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ARSTRAET
A three year Yonqgitudingl investigation was conductad oa the dovelopment
of conservation skills in learning disabled (1.0) children.  Six measures of
conservation (space, nunber, substance, weight, COntinubuﬁ and discontinuous
- qiiatitity) from the Concept Assessment Kit were administercd to 31 neiuly
identified learning disabled students and 33 normally achiéving children
during cach of threo years. Results indicated that the learning disabled
group demonstrated a developmental delay in attaining the stage of concrete
opéruﬂion<. """
dcquire specific concepts at the same rate as normally achieving children.
Academic achievement was not pradicted by Full Scale I0 and Total Conservation
scores in the learning disabled group. The LD group exhibited a
nonsignificant pattern of correlations hetween conservation pérformance.and 10
and achicevement variables whereas the normally achieving group dermonstrated
moderate, significant relationships. . For the LD group, the lack of overlap

between conservation performance; 10, and achisvement Squesfed that these
children may be developmentally different in their approach to cognitive

tasks:
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Neveloprent of Conser -tion Skills in LD Children
1
The Longitadinal Developient of Conservation

Skills in Learning Dizabld Children

Léarning disabilitices is one of the Teast understood developnental

ph;uumwnbn in the field of exceptional child developrment:  Although
dofinitions of this handicapping condition vary: ‘carning disabled children
display average to dbove average intelligence by exiibit subaverage academic
achiovement. Thisdisparity between intellectval coapetence and academic
performance is usinally explained &y spoci fic deficits in a variety of
coginitive processes (Gibson, 1965; Johnson & Mykleb sty 19675 Toregsen & Kail,
19805 Vellutino, 1977). HNotably absent from most conceptual and empirical
work with learning disabilities is a HévéTdﬁhéhta1 perspective on cognitive
functioriing. The field has been dominated by psychometric pr rspectives to the

exclusion of a more qualitatively oriented position. Followin, Elkind (1980),
it appearcd necessary to compliment the psychometric or "trait" assessment
with a Piagetian or "forms" approach which:could tap the child's conceptual
organization. Whercas psychometric ihtéﬁiigéhéé is a static concept not
anenable to a developmental analysis; attainment of different conceptiial

levels is based on deva&ébﬂéhf and may provide further insights to tHé
intelligence - achievement disparity experienced by LD children.
The present investigation addressed three important questions

777777 é} Do LD children
experience a developmental lag in attaining the stage of concreté operations
when compared with normally achicving children?; b) Do LD children have
difforontial difficulty with specific conservation tasks when cpmparéd viith
NLD children?; and ¢) Is _the performance of LD children on conscrvation tasks

predictive of school acheivement independent of psychometric intelligence?

Wi
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The tirst quostion addressed by this study concerns whether or not
lourning disabled children expericnce a delay in attaining the concrete
operational stage of developnent. AMthough the pattern of ﬁognihivo
dovelopment for mentally retarded children 1Svﬂeii known 0 that the rate of
progress through cognitive developmantal stayes is slower than for children of

normtl 1ntelligence and characterized by a developmental ceiling {Inhelder;

1966 ilton & Boerawma; 1974), there is no comparable longitudinal research
Wil 11 children. The avaliable evidence is equivocal. Two Studies'thét
cunpared learning disabled and normally achieving nine year old children on

) conservaiion tasks fbnhﬁ tﬁat the Lwo groups did not differ (Meltzer, 1978;
Fincham, 1979): On the other hand, Klees and Lebrun (1972) Féported a oneé
year delay in the acquisition of concréte operations in a cross sectional
study of dyslexic children, ages 7 to 11. There remains; then, the question
of whetnher learning disabled children display a developmental laq attaining
concrete operations: . “

The second question we studied pertained to horizontal declage.

According fo hdghﬁtivh developnéntal theory, children may show individual
differonces in tho order of Success in passing conservation tasks since they
conceptualize experiences difforently. Therefore; it is psychologically and
educationally relevant to determine the age at whiéh LD childrén acquire
specific concepts as comparéd to NiD children: The literature on normally
achieving éﬁifdﬁen suggests that the conservdtion tasks used in the present
study (number, discontinuous quantity, continuous dhantity,\épacé; substance,
and weight) are not wcll differentiated in terms of difficulty (Goldschmid,
1967; Goldschmid & Bentler, 1978). 1In terms of order of acquisition, there is
evidence Lo sugrest that si:bstance conservation precedes weight (Smedsiund,

'1961;'Elkihd; 1961h: Goldschmid, 1967) and discontinous quantity precedes

r
0
O
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continious gquantity (Flkind; 1961a). Wilton & Boorsma (1974) suggested that

murber and discontinuons quantity are generally conserved between the ages of
. ’

6 and 7 years in normal tsamples, followed by continuous quantity, space, anr

0

cubatance hotween 7 and 8 years of age with weight being conserved between @

and 9 years of age:

of children passing each task: The 10ngitudinai question to be asked of the
present data is whether or not LD children successfully pass individual
consorvation tasks at the same age as their normally achieving peers: Whereas
the first research question concerns overall group differences in éfféﬁﬁiﬁﬁ
concrete operations; the second question provides a more detailed analysis of
Tearning disahled children's cognitive functioning. For example, LD children
mhy acquire conscrvation of diSconLiHUOUS uantity (beads) at the-same dgé as
NLI ¢hildron biit attain consarvation of continuois quantity (1iquid) six

have Qﬁeaté? difficulty in making the transition from quantities that can be
broken into physical units to quantities that require primarily mental
manipilation: |

-

The final questicn of interest concerns the relationship betwoen LD
children's 1éVé1v6f Tonical thinking.and académic achievement: Currelational
Stiudies with nornal samples have shown moderate. positive ﬁéiétithh#ps
betuean conservation and academic subjects such as reading recognition and
Jrithmetic as well as with measures of 1Q (Elkind, Horni & Schneider; 1965,
Goldschaid: 1967: Goldschmid & Bentler; 1968). Of interest with the learning

disabled sample is the degreé to which the children's level of reasoning is
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prodictive of academic dchievement independent of the coatribution of 1.

learning disabilities by providing @ process oriented approach to compliment

the traditional psychometric perspective.

For example; Elkind and his associates [Elkind, Horn; & Schneider; 1965;
Elkind, Larson % Van Doorninck, 1965) deronstrated the ﬁﬁbéFtahté of
decentration in relationship to reading achicvement: “In a perceptual
decentration training experiment with slow reader Elkind, larson; and Van
Dourninck, (1965) concluded that the mental operation of manipulating
perceptual symbols (letters) was an important ébﬁiiéy in reading achievement.
If learnirg disabled children experience a delay in attaining concrete .
operatians which arce dependent on the éﬁiiity 6 decenter; then this may
25515L Tn cxplaining subpur academic achieverant. ‘
é"_j’;j_‘:’_éis‘.;

a

first and second qrade classrooms: These children ware from an originéi
longitudinal sample of 75 children and represented those children who had
complete conservation data for all three years of the study. The LD children
were nowly identifiwd by lieensed school psychbiogiSts as needing spécial
education services according to state and federal guidelines for LD programs.
Those rules included intelligence within the normal range and at least a 6
month grade discrepancy in one achievement area.

The comparison group-of NLB children WQre'rahdumiy selected from teacher

LD children: HNormal progress and intelligence was verified by. adninistration

ERIC ’
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0f Lhe Reading Recoynition, Reading Comprehension, and Mathematics subtests of
thie Peabody Individual Achievement Test (PIAT) and thé Wechsler intelligence
fast for Children-Revised (MISC-R) by the research staff. Table 1 presents
subivct characteristics on dermoyraphic; achievenent, énd aptitude variables:
Although hoth groups obtained mean scores in the normal range for both
achiivement and intelligence, separate Group MANOVAs for the PIAT and WISC-R
sijbteats indicated Signiffcant group differences (PIA? F (1562) = 38.63, p <

18.58, p < .01. With the exception of WISC-R Verbal IQ

n

L0715 WISC=R F (1,60)

(F {1, 60) = 3.44, . < .06); all univariate tests were significant beyond the

A'f
-

n = .01 fevel. P

To provide a more sensitive analysis 7f possible developnental
differences. each group of children was divided 1nt6 two age cohorts of six
and seven year olds according to their age at the school systenm's cut off date
for school ontrance: Within the LD sample there were 19 six year 6153,:
(LD-YOUNG), mean age = 80.6 months, Sh = 3.4 and 12 seven year olds (tﬁ—OtDj;
mean age = 93.9 months; SD = 4.0. The comparison group had 18 six year olds
(NLD=YQUHG), mean age = 83.3 months; SD = 4.5 and 15 seven year olds
(NLD-OLD), mean age = 89.7 months, SN = 8.3. ' '

Conservation Measures

Fach child was administered the six conservation tasks (space, number;
substance, weight, continuous and discontinuous quantity) from the Concept
Assessmont it - Conservation, Form A (Goldschmid & Bentler, 1963) during each

of three years as part of a larger bactery ‘of tests. The Concept Assessment

C:,.)‘
A Y
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Fit {(CAK) is a standardized test for assessing Piagetian conservation

concepts. A three point scoring systoem (0,1,2) was used for cach task

resulting in a maxinm thﬁer%tion score of %2 pointi for sach year. To
receivee a score of 2 points; the child had toijudge thét two objects still had
tha same quantity after one object was transformed by the experinmenter as well
as give an adequate explanation for the jUUgcn@nt. A ccore of 1 point

indicated a correct judgement but not an aCceptébie éxpianationvwhiie a score

of 0 indicated neither (non-conserver). An adequate explanation reflected
either tha nbtfoh of invariant QHantitys COmpénsatiOn; or reversibility. TH
addition to the Concept Assessment Kit, all children wéré administered the
Reading Recognition, Reading ComprehenSion, and Mathematics gubtests of the
PIAT during each of the three years. ' -

Nata Analysis

To address the first research question concérning group differences in

attaining the stage of concret~ opératiOhS; a Group (LD, NLD) x AGECODE

(Young,01d) » YEAR (1.2,3) MANOVA was conducted on the total conservation

Ther HANOVA strategy. for repeatéd measures in longitudinal studies

.
—

sCores:
outlined by McCall and Aﬁpéihéum.(i§73) vas employed to accoqnt for
corrclations among repeated measurés. The contribution of conservation skills
in predicling school acniévemént was assessed by employing a backward
elimination regression technique in which Total Conservation Scores for LD

children and Full Scale WISCR=IQ were used as criterion variables to predict

scores. The backward elimination technique first assesses the proportion of
achievement variance accounted for by all three predictors (Full Model) and

then successively eliminates variables that do not account for a significant

e}
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N
aroiint of variance (p - :10)0 The Tinal todel of Siunificant variables is
orly dniterproted iF the Full Hodel 15 ﬁignif&cant at p < .05 level. In
Caddition to prgdiétinq achicvement across ygars fydﬂr 1 to year 2 and yvar 3;
yoar ? Lo year 3), concurrent regressions were conducted using PIAT subtest
rav scores as the dependent measures.

A prnﬁit analysis was used to estimate the age at,which 75% of the
children in each yroup attained conservation (score of 2 points) on cach of
the six Lasks: This approach is most often used in biological assay research
where the research question concerns the amount of a stimulus needed (dosage)
to prodice a specifivd response in an organism (?innéy;_1978). 'In the present
study, "dosage” is years of ékbéhiéhté and the specified responsc is the
percentaye of children who attain consarvation at a particular age
level. A variation of this téchhi&uo Has buen siiggested for use in
longitudinal studies (tandis & Koch, 1979) biit there is an important caution

. t06 be considared in interpretation of the present data. Ironically, the best
design to handle the issue of horizontal deécalage between -groups would be a
cross secltional approach in order to obtain a number of different Sﬂbjétts at
each aqge level: Since the present design is longitudinal, several of the
younger subjects were ééuntéa three times in the various age levels created to
—parallel different dééade levels. This lack of independence among subjects
violales an assumption for the chi-squaré statistic used, in probit analyses;
of the analysis; then; are best described aS_expioratbﬁy in nature in
determining the usefullness of.purSuing the issues of order and decalage in

1

future research:

P
-
. H
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Uith 1his caution in annd, nine age levels were creéated for 77 Lo 125

monthe ot 6 omonth antervals,  For each task and each qroup, the numbor of

sub ity who fol1 into cach group across the three years of the study was
Count oil as was the numboer of subjects who obtained a score of 2 points-for

paeh Lasks  The probit analysis gesontially is a type of regression of

rosnonse (conserver) on dose (age) and provides an estimate of the dosage
14

required for 75% of the children to attain conservation on each task (Finney,

1974): Alf10~qh any percentage 1svel could have been chosen, the 75% level

wias selected as it conforms to the standard used by Piaget in dets rmining

stage transitions and by Llkind (1961b) in assessing various conservation

ac1u1§1t1ons The age levels obtained will be used déschibtivéiy to compare
the learning disabled children with the normally achie eving group in t@rms of
order of acquisition and extent of horizontal decalage: -

Group Nifferences

The Group x Agecode x Year MANOVA ;eéuiféﬂ in a significant main effect
for Group (F 1,60 = 15.19, p < .0002) and a significant Agecode x Year
interaction (F 2,120 = 4.93; p < .008) with a linear trend for the interaction
(F 1,60 = 7.19,p < .009). Figﬂfé 1 graphically displays these results. The
fhteratﬁibn appoarcd Lo be due to the Tow conservation scores of the LD-6 yééé

-

old group’ in the first year of the §Euay{ Separate Group x Agecode ANOVAs for

each year confirmed this interpretation. Although group meribership was a

Sighificant factor for cach of the three years (a11 p's < .01), Agecode was
siqnificant only at year 1 (F 1,60 = 6:84; p < .01). MNore of the agecode
interdctions in suhsequent years was significant. As Figure 1 shows, the

yownger LD children improved their performance by the second ycar but the LD
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NLD qroups acquired conscrvation concepts. lable 2 displays Lhis dniornal o
which sapports a devolopmental delay in LD children as suqgestad Lyt
previons analyses and a visual inspection of Figure 1o Although U
inappropriate to placn a gré@t deal of confidence in the age eatipatio, rhi
results indicated an approximabe 1 172 to 2 year delay for Lh childrin in
acquiring speciTiC concepts. ‘ )

Within the two qgroups; acquisition of concepts dppharoJ to follos the
order suggested by prévious literature in that substance procéded weight and
discontinuous qiantity préceéded continuous guantity: Comparison of the two
groups indicated a different order for LD and NED children. For both groupe,
spaco Qﬁd weight wore the beqginning and end points with the LD qroup
conserving number, substance; diScontihuéﬁé and continuous quantity in that
order: The HLD group f{rst conserved discontinuons qUantity folloned by
continuous QUanpity, substance, and number:

The late QCvéiopment of fumber conservation in the NLD childiron was a

ors At

curions result and proapted an inspection of ‘the percentage of consery

ERIC
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oo creatod oage fevelss AL NED ehildren in the 6=7 year age levels

Lter bt othe percentages at the later age levels varied from 92%

Ci thoere was nol o consistent increase in the percentage of rnumber

Sith o rans connter to coqnitive-developnental theory. Since the

G far pithbrégﬁoup did not show this trend, we suspected that age
/ .
el D e T S
Ctee owoasod o sparious resalt in the MED group. )
. ot iribing aspect of this analysis concerns horizontal decalage.

fhee Thgronp appearced to encounter a delay in entering the stage of
(oot erabidons; it appeared that they attained the specific concepts
Lot een the ages of 8 and 10 years. The longest l1ag was 14 months and

L4 hiuenn meter and substances This description also fits the HLD

. i uting numbor conservation.  The normally achieving group also
0 oific concepts during a ? year period albeit two years earlier

Cooo e U0 qreoaaps The Tongest lag was 17 months between space and

.
fedt Pheroer, quantitys

S
,.

P oof /r\A«'j_(‘nrlz('V)i.,(rl fléthl\LFll‘.L(‘n‘(

it le rogrescion analyses were used to test the independent

it ion o conservation performance to academic achievement apart f rom

Folr cate Intelligences Roth concurrent predictiOn and prediction across
St et anieseed,  The within years apalyses for each of the three
it variables (reading recognition, reading comprehension, and
Coihenicbics) were nonsignificant in that the Full Model did not account for a
Siniticant amount of achievement variance. With the exception of reading
¢ocnrehension; academic achievement was not predicted across years. Reading
U rrehone fon was prodicted by Total Conservation and Full Scale 1Q from year

1o year 2 (F 2,75 = 3.53, p < .05, R2 = .22). ‘However, the Final Model

1,
O
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retained only Fill Scale Ii) as TbtéT Conservation did not account for a
Significant andunt of variance (F 1,26 = 6.08, p < 02, R? = .19).

Given this pattern of results; the intercorrelations of total
consorviition scores with achievement and aptitude Véfﬁéh]es within ¢ach group
were examined. Table 3 presents the within-year correlations for these
variables. The data for the normally achieving groap were consistent with
previous literature as the majority of correlations were moderate in magnitude
and significant: The correlations for the learning disablad group ; howavar,
presented dn entirely different pattern: For these children, all correlations
fiere nonsignificant with several Be{hg in a negative direction. In comparison
with the NLD sample, there was no overlap between conservation performance and
achievement and intelligence in the LD group.

Discussion

The results of this longitudinal investigation indicated that 1éarning
disabled children experienced a developmental delay in attaining the stage of
concrete operations but when the transition frem the preoperational to the
concrete operational stage was achieved, they appeared to acqiiire specific
concepts 4t the same rate as normally achieving children. The present data
suggested that LD children did not “catch up" with their pecrs after threé to
four years of ééh%bT experience. Although tentative, the resilts of the
probit ana]yﬁes indicated that the NLD and ED children may acquire

The predicted aqge repreéohted
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naturet. Whether or not the developmental lag persists into the later
elomentary school yaars and adolescence is a question that needs to be
addrossed in future resecarch:

The academic consequences of the delayed achievement of the concrete
onerational stage of development are less Cieqr. Consérvation performance and
Full Scdle 10, in concert; were neither predictive of cohcurren£ achievenent
or résidiial gain scores for the LD group. The smaii.g for the LD sample may

, - S : S . S
analyses. However, the pattern of correlations of total conservation scores
With ACndumfc achicvement and psychometric intelligence were extremely
different for the LD and NLD groups which had essentially the sama number of

An explanation based on & possible restricted range o

children in cach. of
variable scores does not seem justified:. The two groups were not
significantly different on Verbal IQ but yet the NLD group obtained
significant correlations between Total Conservation and Verbal 10 for each of
the thréé vears while the nonsignificant correlations for the LD group ranged
from =.76 to .15, The complete lack of overlap bhétween a Piagetian,
quialitative asscssment and a-psychometric, quantitative assessment runs
counter to previous research with both normal and inéntally retarded subjects
(Goldschmid, 1967; Hilton & Boersma; 1974). Although speculative, the lack of
concordance between process and content assessments of intelligence may

indicate that LD children are not only developrnentally delayed but also

developrentally different in their approach to cognitive tasks: We are s
currently rescoring the Conservation protocols in terms of the quality of
explanation (after Elkind, 196}65 and in terms of ronconservers' choice of
either the standard or manipulated object (after Goldschmid, 1967). Analyses

Joomd
Cr



Nevelopment of Conservation Skills i LD Children

’ 14
References
Elkind, D. Forms and traits in tha conception and neasurenent. of general
intmlliqnnce. _ln@;ilﬁgggg;; idSh; E, 101-120.
FlEind, 0.

Tlie devéiopmunt of quantitative thinking: A syétematfc

rhplicaﬁion of Pidqét'é studics. ?helgggrnai‘gi_ﬁonetfc ﬁSychotgql, 1@61&,

YR, 37246,

Elkird, D. Children's diécovéry of the conservation of mass, weight, and
. . 7
volune:  Piaqet replication Study If. The Journal of Genetic Psychology,

1961h. 08, 2192227,
Elkind, D., Horn, ., §chneider, G. Modified viord reCognitfoh, reading

achievement and perceptual de-centration. The Journal of Genetic

Eixghgyng, 1@65, 107; 2352251,
Clkind, ., LdrSon; M.; Van hoorhihckg 1. @erceptuai decéntrétfbn'ieérning

and porformance in slow and averaqe réadérs. .Qﬂiﬁﬂﬂl gf Educ@ﬁionai
Psychology. 1965, 56, 50-56.

Fincham, F. Conscrvation and cognitive rolé-taking ability in learning

Finney, D. J. Statistical method in biological assay (3rd ed.). New York:

Mactillan, 1979.
Gibson, F. J. Learning to read. Science, 1965, 148, 1066-1072.
Goldschmid, M. L. Different types of conservation and nonconservation and

their roTatiOnship to age; cex; i@; MA; and vocahuiary. Chiid'bevéiopment,

1967, 38, 1229-1246.

Goldschmid, M. 1.. The relationship of conservation to éiiotiondl and

environmental aspects of devaloprent. .Eﬁtlﬂ_ggxﬁlqwiéak, 1968, iﬁb

579-589,



Nevelopuent of Conservation Skills in LD Children

13

. L L . Ll et
of qroup differcnces in these aspects ot conservation acquisition may provide

clucs to différences in task orientation.
Thoe major findings of this study emphasize the importance of viewing.
3
: .

Tearning disabilities from a developnontal perspective: Research results

bascd on older sarples within a limited age range may mask irmportant
difiercices that occur at earlier ages. Further rescarch is needed to
invistLiyate not only the duration of developmental lags but also the reasons

béhind the cognitive immaturity of learning disabled children.
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?abip 1
§uhjoct ﬁharaqteristics for Luérhinq Nisablad (Lh)
and Normaiiy Achicvihg (HLU) Children
- T T T B n _—NLD
i - 31° 33
RACE () B 12 (35.7) 11 (33.3)
Y 19 (61.3) 22 {66.7)
SEX (%) F '8 (25.8) 8 (24.2)
" 23 (74.2) 25 (75.8)
AGE M 5.8 863
Sh 7.5 : 7.2 !
MOTIER'S FDUCAT IO - " 11.8 12.6
Sh 2.1 2.1
PIAT SCURES o o
Read. Rec. M . 91.9 103.1
| SO 8.2 10,7
Read., Conp. ,}4 95.5 162.5
s 7.1 10.6
Mat h N 99.72 o 102.5
Sh 8.9 10.8
L ¢
MISC-R B o o
Verbal - M 98.9 105.2
Sh 12.1 14,2
Perfornance M 95.0 108.7
Sh : -12.9 13.6
Full Scala y 96. 4 107.5
Sh 12.5 . 13.9
o
D

framd |
Sk
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Table 2
Fstimated A'cs (Years-Months) at Which 75% of LD and HLD
Children Acquired Conservation Concepts

, - , Discountinuous- Contingous
___Space  Humber Substance ~ Quantity _ Quantity Weight
LD 8-10 9-1 10-3 10-7 16-16 11-4
NLD 6-4 g-3x 8-8 7-9 8-7 11-1
*See text for elaboration
#
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Tahie 3
Concirrent Intercorrelations of WISC-R and PIAT Subtests with

Totdl Eonservation Scores (Total) for LD and NLD Children

LD ' NLD

Total Year 1 Year 2 Year 3 Year 1 Year 2. Year 3
Reading Rec: -.16 .22 .07 .28 .18 117
Reading Comng -:30 .08 . .19 .3_4* .‘20 .35
Math -:07 .09 .04 J37% .28 .29
Verbal 10 -:26 45 -.13 BT
Performance 19 -:37 -.16 -.13 _ .36% .36% .30
Full Scale 10 -.34 -:16 -.14 JA8** 4% _37*
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DATA COLLECTION POINTS

LEGEND: GROUP B—8-& L0-OLD -3 LD-YOUNG._
- &—a&—& NED-OLD &--&-4 NLD-7ounG

Flgure 1. Mean conservatlon scores for 6
and 7 year old cohorts of LD and NLD
v__ch.lldr.,n across three years
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