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The Relationship Between Cognitive Development
and School Achievement

A. Saleh*

One of the most comprehensive theories in child psychology is
piaget’s theory of cognitive development. There has been a great interest
in this theory on an international scale and there is a huge volume of
cross-cultural studies testing the validity of this theory (e.g., Dasen,
1977, Ginsburg, 1972). This introduction does not intend to review or
summarize Piaget’s theory. The reader can find some excellent sources
(e.g., Brainerd, 1978; Flavell, 1963; Furth, 1969; Ginsburg & Opper,
1978). Few words will suffice here about the philosophy behind this
theory.

Piaget’s main theme from the early 1920’s up till now is to answer the
guestion of how humans acquire knowledge. He has found out that the
best way to answer this question is to study how children start to acquire
knowledge and how they develop it. In his theory, Piaget borrowed
heavily from his rich background in zoology and philosophy. The
system he has developed 1s called genetic epistemology because of the
biological presuppositions from which it stems and the epistemological
consequences in which it ends (Piaget, 1970).

This paper 1y interested in two aspects of Piaget’s theory both of
which have received a pgreat deal of attention from Piagetian
Psychologists. The first is that of using tasks derived from Piaget’s
theory to predict school preformance. The question is: If weadminister
certain Piagetian tasks to school children, will the knowledge of their
preformance on these tasks help teachers know better about the
children’s performance in school subjects ?

Research in this area suggests that amoderate but significant
correlation does exist between the cognitive level of children as
measured by Piagetian tasks, and school achievement as measured by
teacher-made tests or standardized achievement tests (Bearison, 1975;
DeVries, 1974; Dimitrovsky & Almy, 1975; Goldschmid & Macfarlane,
1968).

The present study measuyres cognitive level in children by using five
Piagetian tasks: Transitivity of weight, consevation of number,
consevation of area, conservation of weight, and multiple classification.
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Children’s school preformace is their row scores in Arabic and
arithmetic in their mid-year grades estimated by their teachers.

The other aspect of Piaget’s theory that of great interest to
developmental psychologists is his notion of synchrony and sequence in
the stages of cognitive development, especially at the concrete
operational level (For more details about the characteristics of Piaget's
developmental stages see Saleh, 1977). Piaget assumes that cognitive
items germane to the concrete operational period develop
synchronously, that is, concurrently, because the eight groupment that
lie at their base are logically and psychologically interrelated (Peterson,
Hooper, Wanska. & Defrain, 1976). A specific example here is Piaget's
contention that transitivity of weight, conservation of number,
conservation of weight, and class inclusion are mastered by children at
about the same time. Moreover, Piaget theorizes that violations of these
rules are minor fluctuations he calls horizontal decalage. These are,
however, some recent studies with seriously challege the Piagtian claim
(Brainerd, 1974; Peterson et al., 1976; Poussaint, 1974). The findings of
these studies support a definite sequence of appearance for these
Piagetian tasks. The order of appearance is: Transitivity, conservation,
second, and class inclusion last.

The present study is an attempt to see if four Piagetian tasks used
appear synchronously as Piaget states or thereis a sequence in the order
of their appearance as Brainerd and others contend. The four Piagetian
tasks of interest hereare: transitivity of weight, conservation of number,
conservation of area. and conservation of weight.

Hypothesis 1:

The performance of first and third elementary school children on
transitivity of weight, conservation of number, conservation of area,
conservation of weight, and multiple classification is positively
correlated with the same childrens’ school achievement in Arabic and
arithmetic. The correlation between the childrens’ cognitive level as
measured by Piagetian tasks and school achievement is moderate and
significant.

Hypothesis 2:

First and third grade children master the Piagetian tasks in the
following order: Transitivity of weight (easiest), conservation of
number, conservation of area, and conservation of weight.
Conservation of weight is the most difficult. The null hypothesis of

approximately equal difficulty among these tasks is rejected.
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Method

Sample and Population:

One hundred fifteen (115) female children are drawn randonly from
two female elementary schools in Kuwait to participate in the study.
The two schools belong to the Ministry of Education in Kuwait. First
and third garders participate in the study. Thereare 70 first graders who
are randomly selected from a pool of 16 sections in the two schools.
Forty six (46) first graders are randomly picked up from school A and
24 first graders are randomly selected from school B. Forty five (45)
children are randomly selected from 10 sections in grade three in school
A. The mean age in months for the first gradersis 83.771, and the mean
age for third graders is 108 months. The mean age for both groups is
some what high due partly to the fact that the administration of the tests
took place approximately before the end of the school vear. All the
children in this study are tested in the same week by 4 psychology
majors who were trained on this kind of testing. Two examiners tested
the childrenineach school. The childrenin this study belongtodifferent
nationalities. The whole sample includes 68 Polestinians-Jordanians,
32 Kuwaitis, and the rest came from other Arab countries. Most of the
children came from middle to lower middle social classes. The average
number of children in the family in this study is 6.

Tasks:

Five Piagetian tasks are administered in this study. They are:
Transitivity of weight, conservation of number, conservation of area,
conseration of weight, and multiple classification. All of these tasks are
similar to the ones used by Piaget and by Piagetian researchers. The way
these tests are constructed follows the Guttman scale method or
scalogram (Edwards, 1957; Guttman, 1944). These types of tests are
called ordinal scales (Anastasi, 1976). The Guttman scale is used to
order a group of items or tasks with a common content into a linear
hierarchy and to evaluate whether or not this hierarchy is
unidimensional and cumulatively hierachical (Bart & Arisian, 1974).
This means that if an individual gets an item or task correct, that same
individual should be able to pass all the items or tasks thatare ranked as
less difficult. The inverse is also true, that is, a hierarchy is judged
unidimensional and cumulative if failures on an item or task co-occur
with failures on items or tasks ranked as more difficult (Bart & Arisian,
1974). If these conditions are met then the scale constructed is said to
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have a perfect coefficient of reproducibility (+ 1.00). However, in order
for an ordinal scale to be considered suitable it has to have a minimum
of .85 coefficient of reproducibility (For more details about the
Guttman scale and how to compute the coefficient of reproducibility,
see Edwards, 1957; Guttman, 1944).

The five Piagetian tasks used in this study meet the scalogram
analysis criteria. Two of these tasks (The conservation of number, and
multiple classification can be found else-where (Feky & Saleh, 1978).
However, two modifications were introduced to the two tasks in order
to fit the new sample. In the conservation of number task, the number of
buttons used is 8 instead of 4 in the earlier study. In the classification
task, the number of dimensions tested in the present study is 3 (color,
size, and shape) instead of two dimensions used in the earlierstudy. The
other three Piagetian tasks used can be found in Appendix A, Appendix
B, and Appendix C. The five tasks are administered to each child
individually in one session. The order of presentation of these tasks is
randomized in order to avoid order effect. Two examiners are present
during the testing of each child. The responses the child give are
recorded by one of the examiners on forms similar to those in the
Appendixes. The maximum score any child can achieve on each of the
Piagetian tasks given is as follows:

Task Maximum Score

Transitivity weight 6
Conservation of number
Conservation of area
Conservation of weight
Multiple classification

ARl R
[, 30 “Nis oo o)

School achievement is measured in terms of the cumulative score the
child has obtained up till mid-year in Arabic and arithmetic. These
academic acheivement scores are estimated by the classes teachers.
Maximum achievement scores are 20 in Arabic and 20 in arithmetic for
first graders. Maximum scores for third graders are 40 and 40.

Results

Four types of computer analysis were performed on the data
collected. The first analysis was performed on the whole sample of 115
children that participated in the study.- Table 1 includes the
intercorrlational matrix, standard deviations (S.Ds.), and skewedness
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indices of the variables studied. The Table also shows that measures
obtained on the Transitivity of weight task are not included in the
analysis. As a matter of fact they are not included in any of the analysis
performed in this study. The reason for not including the results from
the Transitivity of weight is due the ceiling effect of the scores obtained
on this task-more than 979 of all children tested achieved prefect score
on this task.

Looking back at table 1. One can notice that three Piagetian tasks
(Conservation of number, conservation of area, and conservation of
weight) correlate moderately but significantly with school achievement
in Arabic and arithmetic (P(.OSj- 0(.01). The hypothesis of a positive
moderate and significant correlation between the cognitive level and
school achievement is supported for 3 out of 5 Piagetian tasks when the
data from the whole sample are analyzed.

The second analysis was carried out on the data collected from first
graders in both schools (N = 70). Table 2 shows the results of the
analysis in terms of an intercorretational matrix, means, S.Ds., and
indices of skewedness for the variable in this subsample. In Table 2, one
can notice that the hypothesis of a positive, moderate and significant
correlation between conservation of number, conservation of area, and
multiple classification on the one hand, and achievement in Arabic and
arithmetic on the other hand was supported (P €.05 and P£01).
However, the correlation between the conservation of weight and
school achievement was not significant for first graders.

Table 3 includes the results of the analysis of the data collected from
third graders. This table shows that only the conservation of weight task
is significantly correlated with achievement in Arabic (P (.OS)and with
arithmetic (P 01).

Thus if we consider the third graders only, then the only hypothesis
supported is the part dealing with the relationship between the
conservation of weight and achievement in Arabic and arithmetic.

Table 4 shows the results of the analysis of the data collected from
first graders in school B, (N = 24). Three Piagetian tasks used in this
study (Conservation of number, conservation of area, and multiple
classification) and the sum of the scores of these three tasks correlate
moderately high with measurements of school achievement in Arabic
and arithmetic, thus supporting the hypothesis of a pesitive and
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significant relationship between the childs’ cognitive level and his
academic achievement. It is clear from Table 4 that the conservation of
weight task does not correlate significantly with performance onschool
subjects.

The final step in the analysis was performed to answer the question of
syrchrony in Piaget’s theory. Table 5 shows the frequencies and
percentages of the children in the whole sample who mastered (Passed)
each of three Piagetian tasks (Conservation of number, conservation of
area, and conservation of weight). Transitivity of weight was excluded
because the ceiling effect mentioned earlier. A score is considered pass if
the child obtaines a perfect score on the Piagetian task. Looking at
Table 5 again, one notices that the order of difficulty, from the easiest to
the most difficult goes as follows: Conservation of numbere——3»
conservation of area —conservation of weight,

But the question is: Are these differences in the number children
mastering each of the three tasks statistically significant ? Toanswer this
question a¥? test suggested by cochran (Hays, 1963)is applied. The test
is appropriate in studies involving repeated observations (or matched
groups) where the dependent variable can take only two values: 1 for
pass or success and O for fail. When this test is applied, here the?k? value
turned out to be 87.53 which is significant at the .001 level for two
degrees of freedom. The hypothesis of no difference in difficulty among
the three Piagetian tasks is rejected. Another comparison was made
between the conservation of number and the conservation of area tasks
both of which seem to be of approximate difficulty. When these two
tasks were compared the? value is 13.81 which is significant at the .01
level for one degree of freedom. Thus the hypothesis of no difference in
difficulty between the conservation of number and the conservation of
area 1s rejected. Nofurther comparisons are needed since the differences
between the conservation of weight on the one side and the conservation
of number and area on the other side are very large.

DISCUSSION

The findings of the present study support previous findings of a
positive moderate and significant correlation between the cognitive
level of the child measured by Piagetian ordinal scales and school
achievement measured by the child’s performance on zacher-made or
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standardized tests. However, there are few qualifications that should be
spelled out concerning this study. First, the transitivity of weight task is
not a good predictor of academic achievement for either first or third
graders because this task turned out to be too easy for both grade levels
and hence we have a ceiling effect. The same objection can be raised
against using conservation of number, conservation of area, and
multiple classification with third graders.

Another limitation in using Piagetian tasks to predict performance in
school can be seen from studying the relationship between the
conservation of weight and academic achievement. Table 2 shows that
the correlation between the conservation of weight and school
achievement was not significant for first graders, while the relationship
was significant for third graders.

The conservation of weight is a poor predictor of academic
achievement because this task is too difficult for first graders. Only 169
of the first graders mastered the task (See Table 5). On the contrary
though, the consevation of weight is an excellent predictor of school
achievement in arithmetic and Arabic in the third grade.

The problem of deciding on the level of difficulty of the task for
certain age or grade level can be facilitated by studying the indices of
skewedness (Table 2 & 3). For example, the conservation of number
task is easy for first graders because it has a high index of skewedness,
1.912 (See Table 2). This can be noticed clearly from table 5 where the
percentage of first graders who mastered the number concept is 80%.
The number task is even easier for the third graders where the index of
skewedness is -2.958, (very high), and the percentage of third graders’
- who mastered it is 91%.

In conclusion then, the transitivity of weight is not a good predictor
of school achievement for either first or third grade unless it is modified
to made it more difficult. The same thing can be said about ad ministring
the conservation the conservation of area, and multiple classification
for third graders. The best predictive results can be obtained if we
administer the transitivity of weight to kindergaten children,
Administer the conservation of number, conservation of area, and
multiple classification to kindergaten and first grade children.
Conservation of weight should be used after the first grade.

The data in this study do not support Piaget’s theory of synchrony
during the concrete operational stage. There are differences in the
numbers and percentages of children who master each task. The largest
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number perform correctly on the conservation of number (95), while
those children who have the conservation of area correctare 74 which s
less than 95. The least number of children are able to conserve weight
(28 children). It is to be noticed that we are using the same sample (N=
115) and hence a child may be conserve none, any, or all of these tasks.
The numbers just mentioned tell us that the order of difficulty for these
three Piagetian tasks (from easiest to most difficult) are: Conservation
of number, Conservation of area, Conservation of weight. When the
Cochran test is applied to the data collectd on both grades, the
hypothesis of no difference in difficulty among the three Piagetian tasks
is rejected thus giving on additional negative proof against the idea of
synchrony.
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Intercorrelational matrix, means, S.Ds., and indices of skewedness of the

Table 2

variables studies using data collected from 1st graders N = 70.

Varisble School Examined Age School Achievement Piagetian Tasks
Arabic Arithmetic Number] Area| Weight| Classifi-

cation
School 1.00
Examiner .799%*%% | 1 o0
Age .324%%% | 537% 1.00
Arabic -.015 | .086 L3527 1.00
Arithmetic .095 .209 190 721%%% | 1,00
Number .179 L364%%F | og7* .290%% | 352 WH¥ 1.00
Area .025 .125 .182 T ki IETY Rl BPTPL L T
weight .200 114 .101 .123 .165 .250% ] .051 |1.00
Classification.313%**] 110 .281%% .262% | .289%% .217 .27 .146 | 1.00
Means 1.3¢3 | 2.7 83.771 13.686 | 13.714 6.829 ] 6.029 | .729 | 4.486
S.Ds. .478 1.119 4.440 3.010 | 3.311 2.395 | 2.839 |1.444 | 1.391
Skewedness .662 -.354 .186 -.379 | -.359 -1.912 | -.998 |1.618 | -.459

= P £ .05
s P g .02
xx P ¢ .01

Two-Tailed Test
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Table 4

Intercorrelational matrix, means & S.Ds., of the variables studied using data
collected from Ist graders — school B.N = 24.

Variable Age School Achievemend Plagetian Tasks
Arablc Arithmetic Number Area Welight Classifi4 Sum &
cation Plagetian
Age 1.00
Arabic ¥ 1.00
Arithemtic .423 .qmm-:.u 1.00
Number .312 .625%*% .706%¥%* 1.00
Area .227 .484% .505%% .646*** | 1,00
Weight .128 .282 .224 .290 -.212 1.00
Classification.dll . 724 .82g*%% L795%%% | sgo®¥ | 136 1,00
Sum&Piagetiap .313 .685%RE | goohEE L933%WE | ggg¥ER | 450% | 784%** | 1.00
Means 85.571 13.762 14.238 7.286 5.905 1.619 4.714
S.Ds. 3.854 2.982 3.590 1.648 2.364 1.564 .902
=+ P £ .05
= P < .02
s P < .01
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