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Abstract
The results of the improvement in Math between school year 3-4, 5-6-7 and 89 in the Swedish school system is analysed using the eect-size estimator. The
result shows that the yearly improvement decreases in particular when the
pupils reach school year 7-9. The estimate is based on the Swedish version
of the international kangaroo competition.

A few points on reliability are

discussed. The validity of using this particular data is also discussed.

Introduction
In an ongoing research project at Stockholm University we try to establish an environment within ordinary school which is able to evaluate quality of the education and whether
systematic changes in pedagogy can improve the quality. This work will start with mathematics at school year 10 in the Swedish school system. The design of the project makes a
clean setup for using the eect size estimator. By a formative test at the beginning of the
course and than virtually the same test at the end of the course, one can use the eect size
estimator as a quality estimator, or to test new pedagogical approaches in order to establish
better practice. In the later case measurement will be applied to a bigger group of classes that
serves as a control group and to a smaller group. In the smaller group some, hypothetical
better, systematic approach is applied. The eect size is measured and compared.
A worry is commonly expressed that students in Sweden are loosing ground in Mathematics. This is expressed inparticular by politicians analysing PISA [SR (2008)] and other
international tests. As a proof of concept the method has been applied to publicly available
empirical data and the progress in math for children age 9-15 was estimated. The results
show a drastic drop in performance of Swedish math students at the age of 13-15. This
nding may have implications when the curriculum for the Swedish school system is to be
thoroughly revised.
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The eect-size estimator
The estimator eect-size is basically the dierence between the performances at two
distinct assessments divided by the standard deviation. This estimator is used to make
Meta-analyzes where it is not so clear which standard deviation one can measure. There
are therefore dierent denitions of eect size Cohen's d[Cohen (1988)], Glass's

∆[Hedges

& Olkin (1985)] and Hedges' g[Hedges (1981)]. The main dierence is how to calculate
the standard deviation. The basic denition is using the pooled standard deviation but
sometimes this is not easy calculable. There are arguments that say that dierent denitions
of the eect size should give similar results, as in Cohen's original proposal, if an experiment
or Meta analyses is well performed. [Coe (2004),Tymms (2004)p56]
Cohen claimed that eect sizes smaller than .2 are considered very small, when in
the range .2-.5 are considered small but notable; .5-.8 are considered medium and above
.8 are considered large. Several international Meta studies have been preformed using the
eect-size estimator. Hattie [Hattie (2008)] and others express that most students in average
should have an eect size of 1 in three years. He also claims that a student loses a fraction of
 gained eect size during summer vacation. He compares dierent pedagogical approaches
and is therefore considering approaches that give an eect size above .4 per/year worthwhile
and approaches that give below .4 per/year as bad. An other way to use eect size could
be to use it as a quality measure. If we run the same formative test every year one could
evaluate if quality of education is kept, increased or decreased over years.
There are also criticisms on the use of eect size measures. The eect size estimator
requires that we work with normal distributed data. This is not fully in line with modern test
where you try to nd knowledge rather then discriminate between students. However Dylan
[Dylan (2007)] shows how within normal groups of students there is a normal distribution
with a variation of 1 standard deviation which corresponds to three school years. This
suggests that if a test is properly inline with the course there are good possibilities that
the result will be normal distributed. The name eect size suggests causality which is not
necessarily true. [Godfrey (2004)]. However eect size is used within educational research
and can be utilized for comparison if we have a similar setup between experiments.

The analysed data samples
As a proof of concept some publicly available real data samples were studied. The
data is taken from the international math competion Kangaroo. The kangaroo competition
in Sweden is not so much of a competion as it is a way to stimulate an interesting discussion
for all students. However it starts up as a competition and all results from classes are reported
and collected. On each year there are cohorts between 2000-8000 students from the dierent
levels and dierent years (2007-2009). These represent mainly full classes or groups. The
interesting thing with the kangaroo tests is that the very same test is used for two or three
grades. Thus it is possible to compare grade 3-4, 5-6-7 and 8-9. Those grades are all having
the same curriculum over the country. One could also compare at upper secondary level but
there not all students have the same curriculum.
The standard deviations for the single samples were calculated. The standard deviations varied with about 1 unit for grade 3-4 and 8-9 except for one case and with about
two units for the grade 5-6-7. The minimum standard deviation is 11.5 and the highest
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Figur 1. The measured eect size 2007-2009, between age groups (classes)
is about 17. The pooled standard deviations are of course between the individual values.
Average is varying as progress is supposed to occur between dierent grades. The results
are summarized in table 1. In gure one the data is drawn as a diagram. For one sample
there seems to be an irregularity but I used the raw data and did not try to correct it in
any way. Also sample sizes are given as published. In the table grade 6 is given twice as it
can be compared with both grade 5 and grade 7. This data (2007-2009) can be found at
http://ncm.gu.se/kanguru and following pages. The work was done in order to mimic how
data could behave in future experiments, but an interesting nding of general interest was
noticed. There is a decrease in eect size at grades 7-9, or perhaps even earlier. This nding
will be discussed in the next section.

Findings and discussion
The data shows a decrease in eect size for years 6-9 or even from 5

th grade. This gives

an indication that math problems starts later then after the rst years in school. There are
many possible objections against this observation. Some of the objections will be discussed
here.

•

The kangaroo math is not relevant to study math development at all. But a lot of
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very experienced teachers and researchers have put a lot of eort into those tests. They are
there to inspire also students that are not so strong in conventional school math. They represent some international consensus on what is good for school children's math development.

•

The validity of the data. This can be subdivided in many dierent questions and

some will be discussed one by one.

•

Dierent sample sizes. In particular between grade 3 and 4, and to a lesser extent

between grade 5 and 6, there is a substantial dierence between the sample sizes. The cause
for this is unknown. If this eect comes from that only interested teachers (or teachers that
believe that they have good students at low age or at a new school in grade 7) report the
results of the test, then this should rather point in the opposite direction and reduce the
observed eect.

•

Not all teachers report all students. To study this eect one should go back to orig-

inal raw data which has not been possible at this occasion. If one looks at the distributions
by naked eye one observes a shoulder compared with a bell curve towards higher scores.
This increases the standard deviation and reduces eect size if true, thus underestimating
the eect size where the eect is strongest. On the other hand the curves for grade 6 and
7 almost overlap except for the tails for all three years indicating an even smaller improvement except for a small fraction at the top and bottom. That would mean that the students
improved even less.

•

Eect size requires normal distribution. It is clearly not true in all cases. There

are other estimators that are not so much aected from errors in the tails. Further, this is
a multiple choice test. It should be  impossible to have less than 20% with ve possible
answers. Of course some students don't answer all questions due to lack of time. Still there
are some obscurities in the data in this respect. Those eects could possibly be dealt with
if one go back to the original data.

•

There is no international comparison. The way data is displayed to public is dierent

between countries. Some country focuses on competition whereas some other countries like
Sweden focuses on widening the interest in Math.

•

For later years (grade 10-12 not shown here) data is biased by choice, students that

like math choose it. The increase in eect size is also huge.

Conclusion
Data suggests that the math development in Swedish school, in terms of eect size,
decreases somewhere around the age of 12. There is the interesting possibility to extend this
investigation to international kanguroo test and to perform an international comparison.
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