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A Five-Years Follow-Up On Cognitive Development In
Grade-School Children.

Longitudinal studies on cognitive development have been relative-
ly rare: they are time-consuming, expensive, and suffer from
many methodologiral shortcomings.

Especially in the area of reasoning, alternative ways of getting
at longitudinal development have been tricd. One of these ways

is to take a sample of children from one age group but differiny
levels of development and administer tasks that are supposed to
represent a developmental dimension at different levels of attain-
ment. A scalogram analysis then will show if the answers really
tollow a Guttman-scale, i.e., i{ the rank-order of difficulties
holds true for all children, and if the easier items are always
solved before the more difficult ones. Such Guttman-scales have

become quite popular for getting nquasi-longitudinal isr .ormation.

Conventional tests of cognitive performance do show differences
within age-groups. Repeated measures on these tests tell you
something about changes relative to the respective age-groups.
They do not, howeves, provide data about either the child's
cognitive devclopmental level nor about his actual developmental

progression.

In the present study an attempt was made to obtain a develop-
mental dimension on the basis of cross-sectional data. In order
to check the validity of this approach, the cross-sectional data

were compared with true longitudinal data.

We were trying to answer the following questions:
1) 1s there a unidimensional scfjuence of tasks for all children?

2) From knowing one particular child's position on the scale,
can one predict his rate of development by comparing his score

at a given time with scores of his peers?

Q. 00003




BEST COPY AVAILABLE
Methods

The instruments used in this study are listed in Table 1. As

you can see, there were i assessments, at 15 months intervals.

During the first two, the following reasoning tasks were admin-
istered:

conservation of number, using 3 different kinds of materials,

conservation of length, using the Muller-Lyer illusion as well as
the regular Piaget paradigm,

conservation of substance, using clay balls

and conservation of inequality of liquid.

Most ot the children could solve almost all of these problems
by the sccond assessment, except for the conservation of liquid
task. Therefore a new set of more difficult tasks was used lor
the 3rd and 4th assessment. Fig.1 gives a hrief summary. The
tasks consisted of:

conservation of divided length (only the transformed row is
shown in the figure), '

conservation of area, using two different paradigms,
conscrvation of weight of dissolved sugar,

conscervation of liquid inequality - the first two items having
bern retained from the first two assessments,

conservation of filled and empty space,

conservation of time and speecd,

and a formal thinking task.

Avain, the fourth assessment followed the third atter 15 months,

using the =same procedure.

Two kinds of scoring wer: used. First, all items were scoroed
separately according to correct or incorrect answers and summod
up to a Total Item Scoure. Second, items belongring to the same
task - defined as tapping the same concept by using the same
material and the same basic paradigm - were scored together

and summed up to a Total Task Scorc.

The individual item analysis was retained to guard arsainst

pos=ible misgroupings and far scalogram analysis.
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Sub jects

Subjects were all the children in a small town 10 miles south
of Bonn, who entered grade school in 1968. A few children moved
away within the first half year. However, out of 45 children

at the end of first year, 43 still could be reached at the same
school at the end of their fourth year of schooling.

FIG. 2 shows the socioeconomic background of the sample as
obtained from fathers' oeducation and occupation. 42 out of 43
subjects lived with their natural parents, one child is not
included in the graph because he lived only with his mother.

As can be seen, most fathers hadattended Volksschule (public
school grades 1-8) and had a 3 years vocational training. Fathers
with "Fachschule” and "Fachhochschule", which corresponds goushly
to college, and those with university training are slightly
overreprescented. ‘

At the first testing, the children's ages were between 5-10
and 7-1 ys with a mean of 6-5 yecars; at the last assossment, thoy
were bhetween 9-9 and 11-1 years old with a mean 2 to-3 years.

Results

1. Changes in Porformance on the Piaget tasks

PIG. 3 and 4 show tho distribution of scores for the total

cample during the first and scconu assessments. As often can

ve seen with developmental data, the distribution of performances
i far from normal. At the first toesting, most children cithom
answered correctly on a few items or on nearly all ftems: at

the wecond testine 15 months later, most children got hish

Total ~cores, These results are even more nronouncoed, whoen

Total Ta.dibecorex are considered instcead of Total ltem Scores.

L itae 5 nnd‘ﬁ shoew the distributions of Total Ttem cotes and

ot seRl BLoTes s ect,, at the third and fourth assessment.

Atain, the distrabutions do not it a normal curve but rather

show two ar three pealis at the low, smiddle and high ond of

00005
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These results show:

1) marked increases in correct answers for the total sample,
which are statistically significant,

2) a tendency toward daQelopmental "levels'", marked by peaks
in the distributions,

3) the fact that only a few children had full access to conrete
reasoning by the age of 1o or 11 or by the cond of their fourth
year at school, resp,

This analysis, however, lecaves some questions unanswered:

1) Ts there a consistoent order in the kinds of tasks solved?

2) Do all children show a similar deveclopmental progression

from one asscssment to the next?

3) Do some children regress?

2. Changes in difficulty levels of Piaget tasks

Difficulty levels of tasks may indicate a developmental sequence,
esp. when they follow a Guttman-scale. 1f tlhiey really represent
a developmental order, the sequence should hold even when the
absolute difficulty of solving the items decrcases, for instance
with increasing are of the child.

F1G. 7 shows the changes in difficulty levels of the consecrvation
tasks from the first to the second assessment. Only, the first task
is not repreosented, since its function as first and warm-up itom
camoufléxed its cognitive status. Clcarly, more children conserved
on all of these task on the second assessment. The pattern of
sequence, however, was not retained, oxcept for the hardest task,
conservation of liquid inequality. Interestingly, however, the
casiest task at the first assessment, the Mﬁllor~Lyer length
illusion, improved lecast. There are several indications that it
changes its meaning relative to the cornitive level of the

children,

The 1969 results will not be discussecd at length hecausce the
tester involved may have influenced subjects' answers by

suggestive questioning. 0 0 0 0 6
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The 1968 results, however, not only represent different levels
of difficulty but also follow a Guttman-scale quite well, A
scalogram analysis on the tasks yielded a Green-Index of repro-
ducibility of I = .759, which is quite acceptable.

Since the results on the first set of tasks arc less conclusive
I shall concentrate on the second set ot items administered at
the third and fourth assessment.

FIG. 8 shows the gencral progression in cach itom from the third
to fourth assessment. Though there are slight changes in sequence
esp. among items which had Leen at the same level of dificulty,
the gencral trend remained. Increases of corrcct answers were
most marked in items of intermediate difficulty, which were thosc
of conservation of divided lenrths and conservation of liquid
amount when a ball was put into the water. The casiest tasks

in these two assessments, nos. 10 and 11 -~ conservation of

liquid inequality - had been the hardest in the first two
assessments; the hardest in 1971-2 was that of formal thinking

as was predicted by theory.

Separate scalogram analyses were performed on these items for
both assessment periods which yiclded acceptabie reproducibhility
indices. If there is a regularity in development, however,

similar patterns of tasks should emerce.

Therefore, data from hoth assessments were ontered into a
combined scalogram analysis. Six items had to be removed from
analysis since they proved responsible for most pattern irre-
gularitices. They are scparately dericted on the right hand side
of Fig. 8. The final scale of 16 items, with the easiest two
scored together, yiclded an overall Green-Index of I=.75, and
separatc indices for the two assessment times yiclded I=.63

and I=.75, resp..

These indices show that the regularity of pattern improved with
higher cornitive levels of the subjects., This result is not
unique. A scalogram analysis for the tasks from the first
assessment which had proved acceptable for this sample of
children then starting school, did not work out much beyond

00007
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chance level for an earlier study which involved 250 children
aged 4-6 to 6-0 years who attended nursery schools. It might
well be that irregularities are quite common when the diffi-
culty level of tasks is very high. Besides, the tasks used

here were not selected according to their logical and psycho-
logical rclatedness but rather haphazardously {rom experiences
of former studies. Therefore it is a crude instrument, open

to chance influences from divergent coxpericnces. Separate
analyses on some ns which are clearly logically and psycho-~
logically related, usually yiclded high reproducibility indices
ceven during the third assesswnt. kEven with these restrictions,

the results are impressive.

3. Develnpmental changes of individuals

The Guttman scale that resulted from the scalogram analysis was
then used to pinpoint cach child's pnsition on this developmental
Scale in order to check if each progressed in the prodicfﬂdircct~
ion. Firure 9 shows the changes in cognitive level from the

third to the fourth assessment. Bach child is identified by his
code number and ordered along the Y-axis according to his position
wvhen first administerecd this sct of tasks. Dotted circles indi-
cate that he had missed one or at most two items along the scale,
single dots and singlcxrcprescnt additional correct answers that
fell outside the scalogfram pattern.

Twelve out of 41 children did not change their status; 4 of them
only completed their patterns. Some children show marked pro-
sressions, esp. those ni' formerly intermediate or high status.
One formerly complete "non-conserver' progfressed considerably
(no.2). In meneral, however, children of formerly low cognitive
level progressed little or even repgressed. There seems to be no
clear way to predict from a child's nosition at one point of
time his development within the next 2 months. Just comparce

Ss no. 32 and no. 2, or 24, 4 and 27 or 26 and §., Standstills,
progressions or regressions can océur, though progressions

prevail.

How do these developmental changes compare with the initial
Q. results at the first assessment?

00008
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In Fig. 1o, all individual children are depicted on the lef't
hand xide according to their cosnitive level before schoaol
entrance. The triangles show their positions 15 wmonths later.
On the risht hand sidce, their cognitive lewvels at the third
and fourth assessment arc represented. At first glance there
does not seem to be much regularity. llowever, children high
in cognitive level at school entrance tend to bhe high at fourth
grade as well, and those starting at the lower end have some
chance of remaining Lehind. IL might be interesting, however,
to note that the children nos. 19 and 11 as well as those with
larger regressions, i.e., 4o, 26 and 29, were the only ones

who had to repcat a class during the time under study.

he Snecd of development

Gienerally, we may conclude, that lonuitudinal development
tollows a rather definitive dircction which can quite well

be predicted by scalosram analysis of cross-sectional data,

as lony as difficulty levels of tasks are intermediate in the
respective group. Stasgnations, however, are not infrequent, and
refressions tend to occur, although they generally correspond
to other negative experimces. - By the way, regressions do not
tend to follow a backward pattern on the scale, but rather

seem to indicate a dissolution of $he pattern. -

Individual differences in speed of development scem to be

larse, although children who are ahead relative to their age~
mates :ecem to stay ahcad later on. These results are supported
by the correclations of the Total Item Scores between all 4
assessmenl periods, as reported in Table 2 and the correlations
of the Total Task Scores between all assossmont periods, as
reported in Table 3. A stepwisce regsression analysis with the
Total Scores from the first three assessments entered as
independent variables yielded a multiple u2 + 073 (or corrected
for small sample of .0645) with the cornitive level at the fourth
asgsessment time; the nrevious ycar's cognitive level being the
best single predictor (R2= e57). Lknowing a child's long-range
development thus adds te the predictability of hisz further
development substantively, althourh it does not predict it

completely.

o 00069
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What 1 tried to say is

that cross-sectional data on cogrsnitive development - when
scalogram analyzed - can well predict lorpgitudinal direction
of drveclopment,

that such developmental scales may better characterize a
child's present level of development than, for instance,
deviance scores on IQ-tests,

that such developmental scales are uscful for studying
the development of individuals as apposcd to grouns

and that they may be helpful in comparing individual rates
of development.
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1. n he

The comparison row of S sticks always remained stroigh’
Only the transformations are shoune In Item 3, one mor
stick was added to the bent rowe In Item 4, the chiid
is shown a bent row and asked to construct a str.'iinc
“"streeot" of equal length

2. Consegyation of ares 3
The comparison area consisted of 4x3 pieces. Only the
trensformations are shoun.

3e i £

On the comparison “farm", the houses are rlaced along
one side of the squars farm ground, Questiun is for th
amount of grass for the cows.

4, 8
Item 13 grained sugar is poured in one of two glasses
with water. Question for equality of weight.

Item 22 a plece of sugar (ssme smount) is put into the
other glass,

S. Conservation of liauid inequality 1

Only the transformations are shoun
by

6+ Conservation of liauid inequality 2
A ball is put into the glass with less water.
Quaestion for amount of water.

Te £
2 x 12 blocks are stapled into tuwo walls of three bloe
length and 4 blocks height. One wall is trasformed as
in Item 1 (view from above), end as in Item 2 end 2

(vieuws from one sidd.(In Item 2 it should be 12 blocks
in helght).

Questions which way of stapling takes more space?

Two or 4 blocks, resp., are spacad differaently in tuo
boxes, Question is for the amount of space left,

9. [+]
Two cars start at the same time and stop at the same
time, but at different distances (AceeR1, BeeoR2)

10. Conservation of time 2
Start at different times, Stop at ssme time, seme dist.
ces (ReseR2, BeoosH1)o Question for time used by cars.

11

Question for number of groups of two (friends wslking
and tslking together) that caen be formed by 5 frisnds,

FIGURE 1s  PIAGET REASONING TASKS USED FOR 3pd AND 4ath ASSESSMENT

00013
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TABLE 2s Coprele

1969 1971 1972
1968 <371 535 -602
1971 - * 702

TABLE 3¢

1968
1969
1971

TABLE Acwmwmmmm
Conservers/nonconservers

‘ 1968 1969 1971 1972
¢/nG wc e 0 ¢ NC ¢ ' c
1968 5.2 22.6  20.1 26,1 6.9 13.1 10.0 16.0
1971 8.7 18.9  18.9  27.3 5.5 4.6 8.8 17.2
1972 8.5 18.6  19.1  26.7

6.4  13.3 2.7 17.7
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