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- Language and Observatlon of Movement as Problem Solv1ng
. |

’ o

Transformatlon‘Fac111tators Among Klndergarten and First

AN

. Grade" Chlldren '\’ I -
Jay H. Shores :“.f o ' Robert G. UndePill
Charles D. Relnauer E : IR FredrickvL; Silverman

All from the Unlversmty of Houston : S

, Abstract_

e e e e

-

The concept of transformation is an_importanticonstruqt:_

[t

.in- Plagetlan research and 1t has been deflned and studied

' operatlonally in several studles. The present study sought .

to clarlfy these deflnltlons and to systematlcally Varv.,

the1r usages among klndergartem and frlst grade subjects. _It

.was felt that a 4 X 3 X 2 design of problem type and trans-

formatlon behav1ors would proG&%e data for obtalnlng new in-

sights.

‘ v
o, . r

Piaget (1952)vreferred to:transformations as ajmentallpro-

ce551ng “of thought related to rever51b111ty. Steffe (1967) and
\ :

LeBlanc (1968) deflned transformatlons in terms of verbally

descrlbed movement.' Underhill .and Shores (1975) deflned trans-

s

formatlonS'ln terms of verbally déscribed and physical movement.
, i . ; :

~

-t

" Three modeling levels were created. overt: ! verbal, visual

»

W



\ N and movement Cues (1n1t1al and final stages), Implied: o

'\ ) berbal and v1sual cues (1n1t1al and final. stages). Implicit:

\ _visual cues only (f;nal stages)., ‘ .

To examine the extent to which these modeling:levels

pacilltate problem:solving in mathematics éor children in

inaergarten and first grade, 20 subjects-werebselected from

“veach‘grade. They‘responded to two problems of each of four

problem types (countlng on, story problems, quantbtatlve com-"

parlsons, and ordination) under each of thiee modeling cpndltlons
/ '

. . . s

-+ The results 1nd1cate that modellng has an-efféct uppn the

| subject's ablllty to solve the two more dlfflcult types of trans—
formatlon problems (quantltatlve comparisons and ordlnatlon)
Further, overt and implied modeling 51gn1f1cantly affeeted the -

sub]ect s ability to solve countlng on'and story. problems
. 4

‘
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: Ob]ectlve- ' : ) . 4

TS ascertaln whether " the use of overt modeling and/or

IS

verbal modeling assists young children to solve four types
~of mathematical prpblems.
_ _ ) :

~ Theoretical" background.. ] : S c

-~

A child's ability accurately to solve ba51c mathematlcal
: . .
problems is known to be effected by both hls levellof cognl-

tlve»development and the effects of his 1n1t1al school eﬁeer-
iences_(Underhill and Shorps, 1975). In’hlndergarten ana
.;firet'gfade childred ageé é to 7 years, the ablllty to cen-
- serve numerousniss is evolving as the thldren are be;?g exposed'

to basic mathematlcal concepts of vary1 g cdhceptual complex1ty

‘ kPlaget'& Inhelder, 1965).

The cOnservation of numerousrness construct Was intro-
\ 2
duced to the mathematlcs educatlon communltv from the trans-

lated wrlt;ngs of Jean Piaget (1952), the text by Flavell .
T : - i
\) . . ' . / | - 5 .
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(1963), and the research of Elkind (1961), Dodwell (1960),
and Wohlwill (1962). Studies by Vqn Engen and Steffe
(1966), LeBlanc .(1968), .Steffe (1970), and Johnson (1971)
have estabiiéhed‘signifibant aiffeiencgs betWeén consérvers'
and nonconServe?s' problem solving achievement. In aadi-
tion, it was foﬁhd that problems which involvga‘transf;r-
mation were significantly more difficﬁlt-than thosé which
did not involve a tf;nsformétiOn. Tfa’sformationai tasks
are'those which im?ly movement of actiaon in. the context of

\

‘stated problems (Underhill and Shores, 1975).

. A S
The concept of ‘transformation.is an important construct
. o , S

in Piagetian research. A transformation-is an act or pro-
cess of alterating, 'or the changing of one thing ’ .
into another. A transformation can exist at several

< different levels.
o . S A
" Transformations not only refer to alterations in

the physical wok}d, but also to the compensations made

' by the individual i-n’ his. mental gtructures. - If an object &
_ . N ;

or state is knéwn by'an individ.a1, thqn'a transfdﬁmation

Ain thevﬁhysical ét@te is éccompaﬁied-by a;transéormatiop :

e > . .

gn Fhe cognitive structure.

X -
In anotﬁef sénSe,‘a transformation occurs when a learner
. states'tpat‘3 +- 4 = 7. Piaget and Thhelder (1969) describe

- operations_as reyversible transfﬂfmatlons, and they}use
YA bty ;

addition of two numbers as a specifie example. )
. - ) / - ‘ . « R -




, ‘Tﬂe population of interest in the present study wa's Yy
4 ' ‘! VL o . g
kindergaxten ané first grade children, so the concept of

transformation was defined within the context of pre-formal
' ’ '

operatipnal thought: Piaget (l972)vand Sinclair (1971)
characterlze concrete operatlonal thogght as belngﬁgimlted
- ) } to thinking about object experle?é/rghrough object-inwdking '

menta1~proce551ng. -Wthe concrete operational thought is '’

. ’

not ‘limited to- thlnklng-whlle-manlpulislng, such thought -

[y
Y

is characterized by thlnklng about real present objects and

.. . . “ - . '
; ‘ac@ions.' C ';/// . .
" R ) ' ' ' »

-

1 // v

~\\\ Thus, a'meaningfdi comprehension of 3 + 4 = 7 suggests"
tH}t learners conjure mentalélmages of sets of.real objects
e

with number propertles of "threeness and "fourness,' then

\\\' if leeégeé; comprehend the operatloﬁ of addltfon, they con-

ANIE . ’
~$ - ceptualize a ‘transformation in whlch the two Sets with number 1

properties of "threeness? and "fourness" are joined in set .
union to form a new superordinate set with a number property

. * : .\ ' . . _ )(

e - of "sevenness." - _ . ‘
h
Steffe (1967 1968) and LeBlanc (1968). def ed tragsiq
formational and non-transformatlonal,addltlon and - sub- ) o ‘ﬂ.

.

tractlon story problems as tQ?se whic db or‘do not pro-

"-vide movement cues which indicate 301n1ng or seiaratlng of

sets and subsets. Here are addition examples:

Qo : < T : : S' l - h '




P

\

-solving problems will be less pronouncea than that for a

pantnn

“Transformation: Two dogs are in the kennel. Three

more dogs are placed in the kennol. Now how many

dogs are in the kennel altogether?’ R .

/

_ No Transformation: Bill has thrfe frogs. - John

has four frogs. How many frogsjdo Bill and John
ok ;

’
’

. J
have altogether? (- y " ¢

Within the context of earlier stateménts made by Piaget,

ne could say that~t/g/eperatlon of addition is involved .
@ Tl a
1n both typds of problems so both involve transformations.
¢

_ “Thus, if the learner is_asked to solve the problems, he

>

is asked to éomplete a transformatlon. The Steffe and LeBlanc

tasks might be more appropriately labeled as facili-
tative and non-facilitative addition and subtracgidn types

‘ . . - A
relative to theipddition,transformation task to be completed.

\

' (S
It was hypothes1zed that th&®modeling of th\\transfor- ‘

mation would assist chlldren who are beginning to conserve
(

numerousness in solv1ng the mathematical ﬁ%obiems. The
degree of c111tatlon ghould fluxuate accordlng to the- A

degree to hic% the modeling itself vari"“J from fully demon- )
strated and explained, to fully -explained, to simply the

implicit.moveﬁent within the problem statement itself. It was

'ant1c1pated that a Chlld who observes a transformatlon ill

be able to u?e spatlal referents as cues to ass1st him in\> = -

recalllngpthe untransformed set. Thus, his difficulty in -

0

3 o ‘ |
[/x . ' ¢
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‘ cbiid whO‘dteS‘not receive a similar modelinq expcriencu7/'
- \

*’-’@; v Among the transformational mathematycal operations
. © e . . ¢ - .
DR to which young children-are introduced-are the following,
> ! . N . ' (
of varying conceptual complexity: counting on,

story problems, quantitative comnarrsons, and

‘i;-

. S
o .ordinatlon , ountln on requires the formhtion of

one set and the serlal addition of elements to it. It

-

1s the continuation of a simple count1ng sequence.‘

Addition story problems constitute a sllgntly more com-

'plex task, namely the establlshment of two sets of 91m11ar

. elements and- the unlon of then. Quantltatlve comparlson

involves the formatlon of two sets\ the establlshment of
correspondences between the sets' elements, and a ]udgment ,
based on equivalence. '~ Ordination, the mostfoomplek of the

o tasks in this study, pos1ts the ex1stence of two sets and

I3

‘relatlonshlps of two abstract constructs to them. Both a
)

o cardlnal and ordlnal (spatlal pos1tlon) relationship ggst

be established with the two sets, and the positional re-
Ve

‘:lationship must be maintaihed afte7/spatial rotation of

. 135°, o
L4 N ‘ /

'Phe Experimental Tasks ;

e ™

?7 . ‘( Counté.ng On ‘Tasks. E placed a strip of*cardboard

» -

containing a xow of at least seven chips. The first n ~
chips werijzovered with another piece of cardboard. S

- ‘ /- oo - -

OO B U




i

f &

was‘told how many chips were covered a

tell how many chips were on the cardboar,

was requested to
in all.

Addition Tasks. E placed a cardboard piece with

pictures of childrdh and two approprlate gsets of chips.’ e
E told an addition story problem. S was requested/}& glve
the answer. . ¢o oo

Quantitative Comparisons Tasks. E placed 2 rows of‘
- '

chips before S. S was asked if.there were the same number

of chips in each row.

Order Tasks. E placed a strlp of cardboard conta;nlng a

Four chlps of four different colors and a second piece of
cardboard containing two chips of two dlfferent colors at
135° rotation from the first piece. E gave S a thlrd and

fourth chip to place on the second piece of cardboard.

Procedure

The subjects were presented with two items of each ’ ’
problem type: 'counting on, story problems, quantltatlve
comparison, and ordination. Each set of 8 problems was
preSented,.by three researchers, under three modeling

gonditions in the following order: (1) 7implicit modeling,

in which the subject was presented.w1th a transformed model

'and simply. asked to solve the problem, <12) 1mplfed modeling,

in. whlch the subject was presented with a transformed model, and

the procedures for -the restoring transformation was verbally
. . . 7

/7 \'"/’/z" 10
s N
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-~/ 7
described to him; and (3) overt modeliﬁg, in whﬂch the /”\
, ' . i
. o AN
experimenter t{rnsformed the model as the quest‘ip was
. oo ' \
': asked and verbally commented on the transformation as he
| .éifried it "out. ﬁ random order of items within cach sct
. t. - -
of eight tasks was used for each subject.
The following grid summarizes the three modeling
conditions with the four problem types.
J Overt Implied : Implicit
(Auditory & visual Auditory move- (no auditory of
movement cues) ment cues only) visual cues)
Counting The cardboard strip The cardboard was . The cardboard strip
on Tasks was placed before placed before S was placed before S

S with-all of the
chips showing. A
" second piece of
w rs
rdardboard was used
to cover the first

n chips, while E

explained what he

. was doing. >

with the first n

chips covered. E

explained that the

first n chips had

been covered up.

!

with the first n

. chips covered. NoO’

.explanation of the

covering was given
Peyond theé statement.

of thé‘problem.
g

. b



) “ ~
_ _ . | H\\_ ‘
Oxder The.c&fdboufd “The cardboard Snm; as implied
Tasky  strips were placed strips wéro with no explanation.
B ] 1n1'c‘1911y in para- placed initially S T
d . .- llel positions. Ks in 13?O p;gftions_
one was rotated | E cxplqiﬁadlhow: )
* thfougﬂ" 1359, E . they would match
describéd what he if one weré tucned .
was doiﬁg,_ Ca ) - ’ \ ; .
Story A. transformation A transformation A non-tfansférmétibn

Problem problem (Steffe) was problem was stated. problem was stated.

[UR

\ Tasks stated ag chips were Chips wérg stati- Chips were Ftatié-
\ _ used to.g’@onstratg» cafly placéd\in a . ally placed in two
\ the bctiOh- . ' post-transforma~+ - _'diéjqfnt segs. |

tional pesition. = . ! -
Quanﬁi- " Two rows of chips Two rows of chips | Sam; as.iméliea
. tative . in one~to-one | presentéﬁ stati- with no explanation.
‘* Cbmﬁér- cor{espondence ) cally, one being~
iéons were presented. o , more linearly
Tasks .‘ One row was 'A dispersed. The
linearly dis- : dispegéion process .
pegsed; 'The o was\%xplgjned. -
action was ~ ' c . )
Y .

described. . 12
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‘ T 'From a theoretlcal p01nt of v1ew, the sub]ect must attend to
N . L4

- a' transformatlon 1n each of the twelve tasks. Clearly, the

i '_ tasks 1nvolv1ng aud1tory and v1sual cues are much more

a

\expllc1t in thelr overt manlf‘statlons_gf the necessary
transformatlons.v The three cases of each class of con- ;
cept tasks could be said’ to depend on attendlng to amrd

comprehendl_g_aud1tor1ally_and v1sually_presented trans-

formatlon cues, attendlng to and comprehendlnggaudltor—

1ally»presented transformatlon cues, and spontaneous '

T S,
. . o

s oo creatlon of transformatlons unalded by experImentaIly v1sual or

-t K N ,l.

auditory cues._ -% o o ' Ff' . . : - .
. , ‘ kS c,
Knowledge of youngsters performances on the,twelveﬁ;;u
tasks should clarxify researchers understanding of the roles

"~ of language,and.observed movement in'transformational thinking.

-

S .. If these patterns are;pervasive; the practitioner is provided

with an empirically verified rationale for utilizing modeling

;o 4 ] .
| procedures during instruction. .
.'Samgling . .. - ”m; |
N o Touobtain'a représentative sample of kindergarten
“f. | l | ’~‘nk = 20) and’ flrst grade (n = 20)‘children,_a large
'?iaf y o suburban school system s llsts of k1ndergarten and -first.
;. -_ ;'- .’ "grade puplls were obtalned.0 A random sample of twenty-

’ ‘children were drawn from each list to'serve as sub]ects

vforfthe study. ‘puring testing,one child was removed

from the sample for overt cheating (Nifting the‘cards to"

3

count chips) .~ He was reg}aced by another Chlld drawn at




4

- random‘from the school’s rgster. All subjects were tested
A W
" : on May 27 and May 28, 1976.

Each subject.responsed to the
24 tasks within a. t1me 1nterval of approxlmately 30 minutes.

kll tasks were 1nd1v1dually admlnlstered.,”
,V . - | »Q& | o \ - ‘Lig.s;,a, \

. ' '~ Analysis o .
- S ' ‘In the 4 x 3 x 2 (Problem Type, by Modeling ?ypgﬂ'by

Grade Level) ddsign the sub]ects were used .as the1 [ownf

controls across problem type and modellng type. | initfal:
L factor analysis of the 24 items was. conducted 1n "which
< w o~ the items Wwere- found to load by problem type,/ﬁﬁi h
o 'confirmed the exlstence of conceptual d;stlnctlveness among
o the problem types. A subsequent MANOVA was used to' deter-
mine the effects oé;problem type, modellng type, and grade

b
-

.‘ level for each of  the four problem types. g : "Q

5 . -
. ' . ¢,

Resulits o PO h .
Table One presepts a summary of the multlvarlate anal-
~ysis. For the counting on and story. problem 1tems there *

* ' ' was no significant difference across the modeling types.

However, "for quantltatlve comparlson and ordlnal 1tems there

'f/ - dwas a 51gn1f1cant dlfference (p <-.05) across' the modellnq
n types( A . |
: , b , ‘
JA - Insert Table One about here

3
£y

’ \}i - : l.- . | ) ‘_ ’ - . . 14 4'
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Table One: *Spﬁmary of, Mu

.

4

.//F_ =

~-

- Problem Type

df:MoBeling'Type and .Gradeé Level fo

ltivariate Analysis of the Effects

r Each

B . ‘_ ‘k _ - . 7 . T
y A ' i L -
Problem Type: , Counting On
source of Variation . 8s daf MS ¢ F »
°, . Main Effects ~ 12.85° 3 . 4.28 7.90**
’ Treatment - & - .82 2 L4 .75
Grade Level ¢ 12,03 1 12.03 22.20*"
Interaction .02 2 .01 .02
" Error | 61.80 114 .54 |
- v / ‘ A . =
s Problem Type: Ordinal -
i . . source of Variation  ss df MS F
|5, &\\p/fiin Effects © 6.03 3 2.01 . 3.61%
. N>~ Treatment '3.62 2 1.81 3.25%
Grade Level - 2.41 ‘1 2.41 4.33*
‘ Interaction L.22 2 1l .20 ’
) ., Error 63.35 114 .56 |
: V4 ’ _ . . .g“ ] .
= — 7. . —
. Problem Type: Quantitative Comparison . //
. Source ofkﬁariation ss af . MS F Lo
T . ~ - ¥ x A
Main ‘Effects -  .10.39 .3 3.46. 4.27""
.. Treatment 26:72 2 3.36 . 4.14"
(’ " Grade Level 3.68 1 3.68 4.53%
Interaction .65 2~ s .33 .40°
' Error , 92.55 114 .81
Problem Type: . Story Problem .
Source of Variation 'ss _af MS L F
Main Effects 7.53 3 2.57 8.00**
Treatment .52 2 .26. .82
.. Grade Level 7.01 1, 7.01 22.35*"
Interaétion 732 2 .16~ .51
Error -~ 35.75 114 .31
’1 . * . . —:l e e trrm—r o i ————
o P £.05 B 15

MC . P % |
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Tables Two and Three present a\summary of ﬁnivariate;con-,

“

| trasts between grade levels by problem type and modellng condi-

| ®

tion. In the quantltatlve comparlson 1nstance, the s1gn1f1-

:cant d1fferences among the klndergarten subjects responses
Y

were found between each of the model types (Overt > Implied -

> Impllc1t) The flrst grade‘subjects had a dlfferent

"pattern in their responses, w1th ,overt responses belng
_S1gn1f1cantly greater than both the 1mplled and }mpllc1t

responses (Ovekrt >- Implled_— Impllc1t).‘ . : ';,

. . . . . -, - .
- - . L . . R . . .
- . PR . . . ¢
. . . . B E .. . -
B E T T - - - N

3

" In the ordlnal 1nstance, the s1gn1f1cant dlfferences

t

' A
among the klndergarten subjects responses were found,

>

w1th 1mp11c1t responses being s1gn1f1cantly lower than the

other two modellng typeé (Overt = Implled > Impllc1t). Ca

Wmth respect to f1rst graders per
. s

: tasks, there were no S1gn1f1cant diffe nces. . qi" ‘
» - s, )

'For the dvert items there was .a significant’difference;

>~

o

.fchlldren s performance with countlng ‘on and responses to
story problem 1tems were significantly hlgher than thelr
performance on quantatlve comparison and ordinal 1tems

(CO : SP”> OR = QC).. For the 1mpl;ed items .the nature_

and order of slgnlflcance was the same as for the overt

T
e

lnsertﬁfables‘Two & Three about here = .~ v

Sy



. . s L | ;
;4$able~mw91MMSummary“oﬁmUniVariate Contrasts Between Grade
~ Levels by Probfem.Tyﬁe and Modeling Condition .

g

-~

MODELING CONDITION

, , overt . Implted  -Implicit  TOTALS
. ] o . ) S ™ -
. Counting X = 1.0L. 1.05 . ~° 0.90 - 3.05.
«on - %y=t 1:.75 . 'l.65 v 1.50. 4.90
. Puoblems - Fi=| 9.15%  7.02%  -5.52% 9.65*% -
. £ ,__; o o v ,. . '° . B ‘ .
L , Ordination X =| 0.70 < 0.60, = -, 0.35 . 1.65
"o ~ %%=| 1.10. 7 0.80 . 0.60 " -¢ | ' 2.50
- PROBLEM. = Problems' gl_| 3.7 0.76 1.55° | S 2.06
. mE , . . -. ‘- . . . = . ‘ ) ", . - '. 3 R
- ) * Quantative X =| 1.10 0.70 . 0.35 - | 2415
.Comparison flf 1.30 -1.00 - 0.95 3ﬂ25
Problems . F'=| 0.42 . 1.13 . 4.97 | \i:23
story .. X.=| 1.45 = 1.25 1.50 | 4.20
' proplems %a=| 1.95 . 1.90 1.90 5.75
roblems . pl_| gyeo*  13.90* ~  5.63* | 16.03*
TOTALS £=| 4.35 = 3.60 - 3.10
) . g8=| 6.10 .  5.35 ..  4.95
; Fl=| '7.17% - 9.92% . 10.43*
. — — ' 3 ' :
*p‘_.‘.os . / -
) »
Y ¥ A2 .
\ “. ‘
.k‘ § ac
™ [
. " . N
4 3 R
[ \} v .
) 1
- ? .
. . 17. \
« ' >

o
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‘ ' ”Tablejphree:n Summary of Univariate Contrasts Among
_ ' Modeling Conditions by Problem Type
MODELING CONDITION.
. - Overt Implied . Implicit
- Counting - . g. .38 1.35 © . 1.20
. O . _implied .03 o
' " Implicit .18% .15
. ) ) ‘ ) . '\ ‘ <
' ordination %= .90 ..70 .48
' PROBLEM Implied ~ .20%- . oy
TYPE' . Implicit  .42% ’.22* {
" Quantative  X= 1.20 .85 .65
' ' Comparisons’ ' : "
‘ Implied .35% . .
Implicit ' a5$ ' S20%
Story X= 1570 1.58 - 1.70
Problems - . L v
_ - Implied - .12 - L
. ' Implicit .00 . .12
’ ! ) ) ’:" ]
* P05
. ! .
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itehs. For the implic1t items ‘the counting on, quantitatlve

<compar1son,'and story problem responses Were s1gn1f1cantly

‘*j.’ L,i g;eater than those of the: Ordinal type (COo = QC ; Sp > OR)

<

~'itém4 the‘counting on, quantitative comparison, and story w

l
Ied

{ problem responses were Significantly greater than\&hose of

_the Ordinal type (co = Q= sp > OR). . s

: First graders were Significantly better than kinder-

- I f:'
o garteneEs 1n gounting -on and story problems responses over

‘@ - A3

;alI types of models.

o

Significance of the Findings - .., : .
‘v " This study indicates that modeling has an'eﬁfect upon

t\ the subject's ability ‘to solve the two more difficult types o
_of transformation problems, quantitative comparison and ordi-_

'natlon. Further, overt "and implied modeling has s1gnifi-

i

cantly effected the subjects ability to solve éountlng on

ﬁand'Story problems. The effects were greater for kinder-

N . \
¢ . x

garten thdn for figst grade -children.

-
1

‘swhese findings support the. hypothesis that'during the

“ehild's trans1tion from non- conserver to conserver, the use- of
a }\

modeling might significantly ass1st the teacher in fac1litation

.

t

of cohservation related subject matter. Researchers and prdc-
titioners need to conduct further investigation to determine the'
'pervas1veness of . the differences found 'in this study. If the s1q-
_cj .nificant d1fferenges are w1despread then conSiderable pedagogi— T

cal qhange,mightabe warranted.
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