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Training Effects on the Development and Generalization

of Piagetian Logical Operations and Counting Strategies

~ This study investigatéd the effects of two training sequences.on the
deve]npmeht of logical operations and number concepts, including rational
counting.strategies, in children aged 3311 to 4;11.

éach,seqhence was based on either Of‘;WO Broad pgrspectives (Reese &
Overton, 1970): (a) the logical foundations model of Piagetian theorists,
and (b) a skills integration model. Piagetian-based models define number
as a synthesis of class inclusion and assymetrical relations (ETkind, 1964;
Piaget, 1952). In fhis view numerical operations, including those of
counting, lack meaning until operational competence is achieved. Skills
integration models (Klahr & Wallace, 1976; Schaeffek, Eggleston, & Scott,
1974) along with recently developed models of dbunting (Carpenter & Moser,
1982£'Davydov, 1982; Fuson & Hall, 1982; Fuson, Richards, & Briars, 1982;
Ginsburg, 1982; Resnick, 1982) hypothes%ze that number development results
from the integration of number skills such as counting, subitizing, and
comparing.

b _

Evidence concerning the existence and significaqge of a rational count-
ing schema for the young child (Gelman & Gallistel, 1978; Steffe, von Glaser-
feld, Richards, & Cobb, 1982) further cqmp]icates the question: What gbilities
and experiences facilitate the development of number concepts and logical
operations? Whereas nonnativé or correlatjonal evidence has been reported
(etg., Gonchar, 1975), it affords a weak test of the pr;mise. By comparison,
training/transfer experiments hold more promise.

Method

A pretest-posttest design with two treatment groups and one control

group was used. Forty-five preschool children, aged 3;11 to 4;10, from a

day care center and a university preschool were randomly assigned to one of




three groups. Each'was pretested on number concepts and logical operations,
subsequently trained for eight weeks, and posttested. Tests were Hesigned
to: (a) include tasks Q¢rived from a variety of number development theories
so as to measure the acquisition of counting and other numerical strategies
and concepts (e.g., conservation); (b) provide appraisals of children's
developmental levels for each domain; {(c) allow comparison to pré;ious
studies; and (d) possess adequate validity and reliability. Estimates of
reliability (coefficfent alpha) for the tests ranged from .93 to .97.

Each .of the two major theoretical approaches formed the basis of one
experimental treatment. This was the déve]opment, coordination, and inte-
gration of either (a) classification and seriation abilities (logical foun-
dations, Piagetian) or (b) rational counting strategies and other number
skills (skills integration). The control group children received instruc-
tion devoid of logical/mathematical content. Data were analyzed utilizing
analysis of covariance with the pretest as the covar{;te. Statistical
signifitance was predetermined at p <.05.

Results |

Briefly, the findings were: (a) that both experimental groups signifi-
cantly outperformed the control group on the number concepts and logical
operations tests; (b) that the number skills in%égration group significantly
outperformed the logical foundations group on the number concepts test;

(c) there was no significant difference between the experimental groups
on the logical operations test; and (d) there were congistent and signifi-

cant, although moderate, corre'atiors between the logical foundations subtests

and the number concepts subtests (see Tables 1, 2, and 3).

Discussion

Children in the number skills integration group performed significantly
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higher on the number concepts test than the children in the control group
and the logical foundations treatment group. This supports the contention
that training in rational counting strategies and other number sk{]ls
increases performance on number concepts tasks. On the test of logical
operations, the mean score of the number skills integration group was
significantly higher than that of the control group; however,‘there was

no difference beéween the experimental groups. Thus, the number skills
treatment evidenced transfer to logical operation tasks.

The logical operations group performed higher than the control group
on each test. Thus, there is evidence that training in classification and
seriation increases performed on tests of these operations and trahsfers
slightly to number concepts. This results contradict the notion that chi]-
dren invariably lack the cognitive underpinnings necessary for such learning.

‘ The transfer demonstrated for each treatment is psycho]ogfca]]y and
educationally significant. Along with the signifiéant correlations among
all the subtests, it provides support for the hypothesized functional inter-
dependence among c]asséé, series, and number. However, exact sequences and
concurrences may need to be reconsidered and the operational model amended.:
Children may use counting strateqies as representational tools to construct
ldgica] operations, including classification, seriation, and number conser-
vation (cf. Acredolo, 1982).

There are also important implications for education; for if taught in

a meaningful and challenging fashion, a skills integration curriculum can

sighificantly improve both arithmetical and operational competence.




Table 1

MeaNS AND STANDARD DEVIATIONS
FOR THE TESTS BY TREATMENT

| POSTTEST .
_ TREATMENTA ~ PreTEST Raw ADJUSTED
| MuMBER CoNcepTs TEST
N g .
SETBE: ¢ Mean 19,13 46.80 46,55
- SD 5,97 7,46 2.m2
TREATMENT ' :
L . .
F°G‘°ALI MEAN 17.67 28.73 2945
— OUNDATIONS =, ¢p 5,63 2,61 2,03
- - TREATMENT - . |
CONTROL MEAN 19,47 21.67 21,20
SD 5.46 3,25 ’ 2,02
LOQLCAL FOUNDATIONS TEST
SUTBE: MEAN 19.87 39, 80 41,47
KL S 5,75 3,83 - 0.78
TREATMENT
E°G‘°ALI MEAN 23,53 4347 143,26
OUNDATIONS op 1.21 1,21 0.70
TREATMENT -
"‘CONTROL MEAN 26,00 28,67 27.ZQ
- SD 5.39 2,04 0.76

AN = 15 FOR EACH GROUP




Table 2

PAIRWISE COMPARISONS OF TREATMENTS )
FOR ADJUSTED MEANS '

ESTIMATE .95 CoNFIDENCE LIMITS
CoMPARISONA  OF CONTRASTS DF LoweR UpPER

NuMBER CONCEPTS TEST

T1 - T3 25,35* 1 18.02 32,69
T1-T2 17.10* 1. 9,71 24,48
T2 - T3 | 8.26* 1 0.84 15,68

LocicAL FounNDpATIONS TEST

T1 - T3 14,27* 1 11,23 17.32
T1 - T2 -1.79 1 4,52 0,94
T2 - T3 16,06 1 13.44 - 18,69

AT]1 = NUMBER SKILLS TREATMENT
T2 = LocicAL FOUNDATIONS TREATMENT

T3 = CoNTROL
*NIFFERENCE 1S STATISTICALLY SIGNIFICANT AT THE .05 LEVEL.




. g Table 3
: . L -
Z . ~ ' ) Correlation Matrix for Tests and Subtests
RN -of the Number Corfcepts Instrument with the Logical Foundations Instrument
| ngic. ' ‘ After .
| Found. Rat. Choose Before Count, Equal- Iden. Equiv, Verb, Conc. TOTAL '
;Qfa, Subtests Count. More Between on Back izing Cons. Cons.. Prob. Prob. NUMBER
| < Free - -0 . . .
Class. : . 21 1M .20 .10 3 .03 .25 .25 . 39 37%*
Plan. -.07 .08 .11 .10 .03 Jd9 . 27 .06 A4 07
Some/ It ‘ :
- A1l - S2¥RX L 40** 29 .33* .35%* .10 .32* .25 T.29% JH2%K**
Class. _
Inclu. .22 BGHH* .20 .28* 12 .23 .25 .28 A hid LA40**
Class. . ’ S " ) ‘
Matrix A9 .16 .10 .35% .33* .23 A7 .20 .30* 27*
- SUBTL. |
; CLASS. JPTHHA SOx** 26 .30* W37* .20 37* .36* 48** 5O FH*
Copy Order .19 T BV AGHH* 21 .35% .18 H2¥KK 4 2x* N Salall
Discr. . ) . - .
Seria. A4rx QBFH* .26 .29% .07 -.03 39* .21 .35% .34*
' ‘Free : ‘
Seria. . JA5** J4EH** .19 .15 T kol B B .28 .35* .26 NI LA
Inser. 27* H2HH* .37* 55*** JS4FF* 3% .38* Q5% .47f* JH5Hh*
Seria. N : ’
Corr. T A8 AEHH* R .26 .21 -.01 - .18 .28 .28 45%*
Seria. . . . S
Matrix .29 .25 .08 g4 A5%* .29 L40* .38* .24 J32%
SUBTL. : : . : ‘
SERIA, ‘ Y Ralaled 8> W27% JATHH* S4F*x 18 .35% S0***F 48 Y Rl
. TOTAL " | ,
LOGIC. F.  .63*** . f5%** . 29% 45%* Sbx** 22 Y VA Y Sabo o B VAL S B ¥ Lt
*p < .05 .
*k -
p< .0l
o ***p ¢ .001 .5
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