "Operations on Whole Numbers", Mathéﬁgtiasiﬁr

~ . Learnipng in Early Chididhood, ed, Joseph N. Payne, hirty-seventh )
- Yearbook of the National Counc¢il of Teachers of Ma ematics (Reston: an

, National Council qf Teachers of Mathematics, 1975), p. 162.

. : .y _ % <

M - ‘ L) 4 . i
3Dennis L @Fopdham, "An Invgstigation of Third,sFourth, and
Fifch Graders' Knowledge of %eanlngs of Selected 'Symbols Assocl@ted -
with Wultipllcation of %pole -Numbers' (uppublished Doctoral L
dissertation, The .Univetrsity of Georgiay, 1974), pp. 7- 8 .

¥ o - - ) ‘ ~ .
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Aruitoxt provided by Eic:
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®

.

R
iy

- must first be meaningful to the child. A concept or operagion;is .

-

»

. \ : R P
x It is possible,“as illustrated by the contrast between

e - ™ N ? ’ ,
In order for a group of symbols representing a‘concgpt'gr»’
. . e iy .
operation to be‘meaning%ul to a chi;d, ;he,éoncept or operation itself
A} - . ' . N . .

meaningfyl to a chifd whea the child can[pair the concept or operation .

. -
2 .

bo an appropriate action. For ekample, ‘the operation of "addition is

- °

g%sumed to be meanlngful to a child if the child can pair, in an ipter- v

, ~ : . !
pretative sénse, a question such as, "How much are three and three?{ to
[ . . -

o’ / :

the action of the joining of two sets or to an act such as counting, The

<

child also demonstrates that addition is medningful to him by producing
. /' R " . ~ -
the operation that is apprbpriate for thg action, i.e., the child might

respond €0 the union of two sets by sayipg, "Three and three are six."
. . *.. ¢

&

The symbols 'of additionvare meaningful to -a child if the child

A Y
v

.can pair ‘symbols such as {3 + 3 = ;

N

act Such as counting. Again the'pairing in the child's mind*caﬁ be

" to the umion of two sets or an

A ~

] - . L L .

demonstrated by interpreting the symbols Jr'by producing the lsymbols.
A AN

« T - e

S
s -

. [ - . . \
children's: verbal ‘and written work, for the verbal representation of the

v
2 . =

operation or concept to be fmaningful to a child, while .the child may

° s .

\ «

lack meaning for the written symbolization of the.operation or concept.

For example,- as pgeviousl§ described in Figure 2, one éhild was pre-

» . P P - . L

sented with a picture i}lustrating the number sentence, "6 - 2 = 4" "and

¥ - Co# -

. the child wrote, "4 - 2 = 4." However, ‘the same-child %hen‘presentea

» . .
wifh a similar picture and asked to‘say the number sentence angwered

corvectly. 'The child demonstrated that the verbal'réprésentation of

'the ‘operation ‘of Subcraction was meanlngful to him, wh11e<the written
| R - P

symbols of subtraction were not. ' : ‘ '

P i N - e

' = v~

. ’ -



_ READINESS.

<

o . Readiness is a genergl concept which has been applied to a

N chlld s preparedness to begin any learning task Much of the work in

1

(e . .
readiness has been in the. related fields of 1anguage and reading edu- )
- f cot . e
. i cation. - Down1ng and Thackray deﬁane readiness for learning as ¢
. L ‘ - .
, . . .-. the stage f1rst1y when .the child can learm easily ‘;
vtand'without &motiohal strain, apd. secondly, wher the child - . o
- L, can 'learn profitably, because efforts at tgaching give LN ’ i
- ) . gratifying results. 4 . e - ' N o
B . - . - ' "_ N . -’
The ex post facto nétﬁ?é*o? th1s and other simibar definitlons of . °
readlness prevent the use of the dethitlons to assess a ch11d S -
- ,,2, -"\' % * ’ # - ) ‘
readiness for ldarning. a topic before the topic is ‘introduced. . .
. 'Q‘more workahle description of readiness ig that a child's
;“* rei1diness for learning a topic {s.a function“of the child's.matyrafion,
= ¥ ‘ . ! .- . ” ¥y w
) mo.ivation, and prepdration. The child’'s physical m&turationb his .
, motivation to- learn, and his preparation in terms of mastery of prea 1
{ ,‘q ', N ‘69 - kS .
requisite learnln"s,are assessable before the introductlon of a topic. -
. ‘ ) 2 o . . ~ .
; In the present~scudy, emphasis will be on a child's preparation im
s . [ - '...°,. - J
e terms of mastery of prerequ1s1te learnings., <L 7 o -
In reading- and 1anguage5education, the 11nguist1c abillty of .the - '
w ° ., - "‘;E" R.‘
. chlld is usually cons1dered to*be an important factor for learnlng to -
— P N -

. read. Bond stated ‘that, ¥Language facility ig one of the more important

’ R
( SR ' : : -

- — e

v . -~ e ! R
. ' ] 5 o o x, ]
- 4 ’ . ) 3 .
. John Downing and D. V. Thackray, Reading Readiness (Londong:. * ;
N University of London Press Ltd., 1975), p. 9. . _
| —" " ' ° ' " - L4 '
) = - ) - . i’-’p a‘ . "
‘ : .- : '
¢ . - A ’ 4
K ’ N ¢ L A -
: C ‘ ot ) * ,
- \) A . . ., , ' . .’,_') - . P °. -
ERIC _ ~ o .o | S
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X J

?préfenced'in oral form, the greater the proficiency in’the use of _oral

. by:Hickerson who skaCeJ: : Co

© language and arithmetic symbols‘in these analogiég from his‘list‘of s

. ) . . Ve
; : L N\
: 6 :

readiness facc0rs that are defl itely crainable n3 Tinke;kand - T *

\

e

MpCullbugh stace, "The‘greaﬁef c ! ablilcy to comprehénd matenial

M P " T, e . ?”"“**—. ": ' )
1anguage. the more ready the child wili be for beginning reading.""'fj‘

wnen thh relacxonshlp becween che symbols of- language and the ‘1! S

'symbo{suofimazhemaCLcs is considered, 1c is poss1b1e that verbal fa- /[
;}5 N i‘? . 'q‘ﬁnr»m;mw waa--,.‘;‘__”‘ . v . -

c1licv wlth the langyage of machemat1c§ or Iinguistic . ab111qy in math-

~
v

°

enacxcs is a readlness factor for che meanlngful learning of the
3symbols of machemacic‘. . S ' . ' - '

s = M P ' R 8

. : AN ANALOGY TO READING  ~ . o s
P , . "

L

- . -

. s . . N . s - -
:Similaricifs-befween.readlng,and mathematics were summarized e
- R . A . . - €

* ”

-

~ \ ' 'u‘; g N .
\ o . . .
“' Since arithmetic is a-system of symbolism judst as. ¢ = . o
. language is”a system of symbolism why shouldn't the

accepted principles underlying the understanding.and
use of Jlanguage-symbols apply co,mheaunda:s:andamg and < ‘ ’
use of arithmetic symbols? It is the writer 'S conviEEIon-w»\__\_ﬁN~\“ e
;Tac they should apply. 7. . i; N |

~
- e b . °

Hickerson also emphasxzed the meortance of. verbal facillty Wlth N y

. £
s BN ® -

, . 4 s

y %

- ) ’ ) ' °
parallel implications for teaching:- ™ - .
< /4- . /_A o L . -~ A . Ch . |
-y . . . . ¢ * ° o )

g « ; * - . L4
' .

N : NE- .
w - .7 ) ]
sGuy L. Bond and others, Pre—primers, Three of Us, Play with Us, )

Fun with Us, with Teacbefs ‘Guide. (Chicago: Lyons & Carnahan, 1954), _ :
18. . ‘
P

Miles A. Tinker and ConstanceM. McCullough, Teaching Ele- )
mentary REading (New Jersex? Prentice-Hall ‘Inc., 1975), p.» 97.

H
“ A -

. v - -
- ab

) ¥ 7J Allen Hickerson, 'Simila;itiesABecyeen Teaching Language ’

and @rithmetlc , The Arithmetic Teacher, VI*(Novembe%{‘ééSg), p. 241.
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i
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. N ' . T L, . N ‘10

Language is Learned Best When _Arithmetic is Learned Best ‘When'
',Oral vocabulary and séntence ) Oral language is
i oy structure are acqulred in rela- acquired which represents in’
R . "tion to-the learner's experience complete sentence form the
-by listening to and talking about _the quantitativé relation in
the things experienced; problém §ituations{ -
e n Written words are read as Written arithmetic . .
symbols«stand1ng for already ' ‘symbols are introduced as short-
.. known spoken words; N . hand waysc of writing already
" - L. o known spoken words;

- ~
2 B P - ©
- - ’ s

»

Y * Noté tHat the written words or written arithmetic symbols-'stand for"
L ! T, v . ) & . . -~
. : : 4 i

1

or "are ‘introduced as short hand ways of writing" already known spoken
I < .

words. Thas Hickersop implies that in beginning arithmetic, asda———" |

- <~ 1 N

\ beginning reading, the ability tb,verbalize !%e written symbols in, -

3
¢ T - N

complete sentence forq should be learned prior to the written symboisﬁ

- Th#¥ could be interpreted to mean that verhal +facility is a readiness
. . N .;) 2 i !
_ factor that coptributes to the understanding of the written symbols

- P 4 N
i ey . . * - ™, 2
of arithmetic. s Ao . -

o Theories of language development confirm that verbal gor .spoken

¥ - . dec 2

- ,'langaage is primary and.that written language is secondary.and de- - .
. - . - IS N s . -

. - . - ’ ;ﬁ \

-pendent on "verbal language. The lingulst Hill states that, ". .‘.;alL ‘o

< Y

. ~“ K
writing, systems are essentlally representatlons of the forms of speech
R d ~ , 1
W rather than representat1ons of ideas or objegts in the nonllnguist1c i .

-

4

9 . - \ o

" Hill gives severaljreasons Sor mhis assumption. First,\the .
' - fact that speech is older than writing and second that all of today's - O

= P - N rin v .

. " communities of men have speech or language but not all have writing.

o °

, world.

-
0

.
) )
. - ; ) &
- - ‘e
. . t . , .

) e 8Hickérson, p. 243. . - © . -
v . ’ * 4 L e " N
l. & o 9 ) h,gl © - ' v
. Archibald A. Hill, Intfoduction to Ljpguistic Structures, From ~ = - -

Sound to Sentence in English. (Vew York* Hatcéurt, Brace & World, Int., . ‘
1958), p..2» : . : . ‘ e

Q . . . ) . o . . .
B . > . . . - ‘ . 3
l: lC N (D 2 - ) * e ‘e .
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Al

He 4lso states that, "Written symbols can be understood, .furthermore,
m . .

S
.o y . * 10
- vinsofar as they fit into a’linénistic structure. . . ." There :are

animal and insect~"languagesT that® are based on something other, than ¢

v
.

sound; for example the language of bees is based on body moverients .

e

", no human language is so constructed.

'
v

H1llu§tates, however,~gthat
o "~
' Even the manual language of the deaf is der1ved from the preex1stent

-

. . .

M .
T . . Wil | . ‘ .

spoken language of-the community. )

., . ’ ) » .
The results of a research study by Tatham also imply that

-~ ~written language-is-dependent on spokén language. ‘Tatham investigdted

»o . N

whnether children read better when the reading material is closely

-
2

related to the children's oral language *The sstudy was restricted to

"

setond and fourth grade ch1ldren. "She found Jhat Ma 51gnm£icant number
- s A »

.t of second and fourth graders comprehend materialswritten with frequent

oral language patterns better than material written with infrequent oral
12 ®

l%nguége patterns..'.” Tatham concludes that it is logical and

in keeping with‘linguistic knowledge to use children's pétterné of

o - P s

. language struoture in wr1tten material to fac1litate learning the
J . / "13 el
:cnncept that spoken and wr1tten language are related
Edu%aggrs'in language and reading edqgation seem {0 be applying

:the theory that sgpken'language is ﬁrimary'and that %written symbdlsfare

— . ‘ g

- ’ C
. N . - IR ) )
et Oui11, p.. 3. C o
» llHill, p- 4- ‘ .n'_/ . ’ ) ! A
- 12 "
. Susan Masland Tatham, Read1ng Comprehension of Materials
. Wr1tten with Select Oral Language Patterns: A Study- at Grades Two ‘and

lFour, Read1ng Research Qnarterly, 11 (Spring 1970), 423

[ ' . - S . 3 o
=% Dlithan, p. a2, ' ., o

vy

~
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A i Text Provided by ERIC

Iyl

‘based on sound symbols. When describing the teaching of reading; Allen

~

, ’ S . 12

. " . N .

stated:

¢

S If we are concerned with teaching reading, we ‘do not

now make the mistake of the teacher of phonics whg puts
the cart before the horse:.by beginning with the written
. letter and talking about sounds a$ the powers or value of )
a letter. Instead, by beginning where t@e child begins,
with his already attained control of sounds, we proceed

‘ with a systematjic association between sound and visual
- symbol, . . . 4 . . .
- . - . " \‘

It does q@t'sEem to be the case, however, that the relationship '
‘e . )
getween written symbols and oral symbols is used when teaching mathe-
. - . :
matics. The 1nvest1gator reviewed two w1de1y used first grade ar1th—

"1 .
metice texts, the Silver Burdett first grade text 3 and the Addisons
. . 16 ) . P .
Wesley first grade text. In these texts, the symbolization of aer

> F v . -
dition-and subtraction is introduced simultaneously with the concepts of
. . 2
addition and subtraction. Some verbalization of number sentegces’is '

N

suggested in the teacher's_directionsf‘but it is suggested that this
N -

verbalization accompany written symbolic number sentences. It is

possible that an adequate oralysvocabulary of symbols aad sentences in

'arithmetic is .an important readiness factor for the meaningful learning

L) . - . -
- ‘e

of the written, symbblization of arithmetic as well as the written .
. e T \

-~ l
' . e

A} —

Harold B. Allen, "A'Phargs for the Institute," The Engllsh
Language in the School Program, ed. R. F. Hogan (Illin01s., National.

.
p3

Counc1% of Teachers of English, 1966), p. 5. .

. %
L] -

15‘ 1 )

—— ‘ John F LeBlianc and chers Wathematics, Teachers Edition 1,

.

.-

~ ’

(Morristoyﬁ Sllver Burdett’ Company, 1976)

L]

16Robert E. Ejcholz and others, Elementary School Mathematlcs, .
(Menlo Park Addison-Wesley Publxshlng Company, 1971).. T
> - - : %
a A} . b , L. “« o ) k}} 9 N > - ‘ B
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) . ? e -
symbolization of language. It was the purpose of this study to inves-

tigate that possibility. . .
- v - ¢
K S * DEFTNITIONS OF TERMS -
. & - i I . s

Meaning of the ‘Symbol "a + b = c" or "a - b =:c" | -

" A meaning of the symbol "a +b = c," 6r "a - 'R =c," is-pairing

.

- ¢ in the mind of an individual of the symbol with some.action that is
° - . 0 - s . >
. . . .’
appropriate for the symbol. The*appropriate actions are those which
* < ze - .

' . lead from a representation of thégproblem to an answer to the question,

3 “ 3

"How many are gepresented by the s§mbol?" This definition was pa%é-

.

phrased from Fdrdham17 with modifications as to the type of operation.

\ o R 5
An example of an appropriate action for the symbol "4 - 2 = would
‘ - = e - ' )

" be to comstruct a set of four objecps'and remove a set of two objects
-~

Y

1"

~

and count the remaining objects.

-

Demonstration of the Meaning of a Symbol

-~

An individual may demonstrate that he:knows the meaning of a

= N v

symbol in gne of thé‘follqwing<two ways: - . .

P R
.,‘ s

(1) Given a symbol or symbois,vthe indiviaua; must interpret

. ! . ’ “ -
. .. the symbol or symbols by describing or carryimg out an action that is
- ‘ = - - . L
" ap@%@pr%ﬁte for the symbol. For example, to interpret the symbol
: 1" ‘Q} 1" * R b : ’ . ;
- . 6 -2 = ,'' an individual must describe ‘or carry out an action
k) . Jhl. . .
R similar to one of the following: o ‘.
. - % b .
o q . L 2 . . .
. - "(a) Cofistruct, or draw, a set of six objects and remove
L , ‘ . . R
. L " a set of two objects and count the remaining objects.
T N . . ’. b2 " - /3’ !
. - :
.t B » 8 .
N
. ERY; ) - . . - -
- ' "Fordham, pp. 7-8. B .
A .- - .
) - 0"
(S ' &
ERIC: SR LU "

. T . ‘ - - ’
‘ - . B
. s . N :




= .. -~

R . 0 . ) ‘-r ¥ . b l[‘
: . 3 .
. e : P4 : “4 . ' . ) B
- _ ) (b) Demonstrate, or draw, six jumps forward on a number -
r ' . line and two jumps backward and report final .
- . position..

. - -~ . «
.-

% L ) ©
(c) Say, "Six minus one is five, and one less is four."”, ¢
L, T ! -

‘ e s oy . }) e "
p or, "Six minus three is three, and one re is® four.", -
] N B - * ' " ) ~ e -
T etc. - - . . B . -
. (d) Construct, or draw, a set of six objects and a set

LI -

of four objects and compare the sets; then state,
' N

4

i "Six minus two is four."
s ) . A

(2) Given an action or description of an action which is appro-

prigte for a symbol or symbols, the individual must produce the symbol

" R . -—

' S, L R
’ or symbols. For example, when shown one of the preceding actions, the
. LN ) ,

-
“ - N

individual myst %roduce the symbof "6 -2=24."

. Jo . , o L ’ ’ -
" 'Readiness for the Symbolizatiod of a Topic in Elementary Mathematics

e i te

a

‘ T Readiness for the symbolization of a topic in elementary math-
' ) - s \
: ematics is defined to. mean the following: Given a topic in elementary

mathematics, there are lists of objectives, the attainment of which
t -
1nd1cates mastery of ’the top1c. 0m1tt1ng those obJectlves that are

)

- concerned ith reading, wr1t1ng, or speed of response, a child is

ready for the 1ntroduction of wr1tten symbollzation of the topic when

he has mastered the objectiveﬂﬂgf the topic verbally, perhaps with the
. ) ' %id»of %icturesior manipulatives. ) . \\J/

.

Al

Read&ness for the Symbolization of Addition and Subtraction

The following specific definition of readiness for symbolization
r .

2 .

.of.addition‘and subtraction is based on: th¢ objectives used by the \

- 1

) . c e . .
-, ( . '

ERIC” .

-
P~ T . q..




: T ‘ % 15
school in which ghe study-was,conducted: A c¢hild 1is ready for the

symbolization of additiQQ_and subtraction when he has mastered the

foflowing objectives verbglly, perhaps with the aid of pictures or

A »

‘manipulatives: . .

- Y

(1) Given objects or a-picture that*illustrate the union of
~ R B K . v

two sets,.the student states the sum and says the -

»

.

L . v

number sentencs.

A H

(2) Given a collection-of objects, and given verbaily an

additién number sentence, a + b = c, the student forms -

sets having a and b elements respectively and illustrates

¥

‘the ‘union of the se®g and staté€s the sum.® - -

i .
s oé a pZcture that illustrate the removal

~

. s

(3) Given object :
- * ‘lgl " t
‘ ~ .or partitioning of a subset, the studert’states the

—

. ¢ ' . '
‘ difference and says the number sentence. - 8

&
: ] 4 o

(4) Given a collection of objects .and given verbaily a sub-

traction number sentence, a - b =., e student forms a.

=3 . . .

set having a elements and removes or partitions a subsef
N L .

.having b elements and states the- difference.
. \ _
This defipition of .readiness-does not include operations on a number

line ot missing addend problems because the "tdﬁic" a%s usually presented

rere

v

in theSubjfc§§' school did not include these items.’ ' .
v “ -

/ PR

ERIC

Readiness Test ) : ‘

o

The readiness test is a test baseéd on the objectives outlined in

- B . ¢ . -
-

the définition of readiness for the introduction of ;ddition and,

* -

~

subtraction. It was constructed by the investigatdr’aqgmused €of
- : -, ’

¥

A >

clasdify students in the study as "ready".ofjgndt.ready." % «child was
., crassily O 20 ¢

. . - - —
.
! . Y * .

wF A,

« * . .

-

gt 4

\




! L ‘e . -~ -

classified as ready if the child demonstrated mastery of the items on
*

[N

Lt the readiness test. A child was .otherwise classified as not rgadzc The

test is ing}uded in Appendix A, and a further explanation of the ‘test
L = P * (_’ .
&

and ‘mastery. of the- jrems is Included in Chapter IEI.

- -

Posttest

[

E

«

B e

)Y
k.

The posttest is a test constructed by ‘the investigator to

N

9

evaluate the subjects' ability to interpret, produce, and give answers to

— -

2

addition and subtraction number sefitences. The test is includgd’ in
A :

Appendiy/b and a f@rther expianation of the test 'is in Chapter ITI.

. '
- - -

Ready-delayed Group : .

.

refers to the eight first grade

r Ready—delayed’grodp, or (RD),

-~ >

subjects who were classified as "ready" on-the basis of the readiness

.
-

test and whdexperienced a treatment in which Written symbolization .of

b
addition and subtraction was delayed for five weeks.

L

Ready-immediate Groyp ' )

Ay

Ready—immeéiate groupf'or (RI), refers to the eight first grade

Subjects who were classified as "ready" on the basis of the ‘teadiness.

* .

M .

test and who experienced a treatment in which written s§mbolization of

. 4

addition and subtraction were introduced simultaneously with the

M -~
v Ll

concepts. -’
‘o

R
¥

- . . A . . e .

- +"Not Ready-delaved Group

o

Not Ready-delayed group; or (ND), refers to the eleven first

mns

A g

'gr5§§‘subjécts who were classifiqd as '"not ready

onhthe basis of the

' B ! © { \
‘readiness ‘test and who experienced a‘treatment in which written
4 L 4 . ’ e

ve

14

¢ . 131%
- R -

’

- -
-

s,
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symbolization of .addition and subtractidn-wa;'delayed until the children

were judged ready.™ « ’ * 4 *

AR

>

Not Ready-immediate Group . N -

Not Ready—lmmedlate group, or (NI), refers to the eleven flrst

-

. U

. . G -,
grade subjects who werqula551fied as "not ready" on the basis of thé
1
{
readiness test and who:experienced a treatment in which written symbol—

N

ization of addition and subtraction was lntroduced simultaneously with

-

thé concepts. S

(] i STATEMENT OF THE PROBLEM L ‘

. ’ - . . -
. >
.

The purpose of this study was to investigate whether childYen'&

.

. ' -

;eadiness as previously defined influences the efficiency of learning

.and  subtraction by first grade children.

*

I3

s

The influence i; hypothesized

”~

]

t6 ‘be in the following way:

4

K

.and the meaningfulnesé of learning the written symbolléation of addition

%4

(1) Children who have'not reached this state should learn °

s _ _more efflciently.and the learning should be more

meaningfgl if the symbolization is délayed until they

1
3 5

«s

children have reached this state.

) (2) Children who have reached this state should learn more
< } -~ * . »
efflelently and the learnlng shouldLbe more meaningfql

¢ L Aif the qymbollzation is 1ntrod¥ced immediately.

. e STATEMENT OF HYPQTHESES . -
. : - , .
‘ The definition of the demonstration of meanfné given eaflier

[

required that the student interpret given number sentences, produce .

“
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/ '/ . - . . ‘ -
o . N ) 18 ¢
.w'-'* . . e ' . ] .
numbep sentences when given certain actions on se:s,.aqg state answers
. . N : ' ~—
to open number seritences in both cases¢ It is assumed that the student -
B : ‘ GY . > L
symbolic- number sentence

-

‘who can do all three of the above for a given

L3
t

a

-

[y

and a section in which the subjects we

»
.

I
.

»

e .
ability to:
a) interpret addition number sentences.

<\

.
.

* d) ‘producg addition number sentences:

g
e) prgdpce subtraétion numb

c;io£

. T . .
£) ppqdﬁce addition and subtra

Q‘
5 N

i) state answers to additi
L et

Fa
"

.
) rg, .
% ‘

“sentences.

¥ K
Aruitoxt provided by Eic:
’ .
e, . 4
VoL

4

»
b) interpret subtraction number gentences.
é) interpret addition and- subtraction number sentences.
: . 9
7

‘

0
o

™

A

er sentences.
number sentgnces. ,

== .,

.

-

re required to produce

{

dempnstrates that the symbols are more meaniﬁgful to him than to a

B .- - © ce ¥ .
student who can do only one or two of the 5bqve. Thus to measure mean-

inéfurness, the posttest was divided into three sections: a sectio

h . - A\l
which the subjects wére required to interpret number sentences; a

~
., open-number sentences. The following'null hypotheses were tested:
(l)fWith students classified as ready by the readiness test, the

to addition number sentences. \

' g) state gnsw%%T
«. h) state answers to subtraction number sentences'.
) .
b
on and subtraction numberggente

.

n-in

-

answers

-

AT s s ! 3 3 »
section in which the subjects were required to produce number sentences;

o .

,.\

\

.

to,

tad

time of introduction of symbolization will have ao effect oft studerts'

N

“
[

0
<

¢
>

>
Y

j) inter?ret; prodﬁce, and state answers .to adgition number

sentences.
k) interpret, bgoduce, and state answers to subtraction number
. w A . v M .t
. z

nces., .




Aruitoxt provided by Eic:

; 1) intefBret,.pEodgge, aed state answers eg aégitigg ané‘ i _‘
. LL * - "
‘ o subtraction number sentences. T « \' )"
. (2) Wich students classified as not Teady by*the reéd%ﬁees S ;
- test, tée time of introduction of symbolization will have no eﬁfect on
ot ! Ll -~
student'e abilicy to?; . ' ) ’/—) e e
N 4 ‘ . . s . ,/' ‘ ) N
. a) interpret addition ‘number sentences. o ) o )
r s ., ;
b) interpret subtractivn number sente;ces. :. e T - f
- “ : P :,
¢) interpret addition afld subtraction number sentences. .’ «

- . . N . ’.

< d) produce addition number sentences.

. : . . N .
' . e) produce subtraction number sentences. ) - . i
\, R - .
l; ' K ~ i 0 " . % . PR
£) produce addition and subtraction number sentences. L
. . . < - ' ‘fy ” o+t (\ .
) g) state answers to addition number sentences. - e e *"ﬁﬁ‘
1 h) state answers to subtraction number sentences. " "
. Y N t ol ’ -’
. . - ‘ ¥
i) state answers to addition and subtraction sftumber se fences. M -
. , " . N ) . o i
. - j), interpret, produce, afd state answers.to addition number .. .
e T ) \ ’ . . R .
sentences. I ‘ : L
. N ' - . /:, ‘: 5 . )
. k) interpret, produce, and state answers to subtraction. number T~ -
' . - - - . N (S ¥
. ' fa ¢ . Gl °
-sentences. - - ‘ . e, .
~ . ’ 4 . ) 5 ’ - :
r, . . N . . - 0 o g o c 3
1) interpréts, produce, and state answers to addition and : ‘
. ‘ N . - / 3 r
subtraction number sentences. - T 7, :
T J ‘. E , . ) ) R Y «
J . - SIGNIFICANCE OF THE STUDY . _ L
‘ . = ' . o ‘ . . T -
< P . . , v . i
; . Today, the widespread belief in the importance .of réeadiness is- :_
. ] . , ' . . . * - ..
s " evident in the fact that most first grade children are grouped on the )
4 A%y . . - R L ‘. 4
53 lg . v - oo .0 : c s 4
ba51s Qf/ éme form of readinéss test at the beginﬁing‘of the sohool . *-' ..
> . ’;;; 7 - (. , B )
year. Chlldxen who'~ ‘are not ready for first grade work w0uld=thgn do . -
: =4
~ - * . [ v
R essentially kindergarten work for a perlod of time. - @he pregent study*~»: N
WL st
SN / . ~ S R A
EMC po , o o 1) . % . RS
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_ . ‘ Lo ’ »
" was designed to provilie further infqrhation in the area of readiness
. . v oo . :‘ . . .
. - f?r learning mathematics. In rticular, the study will provide in-
- e ‘ A _ .
formation concerning readiness for the meaningful learning of thé&

4 a N - P} -

symbols of mathematics. :

~ ; ’

[y
]

- h N ®
T) : (SPe present study also prov1des direction for repllcatlon and

pé%allek-studies.. The, definitlon of readiness utilized in the present

~ study is easily adappable to other topics at pother grade levals.

°

=

Finally, work in thf area of reading and mathematics has begun

~
.

to form a link between concepts in reading or language education and

, - the combined efforts of educators in these two fields may have coa=

siderable significance in.mathematics education. The ‘present study

< ‘e -
¢ . .- Y A 4 . . . {

« suggests an area of this common interest.

. .

ERIC |, ' < . :

‘concepts in mathematics education. In’the opinion of the investigator”
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Chapter II

REVIEW AND ANALYSIS OF RELACED LITERATURE

The purpose of this chapter is tﬁidegcribe and analyze thé

literature related to thepresent study. The present study was an-

application in the area of mathematics of‘a theory eoncerning readiness
< . . . - ' .
for learning the written symbolization of language. In order to apply a

theory of readiness for symbollzatlon of.language)to arithmetic, 1t was

necessary to examine the similarities between language symbols and

e -
arithmetlc symbols and the learning,of each. Hickerson 1 summarized

© % these 51m11ar1t1es _ Some of the 51m11ar1ties were noted in’ Chapter I;

.a more extensive discussion will be presented here.

:

i . ) s
- Hickerson's statements and the rationale of the present study
vt

are based on the assumption that written language or written symbols -are

dependent on oral language or qral symbols. Theggfore a d1siy§s;on of

.

the linguistic theories, a reseagch study, and physiological evidence
- ‘that support this assumptlon/will be presented in this chapter

Ed
9 =

Since the present study waf an investigationgof readiness,. sevs A

av

. v
gy .
‘ «

',eral'theo;}es of readiness for matfiem tics, reading, and language will
.3;be digtussed. %he emphasis, howeye%, will be on the readipess theories

\:-’ ‘ L . . - - . ¢
applied in read}ng and languagevé‘du’c:ation.=e - M v

e

- -

-

S 1y, Allen Hickerson, "Similarities Between Teaching Linguage
and Arithmetic,”" The Arithmetié Teacher, VI (November, 1959), 241.
. 4 | ’ . . ——y

“

"
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. \‘; In the ﬁresent_stuﬂy, readiness for written symbolization of -
addgtion and subc}&étign was investigated in cefms of a/cﬁild’s d!%n- - "‘,
) ingf&l'leirnihg of the written s}mSolization of addition and.sup— -( : T
. , . ’ .

- ~"tract:Lon. It was therefore necessary to precisely define meaning of a

‘written symbol or symbols. The definition of meaning used here was

-—~‘_\\f:>\\\\ffigfed from Fordham.2 Afmoré extensive discussion of Fordham's defi- -
, .

_ i nition. and other definitionms of\meam‘.ng will be present?e'd in this,
= SN - A T
o  chapter. o . ) . ~'
- . - . a ‘ . N -~ -
. . The only study found in which symbolization of arithmetic was
o< - L ; - :
delayed for a group of children was by Coxford. A déscription of
N + ' o
Coxford's study and the relationship of Coxford's study'to‘che present -
study will’conclqpe the reviewt of literature. .f . .
8, s . - " , . /
. RS : .
s * ) . SIMILARITIES BETWEEN LANGUAGE AND . .

3

ARITHMETIC: SYMBOLS .
b

-

- Kickerién expressed tha main idea behind the present study when
e ‘ ) o7 1
. e stted: o VT - ™
. . S s | ¢ .. . -
Since érithmecic is a system of symbolism, just as
T langudge is a system of symbolisms, why shouldn't the
accepted pfinciples underlying the ynderstgnding and
¢ use of language symbols also appl{ to th® understanding
. s and use of arithmetic symbols? ‘It is the ‘writer's -
conviction that they should apply.“ :

-

° .
\ . : v .
. . . ~ »
' ' C " o . . *
‘ »
- .~ - . -
. oy r - . ’ \ o® .
M \
y Y, .
- . 4 N v - . -

£

’ %Dennis'L.,Fordham, "An Inveégigation.og Third,_Fourth,-énd R
s . Fifth Graders' Knowledge of the Meaﬂ?ﬁgs of Selected Symbels -Associated
N : with Multiplication of Whole Numbers" (unpublished Dactoral, disser— '

tation, The University-df Georgia, 1974), p. 8. . _

A - -
-2 . . - . LN

. . - Jr e ; . 7
. ) . 3Arthur Goxfored, "Thg Effect of Two, Instructional Approaches, 6n . -
- O _the Learning of Addition"and Subtraction, Goncepts in Grade One" (unpub- _
iShed Doctoral dissertation, The University of Michigan,'1965). . o

.

* ot . ’

:'AHickerson, p. 241+ ’)S) ” . U : ég

EY - . >
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The present study was an application of.some of these .principles, those

concerned with readiness, to the teaching of addition.and subtraction to

A ¢ - S e ' )

- 4
o

first grade children. R

.

> °© [
‘ 8 M <

Hickerson listed the following similarities between language and

.
’, %

arithmetic®symbols: | B o .
: . LRI )
\ - v . -
. Language _ N Arithmetic
T 1) Language symbolsy(words . 1) . Arithmetic symbols
or sentences) represent thirngs, (numerals gnd numbers with .
actions, ideas, relatignships, ' operational signs) represent
etc. . things, acWpons, rideas, rela-
N . o ‘ - tionships, etc. 3
e e e R
~ 2) The meaning of langlage 2) The meaning of arith-

.symbols dekive[s]-from that gbiqp metic s?ﬁbols derive[s]_frgﬁ( ~

they represent. ‘ “that which they\rep'resent.D
N ’ Sy ]./- & -
_Hickerson implied that arithmetic, symbols (numerals, operation and .

much the same‘way that lamguage worEE/

o
. P P -
Ay . R

. are combine& to make sentences. The meaning of a language sentence or

relation signs) form sentence$ in

an arithmetic sentence is dependent on the thing, idea, action or
> ' .. .

- * X

relation that the symbols represent. . .

[y
.

ry

‘ Hickerson sugéésted that the wfittgg words oy symbdlg stand for

- - 0 b ..
’ . ~ L% ¢ [

alteady known spokerr words ox” symbols. ‘Hickeérson also implied the ‘

-~ 4 3

- : J . ". % 3
dependence ‘of written words or symbols on spoken words or symbols in the

'

'following list "6f similaeggiés betwqenulééfﬁfgg’language and learning > .
T . . P R > -

,’ * . | mﬂ.'{ - . ' ’ . ‘l .

© h N I
- , 3 T o !
St *“Hickerson, p. 241. | e R AN
< . v -
e A, . . D . . PEFAR
. . . B . - s oisTer
- N s ’ . . ‘: 3 - R
" 6‘§§§ . \ N R
. * - - . ® .
N . . . - K . ] N ; A o .
~ “ .
Ve I -
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- 3 * ¢
s E
- ‘ 9\\/(,
Learning Language
3 A "

o ‘
3) Llstening -te—spoken
word—symbols, singly’ and in
sentences, which. represent the
.things, ideas and events - .

. experlenced (Learning voca-.,

bulary and sentenge strueture.)

- °* -

> a

-

'4) Representing things,
ideas, apd events through oral
language symbols. (Learniag to
express self’ and ‘%elated e

°  experiences\ orally.)

45) ~ Identifying written -
'languagefsymbols~ana relating
thet® to spoken -language-symbols

~wand to first hand experiencés.
< (Learning to read with meaning.)

Learning Arithmetic -
~ 3) Listening to spoken
_wotd-symbols, singly ahd in *
sentences, which represent
the quantitative aspects,
quaptitative relationships,
or quantltatlve problem-sit-
uations found in the things
and, events experlented )
(Learnlng the vocabulary and
sentence structure used in -

-

" describing thifigs and what is

-

happening-to things.) .
4) Representing quan-

" titative aspects, rela-
tionships, andgproblem sit— .
uations orally
.express orally in sentences
the quantitative situation,
learning to compute orally,
and solve problem situations
orally.) .

k4

- 5) 1Identifying written
arithmetic~-symbols and re-
lating them to spoken word-

: * symbols” and ‘to first-hand.
quantitative. experiences.

(Learning to

a

’

: ) ] . : .. (Learning to read arithmetic
' ' T, " symbols with meaning.)

\'w. -

Hickerson implied that writteh symbols are related to spoken symbols
\. ,“sv‘ )
when the «hild is leatning to.read arithmetic.or language symbols. with

. - :
. B .

. - e . .
¢ meanting. Evidence to support this implication, for. language symbols will,
A ' n - s . ° , . ) - *
. . . b . R r
S ' Be presented below. When one'examines the ‘similarities between language
h«"' e *
) . and arlthmetlc symbols, the implication also seems plausible for arlth—‘
) ‘. .
. . - 5 5 . - _
//’ "metic syﬂbo{s.yf . e . ‘
v . - . - i . " ' - : _' ~
- ” - - . & i N
. - . - . -7 _ . .
WL e *.  “Hickerson, pp. 242-243 . i - .
. - .
. -« e = N
o o .. , . s - - »
- ’ . o . ) ' : ,’,.. . .,
.. ’ N * - : ) N e ’ - ™ -
, 4 . )
Rl 7 s e
$nw£;ﬁﬁ ' ™
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- . DEPENDENCY OF WRITTEN LANGUAGE SYMBOLS
. ON CRAL LANGUAGE SYMBOLS ’ . .
The- {inguist Hill stated, "The final fact ié‘chét all writing .

K systems are essentially representations of the forms of speech, rather

° -

.than representat1ves of ideas or objects in che nonllngulstlc world.

o

T . According to Hill, linguists and anchropologiscS ‘assume that if the .
4 e ad - ’
remains of any past community show .signs of social orga%izacion. the - .
N S Y . . ] .
™ community must have had some form of language. Artifacts of such com-—
= ., - v " . N - .
- . munities have been found that are much older than the femains of any ¢

i communities that had writing.

-

Tﬁzjrheory that oral language is primary, and that written
language is secondary and dependent on oral langauge,, is also supported
o ) N o 7 K .
" by Fries, a linguist whose special field is the historical and de-

, '

'scriptive study of the English language. Fries states, "Language must
-come’ first. . . . In comparison with the tremendously ancient activity-
of talking, the processes of writing and- reading are much later in-

wventions."~ Fries also states that "An understanding of the natyre and

¢ functlonlng of language must form the foundation ypon which to bu1ld an

- . [

underscandlng of the derived processes of wr1C1ng and readlng. A

-

P .

. - ' 7Arch1bald A, Hiil, Iﬁcroduccion to Linguistic Structures, -From
Sound to Sentence in English (New York Harcourc, Brace & World, Ihc s

1958), pr 2. e - ‘

8Charles C Fries, L1ngu1sc1cs and Reading (New York Holr, J
* Rinehart- amd Winstony” Inc., 1963), PP. lleégé . N

5 . N ¢
v ¢ Y

. 9Fnies, Linguistics and Rgégigg, pt 113.

.
. -
-
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2
- _ discussion of the literature in reading education, which tends to

suppott this statement, will be presented ‘later. ) .
: Tatham investigated ‘whether children read better when the
! - - . :

- reading«matefial is closely related to the children's own language. A

. .previous study on oral language pdtterns of Second -and fourth grade

® — ..

- N -
children was/used to determine "frequent" and "infrequent' oral language

s - N ¥

4 — e

_patterns. -Two reading comprehension test§"were developéd. Test A was

EY

-

- 3cpmp%sed of frequent oralrlanguage patterns and Test B was composed of

infrequent oral language patterns. . All children-took both tests but
-« .

some children took Test A first while others took Test B first. The .-
i~ order of, testing was determined by random assignment. Tatham found

- ' that "iisignificant number of second and fourth graders comprehend
‘; ‘ . v ‘i
material written witH frequent oral language patterns better than

’ -

. . . - : 1
material written with infrequent oral language patterns." 0\ e

* s ~ - RS £
B
The main conclusion of Tatham's study was that beginning-feading

-

.o . materials should be written to more closely éﬁﬁfoxima%e the Structure Qf
a child's speegh.a Her spudy also implied the dependency of reading on

— spoken language; children had better comprehension of reading maEerial
. : . . : — ' .
: which more closely approximated their own speech. .

There is also physioiogical evidence supporting the theory that

°
-

written language is dependent on oral language. Most people engage, in

s
)
. L 4

silent or implicit speech when they are reading.*¢Silént or implicit , .
speech occurs dﬁ;:;;/readlng when minute movements occur in the nuécles
‘ - - . - N - N -
; R L] — \/ ‘ )
.o LO L .

- : Susan Masland Tatham, ''Redding Comprehens1on of Materials
’ Written with Selected Oral Language Patterns: A Study at Grades Two and
‘e FouF,' Readlng Research Quarterly, V, (Spring, 1970), 423, .

- - . -
. s P -
.

\‘1‘ ’ \ . ' |
ERIC - . | 13 .
, o . . : _
. s v * - -

D




'; that would move if the same‘words were whispered or $aid alo

E e . ¢ .

N \ — ~
péople produce the same movements in their hands while reading.

»

-

Davies reviewed and summarized-the- research,from 1868 to 1970

. e ‘e
w R . §

that pertainéd tol}mplicit speech and reading. "He concluded that priof

. »

¥

-

-

»

to 1960,

8 R e .
the accumulated opinions of specialfsts in the fi of

reading support the theory that.implicit speech~m;§:}id
(reading) comprehension in the primary grades but fat it
can be a deterrent to adequate rate in the intermediate -
and upper grades.

.

.

However, in 1960 Edfelt réported the ré%ults of his experiments
with 1mp11c1t speechkfnd concluded that ''silent speech is un1versa1
during silent reading; it incredses w1th the dlfflculty of the materlal,/

efforts to eliminate it should be discontinuedr"12 .The review by Davies

2

of the implicit speech research from 1960 to 1970 indicated that mest of
- . ™~ o
the researchers during this period agséed with ‘Edfelt. In his$ summary

Al

of the research from that period, Davies confirmed the fact that

, " --implicit’ speech is a normal adJunct to the readlng-proce : ‘ T

3
. that it is-a_natural develdpmental comprehen51on reinforcer;

and that, consequently,\classroom techniques for its- repre551on ‘ ' -
should be minimized, 1f not abandoned altogether.13 S

The fact that implicit speech accompanies silent reading and ° ' '

- ——

that most researchers-think silent speech actuglly aids reading ‘éf‘*;

IS

llWllllam C. Davies, Im%;1c1t Speech - Some Concluslons Drawn
from Research,' -Some Persistent Questions on Beg;nnlnngeading, ed.

Robert Aukerman (Newark: Internatlonal Associatlon, Inc., 1%72) p. 173

. [
- - X
L

[

leke W. Edfelt, Silent Speech and Silent Reading, (Chlcago.

Unlver31ty of Chlcago Press, 1960), p. 154. .- ‘\

» . i ' % . .- .
' 13Davies, p. 174.. . 'L‘//——~f _,//q .
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S clarified his position. whén: he said, :
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’ p

<
’

is_depéndent on spoken language.

W

~ . 4 ¢

: " READINESS

‘

~

. ] , :
In-mathematics education, thtre seem to be three main theories

> < +

conceaning.readiﬂégs. Some educators subscribe to Ehe\theory'thgt
. . Y o

. ' . N
readinhess is a function of the cognitive development of the child. This

. a
- 3

view of readiness was summarized by Shulman: . »
To identify whether ‘the child is ready to learn a
particular’ concept or principle, dne analyzes ‘the
. structure of that to be taught and compares it with ‘
) what is already known about the cognitive‘structure
" of the child aq\that age. - Lf they are consonant,lit
can be taught; ‘if they are dissonant, it cannot. ’ T

-

- A second theory, that, of Bruner, also considers the cognitive

gcomprehension is further evidence ‘that comprehension of written language
5 . 4 v . B -

~

.development of the child but in addition inéihdes the child's readiness -

4

for different levels df the subjgct mat¥fer. Bruner's statément, ™. . . 5 4P

any Subjeqﬁ can be taught effectgvely in some intellectually honest form
\S @ ' o . . ] 1 15 ) . !
to any child at any stage of development”, characterizes this theory.

: Bruner's position is-that one need not wait for the child to reaéh a’

certain readiness state, but -one may modify the material ;b be tli;ht

. & ‘ ' e

N - ) 3 3 ! - i ‘
to copform to the child's immediate readiness state. Bruner further

. ™~
v

.

— 0 -~ N

\\ W . .

14

[

’ R v, ——— .

‘ Lee S. Shulman;‘"Psycholog;cai\aaﬁffoversiegngp the Teaching
‘6 of Science and Mathematics," The Sciénce Teacher (September, 1968),
pv 36. : - ) .
& R M . .s

. lsJerome S. Brunef, The Process of Edﬁcation (New York:.Vintage
Books, 1963), p. 33. - :

2

%
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‘ "Readiness, I would argue, is a function ngt soﬁmuch
- of maturation - which is not to say that maturation is not
) " important - but rather of our intentions and our skill at .
-0 translation of ideas into ‘the language and concepts of the R
age we are teaching."l ‘ . "
, . .
A thlrd theory, and the theoiy of read¥ness to which the present

N

- study is most closef§ related, is that readiness is a function of pre-

-

requisite 1earnings. Gaghe described.this theory in the following oo
X . . ’

. state';nent: . o ‘ . -

- Each learner approaches‘egch new- learning task with A K
a different collection of previously learned prerequisite’ ‘
skills. To be effective, therefore, a learning program
for each child must take fully into account what he knows
how to do already and what he doesn't know how.to do s
already."1l7 co ] ' .

rd [

JIn reading'and language education, readiress is often viewed as

4 a function of pteéequisite learnings. s#Downing and Thackray stated that
. + . readiness does not necessarily imply that a'nhiid
achieves ‘this state only through growth or maturation.
. _ He may also arrive at readiness through having completed ! s ..
+ - the: prior learnings on which the new learnings will be !
° based.18 - . . T . 3
"One of the mbre important "prerequisite 1eatnings"‘nece§sary for
. beginning reading that Downing and Thackray describe is a &ell~deﬁeLoped ' -
%
, oral vocabulary. - T S T ‘ - L o
i . . _. . ‘: ’ ,. .
" - . - D) . J“ . #
. 16Jerome S. Bruner, "Gn Léarning Mathematics," The Wathematics ‘ .
Teacher (December' 1960), p. 610. .
17Robert M. Gagne, "Some New Views of Learning and Instruction,
e, \Phg Delta Kappan.(ﬂay, 1970), p. 468. ' o ' o
— 18John Downing and-D. V. Thackray) ReadingﬁReadiness (London.
““‘*\~Uniyersity of London Press Led., 1972), p 9. . !
4 N k_.\\" S~ ' - * . - 5
. S ‘ e T - ®
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Other educators in reading and 1angﬁ§ge~education consider a
—_— - R N ’ . . ’ - - - 3
chiid's oral vocabulary'or language.faoility to be an important pre-
R . : - Vo Q
‘- . requisite for learning to read, °Henceforth, when the terms ,'language

-

facility" or "verbal facility" ar used they will refer to Facility with

. . & * . , .
spoken lapguage rather then written language. According to Bond, there
is also an advantage in that '"language facility is one of the more im-

! . . «

4 o

oot vportant readiness factors that are definitely t:rainable."19
) ‘ ' 4 '
4~

/‘, " Language facility is also considered to be an important reading

readiness factpr in the approach to the teaching of reading, learning to

s

read through ekgerience. This approach is based on the arguegnt that

w

i a
meaning and understanding in reading must have their basis in the ’
experience of the child. A child beginning to learn to read through
experience will often have the opportdnity to build his own reading .
. . [T .

P materials; thus the child will be reading about his own experiences in
. ' + '. .

his. own language. A different approéch is also t;ken toward teaching

phonetics. A childg is taught to symbolize his own speec% sounds rather
than assign a sound to a symbol or symbols: A

@

. ) :
O Lee and Allen'liét the following as some of the basic as-

<
-

ptlons behlnd the apﬂroach to. 1earn1ng to read through experience:

Readlng is concerned with words that arouse meaningful
respon’ses based on the individual experience of the learner.

t
- Words have no inherent meaning.

Spoken words ,are sound symbols which arouse meanlng
in the mind of the listener. t

‘ 4
- ‘ . c . . > e
. R ’ : . o . . -
£ s !
° - 19Guy L. Bond and others, Pre—Prlmers, Three of’ Us, Play With
T ”Us, "Fun with Us, with Teacher S Gulde (Chicago. Lyons and Carnahan,
T " 1954), p 18« .

\‘1 “-<~ ] T , . ‘1 ( P . ‘ N

EMC .. .‘ ' . ,;“*MEM_:_‘;M ‘. . . ' i .. . ¢
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Written words are visual symbols; which when associated

with known sound symbéls, arouse meaning in the mind - of

v ‘the reader. - . v .

.
. . PR N .
¢

JLee and Allen imﬁiied that it is -the spoken‘words that arouse meaning. R v

.~ ot
*

h »
The written words must first be associated with spoken words, and the
. , . *3 ey . . . “
Y spoken words then arouse meaning. Thus an adequate spoken vocabulary is -
. 'l/}\ - <
an essential prerequlstte for a ch11d to learn to read through expe—

M .

riedce. - : a | R : . ;/ .) '

~

Tinker and McCullough also emphasize the importance of spoken

-

words in beginning'reading. Tinker and McCullough stated: .
For ‘the beglnner\ 1earn1ng to read entails learnlng
. that printed symbols stand for speech The child reads’
. / when he says ‘the correct printed words and recognizes - s

-//

s : . A . . - >
their meaning because of his previous -experlence in ~-=

°. . comprehending speech in mean1ngfu1 sequence. He . )
a discovers that pr1nted ‘words "talk" sense.?2

.}
i) It is p0551ble that the prlnted symbols ofqmathematics as well as-

T &
1anguageamay 1ack meanlng to\many chlldren becauzeftie\chlldren lack the-
- 3 "o . .

, adequate ve%bal'facility nedessary to make the printed symbols "talk

- ® . A -
sense." According to Tinker and McCullough, "Only when, the printed
< - R . . . ) '_:_ ¢
symbols stand for words used meaningfully. in his own speech is the child
. - o * .
readyﬁto‘read éuccessfully."22 - ) o '

. o & - . . .

- A Y - -

o Harris defines beginnipg reading in much the same way as Tinker
- and McCul'lough. Harris stated: v . : . ¢ . .
. : ' S ’ s - o
o ° ) 'zoDorris M. Lee and R. V;xkllen, Leafhiag'to Read Through - '
Eggerience (Néw York: Appleton = Centary—— Cr?fts! 1963), p. 2. - s
’ 21Mlles A. Tinker and Constance M. McCullough; Teaching Ele- - s

mentary Reading (Vew Jersey Prentice-H41ll Inc., 1975), P. 7

P -

. ‘ »

- e 2"'l‘inker and McCullough, pp. 81-82. .- ‘ / . ‘ .
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- . and to respond intellectually and emotionally ds he would

~

We may dgflne reading as the act of responding with 3
appropriate meanlng to printed or written verbal symbols. s
For the beginner,..réading is mainly’ concernéd with learnlng ¢
to recognize the printed symbols which represent speech

1f the material were spokén rather than prlnced

. It seems,~éherefore, chac many.néédihg experts believe suc—
- | TN .
cessful reading is dependenc on the child' s ablliQy to relace theo ) .
v

‘wriccen symbols co'spoken symbols. The spoken symb01§ provide.a link -

G.‘ "
between written symbols and the meaning to be a551gned to che wrlcten

- -
v P

symbols. ‘'When this link is broken, i.e., the child doés not haye

adequate- verbal facility, the child cannot assign meaning to the written

.
symbols. For this reason, verbal facility is an iﬁportan; readiness

£actor for learning to read. When one also considers.the similarities
¢ . -~ . Al
* i

_between language and arithmetic symbols and{che learning of: each, it

Seems plausible that verbal facility in saying the words represe ed by

arithmetic symbol; ﬁighc be a link between thé written symbols and eﬁt%f~_
. < -~ ‘e

L4

meaning. Therkfore, verbal facility with ari:hmetic‘;ymbpls is plau-

sible as*a readiness factor for léarning to read and work with arith*
metic 'symbols. - ) t,

a

Some people may argue that arithmetic symbdls are a form*;f ’

language but are a forelgn language In learn;pg“aﬂﬁdreign language, .

SRt
- -t

verbal fac1llty w1ch themlanguage is also important. ‘Fried qonsiders

.......

.
it s 5,...‘-

verbal fac11;tystc be lmportanc in the learning of any newwianguage.

)
» . - -

“~

Fries states.: - > e S, »
o ~ LR *
- - o
‘ e Py
3Aloert: J. Harrls, How To Increase Reading’Abilicy-(New York'x
Dav1s McKay Company Inc., 1970), p. 3. =

- -

8
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_ No matter if the final result desired is only to
read the foreign language the mastery of the funda-
———t
mentals'of the language must be through sgeech
speech is the language. The written record is but a
secondary represe/;atlon of _the language. To ' master ‘ -

a language it is“hot necessary to read it, but it is

'+ extremely doubtful whether’ one can really read the .
’ language without first mastering it orally. -

s
+

In the present study, arithmetlt symbols will be viewed as parq/

-
v

of a first language, not a foreign language., However, it is important
\ ¢ <
L - . - o
to note that even if arithmetic symbols are viewed as a‘ foreign
v ¢ .

language, verbal facility is stild a link between the printed symbols

.

, and their ‘meaning. - oo ° 3
’ i ’
- . _ L I . ° ‘. .
MEANTNG ™™ ( . S - .
L l’\_ N ’ &

-~ N . ¢ . -
‘Since the purpose of the present study was to investigate ,

-

" whether the attainment of the previOgsly defined readiness state affects

‘o .

the meaningful dearni

- . 4 ® . ! r ) v 't B ". -
it was necessary-totEi \deflne meaning of a symbol The, term 'meaning"
L . S it e | T < !
- as applied to mathema ic %%en Cl%iél Ithked t0<the writings of
“‘w - ( V’} .t e %
BYowuell According “to Brownell meanings '35555 muTt bélsougnt in the
$ . . » L ! Lo,

- A , .

of the subﬁbct itselﬁg *in|i# ~;goﬂnep& s _L

mathematical relationships

£
. - 2% ’d" ﬁ‘n .
generaliziﬁfons,'and princhles. ) e PR "§§~
* A second definition of meaning, or meaningf IEixning,'is,ghatf
‘ 7., LD )

) e o vy’ ;? »
i N °ﬁ . ' ) - ’ .
= 4 ’ ’
2 Charles C Fries, Teaching and Learning English as a Fore}gn
Language (Ann Arbor. University, of Michigan Pressy 1945), p. . v
/r s ,}y' .f“, ° .
"2oyi11ian’ A"Browne&l "The Place of-Meaning id the Teaching of’
Ari hmetic,” Elementary School Journal XtVII (Januar&, 1947), 257. .

/ e . .
P ,'

& of ‘the symbolization of ad&11ion and subtractien,
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T +  Fordham™s definﬂiion of mearding of a symbol dlso implied the _

. . that is, appropriate for the ‘symbol. The %:ropriate

X X . ~
is related fn:a nonarbitrary and nonverbatim fashion to the learmer's

i o . 2 . : ’
existing structure of knowledge." 6. Neither Brownell's nor Aus;::?%gﬁ%% -

. . .
. N . [~ S

definitions are sufficiently precise to be used to assess meaning.

4 e - . .

A more precise definition of meaning was stated by Van Engen: '

In any meaningful‘situation there are always three ) ) 9
elements. «1) -There is an event, an object or an action.
'In general terms’ there is a referent. (2) There is® “a
symbol for the referent. (3) There is an individual to
interpret the symbol as somehow referring to the referent.
Thus in an arithmétic gituation, the phrdse " an apple"
is the symb01, e ‘referent is ‘the half apple, and-the

" interpretatign, (if meaningful, is thel act of cutting the
apple. It is important to remember that the symbol
aLyayS\reiers somethino outside’ 1tself 27

. \_

Thus a symbol is
R e’

——

eaningful to a qhild if the child can 1nter2ret the

x Q »
°

syﬁbol d4s referring ‘to an object or an action on an object. It is pos-
sible to asseeg_gnether or not a child can interpret a given symbol.
. -, ¢ ol N

existence of a referent”and an individual to interpret the symbol as ,

-«

referring to the referent -or an action on the referent. Apcor}iﬁg to

= N .
Fogdham, ) R u - . .
- . v ' N d '.’
& méaning of the symbol a X b is a pairing in the L e
mind of an individual, of the symbol with some-action t

actions are those that pjrovide an answer

the 28
question, "How many are represented by th "

ymbol.

- - ‘ ~

C . *

2gDavid P. Ausubel "Facilitating Meaningfui Verpal Learning in
the Classroom,' Teaching Mathematics: Psychologiabl Foundations, eds.

Joe Ctosswhite and others (Worthington Ohio: Charles A. Jones »
Publishing Company, 1973),_“. 150. . ? . B , .
. - ~
Henry Van Engen, "An Analy31s of Meaning in~Arithme 1c I, o

Elementary School Journal XLIX (February, 1949), 328. . :

28 ?ordhan,ﬂb. 8. Weoo - T . M;

- o l : - -~ ez S

i - 3 j . ’ v \::v":"} .
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- 29Fordham',,p.*S. ' . . --\45( +

i

‘The\definition,o} wmeaning of the symbols "a + b =,c" and
L] . . 8,

.

"a - b‘ﬁ‘? i in ‘the present study was.adapted~from Fordhast defi~
. - [] f'r- . " i
nition. It shPuld'be no

d: thﬂt Fordham s definition and the definition

-

P . a
used in the present study were defined gpgrationally,—thus providing a
B . a ] ’

P
. ’ ~

basis for measuring meaning or lack of meaning associated with a symbol

~ I -

Fordham stated that "in order t% qemonstrate that he knows

)

by .2 child.

a meanfng of a symbol an ind%:idual must either carry out or describe

some action that is approprlate for the symbol "29 The child is thus

N ]

Y
deidnstrating,phat “the J'pairing in his.mind" of tbe symbol with the

- .
referent exists by interpreting the symbol. In the present study, a

i L - ]
child could also demonstrate’ that the samq\"pairing in his.mind" exists -

Y . &

by producing ‘the appropriate syQPol when given a referent or action’ on

A\J
~

the referent.

e s .
, , . ’ : _ }
L o THE COXFORD STUDY - |
. L4 ’ - . @w . ) . \
Description of the Stqu. . -\ ' ‘

AN
[}

In 1965, Coxfdrd30 conducted a study in which™he taught six‘
classes of first grade .children for the full schqel year. The main
N * . / -

. . . ’ .
purposes of his study were to investigate the effect of two instruc-

tional approaches to teaching sybtraction and the effect of immediate

. . - CN )
versus delayed symbolization on first grade children})s arithmetic.

achievement. Since only the investfgation of the time of symbolization

3 tHhr Coxford "The Ef{ecq of Two Instructional Approaches‘-
on the Learnlng of, Addition and Subtraction.Cong8pts in Grade One"

(unpublished .Doctoral dissertation, The University of Michigan, 1965).
s ‘.' ~ . e
) o5 e .

L . .

°
'
-
-
o.."l

.

<
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. is directly related to the .present study, the instructional ai)proaches
. . ’

. N will be described only’ as Treatment 1 and Treatment 2, and the results

Vo)
will not be discussed

_— o 5ix classes three elementary schools participated in the &

XY o ° i . hd i
study. Previous a'"c ievement data showed that four classes were high °
ability and two were low ability. Separate analyses were done for the

; : . !

. low and’high ability classes. o ‘ B N

.
-~

- The four high ability classes were assigned to one of the two -

o - . . * \
i treatments and were designated as an early or late symbolization group.

The -low ability classes were assigned to one of the’ twWo tpeatments;

. - bl

v

» ')‘?e was designated an early and the other a’ laté.symbolizqtion group.

e >

" The assignment of treatments and time symbolization of the sixX classes f\ .

.

are illustrated in Figure 3. -

P > .o *
- . - v? .
. ' <
e ) 2
. - -High,Ability Low Ability . .
/ . x o [ : ’ .
. Time of \ . N .
N /_}ﬁ Symbolization Treatmeng, 1 Treatmént 2, 'iTreatment 1
ot ’7, “
Early Class 1 Class 2 Class 5
. L "o - N - M
. . : . : : . * . .
; Late Class 3 Class 4, Class 6 i
. . ) . . - , v
. Vet ‘_‘, sgg ‘ . . -
. - M . LY L . —- ° . ° s
. s . - . - . Figure 3 "
. cT ) ¢ w
. ) ¢ Diag¥am of Assignment of Classes to Treatments
. " ~ _ Inm Coxford's Stu;iy '
. . '3 R

. . R
. * * )
ERIC © 7 53 ~
— - . "
’ .'}\3 : - ° ’
. - 4 .
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. In the ‘early symbolization classes, written symbolization of *

PV A . R
addition and subtraction was introqjced simultafeously with the concepts. .

-

. In the late symbolization classes, written svmbolization was delayed for

‘ six weeks. During this time, the classes used the pHrasF "number
. 4«

> - ~P¢4- ! . . 1
sentence"\but did not use words such-as "plus "™ "minus " or "gquals."

5’ $ - - . . e

'wo -
.~ﬁ&30 during this six week delay, thc late symbholization groups were -
s - . e ee-
— .
exposed to written number scntcnces of the form "A and B is C" and "C
» N . -

take away B is A." In the p}esent study, the delayed groups of children
#® ;3150 used the phrase "number sentence,' but used the Words "plus;" ~:
- = . .

Mminus" and’ "equals,’ and were not exposed to writ%gn number sentences of*
* -~

any form: ) : ' o . ¢
with the high ablllty classes, no- shgnificant differences in
mean aritgbetlc ach1evement were foynd between the early and late sym— .
’ !

bolization groups except in the area of problem solving. The early: sym- .

. . . o

® -~

bolization classes scored significantly hiéher on~probl%n solving than
- ‘. g o VT, .
the late symbolization cldsses.>t , e L e

Pl

. . )
«< . . - e

‘ With the low ability classeg, no statistically significant

» . . -
differences were foundkln mean arithmetic achievement. Howevér, the |

- i, "
children in the late symbolization_class had consi stently greater -
. . - v 3 w7
achievement -scores in subtraction application and transfer than did the
: 2

chlldren in the’ early symbolization class, The mean differences were |

e e e

? ) stat1stfcally rellable when individual differences were controlled by -
. the results of the Lorge-Thorndlke 1ftelligence Test.>? ,fi .
- ¢ . - «

- h i Coxford also stﬁofd‘tpat observations made\throughout the year

’ . . p] Y
in the lower ability-late\s§mbolization %lass_ard in the TA [Treatment 2]

. ~ P

.
. ¥

1 ' %}Co:éfgrd: p. 98. [ *coxtord, pr 92. I P
Q 4 L . . R

N B : , - it < o
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"’ R . - N , -
‘ - late symboliiat%énaclass suggested that.the’delayigg symbolization
. A F} . - . .
. T facilitated immediate"flearnlng."33 . , i
N . . E . )
‘.. e Iy - e ) ) N ‘
- Relationship to the Present Study . mf
. - . - C H
. £ Coxford recommended that ". . . the effects of symbolizatiop

. -
-y - -

' . . . . s .
should be studied further bécause of immediate difficulties with the use
» P * . .
C of mathematlcal syqpollzatlon and betause more symbolizatlon is entering
Yy . r /o P . N

’ v elementary school hathematlcs currlcula."34 The present study 1mp1ements

/ that recommendation,‘ptillzing‘a precise definition of readiness for
R . N « - .. v 4. .
symbolization. W C . N )
[

oo The main difference between Coxford's study and.the present
o / . . ". .. - -. - . ‘| . . ; MZ" : :

o study is thg consideration of a ch11d s readiness -for symbollzatlon.
The delay of- symbollzatlon in Coxlord s study was 31mllar to the ) -

X - treatment g1ven the rea dy ch11dren in the delayed symbollzatlon g;oup of

<

-

. ‘the present’study. That is, symbollzatlon was delayed for a prede-

s R e - 4 {

- . . - . »

N ch11dren in tﬁerdelayed symbollzatlon group had symbollzatlon delayed
; ) until the children were determined to be ready. 'Thus the time of delay
; ", Garied from child towchild. S | )
. K \~:" ®e is. possfble that ‘many’of the h1gh abrf ty ch%ldren iF .
i; ' . éokfbxd:s study were ready ‘for symbolfzatio according to the definitlon
- a of readlness used r;fthe present study Thls.could have® aeeounted for’
o . .

r‘tﬁe higher perfqrmahce of the early symboliza jon classes especially“in

1
L4

PR L ) - S e R
. . ‘problem solving. It is also possible that man /df/the_lower abilit
P . Iy . )

A ¢ P ) - - o v - )
Lo "4~ children in Coxford's study were not ready for symbolization. This
Tt L] Y. , * L » . . A . , . L
‘r 0° P ) N u R . » R C . . . - s
' e ' ' - - " ) ° : . - %g - )

P d , o, ’ - " s . .

x 3. U 7/ N -
; o 4 Coxford, p. 103. Lngford,‘p. 103.., .o ;- -~
:: - - ° * . z A . . : ’ . ) 3 .
L \‘1 ‘ .. ’ ) ,;W,‘\ . tg . ‘: ') . . . (3_ - » ] ~ r' . s
'EMC PO ' . . e . vl .. Ja L L o ) g \,»/\_j..

- » . - -~

».  termined number of wéeks. Hewever, in the present study, the nét. ready -
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> - . .

" . - A B - Lot )

" could have aeco’unterd for the higher performance of -the late symbol-- ‘, )
ization class. Irbshould be noted, however, that 'sy"mbolizat‘ion was* -
.délayed for the lower. ability children for a predetermined six week .
-\ . ) . .
‘period. A child's readiness for symbolization,was net considered in
<, . Lt e ] -
; ! .8 L. ’ - < .
ol - _Coxford's study. .
- . N . - s * .
T . - . : v
-~ . .The, analogy between le_arnlng ,{go read 1anguage symbols and e .
s ) . ~ ] ?
. arlthmetlc symbols, lmg\'x;.stic cczn51derat1[ons physiological evidence,
. ‘
- ) s ’ ‘
oplnlons ‘Qf experts in readlng, and the ’reSults ‘of a research study lead
’ . ’ » .
) ato the conql_usm,n that a child' s yerbal facility with mathematical )
* ) ' ¢ * M >
» symbo.ls may be an important prerequlsite for the ch,11d s meanlngful ¢
© 7 learning og/ the symbols. This study was an attempt to egpl‘.ore that area.
‘ . o ) ! v : T ’ £ T )
’ In Chdpter III, the egperimental procedures and statistical analyses ¥, .
< - a <‘ ‘ /. X s " . .. - ) . . 3 ] o .
& used in’the study will be discussed. * o ;- .- !
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p © SUBJECTS, INSTRUMENTS, AND RESEARCH DESIGN P

¢ ’

The first purpose of this chapter is to describe the subJects

who part1c1pated in fhe study and the currlcu;um of the Subjgcfs' i

5

F(r

i = . . 7
3

school: The second purpose is to descr1be the test;ng instruments and
Aaed o _ g

purpo;e 1s to descr1be the

4

lessdn plans'used in the study. The fin

~0 . .

subjects to treatments' the treatments, the gatherldg of data for 1nves-
. . . Va Va
. . ' - r L] L] /l
~tigation of the hypptheses, and the statlsticaL methpds used to anglyze
the data. o . o .

" @a . .
»

< . THE SUBJECTS AND THE SUBJECTS' SCHOOL CWRRICULUM

oo T ' \\\\‘ - S

-

Thé, Subjects’ Tt ) ‘ RN R ) -
-~ °‘a e ) "\
& The subJects were 38 first grade ‘studenits in Dav1d C Barrow
- N [

~E;ementarf’School in'AtHEns”_Georgiax When the stqdy began in Septemher,

.Y . o, ’ K

1975, the.subjeggs ranged in age from five years nine months to six

-~
[ .\ M . N ‘, . L

-

, © years ten months. . of th§§subjebts, 18 were female and 20 were male.

. . N
® . Al . C e = . !
ers

level of the.Otis;Lennon'Hedtal Ability Test were available for all -
. subjetts. . These scores havé a mean of 100 -and.a stgndard deviation of

'16Apofhts.( The mean DIQ'scdre of theﬂsubjectsQwas,109.66-yith a

‘standard dev1ation of 15.74. ‘ The DIQ scores of the subjects ranged

.

from 80 to: }35.. T
N v . \ 40 -
By v - _ .
. > = .' Toet - ) (-
< « ‘f""‘ e * -
g :j{ .
, . . oo~ . N \\ ’ .
] . s \ - ‘F‘

v <

. Deviation Intelligence Quotiéhﬁ‘(QIQ)'scoresvfron the Erimaryifl'

N
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The Curriculum of the Subjects' School - ) ‘ -
R \, .
. During the school’ year preceding the present stpdy‘(1974-1§75),
. ‘ . . P -. - - M

the first grade mathematics curriculum gf Barro? School was based on,the , ..

- . . .

objectives of the Individually Preseribed Instruction (TPI) mathematics
: . - L M —_ ‘\

+ program. The IPI instructional materials were‘npt,Lsed,“but the
. teathers designed and shared materials for their classés using the IPI  *
D R

Y
-

. ? . L , ., ' .

g bbjectives/as a guideline. oo v £ [
coT . . ) - ]

o The IPI objectives are divided into seven-levels, labeled from.

'
»

" lowest EééhigheSC A’ B, C, D, E, F, and G. First .grade students makinglb.

y . , average progress were expected to have mastfred the Level A objectives

‘ [y R - ¢
by the.end of the school year. These objectives are incdluded in , -

- -

‘@
. .t ¥ ’ a

Appendlx E. P ’ -, . .
Ve : . ) . . .
e - d ok R .
s . The LeVel A obJectlves were partitioned into6 the following
7 ' sections: o N ’ ) ‘ ,
- e . - . o . a

R , . .
R g, - o~ .

- .(1) Numeration and Place Value | ' ) v - . }L

(2) Addition and Subtraction . . /

“ (3) Fractions Z: S . -". -
> o . d._.n . o / B . ¢

' ] (4) Money . ' T L

5T1m < . LT : . 'L '_.'.
L . () Ting e A

-t ’

At a/meetlng with the flrat grade teachers in August 1975 At ‘\_

& ‘ -

was agreed that the IPI obJectlves and‘teacher s ihstructionalsmaterials

~ . ,
» ® 5 [

- . would be used for the f1rst top1c, Numeration and ‘Place Value. The IPI.

. ﬂ ' \ - l

objectives for this tOplC were 11m1§ed to the digi:s zero thrpugh*nine.
. A )

ItUwas agreed that when the teachers decided most of the f1rst grade

8 = ’ - B .

children'had mastered the IPT obJectlves for this toplc, the present

-
-

' study would«begln..ﬂThe teachers also agreed to use the 1nstrugt10nal .
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materials and objectives prepared for the preSehf study;iéﬁiall stEQents .

- EN -
o
.

in the first grade. s B

- ~ ’ - . . . »
- . -

, <r ! o+ TESTING INSTRUMENTS AND LESSON PLANS : ‘

2,
.

' The Readiness Test ..
» b4

As noted in Chapter I, a child was defined. to be‘@eaay‘for the

., Tntroduction of symbolization of additioh and sugttaction when he had

mastered. the following objectives verbally, perhaps with the aid of

pictures or manipulatives: ) , b

- -

. (1) Given obJects or a picture that 1llustrate the tmion of two

‘sets, the studeﬁt states the sum and says the fumber sentende.

(25'Giveq a collectién Qf objects, and givéﬁ.verbally an addition'

-

humber sentence a + b = c, where‘a, b, and c are small whole numbers

less than 10, the student forms sets having a and b elements respec—.

L]
- . 2 \ .

tively; llustrates the union of the two séts, ‘and states the sum.
Xelys }

.
’
@

“W(BJ'leen ohgects or a picture that illustrate the removal oreparti--

- ] N B 3 ! )

- thoning of‘a‘subset, the student states-the”difference and says the -
- . . * ) Q
number sentence. ' . - o :
i : R TR ’ .
(4) Given a «collection of object$ and given verbally a s. =ction
. - - N

-

’

¢

<

. RS '. . - ° e
nun¥er sentence, 2 - b ¥ ¢, where a, b, and ¢ are small whole nqhbersa“
o \ . .. AN

,

-

‘ less than 10 and b < a, the student f

\

. 5o .
a set having<a elements and

. reﬁoves or partitiahs a subset having b elements and jtates the dif-
‘ ’ \l . * 2" ' A ’
\ ference. . " - N
- . A readiness test, based on these four cbjectives;,was con- . ’

of the study to classify subjects as

. T
* . P

A p) -\.
structed by the investigator.-

. ]
symbolization of addition and subtraction.

u’¥§«*w*4mév¢mw¢vmw**m-,éea-qu.
e 2 - - - -

-

.

"ready" or

U

This test was used iqﬁihe initial stages

o

"not-ready" for written

A child was classified as+”

X
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v, L .
.individuall;fedministered~tgsg, selected items from the Key Math Test

“The four items from the PMDC Test required a.subject to state a suﬁigr

-subflects' mastery of obJecrives three, and four of the definition of

Service, Inc.; 1971).

| 43

"readvh if the child demonstrated mastery of all items on the readiness

1t

- :'y‘ - . 0 .
test. A child wasfotberwise ckassified as "'no't ready." . 4

During the month of Séptember, 1975, the first grade children at

r ¢
Barrow School were administered "two tests as part of the ProJect for the

t hadl Y .

Wathematical Development of Children (PMDC) These tests incIuded the,

Kgy Math Test,l an’individually administered mathematigal’ diagnostic <

test,and ,the PMDC Test 2 an individuafly édminfstered test prepared by

1/

gggc. To. av01d having‘to disrupt the school‘schedule with a third long

~ .

{ ) H .
{ o AN - L) s "
v
4

’ d . M E ‘39 : - ’ s -
and the PMDC Test Ywere used as™part of the readiness test. JNine items

.

*

v

were selected from the Key Math Test.anQ&four items were .Selected from .
° ' .. : . ¢

the %yDC Test that were judged tolpartially assess subjects' mastery of

. - /\ $ " * . (
objectives .one and two of the .definition of readiness given in Chapter
3 . . . s . . .' i i . .
. % g - . . Lo
I. The nine items from the Key'Math Test required a subject to state a '
tog : g ® . ” . T .

sum or difference &hen given 4 ‘picture stimulus accompanied by a story.

<

-

A /
difference when given a story stimulus. N

-

A br1ef 1nterV1ew was designea by the investigator to further
. - ¢~

sess sUbjects' mastery of ob ectlves one and two and to assess
3

! ,
readiness. Tyo items required a subject‘to say number sentences and

. . T~ » .
* o i f . . » .
N ~ " . - 4 e ‘
- o . - N ] P
. . - . L3
Yl ’ - f , 1

y » = , , . . LI
lAustin J. Connolly, William.Nachtman, and E. Milo Pritchett, A
Key Math Diagnostic Arithmetic Test (Circle Pines: American Guidance e .

. ) G ) B o - . “ Y .,.‘ . * , \ ‘ .‘.
2Project for Fhe Wathematlcal Development of Ch‘ldren, 'Wathe— |

matics Testi Grade l" PMDC, Florida State University, Tallahasseé ) .

Florida, unpublished September, 1975 » . , ‘
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Aruitoxt provided by Eic:

o

»

. - - L s ‘ v .l
- Key Math Test,the PMDC Test ‘and the interview prepared by the inves-

. ‘. = . R . . o
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: by the. subJeSQ

difference. , It is assumed that the child who can do all th:ee of the

44

state sums or differences ahenwgiven a picture stimulus (Items I'and II). T
e, v - ’ - v »

Four items required a subject to manipulate objects to interpret a given

number septence (Items IIla, IIIb: I11lc, and IIId). Two items‘required '

-

a subject to state a sum or difference when given a picture stimulus
. + ’

. o -—

, < \ . A

'”(Items IV and V). : o )

. -
- - -

The total readiness test-ificluded.the selected items from the

4tigatorj _The objectives of the definition of readiness and the .-

-

\ e -
readiness test\ltems are 1nc1uded -in Appendix A. A child was classified

-

as ready for the 1ntroductibn of symbolizatlon of addition and sub-

.

traction if he correctly, answered all items on the readiness test- - :

. -
1 -
- ‘ e P
;
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‘The‘Posttestha .- . »

Slnce the purpose‘of the present study was 'to invest1gate the ]

l
:elationsﬂlp between cﬁaldren s readiness for written symbollzatlon and

thelr mean1ngfu1 learnlng of the written symbollzatlon, 1t was necessarv

,

to develop a means of assessing the meaning as31gned to written symbols T

o ‘

»

- . )

As noted in Chapter I, ) 1ndividual may demonstrate that he

-
?

‘knows the meaning of a symbol by one of the follow1ng two ways: (1) Given

a symbol, the individual must interpret the symbol by describing or

° v [ ' to.

.. . . # noo L0
carryiftg. out an action that is appropriate for'the symbol. (2) Given an

“ g R . -

& .
action or description of an action that is.appropriate for.a symb

- ¥

o

individual must Qrodube the symbol.

+

. O . . N
. When the symbol is an addltlon or subtréction number sentence, . -

- a8
it is also necessary that the individual state the correctnsum or

R o IR e

w“«'g? ~r
-
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. ‘ < M
apré, i.e., imperpret; produce, and state the answer, for a given sym-

belic number sentence, demonstrdtes, that the symbols are more meaningful

N ° «

- to him than théy are to a child wggwcan do only one or two q% the above.

Therefore, to measure meaningfulness, a posttest was designed to assess

v - f

¥ -

a subject's proficiency in three areas: production of number s¢ntences,

4 +
v - N

. ’ ° . * -1
interpretgtion of number séntences, and statementoof answers to number
{ . - - 4

) L

sentences, o . <

‘ . . *
’ . . . : L.
All possible combinations of stim%éi and responses were con-
o . . *

.sidered in the construction of’the posttest; however, some combinations -
- o, . . » b .,}
were omitted to reduce the length of the test. The combinations ‘of
stimuli and response included’on the posttest are illustrated in Table 1.
- - . . e .
. - . . . N - . L]
Items were included in the posttest requiring subjects to in-

‘terpret given numberfsentences,'produce dumber sentences, and state

\ ~ 8 - + o . BN -}

answers to number sentences.. TW: item numbers and number of items.re-
’ [

. - *

° quiring subjects to ‘interpret, produce, 'and state answers to number

. A

sentences ate presented in Table 2, Table 5,)and TaBlé,4 respectively.
The posttest is included in Appendif,D. !

Tﬁe Lesson Plans

—
‘

. °

A unit-of lesson plans and activities was developed for the

study by the investigator. The unit consisted of 63 activities. based on

_ the Level A IPI objectives for addition and subtraction. The nine'*

: oﬁjeg;iygs for the unit, the corréspéﬁding IPI“objéEtiveé ahd the

activity numbers for each objective are included in Appendix B.

Each activity was divided into.the'following;séCQ}ons:

T ) ) . G
(1) Conérete-piegggial (CP)*: Lessons in the concrete-pictorial

- -

: . . T
sections involved the use of concrete objects or picturgs.- The lessons

. . Rl
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- - . Table 1 ' ) -

Combinations of Stimuli and Responses

. on the Posttest . . °~)
‘ ‘ . L |
Production of Answers
Possible Stimuli Possiblg Response Combinations Combinations
t ] _ : Included ~ Omitted
(1) verbal. number (éf verbal . 1-a . 2-a - 1-b 3-b
sentence ‘ . ' '
(2) written number. (b) written 2-b 3-a .
sentence : . , Foa
(3) story problem . o . >~ : .
. \ . .
Production of Number Sentences
3 N ‘ : ’ » . 'N* "
Possible Stimuli ‘Possible Response ‘Combinations Combinationg
' Included .Omittéd
Q * . - d
(1) objects (a) verbal . l-a 1-b none
(2) pictures (b) written - 2-a.. .2-b h
(3) story problem . ) ‘. 3-a 3-b o
‘.. . .- !
l“ N - 4 . %
Interpre}ation of Number Sentences
Ny . oy .
Possible Stimuli ‘Poss&ble Responsé Combinations Combinations
’ o ,Included Omitted
Ce ..
'(l) verbal number (a) picture 1-a 1-b 2-a
¥ g sentence ‘ ” ¢ -
(2) written number -(b) objects 2-b
' sentence . o - ’

L2 Y

.
)i‘
“ ' v .
.

o -




o . ’ " - N : . .
.. - Tagle 2 S e
' -~ ° . .
Item Numbers and Number 6f Items on Bosftest
. ’ . Requiring Interpretation of Verbal and _ °

R Written Number Sentences -

[] \ - . ' .
> : - -
. - N -
o // ’ - N,
: : : S % - S T,
' am Addition:” = - - °  Number Sent¥fice .
' v Y . . . -
¢ . . Verbal- . Written .
» ‘ ,

< . . . 3 VIII-1-b VII-a ,
< ' . .| virr-2-b , A1
} . ' , Objects. Vel-b . -

V-2-b  (4) (1)

- . Interpretation N

\ - AN
. . Pict:uses . & Vi-b- - .

+

L - S (0) _ A (2) |

> . - v \\ . "‘ . o>, A .
. Subtraction: . : . _Nomber Sentence W' .
‘ v . - Ve;:al - . Writtem _

L VII-3-b \ VII<b
ST : Objects 4 V-3-b ‘ :
E . . i . V-4~b )

(3) - @
" ’ ame e . . Vi-c

‘ » ) . . gpt.l < et VI‘d .
. Pictures | . _

T 2070 @y 1 (2)
. . Total: _ . .. - -Number Sentence [ . | T
. T . . VYerbal % . ‘. Written .
‘\“\—-v N . - ' v *v, . 3 ¢
RN : ¥-1-b NIFI-I-b | VII-a =
2 Coe ' e .V=2-b .VIII-2-b { VII-b \ .
e . ~ Objects . | V-3-b VIII-3-b |7 . '
- - ..'Interﬁre'tat:ion ! _ v-4-b (7‘) : . 2)
» . i - ‘ VI-a

) ~ : 1 VI-b T ;

Picrures VI-c '

v | , | 0 (0) | vI-d (W)

\

s - — g
- “at v
. ~ - A
» JUS
R v, . .S .
. . . 8
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oo S tables /’ AR T .
- s \ " s -
Item Numbersh\and Number of *tems on Posttest
" . Requiring \Broduction ©f Verbal and . )
’ S . Written Numbey Sentences LEe T Yy S
Ve ’ ) f" N ~
- “ . N :,\e
‘: . . \ I
. . T~ : .
o . 1
4 e . . N \
Addition: _ Stimuili . ’
: - . L.
- Picture ~ Story Problem  Objects
. 7| 11-1 !\1111‘-1 IX-1 i
Verbal ! IT-2 o ) . :
’ 3 ' ’ ' I [ 4
, ~  Number Sentence (2), - (1) (1) .
.. . vl v 5- : .
. Written | IV-2 | I1I-2 WV IX-4 ’
. : ~ (O (1) (1)
- ' _ N . . -
. ‘Subtraction: " Stimuli :
/*- , ‘Picture Story Préblem .. Objects .
, I1-3 III-3 IX-3 . . )
' Verbal . 11-4 . - l‘
’ . . . A . l:
- Number Sentence — .- -—-\—Q) - 1) - (1){
. o) IV-3 III-4 IX-2 I
*Y  Written *| IV+4- . . . '
_ . L @] - (1) !
E . -
Total ) % seddad . )
e . 4 Picture, Story Problem  Objects ~
- e RS R XA . III-L IX-1 .
Lo .- ¢ TI-2 t III-3 IX-3°
- Ve: . , - o .
. . 3 grbal 1143 |
. Number Sentence %o , ‘ (4) " - (2) - (2)
- ST IVl -4 | IIE-2 | 1X-2
L . v Written | IV-2. " I1I~4 IX-4
B N . ’, | 1v-3 . ~ & .
.o b (8) (2) (2) '
. ~ ! ~ . o i
' ‘ > T2 g5
- A R “%ﬂﬁ* - *: . - “ s e e - ‘ - - < M ) *" . ;;ﬁ' 4. . . She -’5‘-—-1"" s é‘}




. K R i . &
- K.‘ - v
- - . Py . — 4
e Z : - ) ,
- . \T - . . ) 49 R
- Table '-Zo"' -7 :
N - ) "Item Wumbers and Vumber of Items on Posttest )
) g - Requiring an Answer to Verbal and
) o ’ Written Number Sentences - { 1
.' . \
[ a” - o - 2 -, M
’ -~ ) 1 : ) %
N . v . ) .‘ Y N o N .
" Addition: ’ ‘ . $¢imuli- . . ° '
o b .Verbel .7 Written : Story s
! - ' " Number Sentence Number.Sentence _ Problem .. # '
‘ ' ’ . . v ! . \/ . NG ‘ /'
g.- o I-a . VIII-l-a ., |III-1 |
. , verbay LD ' VIII-2-a II1-2 _ .
T o Iee S B 5~
o Response. 1-d Wi, &1y @,
. T | o V-l-a T, | e
Weitten l V-2-a I
. ! . '!' P . ".‘ ) -
N N\ @t - O L
Subtraction: - . Stitinuli '\ gy
. o Verbal- . Written © Story
" - ' Number Sentence Number Sertence Problem - -
. . _—
S {I-e VIII-3-a | 111-3 o
Verbal 'I-f s ©T III-4
- N L. CI-g & ” - o, »
: Response s s M Q
- ) ~, - V-3rav ’
Wribten | ) | V=b-a Vv . i
A ol @l o .
. . L8 . . .
- Total: . o ’ _.Stimeli . T
vy Verbal Written . Story
» ‘ ‘LumheL_Sentence Number Sentence __-Problem
. . " ] i <.
. .. & T . I-a I-e | - . VIII l-a  JIyr-1 . - .t
7 Veppay - Ib.I°E T I-2-a Tr1e2 s .
o M I-c’ I-g ~ v I1-3=a - |III-3- .
. R : . v . Jd-=d_I-h* (8)}* ~ (3) 11I-4 (4
) - Response - . 5 U .l 1< 5\\\ -
| " Written, | I T -~
. ; . * ' 2y-37a’ ¥ T . -
- - D (0) | V-4-a .<4>,L’ @ e
01/ ' ’ . - ’ H * . s :
& - - B o - m— (_ \ -
3 e - . ) ‘ R ‘
- X # . 0} A ¢
i * 3 L"' 6 - - T °
; e ‘»' ‘{ ’ < ¢ i ’ ’




e .

responses
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'y, actlo
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o

1c;ure§ 1liustrat1ng t¢he number sentendés,

‘stratlng actions appropriaté to the number sentences.

r.,;g .t
‘were des1gned g% ‘be conducged 13\a verbal mode with emphasis on verbal-
5 —— . .
- r .- . - o .
- 1zat10n on ‘the part of the teacher and the students as a group. Written
. " # S were not 1nc1uded in these 1essons. - - s
> 4
’ ,; © (2) $erbal (V)¢ Lessons in the verbal sections 1nvolved oral
Q e = .
~ # imarily on the part of the students. The 1essons,were

-

desxgned to, encourage the students to say number sentences ‘when g1ven

Rt

and to encourage

e stude//s to interpret given number sentences by describing or demon— o

————
~

~

g ) e - (3) Symbolic (S): Lessons in the syhbolic sections involved written
I T . . . <, . s
S e € symbols. These lessons were designed to be similar to pages typical of
1"’.”0’ . .. , . y .\’* .
S first grade arithmetic texts.’ - ’ ‘. ‘
- N .Many &f the verbal ' (V) "lesson plan§ were marked with the phrase,
///} "Mastery indigativé or readiness obj. o " tnf appropriate .bb~ £
jective of the unit was inserted in the blank. If a subject mastared
S [] - —~ M

e

T " -one of these activities for,a particular unit objectiwe on two con~ ..

L. . v . ¢ 1 . '
. w secutive days, he was considered to-be ready for the introduttion of the
B . ' -l
symbolization for that ab}ective.w Sample activities from the- lesson
i ‘ plans, called the teacher's manual, and sample Qworksheets are ‘included
. . . 4 3 1 e "
- 7~ 7 7 in Appendix C. ‘ ’ . T,
N - ’ N T L. s . ’ )
IR X THE RESEARCH DESIGN ° .°° . ST
g ) . , . . \\‘g ;
« ' : - - M o ‘
. The Selection of .Subjects. «mf o~ . I
¢ . i AN B : ° i s
B . Durlng the month of September, i975 fhe invegtigator admlgﬁ,r‘ B
‘ {

istéred the interview section of the readiness test to 66 first grade

childrencat BarrOW'School.
- S

- ' -
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Scores on the Selected Key Wath Test ‘and
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et
o

N
- . «%A
s  'PMDC Test itels were also ob%ained‘fof the 66 subjects. <These items

. « " .
were combined with the interview items to form the 21 item readiness

e C
~

test» Of the 66 subJects t&ted, 17 subjects successfully answered ail

’

.21 items.

Ve

o

. e '
* for written symbolization.

9

4

.

L) g

e dd

*The ASSignment of Subjects to Treatments

..€

e

Q

Key Math Test’ ﬂ?tal raW’scores were

.

<

a

&
3
\

bolization and the emaining 49 children*were classified as ‘not ready"”

obtained fbr’%he 66

(-]

These 17 ubJects were claSSified as ready for written sym-'

subjects. The ready children weré paired on thé ba51s of thé\;/SCUres.

hd X

. Except‘for one pair
b}

not dif fer by more than §.6 pOints, i.e., two times the standard er

Y . r.. , .
‘$n .

L

tﬁe Key'Math Test total raw scores of each pair did , .

\@.

of measurement for the scores according to the Key Math Test manual

_This pairing progedure;resﬂ}ted in

- member of each pair

éroup'(RD), and the

ization éroup (RI).

)

eight pairs of: ready children. One

-

Y

s >

was randomly ‘assigned to a delayed symbplization

othér member was assigned to an immediate symbol-

?heAKey.Mg:h Test raw score of each subject in each

S s .

]

.

¢

1

group and the.mean Key E;Eﬁ.Test total raw score for eagh group are

[4

14

°

v

a

<
s

a

. reportea in Table 5

[

A

H

-

aa
‘?b

-

¢

o

~test scores and.Keyﬁﬂath Test total raw scores.~

.{

*

scores, a difference of one p01nt was allowed ‘on the readiness test

., z . -

- .,

!
Between each~pa1r of

£ 4

’

~

T ¥ e

-~

.—\/L

o

Math Test scoreg‘ This pairing procedure resulted in ll'?airs of not

ready subJects.

- -
¥ -«

The %emainang noet ready subjects could not be matched

-

One member from each pair was randomly assigned to a deléyed symbol-

~

]
lization group «(ND) ‘and the bther member was assigned to arr immediate

¥

g

-

by

'S

]

[N

0.0 v
--’ " o’

° -

’

i

.

Ecores and again a difference of 6 6 points was allowed betWeen the Kez

- Th@ not ready subJects were paired on the ‘basis of the readiness

.
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-
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symbollzatlon group (VI)

~in Table .6.°
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The readiness test score and Key Math'Test'
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subjecﬁs to treatments is diagra
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' total raw score for each’ subject in each group and the mean readiness

test score and Key ﬁath Test\total raw score of each group are reported
oy

¥
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. : The overall method of selection of subjects and assignments of

The selection and

~

mdéd in Fiéure 4.
assignment of subjects was accomplished in September, 1975. During this

‘time, the suhjects were working on the IPI objectives for numeration and !

. - ' . ‘ B ‘
place value under the direction-of their regular teachers.
¢ . ' .
‘The Treatments ‘ ) -
. e ' .
At the time of the present study, Barrow School had four regulax

e b \ .

flrst grade ‘teachers, twg aides, and two interns from/the Unlver51ty of

. 3 . ’ .
participate\in the instructional part of the study.

+

Geofgia elementary education program. All of these people agreed.to
. ¥}

. \

- -~y v- . ‘-
investigator and a doctoral student in mathematics education .at the .
University of Geqrgia- alse participated in the 1nstructional part of the

¢

In addition, the. -.

study.

The teach®r aldes were assigned groups.of students who were not

N /
1n the study

4

PN 1 -~

Thus the

’ A agq who needed remedial work with nuheration>’
- ~ . ’

* elgb;/instructors in 'the study included the four f1rstxgrade teachers, .

-
.

e

PR
[AruiToxt Provided by ERIC

Each of the

rour treatment groups was d1v1ded between two of the elght 1nstructors.

two 1nterns, one’ doctoral student, and the investlgator.

+ There were fourytreatment groups in the study::

‘Symbolization group (RD), the Ready Immediate Symbolization group: (RI):
. . [ . ' . -,

the Not Ready Delayed Symbolization group (ND),

Additional

AT . . * ‘ S .
Immediate Symbolizatign gfdup (ﬁI). first grade chikdren
k- - .
who were not included in the study were assigned to the various groups
\ . S
. . &
\ Fl o -

@
’
.

the Ready Delayed.

and the Not Ready .

Y
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by .the teachers. _The_ 1nstructors:of all treatment groups used the un1t

\ o °

. on adﬂltlon and’ subtractlon'prepared for the study, but the t1me of .
e ) ) 12troductlon of symbollaatlon'was varaed for the different groups. )
A 1‘Each of the four treatments was COnducted\;Zmultaneous}y for a ) - 1 R
il . 12 week perlod The RI ano“VI groups were combined for 1nsttuctlonal .
* . . . -,

a purposes; these two groups were ‘taught by four regular teachers at -
Barrow School , The subjects in these groups experienced & treatment gg ,

wh1ch wr1tten symbollzatlon of addltidn and subtractlon was 1ntroduced
$ n\- .

simultaneously with the concepts. These groups were therefore similar
L] 3 .
s N $

L ————y

to control groups since, in the typical first grade curriculum, a concept

N

and its symbolization are usuallyiintroduced.togethem. The subjects in

. 2
. - . » »

- the 'RI and NI groups worked all threé*sectioﬁs of‘eachkactivity, the

) N * . V. : . e ;. ' ’ N
ccncrete—pictorial‘ the verbal dnd the symboIic:sections. s P

- . . . ’
" The subJects in the RD groyp were divided bétween the two R <

.- . + interns for instructlpnal Qurposes. The SubJects 1n this group expe+ -
- L . k] . ~ 'y PR

. r1enced a treatment in which writeen symbollzatlon was delayed for five .
: ) e ‘

(-\

. -‘\/ \ -
\ osix weeks,.but dbservat; s'durlng the fifth week‘lndicated that\the

- ' 2 .

. subjécts were becoming bored and frustrated.

. . . ‘ P

AN .
- , 3
worked\only‘
L

MY

R A S . . : L R L
) . the concrete-pictorial and verlgl sections of activity during the
" v » ” ..
. Ml . . . . ’
. five week delay\period\ - &t the end of thé. five, week delay, the subject$ ’
- . “ . . E - . .

- . o . . - .
’

worked the previously skipped symbolic sections of each activity. For

:y -.J . . . -‘ . o P .
. < .
&

. the remalnder.af the study, these subjects worked. all three sections of "f}\\.
’ « . P
. . . L . i - .

‘5~ oL each actlvity. ) ) o ' ‘ .
' T, The sublects in the ND group were dlvided between the inves- :. ‘
tigator and a;doctoral student.for ;nstructional purposes.__The SubJect;4

in,this'éroMp eXperienced a.treatment in which“;ritten symbolization l
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was .delayed for each subject until the sﬁbjectrwas judged to be ready.

4 .

A subject was judged to be ready for the symbolization 8f each of the,

4 .
v

nine ;objectives of the instructional unit when he had demoé%%ratéd/
. ) .

‘mastery, on two consecutive days, of a verbal section on an objective

. . £

-« - -

that was marked with -the phrase, 'Mastery indicative of readiness

B t 3

obj. L _Ideally, once a subject demonstrated mastery of these'

N -

. e ”
sections, Jthe writFen symbolization of the ijéctive would then be
. < . ‘ .
introduced to the .subject. However, for practical reasons, this intro-"
» ' ‘ . . 3 — A rw
. duction was sometimes delayed for a few days until several other
A . . ' )
subjects were judged to be ready. During the delay period{ these

[}

. >

subjects wofkgd only'the CP xnd V ;ect%pnslof each activity. :When a
subject had mastergd an\oﬁjej:}sé verbally,'he‘thenxworﬁed the p;e-.
viously skippedyS’sébtions~of acfiyitfgs for that'ijecEive. The

“subject then ﬁroceedeéﬁto the-;ctiyitie; for thé‘next ijec%i§e, put ‘

[
5 4 B

* again worked only the CP and V sections until the objective Qas hasteréd
a5 Ly i J o~
—Q 3 _‘1}1' ’ *

verbally. * S .. .

o ’ .

The Data and the Statistical Methods ' .. | -
N~ :

¢
\

» After tfie twelfth week, thé‘pésttest was administered to all

\ - .
.,

subjects. Scores on 12 sections of the pogttest were recorded for each ,
. . ” . e ’

. . _ ‘ e
:sgbjebt. *Each score was related to dne of the 12 null hypotheses listed

§

¢ .
.

. . q - -
t . . .
" in Chapter-I. For example, the score related to hypothesis l-a or 2-a
. \ N . Pl ' v e N ¢ . ‘
. wa$ the number of addition number 3entences correctly interpreted.

i [

Each null hypothesis for both ready and:noé'ready subjects was tested by

N . -

W
.
-
-

. - . L.
" . . . . N

/
N
S
.
.
&
. s »
R ==
—
N
N




Al

. s
-
-
.
.
»
}
)
.
» ~
. .
.
-
.
a
.
°
-
P
£ —
-
-
. -
s
.
. 4
L4 ~
Ve
» . /
a
.
L4
% s
N

Aruitoxt provided by Eic:
.

the Wilcoxon Signed Ranks Test procedure described by Conover.1 . The*-

>

hYpotheses were tested at the‘level of s1gnif1cance a=".05.

7

ooy

Confidence intervals were also constructed for each qf-the
.

twelve null hypotheses for both ready and not ready sub3ects~ The 9OA

and 957% confidence intervals were constructed by a geometric con- .

*

i . 2 . .
sg?uctlon proceduse described by Conover. A .
. v

>

. N ¢, . .- . -
Although the activities Eg;.éke\unit irncluded some activities.

A

on missing addend number .sentences, i.e., number sentences of the form ’
. ' i e )

a + ‘= c or a - £ ¢; none of the subjects in the present study had

been introduced to these act1v1t1es at the t1me of the posttest The

4 N

posttest conta1ned six items-that req 1red work with misslng addend
L 2 oo . Y %

number sentences, ivems I-i, I-j, III*S -a,. III'"-b IV—6-a, and IV-6-b

°

.
- »

The data for thege 1tems were analyzed separatelv from the data for .the

< .
-

procedure descri ed by Conover3 was used to test the nuil hypotheses. .
. oo . . N

.,

e ‘of intrpduction of symboliZation will have no gffect S

a

S, L= «

qﬁ;ready subje7t§' ;b?&{ty to state answers to,and produce missing « . R

-

addend number

>
e
~ -

sentences.

r-4 - .
3-b: The tlme of 1ntroductlon of Symbolization will havé’no eﬁfect Lo
on not ready subjects' ability to” state answers to and produce missing ’ .
'. - .‘ . . :-, . .
addend .number sentences. ¢ ) %&%km&m ) T
S " e (- = -
. “ N » - "' - ’ ) ’ .‘ . » ’ ¥
lW. J. Conover, Practlcal Nowparametric StatlSticéL&Vew York
John Wiley and gons, Inc. 1971) pp. 206-215. .
‘e 2 i . - - . . ¢
Cohover, . pp. 216-223; . ‘- . .
s . ’ . ) ) ' . -t
. 3 “ . a . '
~Conover, pp. 206-215. .o 2 ep " S
4: . ' . . 1‘ : . ' ;
o 7o ’ . ’ e
!f' ' ('() ¢ N ' T
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A record of the number of activities worked for each unit .
objective by each student was collected. [This datg was to be used as a

measure of efficiency of learning. /ﬁf v Rt
Py . ) i . ~ ' Ia -‘ ‘
Summary ' ) ’ 4

. . .
v, . The subjects were classified as 'ready<or not ready on the basis

0 . N I

of a readiress test designegd by the 1nvest1gator. The~subjects were L ",“r

r-. pa1red and one member of each pair was randomly assigned to a delayed \ .

a

symholization group'and the other mémber was assigned to an immedlate o, r
- L N ¢ e s
»  symbolizatiom group. *The immediate symbolization groupsoof both ready i
™ P

.&_and not ready subjects ewperlenccd a treatment in which written symbol— .

-

+
ization of<hdd1tion and subtraction was introduced simultaneously with, o
3 ; t

the concépts. The ALlayed symbolization group of ready subJects ex-— y
~ . & . B -® - _‘..‘ 3
perienceé a treatment in which written symbol&%rtion was delayed for - ot ”j;

’

five wéeks. The ‘delayed-symbolization group o not ready'Subjects
f experjenced a treatment in which written symbolizatiot was delayed until g i Y
, R d .‘ ; PR .
’ LI o N . . a

“tHe subjects were judged td be ready. . | . o %

.. - A posttest designed-to measure subjects' meaningf 1 learning was .

il RE ] . , : : . e ,/J‘
.adminiSteréd to all subjects. It ,was hypothesized that ghe ready ’
' i S S Ly

subJects in the 1mmed1ate symbollzatlon group would dem trate that the -

' svmbols were _more meaningful to them ‘than thé subjects in ;he delayed ’
-, » . S
symbolization group. It was also hypothesized that the not ready a '
. e > - . ) “ -

-
SubJects in the delayed symbolizatloﬂwgroup would demonstfate that the -

v

symbols were more meanlngful to them tham the subJects in the immediate )
g . « ‘. . . |

y x - v . ° -

symbolization group, . - & - "

. € LS

" _— Additional 1nformatlon was collected during the study for ex- ‘ Co :

—a 4 .
- - ‘

o . ploratory purpqges. This informatlon included audio and video tapes of

iS -
- .- . .

. nnny of the instructional sessions, subJects records and instruoégrsﬁf“

‘ . i . . . .,
~ERIC - ) Ly
RIC . , . - | L ;
5 g . L. . . 3
. ' : . [ .
G | . . - oy . M o -
e ’ i ve ’ : ‘ o, [ ’ ey .
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- Yo s . Om tx

g . . . \ ‘ > V. .
- . aspects of- the study will be discussed in Chapter V.™ The statistical: ' ot
- ) .o . : o g DN T
Q\' ‘ ’ analyses of thée data, the results of the hypotheses testing,”and the- -
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'~ troduction would be inefficient. ‘ , . ‘ v .

. ’ [}
- Chapter 1V,

° M & s - )
- ~
. .

A ' ANALYSIS AND INTERPRETATION,OF THE DATA }
' i ’ 4
r«- The purpose of this chapter is to describe the statistical 'ana}l-
’ yées f the data and to describe the use of these analyses to test twelve .

null hypothes&s related to meaningful learring of both teady and not

. . .
. - 8

\

. . B * ‘ s s s
A discussion uf data collected congerning{efficiency of

jects’.

(ready su

¢’

- ' ¢ N -

- W &

. THE #ADY SUBJECTS [ ;

The Research Hypdtheses

N \\ . . .
The resea ch’hypothesiS'related to the ready shbjects is that if -
o‘ ‘\ - ‘ W" i
a sfudert is %ead? for ,symbolization of addition and suotractlon, he -

*

blll 1earp ‘the symbollzatlon in a more meaningful way if the .symbol= .

4 .

zation 1s\1ntroduced lmmedlately rather than if it is delayed The

-

reasoning behlnd tﬁls hypothe515 is related to the prev1ously deflned
y o

read1ness state. If the attainment of the,readlgess state does effect
i

L+

. | '
. the course: of learnlng ahd the. success of instruction, the - 1earn1ng of

/
/

.. a.student dho has atta1ned this readiness state would be more meaningful - .

< K . .

-

TEif the, symbolization is introduced to him immed#tely. A delay in in- l'

v N .

\
A < ° C . t
. M § ' B
in the‘?@esent study, a subject's meamingful learming of the !

o

-

©  ,symbolization of addition and, subtraction was aeseéSed id terms of the ..
Vot 61 .




Aruitoxt provided by Eic:
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o e e

groups of ready subiects: ' t — -

o e~ N
. A S

L . ) s . . s, - .,k\
v.‘. tad . R . -
— g . il \

"6

2

-. / s
subject's ability to interpret, produce, and state answe7ﬁ to number
‘ - :

. . . N
senteaces. The posttest used in the present study was designed as a

< -
.

.
measure of a subject's ability to interpret, produce, and state answers

- ~

to number sentences; thus the posttest was a measure of a subjec;'s

s

meaningful learning of the wrftten symbolization of addition and sub-

;o .
traction. It was assumed that>Subject A demonstrated that the symbols

2 -

. . . »- 3 T
of addition and Suptraccfbn were mare meaningful to him than to Subject

3 it: (l)’che toEa% posttest score of Subject A was higher than the
z

sepre o% Subject B, or (2) the score of Subject A ongg%f section of the

.

posttest was higher ghan the score of Shbject B, and the reverse was

’ .
’

not true om-any other section of the posttest.. If che\score of Subject

. . ¢ ,

A was higher than the score of Subject B on one section and the reverse

was true on another section, only tle total posttest score could be
e .

used to determine which subject demonstxate@%that the symbols were more

meaningful to him. -}~ - )
. "",. o M [US—

‘& Information concerning the research hypothesis was gained by
. . : "

te

- testing the foLlo%?hg,null hypothésés ﬁsingiche data from the two > -

N !

H . '
(1) For students classified as ready on the basis of the readiness
. & "

e

test, the time of introduction of symbolization will have no effect on

N

<

+

' - r'] ’
students.' ability to: . J
oy - U
. - ' . rd , o
a) interpret addition number sentences. . .
2 . / - - ’ —
b) imterpret subtragclon number Sentences. . ’Yﬁ *
' L . v oo
e c) interpret a ton and subtraction number sentences. .
. . . . NN :
. . I ——
U g;odu@e addi number sentences. - -
> e) produce Subtraction number. sentences.

~ £} produce addition and subtraction number sentences. -

%" .\,,’ i . ‘ .




AN
-
s

g) state answers to addition number sentences. -, e
L \\

h) state answers' to subtraction number sentences. . NG
hY ’ ‘ » .
i) state answers to addition and subtraction number sentences.',//~ : ‘k

?;> - j) interpret, produce, and state answers to addition: mumber
L] N . N ‘ ..
. sentences. - -

- . 1

. k) interpret, produce, -and state answers. to- subtraction number
. ¥ :
. hd v - L]
. /7 ‘ . . . N
. sentences. ; :
¥

¥ -
L] N -, . n
1) intergpret,®produce, and sfate &answers to addition and sub- o

<

" traction number sentences.
»

A ]

-~

The Hypbdbtheses Testiﬂg, _ . “

v

c Scores on 12 sections of the'posttest were recorded.for each |
[4

—\ . - ]
subject{f—ga\h of the 12 scores of a subject was related to one of the

'3 .
- . . . kN ’ .

12 nulL hypotheses. “For exampLe, the score relaﬂed to‘Hypochesis l—a -

~ ) .

was the number of addit. : aentences correctly 1nterpreted The

scores of each subject related to each hypothesis *is included’in Ap-

¢

’ pendix Fy - Far, each hyﬁBthesis,,the data”

.-
onsisted of eight pairs of

-

P

here’ Xi is the score of

o -

scores, (Xlﬁ Yl). (XZ’ Y2), R ’.(XS’

- the ith subject in the delayed symbofizatioh\grbup (RD), and Y. is the -

-
. . .

score of the ith subJect in the immediate symbolizatlon group (RI)

.- .~
~ .

Each.null hypothesis was;testea by theiWilcqxon Signed Rarks

S S . . 7 S - . . o
Test procedure desecribed by Conove;:l In the“model for this procédure,

the population median of Ghe‘d;gfe;enCes, Di =‘Yi - Xi,_is.Qenbted q 50.»

- . . \ . - N o ~ . ) ;;:" R . . - N : ) '
Each Di has a probability of .5.of\exceeding'd so;and a probability-of *
- ~ . i' e, ‘ - ) ’ .

.5 of being less'thah d:SO' If d.50 0,. then eaeh Di
A * H w ' . . ‘. ?' , “"" - M "..‘ s ,,‘

» - , - b ot Lo

-

has a ﬁrphahilihy ;*;}
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of .5.0f being positive, i.e., the Y, score s larger, %0d a probability
A : ) : )

of .5 of being negative, i.e., the Xi'5coré~is larger. "

. .
v r

»
. The follow;ng are listed by Conover2 as’ the aSSumpcighs of the
~ a P M ®
model for the:@ifcbxon Signed Ranks Test: - RN

. . .

(l) Each D is a contlnuous random varr§ble.

- .

'}n practice, no measured random variable is continuous because

P

‘of the finiterpapacity of measuring instruments. Howeveno each Di~&s a

<. . . -
measure of a difference between two subjects' abilify to interpret,

produce, or state amswers to number Sentences. Ability is a continuogf
-

of a continuous variable.

thus each Di is
-

vartable, J measure
- 2 : .

(2) The distribution of each D, is symmetric. .

— . o

) . Each Di is a sample from a populatien distribution. Since oné
o L . |4
nmember of each pair of sibjects in this study was tandomly assigned to a

]

. -3 .
treatment, each Di has a pﬂpbability of .5 of being less than zero and a

S

probability of .5 of being greaﬁer than zero. Thus the probabifi;y dis-

* . .
v . ’

tribution of each~Di

is symmetric about zero. .
. . T

(3) The Di's are mutually independent.

The scores X, aid Y,
i i

each D,
1 1

(4) The D, 's all h

1

=Y, - Xi is mut;ally independent.

LErd

ave cbe 5ame median.

o = a

The probability dlstrlbution of each I) ﬂﬁas _the mediaq zero.
v . Y
™ Thus all the D 's have.
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(5) The measurement scale of the D 's is at least interval.
w , 1 o .
o [ . v A L
« ‘ - The rdistance between twovDi's may be expressed as a number

e

" units; thus the measurement scile of Ehe'D;'s is at least interval..
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used “to test each of the twelve null hypotheses: ) -

The following statistical null and alternative h&potheses_yere

P ) . HO: d:so = 0 . \ . . )
e 1 .
: - " H,: d # 0 L
‘ o’ . 1 :50 . ‘a o
- ' =~ The alternative hypothesis may be stated as, "The values of the Xi:s

» the scores of the RD group, tend to be larger or smaller than the Xi's,

"

the scgres dg the RI group. If it were found that d 50 < 0, it wo

3

pe assumed that values of the X 's temded to be larger thdla the %ﬂl

the Y.“s. If it were found that d >0, 1#d be as ed that

" values of the K s tended ;o be smaller than the values of the* Y
Using thé data for each of the hypotheses, thecdifferences,

[

. » . ° \
. Qi = Yi - Xi’ were computed for. each pair of scores, and the D;'s W

.ranks of the positive D.'s énd.N was the number of D.'s_ndt equal~to.zero.

B ) :;_a . ! .

W Wooe
The test statlstlc T was conPared with quantiles 855 and 973 of

’ WiltoxonuSigned‘Rénks Test statistic listed by Condver.3 Theevalug
e . e ’ -

N and thé comparison quantiles W and W

" A - ' v R

. time of introductlon of symbollzatlon on ready stu ents ability to

.

uld

ues

the

\ .

ere

£

v

ranked without regard to sign. The tesi)statistic&T was the sum of the-
.o . £ - .

the‘

of

A

3

interpret,vppoduqe Qr State answers to addltion or subtractlon number'
; RS ﬁ

th ‘twelve null hypotheses concerning the effect of the

ot or , 1t 025 975 are pEesenged<in'Table 7.
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Table 7 . s " o

. . - , A - N
- ' (>‘ s /. ‘\' ‘ -0 . e e s - -
. , o .. . The Ready Subjects ‘ m o -

o :" The ,Va'lges of N, the Test Statistic T, and the’ Qua't}tiles
o, W 025 and W oo for Each Null Hypothesis

HyPothesii- * . TfSk N _'T» w.£)25 - 2«1.975' °

* . 1-a ‘ ’ Interpret + 3 3. Ger - 6

“1s5b Interpret = EENA 8.5 ° 0 10 -
. v =t -
AR .. L-c . - Interpret +, - .- 6 16 1 ©o20
¢ - ’ .n . . 3
RS T <" Produce + o 4 7.5 . 0 10 T,
~ * . 'l ' ‘:'\ ~ , . < \ . ~
. -y - ’ . - . :
. a -2 ‘ Produce - . 4 3 0 10 . ‘
S - N ' ‘!\ N ’ R . . . " .' . . ) | ’ “"v
b © . -f - . Produce- +, - , 5 10.5 ~0 - 15 . »
. . . * N v, ', . ’ [
1-g . ,7 .7 Aaswer '+ © 6 13 - 1. -~ 20 . '
. A . A . [ . e v \
"3"' - K « ' ' ' ’ ’ e . * . . .
e 1-n' Answer - . 6 10 1 20\ _ ,
Ead ? , ' . ' ’ ‘ ‘ - ' ' .
0 -i. 0 . . Answer.+, ; ° 8 20 4, 32 7
L, - ’ . . .se" ' N - b . L /‘- . .
R S Sk Interpret., Prodyce, & Answer + 7. 19" 3 w25 .
. as T ) ? * . ) ’ ' ’ ) )
1-k 4 * Interpret, Produce, & Answer - 8 22 4 32 -
1 Interpret, Produce, & Answer +, = 7 22 -3 ©25
’ . " . b ‘,’ . s
. v - . - - : X

& s - —_ .
. . R

. e Detision Rule: Reject #y: d 50 0 at level of significance d = .05 N
- : Co. \ g —- . .

S ' . ~ 1if the value of T exceeds thé valug of W 975 or is -,

- PP

- . ¥ - " : s
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Also, none of the twelve hypotheses wbuld‘have Been_rejec;gd &bt

) . ) . e «
& . . >

- level of significance » = .10. \ © Lt
> . ., ," (.-

. - 3 "As previousiy noteﬁ, a measure of-a subject's.abili;y to ih-

terpret, produce, and state answers to addition and subtraction nquer ~‘~(({ \
. o " ‘

‘. [
- -~

. :fhe ~

. . séntenges'was used. to assess thessybject's meaningful learning of

T W o ' » - .
writ;eq symbolization of addition and subtraction number sentenceg.
o J N \ - !
N Thetefore. the results of~the-nypothesis testing do notfsupportpthF

' -~
. - . e 2 N . . o
- research hypothesis thut the time of introduction of symbolizatiod will
‘e e L] . , [
‘:‘ affect ready students' meaningful learning of the written sympolization _7

-
s

. of addition and’ Subtré’ction‘. . . . L ‘ e 7
" . ‘ . - <
. "
. THE NOT READY SUBJECTS . Y )

Noe— . ’ v ‘~ ‘. ) , . * d b .
_The Researeh Hypotheses

&?; = -o..‘ < A . .
. The research hypothesis telated to‘thé'not ready subjects i's

-

that-if a stydent is not ready fog symbolization of addition and

. ) . -
. ° - - |'. . '

traction, he‘will 'learn the .symbolization in a more meaningful way. if

. . . .
v -~ .. 4 -

the svmbolization is delaved until the student is ready. The reasonink
* « . . b - .

. . . ,
’ behind this hypothesis is also related .to the previously deﬁin$d:- .

M . e . . .

a .

: . “: . P < . - = e
- readiness.state. If non-attainment.of this Téadiness state does effect

- [

s —

. ) -the course of Iearning and the 5uccéss%&f'instruction, the learnfgg,of.

©a stuﬁeﬂt who has not attained this readiness state should Be mor? mean-

¢ ’

“'iﬂgful if the symbolization is delayed until.fhe student is';éady.-
VAL . . . - b N 3 °

PR Y . .’;_: . I X . . .
E . * “the same assumptions, those' related to the aséessment.of the

7

. L B *
meaningful learning of Subject A versus Subject B, that were made. forx -

the .xeady subjects also applie& to the not re;dx'§ubjeéts. Information

&
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a . N . ",
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‘ . about the resgarch hypotheses was gained by testing the following null
. ] . K .. R 4 . .
. hvpotheses =~ ° . . . . "
0 * ! N , « . p ¢ B -~
° (2) For students classified’as not ready on the basis 6f the
, ; + readiness test, the time of introduction of symBoliza'gion will have;n{o "
.t . * - . M . ? ‘. !
* - .\ X . . ¢ .
- effect on students| abiljpy to: | v 7 .
o . M . e - ' * . ' .
o . 1‘. . N ) R o . . ’ L
i .. (a) interppet additfon mumber sentences. .. *
: RN e . . ‘ . \n . !
. « & (b) intérpret subtraction humber sentences. . .
« . R . ¢ ° < Lo . “ o -
A ‘ Lt . . L PR . -9
. < «(c) interpret addition aad subtyaction number sencénces. .
1 . . . i
. /] @ < RO ,‘. " . . - . . N .
*(d) produce .addition number Sentences. ) -
. t. . , : 5, - . - .

- ' , (¢)' produce addition numb€r, sentences, A LS

- N N 'y o . ,

’ . - L . i .. - ’ \ . N ~ <

) ~ ~® (f) produce addition.and subt raction number sentences. -
: o aneme . . . »
) - Y o . -
R . S {(g) state. answei:s to ,addi~tion number sentences. -
. . o«
. . . [} Pt '—‘a —— ~ " .

R . Rl {(h) state answers to Subtractiorn number 'sentences. &o “

co. . - AN . . R A % . . D 70T »
' ‘. + {i) staté answers to-addition and Subt-ractio,n number seritences.
' . A -a M .
- L3 . . . *
3 ] . ..y (}) interpret, produce, add srate answers 4o addltlon number
A ' - *
- iy . . . . .
' ' ’ 3 . - . * ! l‘ .
e o — sgntences.~ ‘ ‘ ce /
) R . s S - . C s v
a N (k) -interpret, produce, and state answers to subtraction numper
- e ' * : / Lt . . NETE - 3 o T e
. ) sentences. - > . =L
' . .. . ., N . P .. )
. “¢1) interpret, produce, and state answers to ?.dd,ltlon and P
r . T » ; . LT h PR St
t. o4 .subt_rac;ci%on- number sentences. = . .ol PO
.o . - . . > . ™
SRR PR .. . L v . <, ; - . o
. = AR R Py ~ .o
N . . - e P N ’ . .
. < The Hypotheses Testing .- l . ‘: .
<, . 1 . . ) . , ¥
. "t ,+_ Scores on 12 secmons of the postt\jt qere recorded for each :
. - . ' “ )
A subject. As\with the ready sub_]ect'.s, eac‘wScore was related to, ode oﬁf L d
.0 M : . ’ « ' R . . - - LIS e
T . the 12,gull hypotheses., Thus for eac‘l hypothes:.s, the data cons:.s;édx
' h . , . . R . ;, , . I 'o ’ ‘&._a‘e‘\

- L of eleven ffairs of.scores.%‘(X_,'l-Y ¥, (X oY) e (Xi , ¥..), whete
i S, . ’ £ 017 1 20 27, . : & 21177 e -
. e e e e e R PO - [ *AA“Ch% SR -4i/. - - " J-\.-
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" (NDY, and ¥, is the score of the‘i'th subject ip the immediate symbol-

® : R 4

 ization group (NI): v T ' R
. -~ * N ‘
~ L3 ',M L
v Agaln,,each null th?ﬂ&heSlS was tested by the Wllcoxon Signed \

. N . 169 .

: 4 .
4, - _ Ranks Test procedure described by Conover. The tollowlng stat;stlcal N -

. J). . . .
nul'land alternative hvpotheses were us%d to test each of twelve null .

/ h U h 288 ) - 4 ) . . ' - .
‘- ypot e.ses‘ . ’ . » | . . . N “\

: d _'", '
P , - “ ’ -.
. . The same procedure used to obtaln the test statlstlc T and the value or

{* o .
. . . -
. - v

N for the ready subjects was used for the not ready subjects. The value
. . Ay »

/” " of he te;t st,atis‘tic:'f, the value of N, and the tqmparisc;n quantiles, -' .~
' %025 204 Wggs

- i 'Slumsra’rz’ . ,.‘. - , : ' __ | ‘ ) _‘ :, ./ . .*4
. The n’ulljhypo'theses 2-'a:: 2-t3, aﬂ;i {Z—C.‘Qre rejected at the level W/

3 - -

are presented in-Table 8. - 7 o . .

. of significdnc® = = :05. The small values of the test statistic T for’
. ‘these.hypotheses, i:e., the value of T was less than W 025° indicated
. M . ) - > .

< d .

- that d < 0.? This :J'.mplie's th‘at the values of the X:'s, the scores of

. .50
. . ' o
% p the ND group, tendeq o be larger than the valua of the Yl S, tHe scores = u ‘&

& s .

. of the NI group These results imply 'that with dénts clasmflea as
. * . f; - ~ . ~ | . ow N - ~, . . " - LIPS .
oy \v_not reaqv, t.he t:Lme of ,introduction of symbollzatlon. had an effect ‘on »
i N - 4 « % , % . ey N -
o » - . i~
. students' ability to: . : ., \\'-’ =
. P . . . , Y
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" r . (a) interpret addition-number sentences. . o . L e :
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w e L ‘ 5 o . .' anunr et
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Tab}e 8
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The NoE'Réady Subjecﬁs'

The Values of‘k the Test Statlsnlc T, aﬂd the Quantiles

w.025 and W 975 for,Each VuLl Hypothesis

‘

A

Task

Interpret +

Interpret-x N
) -

-

v Interpret +, -
.Produce +
Produce -
Produce +,
. yvAnswer +
"Answér'~
. ) L
' Answer +, -
’ rd - -
-~Interpret, Produce, & Answer +

.

Interpret, Produce, & Answer -

0

50~ = 0.at level of 51gn1;1cance 2

[

'975

.

| s i? the"value_of T exceeds ;&e valse of \W. .t or‘1s ;ess §

than the value &f W 025.°

: 0 reJected at level of 51gn1frcance a

-

NN
e

°
¢
‘

=0 woqld haGé beeﬁ»fejecteq at level of siéﬁi{icqncé a

\
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]

—

.
5
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The null hypotheses  2-d, 2-e, 2-f, 2-8,
. ' . N . ~
2-1 were not rejetted at the lewve!

[ ¢ s

e
* ... 2-e, 27k,

. v

eviously nbted,

]

terbretr'gxoduce, O

9
. -,
\

rwr}tten symbollzatlon of addition and subtractlon.

. [-Ad -~
.,

efifect on not readv students,

. - R o .o
sy . ——— <

students' ablLity to lnterpret meoer SEQFQHCQS.
N ’

he hynéghesis testlng support

° ¢

[ 4

| S v
‘traction. . s = ;

- ~ .
. . . ,

.’ CONFIDENCE INTERVALS
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> .
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P
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k
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J{ ),, wtpre X "is’ 'ehe scor
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‘ENC ST E ~i 7 .*‘?5;. ,
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| mmm TP

2-hy
of'significance a

and.é—i were rejected at level of significance a

ssﬁte answers to 3ddition and subtracgion

ability to‘produee or sﬁate answers

meaningful learning .of the written sggbollzatlon—of addition and sub-

P - twélVe,null hypotheses bf bofh ready and not ready subJects.

i ' W ,§edure descrlbedkby C ) IﬁEefvals Eormed 1 thls wa?,have a
S S A AR §°j e

‘?rObablll.t‘of I:—*f of conta‘mlng E“{e true paramééer El ,' th‘e poP—&

i

-4

' = ’j . - ..’." ST e e . .‘w’ "

P

21, 2—j', 2-k, an}yt

.05.
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Hypothesfs

= 10w,

|
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|
i

a measure of .a subject's ability to in-

number

.
s

‘ sentences was used to assess the sub'ebt”s heanin ful learning of the
- v J LY g
'Althpugh theotime

of 1ntroduct10n of symbolization did not have a statlstlcally s1gn1f1cant

»
to

.~

T number sefntepces, it did have a scatlstlcally s1gn1f1cant ef;ect on

Thus, the results?of
ih parc, the researcq ﬁypdthesis that

) the time of introduction of symbollzatlon w;ll affect not ready students
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in the delayed symbolizdtion and Yi is the/ score of the i subject in

- .

1

\ the immediate syznbolization group. The difference$, Di = Yi - S{i’ N
- L} ' . > .

S VN . Lt . . . . -
©°  were computed for each pair of sgores, and the population median of the,

-3 . ‘ B
. - L] - .
. ' - -~ )

.

Cos differences was denoted d 50° The model gor the comfidence intervals

-

; . #sserts that if d ‘SO.- 0, each. D, has a Qrobabllity of .5 of béing .
-pos'i'.tive, i:e., the Y score.is larger, and a probablllt:y of .5-of being ’

ol negdtive, i.e., the"X sco,re is larger ng d '< 0, ‘it would .be

. - o 9 . .
) asSumed that the values of the X‘»i's tended to be larger than the ﬁ‘lues .
. 4 . . /

. .
¢ I3 3

;;.. ’ of the Y‘.'s.' If d 50 > 0, it ’wo,nl;d be. assumed. tha't' the values of the Lo

- .

. s tended to be sma;ler t‘aan the val

w \,,, of the 'nodel are the sq\hﬁﬁ;ssumptlons for the Wllcomﬁw‘

the Y . The assumptions

e . Ranks Tést. . .
. ~ N v - .
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. > L Confldence 1ntervaTs yere construct@d that: have a_Probabll ty of
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. N A \ o )
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The Ready Subjects X . . t .
N . T NN . L sl
SO . Upper and lower bounds of 952 ‘and 90% Confidence : g AR
e Intervals for the Parameter d'3q of the .

: o pata for Each Hypothesis . . o .
T . S romi
B - P . ~ ‘ . \
.\ Lo < : . . .
L X ¢ -
. [} - M '\ w R . . .
* Hypothesis ask « 952 . 90% Coel e
,‘.‘ A (. - z Uppg‘xz Lower Uppery Upper /7 . .
- - : » Bound _ Bound Boi& Lower .
: . < . :
o . , S . [y
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¥ L ’1evel of significance x = .10. These confidence intervals also indi—
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] + cated that the probability is .80 thdt d 50 ¢ 0. A value of d 50 <0 .

fﬁ-ﬂnwlies that values of the xi's, the scores of the VD groug/,tended to
. be large}‘than the values of .the Y. s, the scores of-the Vi group.
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the negative -
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. 2 SITERe 3
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ndtedgin Chapfer III, the unit developed for the presen°

dfof 6% activities for ‘addition and subtraction. The Fex.

strictly sequenced and the instructions were to use®

only as many act1v1ties as needed for student mastery of eaéﬁ obJectlve
. \

of the unit. The-subjects'«nofksheets and instructers' records of which .
- . ' ' s F‘ Ce i \- 4 -

3&;‘" .
. actlvitles we{‘ covered by each subJect were collected.s It was planned . .

v - p
1 that th@ number of act1vit1es needed by each subject‘ﬁor mastery of eacb

[ . e - RO T o PR B P Ve

-

. . . L A
. I N
f J

C
v
“t
'a
H
o ¢
o
-
Nedvner
g
.
.

ERIC . '
& V| . . ’ ‘ . N\
@t A . ’ - -

£




¥
A
‘l

&
E

1

.- -
-

L3 - e *
IS v V4 AN
- . - » . ‘.' et - - -
- “ .
{ . - ‘ - b 78 B
i > { .-
"\ ‘: R . RIS . P } - e - . - ! ) ) -
ot ob;edtave would beodsed as measure of efflciencY'of learning, The data :
i”‘“ - T
;f.Lndlcayed that.theXiny d1fferences in the number Qf;atéi 1t1es com- T '
. " W@Eéy'th Subﬁects were “among 1nstr However; audlo and‘vldeo . _ffn
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] sed bo draw'some odﬁzzzg%bg5~ Eout the effect of tlme of 1ntroduct10n . " N

teSted for-both ready and not ready subgectsaf
'-"'..\-\ ) "’ - - .- -vduo'

hy§otheses concefrping the effect of qﬁe t1me of 1ntrddﬂ§€ion of symbol— _ '

. ~

.*ization on ready students ablllty te interpret, produce, or state

answers to addlt\on or subtraction\number sentences,\qr both, were ' N i
\ - -
. »
,;reJected _The three »null hypotheses congernlng the effect of time of . b
introduction of symbolizatidh on not ready’students' ability to in-
[y 4 ’ M - ! 1
interpret number sentences were rejected ag.the level of signifiéance'
, i { . ‘. . ‘ B ' P '“ 1 ‘ -1 - “ ,
i a = .05. The three null hypotheses concqfd&ng the effect of time .of i .
) . : e . . o LT ) , o . . =
. introduction of«symbollzation on hot ready students’"production of p
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"?LNMARY CONCLUSIONS, LIMITATIONS, ‘aND

SUGCESTIONS EDR EURTHER® RESEARCH . ) : .

. l\' ° . - .
LI k’&? . . , Y T P

¢ * ! ' L
Tﬁ:j.s chapter pre§ents a summary of the séudy and conclus1ons
P

.= * ' -

N

a

based on the results of the study. The limitatior® of the study “and Co

! - » ¥
N - . ., bt LT RN e A” 3 ‘.» ! '
suggestions %r’" further ‘research are aldo predented in this chapter. - :
o | {7 .
R ) : . ‘ * £ ' by

. _ "7 SUMMARY .QF THE STUPY , Coer L oot

. . L <
The purpose of ChlS study was teg investigate the relatlonshlp : . ¥
- - »
» M g4 .

t
among children's< understanding of mathematical concepts, written syugbo%— ) o

7 LY :

s
"readiness" for written <~ .  /

“ ization of these concepts, and a wellSdefined
or ' .

v . . P »

. . , . 4 AL . -
symbolization based on verbal facility with the Concepts to be sym- . 3

a it
.

bolized. It was hypothesized that readiness for. written §ymbolizatiom, s

/
. defined;in terms of verpal facility, would 1nf1 ence the course of N 2
P . . - - v 1.
le,a'rn/i'nqg and the sucee s of instrugtion. T.hi gerieral hyp@thgsls was

-

s ) . - % -
tegted through a teaching experim ‘on addition ar B concepts ﬁ ’
® > o ~ - * ‘ . K

4d the symbols that expre’ss't'hem or small wholve numbers at the fl}.’StG Wy

. ¥ .
) . . <. N R T

. . I . » . ’ N

o S . SR IR T : v -
grade level. - - - . .o .t ut A
. N R .\ . . ., "e v .

.* The subjecgs were 38 first gracie stﬁdents at\David_ C. Ba'rrow 35

. - I . ‘ a ’
b ' L]

Elementary School, Athens, Georgia.' The teaching experiment began in

v‘ - R

S

September, l975l. At that t1me the fnket grade tudents had. worked only -

,.

'd'. - / < ! . . .
+ * F L o .

- conc"epts. e b e . L . s-\. ) : o ' ‘
ey ° / ' ‘ PEN ® ) P Ty

&K .
with. numeration and had/ not been introduced to %%d tion and subtraction .
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7 ' ) . * L . '
In this study, readiness for’written symboli%ation of a topic

~ t . . [
- - . -

* was defined as” follows: A

-~ . . !
.

[ ¢ N e
Given a topic in elementary mathematics, there are setsfof PN
objectives, ‘the attainment*onWhich indicates mastery of the

,topic. Omitting those objeFtiVes'éoncerned with reading,

- . . — .

. PO ' . ! . ' s
writing, or 3peed of response, a child.-is ready for the' in-
- . ‘ ~
* trodedtion of wr1tten symbollzatlon of the toplc.when he has
3 ] . N °

) ,mastered_the 6bject£ves of tpe«tppic verballyy perhaps with

' . i ,~ ’ ’ .‘ -
the aid of pictures or. manipulatives.

The définition of readiness was then applied to the topic of the study
174 o

.- -

- . L ) . 1 !
based on the set of objectives for addition and subtraction used at

' -
45 4 - >
. . v v,

Batrdw School.” ' " § R
The Subjects were‘classf}ied as rea'y or net ready accordiag to
.. 12 L . .

scores on a'readiness'test based on the def nition of readiness applied
,to,addition and subtraction. ‘The subjétts‘wére then paired by means of

-

e -

the teadiness test scores and Key Math Test scores. This pairing pro-

.

’ tedure resulted in eleven pairs of not ready subJects “and eight pairs of

’ ~

ready subjécts. One membet of each pair was randomly asgigned to an’

.immediate symbolkization group and the ocher_member was assigned to a
. ' ’ l . ) A T ' v - ., '
delayed symbolization-group. I ‘- .

s e, .

All subjects'received twelve'weeks of inm%truction on‘intrbductory

- T g 4 N

£3 ) ‘ R - N \
‘addition and subtraction. The~instructional undt qpnsisted of 63.ac-

. tivities for nine objectives on addition and stbtraction. Each activity

' - v v

~ : .

?gas divided" into the fo;lowing three sections: . .

1 * . - i . T w . 3 .

1) Coﬁcrete piCtorial-(QP): Lessons‘in”fhe.eonérete—pictorial .
. . S - —-

sections 1nvolved the -use of concrete objects or pictures.:

- .

Tﬁeqlessons were designed to be conducted in a verbal mode with
Q
l

[Kc

Aruitoxt provided by Eic:
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v

emphasis on verballzation-on the part of the teacher andthe

2

students as a group. Written symbols were no:\included in these

. LY
sectlons..

N

Verbal (N): Lessons:fn the-@erbal sectlons involved oral re-
sponses primarily on the part of the studenge. The lessons were
- . A .

de51gned to, encourage the students to say number sentences when

) r ¢

: given actions or’ pictures illustratihg the number sentencés, and
to interpret given number sentences by dé€Scribing or_demonstrating
ird . . . -

- —

L L]
4 actions appropriate for the‘number sentences;s ‘

-

n (3) ‘Symbolic (S): Leseons in_the symbolic sections involved written |,

symbols. These lessqons were designed to be similar to .pages

»

typical of first grade.arithmetic"texts.

. f h S .
The immediate symbolization group of both regdy” and not ready

« v - . L4
subjects experienced a treatmept, in which written symbolization was

_1ntroduced 51multaneously w1th the concepts. The\éubjectq in_these

‘ R P

treaE?ents worked all~three sectlons, cp, Vv, afid S, of each aetivity.

. - . - on v
1

. Thése groups were essentially control‘groups since it is the usual prac--

tice_%n the” firdt grade to.introduce written symbolization of a concept

v
< - .

X at the time of the introduction of the concept. -

e,
.t .t

V) .
The delayed synbolization group of ready subjects experienced a

H PN P . .
i - . ’

&reaa@ent in which written symholi%atlon was delayed for five weeks.

— 0 , ‘ Lot

The subjects in this treatment worked only-the CP“ahd V sections of each

activity duting the five week, delay At the end of the delay period, the -
subJects worked the prev1ously/skipped S sec;idns pfﬁeach ‘activity and

.
»”

thenvworked all three sections of each addiﬁional Tactivity.

The not ready subJects in the delayed symbolization group ex-, .

perienced a treatment in which written symbolization of' each of the nine

4




objectives of thé unit was delayed for each Subfect'until the subjéct
« i -

During the delay period,

had mastereds each of the objectives verbally.

these subjects nbfked only the CP and V sections of, each activity.

3

a subjett had mastered an objebtive verbally, he then worﬁgd‘thetpre-

viousiy skipped'S sections of the activities for that objective.

subject then proceeded’ to the acdtivities for the next objective, but *

[

3bjective~was masterad

worked only the CP and V sections until -the

-veybally.

“Y  The subjects were given a'posttest at the conclusion of the

3

treatments !

The posttest was designed to'heasure the—subjeets'

to 1nterpret glven number sensences by describlng or demonstratlng

) actions appropﬂiate for the number senténces{ tq produce number sentenres

when given actloqs4on sets, and to state answers iP givenvnumber*

‘sentenceSu

“

Since, 1n the present stuby, a student s'meanlngfui learn1ng

defined “in terms of

of the symbolizatibn of addition and subtraction‘kas'

produce;‘and state ansyers to nuftber sentenges,

h1§ ab111ty to 1nterpret

learntng of written
¢

_the'posttest Was® a ‘measure of a subject’s meaningful

sypbolization of addition and subtract;on.

If a student-is not . ready for the 1ntroduction of symbollzatlon,

delay pf symbollzatian until, the student is ready should facilate

learning.

*

Therefore, it was hypothesized that with students class1f1edf

‘as noL ready, _those who experience a del!?ﬂof symbolizatlon until they

_are- determined ko bL ready will be better ab

< J

le-to interpret, produce, and .

‘state ansﬁe%s ta number sentences than students wHo experience immedlate
. 2

introductloh of symbollzation

'0

7

. ( X
e If a student &si,éady for the introduction of symbolizatibn,
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ERI
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Aruitoxt provided by Eic:

Therefore, it was hypothesized th4t with students classified és
¢ - 9 . .

’

v .

e

a

g ' A L . 5 .
+, those, who experience immediate introduction of symbolization will be

e

ready,

better able to interpret, produce, and state answers to number sentences

-
than students who experignce a delay

<

.

-

df‘symbolization.

N

\
. !
N\ -

’

"
A 4

. -

. ! [ )

. * : ’ 1‘ . ) .
. *  These two hygogheses were ‘tesged using the Wil
. - ’.-t - .

Test procedure Hescribed by ConoverI.' AE the'levél éf.significance

/s .
there were no significant differences between the scores on any
o . H ®

coxon Siéned.Ranks

.= ,05,

. w ) Y s N ' B -,
section of the posttest of the two“groups of ready .,subjects, There was |
i ‘ ' .« ) * ' o
on’ the interpretation section

1 ) . i )

. The subjects

a significant difference between the scores
.. ‘ « -

<

of)the pdsstest ;f the twoﬂgroups of not ready sebjects
in the delayed.%ymb?;izaﬁion group had s%;nifibéétly'high;r (o < .05)
.scores on thg‘ingerﬁéetaqioq sgc;@éi of the posttest thag suSE;cts in the
immediate symbolization group. ‘fhgre‘werg no significant dif}érggces

-

— s “

) between the scores on the production and answer section o

f .the posttest
. X ST, .

-— -

. . 5.
between the two Broups of not ready subjects.

‘e

The reéultsjof the data analyses do not s

L “

.
—

upport the,hypothésis

that the time of introduction of symbolization wi{} affect ready siqdents"
- R

“

John Wiley and Sons, Inc., 1971),.pp. 206-215.
FERY 5 . .

e

P
.

8o,

TN

APON

meaningfui,léarning‘of written symbolization of addition and Suhtraction,
C . . o - . -
The resultsﬁdo suppoft,‘in part, the hybothesié that the g;me‘df in- \
troduction of symbolization will affect not ready students' meaning£%1
< 1 . ) - - . . Vo ‘ . . o
léarning of written symbolization of addition and subtraction. ’ T
’V:“ N :(.o v, ‘ {" . ' ’ - .. . \:\_ ‘0;
1 . . . - = . o v s ‘.',
‘W, J. Conover, Practical Nonparametric Statistics (New ¥YorK: » ° =~

.
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OBSERVATIQNS

: The Ready Subjects: ' L

v

-
-

L4

‘ * The investigator's review of audic and video tapes of sessions -

-

-of the deléyed symbolization g&oup indicated that the subjects became

’

( " bored and frustrated during the délay period. Many of these subjects

EY ’ . I T ’ v Q
weré writifig number sentences on their own. At the end of the delay

'
’ .

period, the,end of the fifth,wgek og the treatments, the subjects in.the

- . A +
delayed symbolization .group had covered activities for two 'more :of the

nine unit.objecgiv;; than subjgctsvin the imﬁediaté symgolization éroup.
' L N 4
However, the subjectg in the delayed symbolization group were skipping\{
the éymbolft_secgions of each éc;i&ity. Ddggné the éixth and féthgh
~- - L - . . R ¢
weeks of the t;eatments, these subjecﬁs worked the previou§iy skipped

symbolic.secfipns, and at the beginning of the eighth wgek of the

n 7 ’ - . R -
. -9

treatments, these.groups

were essentially %working activities for the

N . —
T
- -
L4

same objectives.. The investigator's review of audio and video tapes of
J gato ( .

P ‘
) * N Ky

‘the eighth tfirough the twgii:h,wééié of-the treatments did not detect any

. ~ . - ) :
. ‘differences. between the.performance of the two groups of ready subjects. ‘

R ~ ’ E
< . -

‘Thus the investigator's review of tapes and theyresults of tke data .

— Ql . . .
~ analyses :supported the follgwing conclusion: --
n N — - ¥

¢ . >

‘ Conclusion 1! The time of~%:troduction of symﬁok{;atioh does not
L * .t N ) .

.

at

affect ready students' mearingful learning bf the symbolization of

.+, addition and subt
L -

Thbifdllowing conc

. L
» of tapes: ' %%

o .

Conclusion 2:
S "'\&: n %
/" boredom and frust




The Not Ready. Subjects . . . - o

. , Although the time of 1ntroduct10n of, symbolization did not have

. %

a statistlcally 51gr111oant effect on hot ready __ﬁjects abillty to

4 ' *

produce or state .nswers to number sentences, it did-have a statistically

o= . :
* " N . . . . ? . . _(’"
s

éignificand} x =..05, effect,on not'}eady subjects ab111ty to 1nterpret

u
(4

* number sentences. Although the results gere fot' signiflcant on the pro«
o -t ' ' s , [ 04 \
. .Jdyction section of the posttest, the scones of the sublects in. the—dellyed

» s -

svmbolization group were consistently,higher chan the scores of the *
S . ) . & <o - N
A s M M v . - . s

’ N [ > » » > - h - - "
$ubiects in the immediate symbolization group. The scores Jf_ the
- . r

-~ L]
) Y. . N < ’ s / .9
sub;;cts iv the two groups were about the same on the'gnswer seghion of.
‘ ': .. o, . , N . S ) “ ) L
- the posttest. . S ) " ) - :
" o, . . . . + . . . .
- ¢ : s . 4 -~
. . . Vv The investigator's review.of audao;and‘vigeo tapes of the lessons -
[ ‘-\'\ M ' N A .
' of the not ready groups and examination of students' worksheets indicated
' - ) . K ~ . w ! \l
L -
S that the delay of symbolizatlon fac1lated learn1ng When Ehe Sub3~tts
A - q"‘ h'- o
‘in the delayed ‘symboliZation group had mastered an objecpive verbally"'-\
. . . o o . e - "
~ . * - . .
. A . [ . ' _ v 'a . .
. . and were given'a symbo}ic section.worksheet, the? seemedoto.require‘less,
i > 1nstruction anJ help from the teacher than tha squects in. the immediate
- symbolizatlon group , , . .. \_-'. e . )
N . . Y The follow1ng conclusion ig supported by'tha rnvesr1gator s
. review of tapes and is supported“ln par; by thé&-. data ana}yses. ) T
- . Conclusion 3. . THe time of 1ntroductlon of symbolization does affect
e not‘ready students meanlngfur learning of the symbolfzation of .
‘ N #r - d
¥ . . addibion and subtractlon.3 e L . A
- . L o . . i . - . ,
o The following conclusion 3s su%Ported oniy by the inveStigator s rev1ew~
T . DU : - i "‘ L
o of‘ tape§; - . B e R T T I
N ., ‘\' . ", .' B , v‘: -, . . * <y ',A‘A\,“‘
s ‘. ",' s" . T ) * -’A . ¢ .) .. L. :"” AP t' "/ ' . ‘
A ’ . o ) st % R P I " e .. b : :
'a} '-‘ 2 '.\ ;" < - [4 . . e, A ;f :FA ° * \\
. P - . ' v.‘l . « ”
L ‘. « 3. * N . ! * -
t Vo 5 . . R . i N . .
. Q - L . ¢ T ‘ e
rle N e
TR A v AT N ' SRS
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A » M . L2 ; “ .
’ ‘ - : . i \ ! - s . ' . L. [ PR
[ i . . “- L - - - . . t\" ’ . ) ‘
' . Coﬁc’lusion b: ']Zhe leaming of written symboiization by not ready - ,';‘.

,,
r
o
QN

‘r

: ¢ st:udent:s' is more efflcient: if t:he symbolﬁ’ation is delayed unt.ll t:he o
et o . st:.ud_e‘nt:s,-are read‘yl. I ‘. S , , T . e ".~
oL v —Si'nde t:he:r’esul;s of the :d‘ata analyses fayored the eubjects in,
) L t:kheyde.lay'ed éyxnb'olifzatign group and the -investigator's re\.:iew;r of tapes

’ . -

.

m)‘ ’ indicat;ed t:hat: the delay of symbolization facilitated.leami,ngs of.'vgrit:t:en
) N\ . s ’ oo ‘ ) !
\svnbollzatzlon t:he inyestigator concluded the.following: - .
. / ’ v H | - . N - - .
= oo Conclusion‘S: If a"st:u\de‘nt: is not ready for the 'i.nt:ro'ductiqn of
. . k ‘ ' 3 . " . "‘f‘v R ' .
. ) symbolization of addition and subtraction; the student!s ledrning

A~
\

‘
[
-
,
>

N . . of the symbolization will be‘mf)r‘ew"meaningfdl if the symboli__zatfion,

is delayed, until the student is ready. T ) '

¢ ’ »
N - L) .. < ' . ¢ e
’ Readmess - Me,anmgful Learnlng Soe et

' ' * o ’ LY
. . -~
s ' . ’ .
. . . ° -t “ -

. - . The purpose of t:hls st:udy was t:o investigate whet:her childten's

.
3 . X ' ]

~
readiness, as def;ned in this study, influegces the efflciefncfy of learning

and, the meaniq'gfulness;df, ]:earning the 'wrirt:en symbol‘izat:ioq of additigm

’ t
. o . L4

-1 and ‘subtraction by First grade children. The influence was hypothesized
. f‘ . R . ~ h . N

ce to. act in thé following way: - ' s - -, -
- ‘ " - . ’.”‘.: N . ) — ‘ ’ ..\
“o. ' (1) Children who are mot .readv shouldrlearn more efficiently and the
“a - ~ . * . ’ ! - ° b " E B‘ o . _‘_' N
T lea‘rning be more meaningful.if the symbolization is delayed unt;il
. "t:hey are ready- o . ' ‘ . PR
) v ¢ . . . - N
o 4 ) Chlldren who are ready should learn more efficiently and the 'U
* g L T S . .
" o learning be,,more meaningful if the symbolizatzlon is. introdu ed,'
:_s ‘ ) immediat:ely S R R ’
o ’ ) ‘ —
- STl -

Tlé;ypot:he'sized i’gf-luence of child'ren‘s, readines§,o_p childrenl.s

- a
- . — *

: meaningful learnlng7 was support:ed for children—who were not ready The ~
we - delay of symbollzation did ot affect t:he meaningful learning oﬁ» ready
LS . hd . " . . € . , - - : -
EMC' . ~.“;’°: VH ) v - . " . '.1‘ 0‘3 * . . oN ’ -t -
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child;en.\\ﬂowever; in the opinion of the in%estigator, the evidence pf

= s
>

the influence oﬁ chfldfep's readiness on not feady children'sﬁgeaningful

4 .

Iearqing is sufficient to conclude the following:

- Conclusion 6é: Children's readiness, as defined in this - study, in-

- ~

. fluences the meaningfulness of learming the written $ymbolization of

9

.
r - < . -

o ‘. - ~ ®
. .

Readiness - Efficiencv of Learning : . - . -
T

The nugber of activities completed by each étudept for each unit
N ] . N ’ . . -
objective was to be used as a measure of efficiency of learning. The

.
- ’, hd

onkf\différeﬁces found in the number of activities c0mpLeEed~were among

4

instyuctors. However, the investigator's review of .audio and video tapes

* - . ' .4 ) . ’ »
of lessons fndicated that readiness, as deéfined in this study, did in—

kY D
¢ .

fluence the eff1c1ency of learnlng, the delayed group of. ready” subJects

\

experlenced boredom and frustration (Conclusion 2); and the lea;ning'of

symbolization by the pot ready subjects in the delayed gfoug was more

) - " 4 e .. . . >
.

" efficient (Conclusion Z). Therefore, the follo&ing conclusion is sup-

O . .
,The Missing,Addend'Problems,

L4

portéd only by the investigator's review of tapes: - - —

©

Conclusion 7: ' CRildren's readiness, as defined in this study, in-~

« fluences the efficiency of learning the written symbolization of

& . .
— addition and.subtraction. N

e v . ~

P .
The results of the data analyses did not support the hypothesis

that time of introduction of symbolizatio i1l affect ready 0T not ready

students! abllity to produce or ;tate answers to miSSing addend number )

. - o -

senteﬁpesu However, although the results we{e not signiflcant at the |

level of s}gn%fi&ance o= .05, the segres on the migsiné adﬁend‘ﬁumber

o




sentences‘pf the not'ready subjects in the delayed symbolization ‘group
. (.4 . (] . . ‘\ -

X
- . P

§ were significar’tly higher at.t%; level of significance @ =710 than the. -
. ® * . , - . .

. L
scores of the not ready subjects in the immediate'ﬁymbolization group.’

.'The Qubjébts in the preseut study were not Jdntroduced to missing addend - ,

N Il\ ’ ’ - » : ) ‘
-number sentences in any of the four treatments:s Therefore, -any con-

’ . .. . ~ s

clusionsiformed on the basis of the data for the missing addend number

. . ' .
sentences ‘would invblve transfer of learning. The investigation of .the

relationship amohg readiness for learning written symbolization, the "

.

y ’ * ) . B - . s

! time of introduction of symbolization, "and the transfer;of the learning . *
will be left for” future research. - [ &
‘Im llcations of the Stud LT .
= L e . ' A

Pending the 11m1tatlons of the study and supposing further con-

[

. flrﬂatxon oE the results ‘of the study by parallel or §e\ﬁ;cation.s;ud1es,
\/ LN .

the study may have 1mp11catlons for mathematlcs educat{on. . . a e

S S ¢¢< ~ T,
" The qathematlcs scurriculum of kindergarten an rimary'programs :
. - . 7 f
\ ’ e . <

would have increased”emphasis on the deuelppqenfgof cepts\and the

- . . -
\ . »

. - . N
associated vocabulary that will be needed in the‘pfgmary‘gradesf\-ancrete

models would be used .to 5éimulate d1scuss10n a 6 emphasis wouls
N K

" on"building the child's spoken vocabulanx ~~~~~ ’f”* T oA ’

% s

In ﬂhe primary grades, a topic[QOuld be’ introduced and the

:‘ -
> -

concepts and vocabulary extensively developed before wrigﬁen symbolization

e

would be introduced. Thls would suggesgt a reorganizatidn of traditiOnal
. - &«m.;,,,' - -
S text matgrial with 1ncreased emphasis on verbal aanivities suggested 1n‘

A X

'the teacher s ed1t10n. Totally 1ndiv1dualized programs,_such ds the

Individually Presc

bed %athematlcg (IPI) program, would need reorg%-

., ¥ - - .
_-nization to build ini\the verbaindevelopment needed prior'&o symbdlizatien.

a h PANE .o ,-,_1. N '
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.3 N Y
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- . . v, . . —
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. °
Many teachers preseatly .group students inhfirst grade; customary .

‘groups are a ''readiness" group doing essentiallf kindergarteh-work and .

L [

. .

xon"e_or.more groups doingcﬁirst grade work. The results of this study”

A . ¢

sﬁggest that verbaL %aciiit§ might be a criterion for placing students

W - .
\ . .
o in groups. This cr1terion could be us%g topic by topic for moving a
° 'p"’ T4 R !
ch11d from readiness—work’fo more formal mathematics. A
by . ‘Teachers should prov1de for more c1assroom 1nteract10n and dis<’

v o, - !
- .cussion, especially activities in which the children use verbally the

~

3 ) .
mathematical word$ they «will }ater symbolize. This interaction ‘and

N - discussion appears to be desirable,to develop the necessary vocabularyr
“in mathematics. Ideally, the balance between Written and.vgrbal ac-

tivities in"the elassroom should change.with increased emphasis of“verbal

. activities:prior to writted activities. "Skills of blanning'and conducting

. . B . l)
verbal mathematical activities should be specifically identified and

- v

ey =

developed in teacher “education programs.

\ ’ . - - ' . - s -
' . © LIMITATIONS OF THE STUDY - _ '
' ' ), . a '

The "purpose’ of this«study\yas to investigate»the re1ationshipﬂ
T oummeic

,‘ ’ .annng children's understanding of mathematical concepts, written sym- -«

. - . .
Y

«bolization of_these concepts, and a specifically defined readiness for

wr1tten symbolizatisn based on verbal fac111ty with the concepts .to, be

"'»4‘ ‘o

synbolized However, the study dealt specifically with the mathematical
I

concepts of .addition 4nd subtraction of small whole numbe rs at the first

. » . - .
P

grade level.” This 1im1ts ‘the generalizability\of the conclusions of the

* ‘ - e LI
. .
- A

A study to other topics in mathematics and tG other grade levels.

g -

s A second 11mitation of the\%tudy was that_ all subjects were drawn
) .

from the ' same - schqol aﬁd that instructors were not randomly dssigned te .

e

-

\)‘ . , _‘ ' 1,\( ’ - .
ERIC: - - Lo ST A 1

. N \) . . - B

.

e



.\.

-

. . o0 ) ) : .8
redtment groups.- The assignment of teaclers to treatment groups was

dope for the ¢onvenience of the four regular first gradeé’ teachers at -

B:rrow-ééhnél This 1imits %eneralizability of the results.

" A third 1im1tation of the study was the small sample sizes

had 4

Klthough;the readiness test was administered to, all first grade students

at'Barrgw School, only- 17 subJects we&s found to-be ready. For this

- . L} -
e . .

,.reason, only 8 pairs of ready subJects comprised that sample. There

were 53 subjects‘classified as not ready on the basis of the readiness .

test. However, the restrictions imposed on the pairing procedurgeby the

investigator only allowed for & match of ll:pairs.
. . . -

—
-

SUGGESTIONS I{OR,.FURTHER RESEA‘_RCH -
.ol . O

v . * .
. .

. One of the limitations of the present study'yas that the study-

; \\\\:\\gséfi\fjiiiii: with only one topic in elementary mathematics at one grad'e2
T level, i.éy—addition and subtraction of small whgle numbers at the first
: - 9
. grade level! Howeves’uin the present study,,readiness for 1ntroduction )

of symbolization was f1rst defined for any topic.in elementary mathe-

R
-

matics. This definitiqn could Be applied to other topics in elementary

'mathematics at other grade levels. The present study thus provides a s
t

basis for garallel studies concerned w1th readiness for the introduction
.. Y o : ,t' .“ “‘\& M <
of written symbolization. . ... LT o .

‘f« }!t
It is suggested that replicatipn studies be made with the fol -y

@ -
. w0

loying ‘modifications: : -

oo

(1) It is'suggested that teachers. be randomly assigned to Ryeatment

'
4 -
1

groups. A random a531gnment of teachers would imcrease the reli-

~

4
"ability of the results.




- . . . h o ) ) . . ‘Q 91 .

\ . ‘ s . B .

< . t
(2) ' Since :the only significant differences: fourtd in the data analyses

. ’ . -

LY
- = were bgtween the_groups of not ready subjects, it is recommended ‘'that

- -

- . ) R . N A3 . .
future studies concerning’ the effect of readiness for symbolization on .
v N .

v
. -,

N ~ ! h - .
students' meaningful learning of the symbolization concentrate on not -

- .

.

. ready students. - . A - . : . .
? . - v T N . ’

(3) Even when significant differences between the scores of the two ;,

- N
- . . . vt . S v

.o groups of’ nOt ready subjects were not found, the posttest scores of the
15 . g . . - . .
) [ 4 M
. . subjects in the delayed symbolization group were consistently higher .
N . ’ ‘. . ’. ‘ f. : - )
than the posttest scores of subjects in the immediate symbolization - .
. . - . - °
o groupp For.this reason, it is suggested that one-tailed statistical . e

! .. b . . e (¥ 4 LA *,
‘tests be employed in fnture replication studies instead 3f the twostailed,

B -

- statistiéal.tests used, -in the.present stpdy‘ . ] e s <

. It was the opinion of the'investigator, before the beginning of
» < N - N . .
. P . Ae N
the present study, that many students are introduced to written math—
R ematical symbolization before tbey are ready The study deseribed in .

.

r . 'this dissertation was designed to irnvestigate that opinion. zReadiness ' s
- . > XS -

- for written symbolization was defined and the relationship between that .

‘readiness and the learning of written symbolization was investigated

ta ‘Itcis the role of future studies tq provide.more information on,the a .
A - e T . v

relationshipibetween readiness for .written mathematical symbolization .

. . . . v - . N

and the;meaningful learning bf”%he“$ritten~symbolslﬁ. L. - & ‘:'

14 ) . . ./ .
"~ . . 4 . ‘ . -
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\. (1) Given objects %r é}picture that'illustgéte the union 'of two

.

‘sets, the student states the sum and says the number sentence

.
; ¢

-

e

(2) Given a cpllectlon of objects, and given verballygan ad-

dition number sentence;, a + b =

-

b elements respectively and illusfrates the union of the sets and states

the sum.
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~
e,‘the student forms, sets having a and
, 4 ® ¢ -~ e
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(3) Given: obJects or'a picture that illustrate the removal or

partitioning of a subset, the student states the/diffe:ence and says
: < 4 3

S

the num

er‘sentence.
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g — + D=l One matchH and two matches are v many matches? o et e
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. 1 . . ° . ' » R 'Y LIRS
2,, picture. . Objective 1. . o
; ; ' D-2 There are three birds.' Two more join them. How many birds? ,5' A :“
” « - :
H ' ¢ . . ! N ) Al
. ’ . "' ., - <( K
Coo, s - picture of five birds . Objective 1 .. P e
¥ d - ,\S o ! N . . ‘:
* . . v,
‘ . D-3y Two frogs are joiixed .by four more frogs.. How many frogs are there i
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. picturegof six ﬁrogs - L Objective 1 - .
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. : o pic‘ture: “ "'Objective 2 Ly
‘ % . G . . -}_‘.
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B S \ how many. would be left?” e N .f )
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e o ’picture: * Objective Vi e
- . I * '. X = e " . - N
- N E-3 This ):ard has eight red hu/ttons. If 'you took four buttons away, ° <
‘v« . <. “*how many would be lefg?: .
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! picture«: Objectiw°le 2 .
N ) y -
" J=1 John had twbd cookies. His dog ate ome- cookie How many cookié‘s
i . does John have left? . e )
’7'\ ' . o k3 N .
et ) . picture of boy with cookie and dog . ObJectiVJZ . . e
L:‘_—:-Af« v - ¢ R . ,
T J-2 Brfan had three’*marbles‘ “He finds two more. How many m?rbles ‘does
SO he ‘hdve’ now? - e T ] -
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. s ' picture of bag with three marbles and Objective'Z- . ¢
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"I have three pencils. - You have ﬁwo pencils.. How man§ pencils
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You took thréé gfy cars. How many toy
\ N

©

'T had seven toy cars.
cars do I have now?"

13

P nt to the tunnel. Say, "This is a tunnel. There are three
cars outside the tunnel and there.are six cars still in the

o, tunnel How many cars are there all toge;her7" ‘ . )
.' - . Yo » B ‘g&"", ..9 -~ »
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. ~ DO \ - - SAY
o . ns - - - . B
) 1 Givé the childﬂpicture card 1 - Lo~
A . . .
PERTELIR (picture of three bugs and -y
) , two bugs) . _ - ‘ . >
Point to oné circle.. a. How many bugs are_in this:ciréle?,‘ -
! . . Pomt to Lthe other &rcl . j;, How ;nanx bugs are .in thlS c1rcle. FRN -
TRTEOVPTRIR I RREE R LR : KRR
) T P01nt to the'whole .card wl.th c. How ‘many bugs in all? - p
' “ ., a sweepa.ng motion. a .
A Y .
., ” . d. Tell me a';g,u;nbeig sentence-for
-\ . this card. ) _°
- * Lo . !
N . - v
< . . - .
Objective 1 e. Probe 1: Tell me a number !
sentence that uses glus and ,
.. ' - eggals. - ,
: .. . . . . ot N
Yo . - . L f. Probe 2: .Doﬁzou know what a ™
f ) K . number sentencesis?.I- am saying ,
o . ?/ : : ~a number senteice-when I say, —
3 ) -t “Oné ,?lus, one equals two." or L
. ™o plus’ two' equals’ four."” )
o , . ’ Can yountell me a pumber Sentence
n T ' . for this picture? .
II. Give. the child picture card 2. ‘
(picture of four bugs) . )
a. Poidt to the card. g - a. How many bugs in all? | ' -
. " ' Lot e R
) ) . b. How_many bugs are leaving?
.t ~ ~ ) o LN
' e ° . c. How many bugs are left?
. , & . .
- o - d. Tell me a. rumber - sentence for -0
. _ \ this catrd. ’ . i
) ‘. . ° | "l » N W
Obiective 2 - . .e. Probe 1: Tell me a numbet . .
1 3 sentence that uses minus and .
S . . : equals* ot ) SRR
. . /—4" o L v s . - LT
. . f. Probe'™#iDo you know what~a '
- i number sentence is? I-am saying
V _ : N - a numb€t sentence ‘when. I say, ‘ o
v . s = 'Three minug one equals two." -
* Can you tell me a number sentence, .
- PR for ‘this picture? . ’ ’
L.\i ()
Q * . T : . E
ERIC - : S
MR i e * RN N -
R . : - = 2o




»
M ¥
A}

IIT. Give the child nine counters.

. .'. ‘ ‘ ’ > o ! t ~ .
g. Point to the counters.. ' . azCan you use the counters to show

“me how much is two. plus two?

b Repeat for three plus two.

o e

¥ -

¢. Repeat for. four minus one.

\ .
d. Repeat for five minus three.

3 .

AR

Iv. Give the. child picture card 3.
(plcture df fWe birds- in a tree)

- R Vo o '
Y- va. How many bird$ are in the tree?
| T VR . . T * ’ ’

< 'b. If two birds .come, how many

L

.a. Point to the card.

biréiiigﬁid there be?

v. Cive the -child picture card “1;,_ .

(picture of six birds in-a tree) .
, .Yi’; ey

a. Point, to.th‘g;. Sard. .o oa, How.many‘birds are in the tree?
. : . - , "'. . x%

e b, If twe birds fly away, how many
bbjectlve 2 ) _ 4 birds would be ‘left
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Activities

JPl Objective
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- 10 'AS 4,5,12, 13
21 - 30

]
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as 8,9

INTRODUCTORY ADDITION AND SUBTRACTTON

-

A

" The activities in this unit 3re based on :the following objectives:

bjcc:ive (Limi:. maxi
elements, s

.

. -

. 4
1. Given two sets of objects and an

mum, of 9
ums through 9)

-

. illustrations:of the union of the sets,

or a picture illustrati
of the two sets, the st
(write) the number sent

Given g set of objects

on the union
uden; can say
ence.

.

and an

,illustration of the removal of a
subset, or a picture illustrating the
removal of a 5ubset, the student can

say (write) the number

L4

sentence,

3.‘61€En a spoken (written) addition
number sentence, the studént can.
demonstrate or describe ghe union of *
sets appropriate :o;:he number sen:e

. G;yen a spoken (written) subtraction
number-sen:eqce :?e scudent can
demons:ra:e or describe the removal

of a subset appropria:e to the nuamber

sentence. .

Given a number line i1l

¢
-

-~

ustrating an

addiwion or subtraction number sentence,
the s:uden: can say (write) the
addition’ or subtraction number séntence.

Given a spoken (wvritten

\
) addition or

subtraction number sentence, the student

uses the nuamber 1line to
number sentence.

. IQL

. number sentence, the st

‘(write$) a 'sibtraction
the same fhumbers.

of the form, a + = c

the student finds'-he answer.,

Given a number (spoken
studept gays (writes) a
sentence in which the

~sum, or a sybtraction sentence in ‘which
the number is the diffe

111us:ra:e the

’

«

Given a spoken (written) addition

udent’ says
sentence using

Given a spoken (wri:ten) nuinbers sentence

.c’

or a -
~

or written) :he .

n addition

Qumber is the

rence,

-
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T ) ACTIVITY 2 .
Materials: Toy barn, toy -animalsy
Place three Qﬁimals.ln‘:he barn. Ask: "Hov many ‘animals are in the barn?" .
’
. Sy

Place two-animals in the barn.eaek “How many animals are 1h the barg now?"

Tell.che children the uhmber ijntence, three plus two equals five. Let the

¢ X

children say the number sentence toge:her. Repeat forgpthgt,nunbgrs..ﬂ a

LA
i .

Materials: Toy barn, toy animals, nath-a-phone,

. . - v

s " N -

'

friend. Repeat CP ; let each child gell hig parents

happened using a number sentence.

3

* (castery indicagive of readiness, obj. 1) .
© v, .

' -~ -

sentences on a math—a-phone. Tell eatch child to call his parent
or friend w

Give each child a mach-a-phone. Explain that one can only say number

or 4

. Materials: Worksheet, pencil. . * -» .
. %

Circle the correct numbdr sentencd: -

2+2=4

3+2=5

11 22

P
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. 12 . , ] ACTIVITY 12 . N3
- y ! . . - .
: Materials: Toy bafn, toy animals. ¢
’ Y - 7\
° . <. . .
' Place five animals in the barn. Ask: " How n\uy,u:hull are in the bara? " X .
. ° Remove two animals from the bafn and say: " Two animals lesve; how many °
» perd . B S .
i are left? " Say the number sentence for the children. Let,the childrea a® ‘
* say the number senterice together. Repeat for other numbers. . .
' . ! . i ’ ¢
X . . . .
.o e o C
N - ° . .
N ¢ No.Worksheet . .
¢ u . 1 e
" L . . :
’ ) [ ) )
Vlz ° Lo B ' . ’ ‘ N . ,
~ Materiils: Toy barn! toy animals, - -
* .. . : . 1 N " -
. Repeat CP),, Vary by allowing children to manipulate animals. Let each. ! <
-~ * .:hildl say s nunber sentence. Sawsthe number sentences togethsr. {'
. e ~ t . ° "
“ ( msatery indicative of resdiness obj 2 ) . . A “ (\ . e
. B - [ : * o . ="
¢ . . P - . . ’ o .
o : : -
= e dt
L« b
0 - 9 - 0 - 3
o . , \ = é o
.8 . .
H . » M Ho Worksheet . s
¢ . ’ ' . ¢ '@ - d
e e e v ) ) ’ e .
s - oo > . ~ ‘ T
12 Y . ' . -
' Materisla: Worksheet, pencil.
e - .« ; D i :
Circle the correct number seatencs: . - 4 .
- ¥ -
* ~
»" ‘e ”
/- i - : v
. ~ ~ ’
. €
’ - ) - s -‘ ..'
‘e g
* k] cr
< - N
\ * )
v s N ’ ’ ! . , "\ . P
¢ "
, . - . ) . ° .
L ! " . " . N
v 1 " s
. * 2 &. - ‘ R
[N | ] o
S = 123 '
. . . K . Ty
.- . . o | . o . o . /\’ o . o
» 2 - . . . .




@~ . - s SRR . T 7 . P . PR e S PR e
3. . e . Y, . R . ) SR ,
L s . o, . o/ EE . - L. . ) ,

A . £ \ g . . £ . ‘
* < . - -~ s : ., Lo z - . L - ,
v . . O . - .
~ - - . - ,— )
. . . . . .
i r . [ - - . L »
R N R A -
f . / . R , - ) , i .
, " . . . . -,
4 \ R . :
. ¥ . - . - - . . -
. R ‘e - - e . - . . - - cl
r~ . B ]
¢ o « v o® . ~
~ o
. o
. - ) :
v o ry
., ) .
4 z ]
. . . L . P
s, =~ . . . .M.,Vu
-~ - . . A
: 3
B )
i . . . Q w.
f
. . |
i -~ -
T . 4

f | . " ,

L 2 . .
i- . . . .
. - - .
. : . “ m»
A s . )
] - -
RV | . . .
. | . . .4 -
. - . - o m “
’ .- . 8§ 2 8 . C-
v LY
v i s o
¥ « . B
. - - »
: :' ) - - g
. . - .
. 3 . . < B
i M 3
.. ..
. . 3 ,
© R 4
! N - ” . .
.
. -~
Ed . = 4 - - - - .
[} - . o‘-
J .
4 : .
M ~ . )
. . e - .
.- ' “, - W .
. . . 3 .
/ )
.-
; ‘
1
. { |
. ' B
) -
“ , o .
: \ . . 1 o
¥ . . A \r )
\
sl - L "
0 . -

“ < £ .

! ) : < e -

LS . f - < ] \

' . s e

. _ . v, o

5 " i . - . - & .

[ - §
_ > . - v \ A £ -
: Lo 4 e . PN
p- N F ~ - . \
. N\ . . =
; T : « - .
- 1.,.‘ . [ . e " L . . M . « -,
. - 8 s
s, ‘ . -
) ’ ! -r —
- . . . N ‘o - S
. . . . .
. / -
' > w . \ - .

Tebpi ey o ) - . Y A ;

w«n/‘..v;.wﬁ., 3 M e Y - [P R ’ o - . - « L

%w&pw,«».&vﬁ. T T LT Y < TSN I b & I PN - s % P PR

LT R T A T U T s ST P T - > [ 2 L M Tt fee e yies sl Sl e e, . ot S B e T




.

Materisle: Workshaet, pencilh -

Tell the children an ‘additioh or subtraction number sentence., Ask the
children to draw appies on each addition tree to show the addicion

sentence and tc drav and mark off -pples on each subtraction tree to

) show tne subtraction serﬁ&née:.
I8 ‘ r | 3
A %A(” <;

/ (zastery indicative of readinesa obj. 3 or obj. 4 or both )
Worksheet CP-34

-

~

Materiala: none. '

Tell each child an add{tion or subtraction number ssntence. Asf each child
to tell a story uaing the mmber aentence. ‘ i
’ .

L} . -~
( aastery indicative of readiness obj. 3 or obj.4 or both )

No Worksheet

¢ .

. Materials: Worksheet, penc{l. S

-

Find the answer. mark off’letters or add lettars to show the number sencence:

3+3 =01 HH4H
5.2 = _AMMMM |

o Y] vorkshest 5-34
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Answers . Y- e - -
R ~" Stimulus: Verbal number Sentences _ ’ { T
Response: Verbal answer ’ S
. R .. ;
. g . . . .- 2
L . o
Say: Tell nle the answers to.these number sentences: s -
. I. al 2+42= correct. _  -incorrect immediate delayed . . o o
' ‘.q,:; " R . ) e L
. ! counted on" counted fingers no response (r
’ “' T L« i . . >
. b, 3+ 2=""" correct incorrect immediate délayed S
< 4 !
. LK)
counted on counted fingers no response _
~ .
e ’ /
c, 4+5a= correct ifcorrect immediate delayed
R counted on counted fingers no response .
.t 4
d. 7% 6 = correct “4ncorrect inmediate .. delayed.
e . counted on 'counted fingers o response . ' ‘, » B
_ . ” N
o ¥ . s . . .‘,(
. = o
’ e. 3-1x=" correct incorrect immediate .delayed "
3 * L d
’ counted on ¢tounted fingers no response *
£. ~ 2= / correct {ncorrect immediate delayed
. >
- P - counted on counted fingers no response .
- ° ‘e A 7 - ' ‘%
’ N . ‘ : -
- g, 6 -3 = correct -incorrect < immediate delayed
. - } ) — ) . :
~ counted on . counted fingers no response
— M R . .
—~he<l2 = 4 = correct :' incorrect * {immediate delayed -
» J - ® 2. _ . ‘ )
. . Jgounted on counted fingers:. - no response +
- 7 - = = s : . ) .
-~ 4. 3+ ____ =5 correct incorrect imediate“’*‘wﬂgglayed )
© . ) -~ ! "
. (what) . counted on counted fingers + no response . .
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. . . . S . E - .
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>, Stimulus: Picture . . L -
Response: Verbal Number Sentence . . y R
- ‘. ' . A LR T
Instructions: Point to.each of the pictures in turn,Ask the.child to tell”
- . N Rl s« . [}
you a number sentence for the picture, . - . ‘
™ « ¥ L "
. et 8 s .-
. ’ . wd N . & » - ’
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1. Verbal number sentence: Correct .. ,incortect’ ’ no response
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' e * Answers & Production of Number Sentences Ut < . s _
v . Stimulus: Verbal story problems . = . " .
N Responge: Verbai answer § verbnl written number sentence .
/ Materials: Counters, blank papér * . i ' " ' ,
. R e Nt
% . * ’ . 2 }
: ~ S . . ) - v R . 14
. Say: I am going to tell you some stories and ask ’you, gome qu?qtions . ' vt
BN about ché stories, I want you to tellme the answers to the . -
- * questfons. Yop may use- the councers or your fingers if you wish. ~ '
’ 2 - i oy
- . v . A ‘ ! Y <
. \ ‘ IS
" * . < " .
« III.  Story 1. Pretend you have 2 penriles and you found 2 more pennies. How many S
. e pennies would you have? / . T‘ '
. a. Record angwer . *
. K s . ) 1 R
S~ . ., Answer: correct incorrect cpunters {mmediate delayed . -
. . ’ . - . .
, ' . ¢ no response - »
' b. Say: Can you tell me a number éentencg for this story? T "
) " Response: ~ 7 ) o A ’ Toe ot
y ) * . =
’ Verbal Number Sentence: correct incorrect e :
¢ . S de.l,ayed no response . . L
> -~ N . v .
. ' . + ) . 'u ;
. - ) . - 3 —eme———— = . . .
' - T S
» N - : . o K]
. - Story 2. (child's- name) . found 3 acorns on the playground. He found 2 )
o7 . more acorns on the steps. How many acorns did he find? ‘QQ .
. many : .
. ' K N 1
a. Eecogd answer - ) — 1s v
- Answver: correct incorrect coungeg_s {mmediate -delayed . [ '
2 " ! o sl o ) no respomse o 1\ <
. ) . FREEN o
. ' X, b. Sa}: Can you write a number sentence for this story? - ' i <. f
) . AN R PN z !
. r Response: . , [
. | . . . |
/ ; * Written Number Sentence: ‘correct neorrect e WK N
1 3 .“ 8 ) —— p A .
Lot N ?4 . L L L, no response ey 1 \ w‘
- 4 — " - K ‘ ' i . . \
So- Pl Lo
. ) Y — 7 . - T .
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*  Story 3. Five qhildren we’e in line to go to lunch. Two children left to
) ° ) wash their hands. ﬁw man‘}’ children vwere sti{ll.in line? . -
" - .
* a, Record answer ] - » ‘o .,
. : 2 - ) N P
Pe g & Answer: correct incorTect counters  immediite delayed &
T ~ . . . nolresponae —
. b. Say: Can you tell’me a number ‘'sentence for this story? - < s,
. T . Res onse. K . - ’ ’ . L o
‘ + p &', - by : ! : re
Verbal Number Sentence: correct incorrect .
; Py . .
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Story 4. There were 3 birds in a tree. Ope bird flew away. How hany birds o -
\ . - .
. : . \ -
* vere left? . - .e. ¥
A , [N i rs » 3 . N
a. Record answer L - . ~ s
Answer: correct incorrect ? counters immediate delayed . © .
— P g K .
- D , no response .
. . .
. - b. Say: Can you write a number sentence for this stary? « L . .
. Response: » . . - ' | .
Written Number Sentence: correct - incorrect R
: o, ' . " no response . . .
, v ' R v L) »
. . 5
o ; . :- 5 « : .
_ @
Story 5. Let's ‘Pretend you have 3 pennies. You want to buy chocolate s
milk that costs 5 pennies. How many more pennies do you”n'ée@?' - e, L, -
— ’ ” X Y .
a. Record answer . R . . '
¥ . ) N N .
¥ Answer: correct incorrect - counters immediite delaye&_ g
. ‘e 4
o o o - , no response !
b. Say: Can you tell me a number.sentence for this story‘f ¥ . °
o Response: - o -
. 1 M
Verbals Number Sentence: correct incorrect ° A
. - .
¥ no response T . S
- hd A - A .
i s /_, ¢ 1y
. . - . .
4 _ . - . e - .
" Story 6. Let's pretend you have 7 cookies. How many covkies must you eat” ° i P .
. . . R &
so'thatlthere are only 4 cookle left? , L . .
- . >
a. Record ungwer . ) . oot . . -
. ! . )

. o, Answer: correct incorrect - counters = immediate delayed, ; R
bl - ESR R . R . -
) . . ‘ngiresponse ¥, 'y

R o b. /Say: Can you_ writg a number sentence for thil. story? . o :
‘. . sponse: . . ~ oo e o0 5 :
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* Production of Number Sentences ] e -
q Stimulus: Picture . * :
- ~Response: “"Written number sentence «
Ihgtructions: Point to _ea‘\ch of the.pictures in turn. Ask the child to
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- waite a number sentence for the picture . > .
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‘ Ansvers ‘and Interpretation of Number Sentences - .
, . . Stimulus: Written Number Sentence - . . .
'Besponse: Written Answer, Objectq Interpretation
Materials: Objects
-~ ) . ' o
- . . . .
. - ’ S\ » - O PN . T
‘\v ‘Instrucb{on :  Show the chfld each of the $ollowing number sentences.}ﬁ o
. - the child to write the answer.in the blank. Say: Show me how you would '
™~ A . . L N .
-~ find the answer to this nunbpet sentence 1f you forgot it. Use these objects L.
’ . . - A4 -
. ~
. or your fingers, - . N ’ I\
= N . .
-~ . ¢ L] ! B
L) - .
l ; .
It . 3 2 en— ) .
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- o B} : .
, R 1. ”"a, wWritten any er: delayed Immediate no response counted on counted fingers 5 .
: 1 \ S * .
~
- b fInterpretatié,n: correct incorrect no response * . y 1
4 \ ; ' a K/ s T )
. i method used, . . . . e
. " » ~ I
L] - - < ~
- ~2 . R . .
i > . S
. . . o . * . \
. N &
o N + cusmm - . ”
. . ’ - * ki 8
< 2. a. Hritten nswer. delayed immediate no response counted on counted fingers-
. . .
. b, fnterpretatioq:"- correct  incorrect no response ’ g N /
[and M oy : \ “\‘ : . '
W - - nethod used B -
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b. gnterpréta'tionr[: correct incorrect nd response -
f °
- .
.| method used . : ‘\ '
| e .o s, )
!1 \ . -
. AN — (
- . Y
- ! e
| . -,
P S )
. \
. . - 0 - P ‘
) : ™ - .
- ¢ ’-
- [
, Y . .
‘ -~
., . . [T !
‘ : . ’
- * - - -
O -
- - R < e . %«‘
. . d ’
.
° . -
. .
Ky . . \ , ,
v N o wwm VT : , .
2 ¥
v & « . .
B’ ¢ .
! . ‘ 13 ° . * ‘
’ z
- + o .
LI . * g Bt N 5
4 : - R . '
- @ = -
s oo . .
S - - . ' " .
N * f v N :
: z - - s
1 i N . v ~ .
p
4 . [y . B - ’ , v . -
¢ S L
! 7’ -n L)
r . .
o \
- . ? M ::
3 . . .
. . . .
) ’. - . -
x [
A : - - At
. ‘ . L 4
: ; - T . b .
,: PN - . ) A
- ° r - - ~
- ’ A
-~ v, r
. - .- ~ M .
. - ’ B2 + . : ’ “t
\ o .. : .. O
* ' 5y o R e
1 \3-) . .\‘ e .,
2 3 . 3 . N NoES /
- . ; L N .7

“’
x
.
.
.
-
l\ A
.
.
-
-~
-
A
S
'
*
o roor
. ]
Pl
{
i
, B
.
>
H
.
v e ?
- -
'
-
-
s
AN
- ’
*
1
T
.
.
.
~ .é.
.
v
P
« N
T
P




i

T\

.

B U P U, O

’ R {e

.-~ loterpretatjon of Number Sentences

Stimulus: Verbal Number sSentence
Response: Picture, Objects

Materigls: Picture Sheét objects

*

-, . . ! . ' L IR N

N

i } . . .
Instructions: %ive the‘child the picture sheet. Say: I am going to tell
. ¢ ; R i ' —~— ' ) .
you some number sentences. I want you to point to the picturs that shows
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the nunber sentence. - . . . .
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Instructipns: Give the child a set gf objects aﬁd&::n:cn;hz::!iuet$ S:/:‘ ..

T'm going to tell you some number sentenses. “show how you could find‘t};u

_ans.wer if you forgot 1it. 'Use these objects or your fingers.
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Interpretation: correct incorrect

method used

Iﬂterpg&f&tion: carrect

method used
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s Answers & Interpretatlon of Number Sentences ’
‘ Stimulus: Written, Number Sentence . .
’ T Response: Verbal answet, Object Interpretation T
Materials: Objects . * .
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4 T """ "Productidn of Number Sentences .7
' - #  Stimulus: Objects , ’ . :
; o Response: 'Verbal & Written Number Sentences . ) {
. . . o _
] - A . o *
: L. : * Do ’ SAY
P - ' ' ~ . ,
& 1X. 1. Place a set "of 3 objects and a set "l. Tell me 2 number sentence ,? .
’ -
f . of 2 objects on the table. Move for what I did. g
jl‘ et 2T together but do not mix. ' W -
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' " Spoken number sentence: correct incorrect m; i'esponse -
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- ' . 2. Place a set of 5 objects on the table. 2, Write a number sentence ffx_r ’
. Remove two-objects., . © - . vhat T 4.
.7« Written nunber 'sentence: corrdct incorrect ’ RO response
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z "3. Place a set of 6 objects on’ the table. 3, Tell me a number sentence for /_
Remove a set of 3 objects. Y what I did ,
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